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ABSTRACT

Aims: To estimate the above ground biomass and carbon stocks of Cocoa, Oil palm and Rubber
based agroforestry systems in the humid forest region of Cameroon.

Place and Duration: A field survey was carried out on 39 typical perennial crop-based agroforestry
farms, distributed around Kumba and extending to the Bombe-Malende zones (4°25’- 4°80° N and
9925’- 9°35’ E) in the South West Region of Cameroon in 2009.

Methodology: The main criteria for the selection of farms was that they constituted the major
perennial crops (Cocoa, Oil palm or Rubber) associated with each other or with other perennial
crops as well as food crops. Thirty-nine perennial crop-based agroforestry farms were selected and
the number of each tree species was counted and recorded, the diameter at breast height (DBH)
and approximate heights taken. Diameter measures of trees and palms were individually converted
to measures of above ground biomass (AGB) based on allometric equations and carbon content

*Corresponding author: Email: njukengnkengafac@gmail.com;



Njukeng and Ehabe; ACRI, 5(1): 1-13, 2016; Article no.ACRI.26632

was estimated as 50% of the biomass.

agroforestry system (6.23 Mg C/ha).

Results: The studied farms were highly diversified with different species, which were used for food,
timber or provided products that were sold. The carbon stock per unit farm varied greatly; Oil palm-
based agroforestry system presented the highest above ground carbon; an average of 72.5 Mg
C/ha followed by Rubber-based agroforestry system (36.3 Mg C/ha) and lastly by Cocoa-based

Conclusion: The studied systems stored a substantial amount of carbon besides meeting the
immediate needs of the farmers such as food and income generation. The allometric equations for
the estimation of biomass need to be developed for this region in order to get more reliable results.

Keywords: Agroforestry; biomass; cocoa; oil palm; rubber.

1. INTRODUCTION

Carbon dioxide (CO,) is a dominant greenhouse
gas. The concentration of CO, and other
greenhouse gases (GHGs) in the atmosphere
has considerably increased over the last century
and is set to rise further. Carbon dioxide is
accumulating in the atmosphere at a rate of 3.5
Pg (Pg = 10'"° g or billion tons) per annum, the
largest proportion of which resulting from the
burning of fossil fuels and the conversion of
tropical forests to agricultural production [1]. The
direct solution to the problem is reducing CO,
emission. The ability of the terrestrial biosphere
to sequester and store atmospheric CO,
has been recognized as an effective
and low-cost method of offsetting carbon
emissions. Carbon sequestration potential differs
with the kind of land use. According to the
International Panel on Climate Change (IPCC)
report of 2000 [2], agroforestry has been
recognized as having the greatest potential for C
sequestration of all the land uses. However,
considering the huge human population and
degraded areas in developing countries, the
immediate need is to provide food and under
such circumstances, much of the land cannot be
spared for increase in forest cover. Agroforestry
becomes therefore  very important for
climate change and food security especially in
Africa [3].

Trees act as a sink for CO, by fixing carbon
during photosynthesis and storing excess carbon
as biomass [4]. Tree-based land-use systems —
natural forest, forest plantations and agroforestry
systems — sequester CO, through the carbon (C)
stored in their biomass. By promoting land-use
systems which have higher C contents than the
existing plant community, net gains in C stocks
(hence sequestration) can be realized. The most
significant increases in C storage can be
achieved by moving from lower-biomass land-
use systems (e.g. grasslands, agricultural fallows

and permanent shrub to tree-based

systems [5].

lands)

Carbon sequestration through forestry is based
on two premises. Firstly, that carbon dioxide is
an atmospheric gas that circulates globally;
consequently, efforts to remove greenhouse
gases (GHG's) from the atmosphere will be
equally effective whether they are based next
door to the source or across the globe. Secondly,
green plants take carbon dioxide gas out of the
atmosphere in the process of photosynthesis and
use it to make sugars and other organic
compounds used for growth and metabolism.
Long-lived woody plants store carbon in their
wood and other tissues until they die and
decompose at which time the carbon in their
wood may be released to the atmosphere as
carbon dioxide, carbon monoxide or methane, or
it may be incorporated into the soil as organic
matter [6].

Perennial systems like homegardens and
agroforests can store and conserve considerable
amounts of C in living biomass and also in wood
products [4]. However, despite the large area
devoted to agriculture worldwide, and despite the
apparent potential for agroforestry to sequester
carbon, the recent proliferation of agroforestry
studies includes almost no consideration of
either carbon or biomass. The lack of biomass
data, coupled with the diversity of agroforestry
types (i.e. the wide variation in functional types,
species, tree densities, temporal and spatial
arrangement of components, management
practices, etc.), means that a straightforward
estimation of potential carbon storage is not
possible [7]. Plant tissues vary in their carbon
content. Stems and fruits have more carbon per
gram than do leaves, but because plants
generally have some carbon-rich tissues and
some carbon-poor tissues, an average
concentration of 45-50% carbon is generally
accepted [8].
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In as much as agroforestry play a significant role
in mitigating the atmospheric accumulation of
greenhouse gases (GHG), it also has a role to
play in enhancing the sustainability of agriculture
and increasing resilience to climate change [9].
Live tree biomass estimates are essential for
carbon accounting, bioenergy feasibility studies,
and other analyses. Several models are currently
used for estimating tree biomass. Each of these
incorporates different calculation methods that
may significantly impact the estimates of total
aboveground tree biomass, merchantable
biomass, and carbon pools [10].

The main objective of this study was to estimate
the above ground biomass and carbon stocks of
some perennial crop based agroforestry systems
in the humid forest region of Cameroon, which
could serve as a base for agroforestry system
planning.

2. METHODOLOGY
2.1 The Study Area

A field survey was carried out on 39 typical
perennial  crop-based agroforestry farms,
distributed around Kumba and extending to the
Bombe-Malende zones (4° 25- 4° 80’ N and 9°
25- 9° 35E) in the South West Region of
Cameroon. This region falls within the rainforest
area (mean annual rainfall of 2,852 mm/yr), with
a marked rainy season (March to October), and
high mean annual temperatures (~23°C) evenly
distributed throughout the year [11]. Soils are
ferralitic with patches of fertile volcanic areas,
and altitudes varying from 25 to 400 m toward
the North. The agroforestry exploitations existing
in the area are typically characterized as home
gardens [12], that is, intimate multistory
combinations of large number of various trees
(Qil palm, Rubber trees and Cocoa) and crops
(Yams, Cassava, Maize, Banana, Plantain,
Cocoyam, etc.), in homesteads as well as fruit
trees, timber species, ornamentals and medicinal
plants. The main crops and associated
perennials of the studied farms are presented in
Table 1.

2.2 Selection of Farms

The main problem with farms is that they are
usually very small with most farms being less
than a hectare. More to this, crops of similar
species are of different ages [13]. This makes it
difficult to carve out a sample plot that is

representative of the actual situation. Farms
were thus selected based on the fact that they
constituted the main perennial crops (Cocoa, Oil
palm or Rubber) associated with each other or
with other perennial crops as well as food crops
(not considered for biomass calculation). Thirty-
nine farms with the desired characteristics were
selected and an inventory of the trees and crops
planted taken by the survey team with the
assistance of farm owners. The farms
were grouped on the basis of the major perennial
crop.

2.3 Field Characterisation

The plants studied in the home gardens included
cash crops, food crops, timber, medicinal and
ornamental plants. For each farm the number of
each tree species in the experimental area were
counted and recorded, the diameter at breast
height (DBH) and approximate heights taken.
The heights were estimated by measuring the
height from ground to breast height with a meter
tape and then estimating the rest of the height by
observing the height and comparing to the
measured height then adding to the measured
height. The experimental unit of 500 m® was
chosen to have a uniform size for the studied
farms since most farms were less than a hectare
(farm sizes ranged from 0.06 — 4 ha). Trees
counted from the 500 m® area were
approximated to 1 ha. For species that were
more than twenty in number, five trees were
selected as representative samples and the
mean DBH and height measured using a meter
tape. For trees with irregularities the DBH was
measured at an estimated height of 1.5 m from
the ground. The five trees selected for each farm
constituted trees with the highest DBH.

2.4 Estimating Biomass and Carbon
Stocks

Diameter measures of trees and palms were
individually converted to estimates of above
ground biomass (AGB), and then summed by
plot. Results were then scaled from ton per plot
to ton per hectare depending on the size of the
individual farm. Models recommended for
estimating total aboveground biomass are based
on diameter at breast height, the simplicity of
these models is advantageous. This variable is
easy to measure accurately in the field and is the
most common variable recorded in forest
inventories [14]. The various models for AGB
estimation are presented on Table 2.
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Farm number Location Major perennial Age of major Farm size Tree density (number Associated crops
crop perennial crop* (ha) of trees/500 m?)
1 Small Ekombe Cocoa 1 1.5 65 Oil palm, Palms spp., Plantain, Maize, Ground nuts,
Morelle, Eggplant, Macabo/Taro
2 Eboniji Cocoa 1 2 60 Plums, Umbrella stick, Plantain, Pineapple
3 Etam1 Cocoa 1 2 58 Bush Mango, Monkey no climb, Plantain Macabo/Taro
4 Ebonji Cocoa 2 2 60 Oil palm, Pear, Bush coffee, Cotton tree, Monkey no
climb, Boma, Palm spp, Plantain, Macabo/Taro
5 small Ekombe Cocoa 2 2 63 Plums, Qil palm, Umbrella stick, Plantain
6 Etam1 Cocoa 2 0.75 80 Plums, Oil palm, Umbrella stick, Plantain,
Macabo/Taro, Manioc
7 Etam1 Cocoa 3 1.5 63 Oil palm, Njangsang, Small leaf, Palm spp. Plantain
8 Etam 2 Cocoa 3 1.5 61 Small leaf, Macabo, Pineapple
9 Ebonji Cocoa 3 1.5 61 Small leaf, Macabo, Pineapple
10 Eboniji Cocoa 4 1.5 65 Oil palm, Plums, Cola nut, Umbrella stick, Macabo,
Plantain
11 Mukondje (Dschang Cocoa 1.5 2 111 Oil palm, Pear, Umbrella stick, Macabo, Plantain
quarter
12 Etam?2 Oil palm 1 1 Cocoa, White wood, Maize, Plantain
13 Maboniji Oil palm 1 1 15 Cocoa, Umbrella stick, White wood, Cassava,
Macabo/Taro, Potatos, Maize, Okoro, coréte potagére
14 Maboniji Oil palm 2 1 12 Umbrella stick, Cassava, Macabo/Taro
15 Mukondje (Dschang  Oil palm 2 0.5 8 Cocoa, Orange, Plantain, Macabo/Taro
quarter
16 Ebonji Oil palm 3 0.35 7 Cocoa, Rubber, Camwood, Iroko, Plantain,
Macabo/Taro, Maize
17 Mukondje (Essock)  Oil palm 3 2 8 Plantain
18 Mukondje (Dschang  Oil palm 4 0.8 12 Cocoa, Small leaf, Macabo/Taro, Maize, Cassava
quarter)
19 Mukondje (Dschang  Rubber 2 3.5 19 Coffee, Qil palm, Plantain
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Cocoa, Oil palm, Palm spp., Plums. Macabo/Taro
Moganaga spp., Iroko, Plantain, Yam, Cassava, Maize
Moganaga, Plantain, Macabo/Taro, Cassava

Kola nut, Moganga spp., Umbrella stick, Palm spp.
Plantain Cassava, Yam, Pineapple

Pear, Plum, kola nuts, Orange, Monganga spp. Palm
spp., Plantain, Macabo/Taro, Cassava

Pear, Kola nut, Mango, Palm spp. Camwood, Iroko,
whitewood, Small leaf, Plantain, Macabo, Cassava,
Banana

Plum, Pear, Orange, Umbrella stick, Boma, Plantain,
Okoro

Plum, Pear, Orange, Lemon, Orange, Umbrella stick,
Christmas bush, Raphia palm, Iroko, Camwood,
Plantain, Taro

Mango, Palm spp. Boma, Cassava, Macabo/Taro
Monganaga spp., Boma, Plantain, Macabo, Yams,
Maize.

Cocoa, Pear, Umbrella stick, Iroko, Plantain,
Macabo,Cassava, Yams

Cassava

Cocoa, Small leaf, Plantain, Banana

Cocoa, Bush coffee, Plantain

Bush coffee, Umbrella stick, Cassava, Yam, macabo
Umbrella stick, Cassava, Yam, Macabo. Maize
Cocoa, Umbrella stick, Plantain, Cassava

Cocoa, Coffee, Oil palm, Pawpaw, Plantain, Yam
Bush coffee, Palm spp., Cassava, Taro, Plantain,
Pineapple

Palm spp., Pineapple

**Age 1 - 2 = immature, not being harvested ** Age 3 - 4 = Mature, being harvested
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Table 2. Models for the estimation of above ground biomass

Above ground component Model

Source

Cocoa: Leaves
Woody material
Hevea brasiliensis
Other tree species
Qil Palm

W = 0.020G %%

Y=0.019° + 0.349 x BA
Y =0.0376° + 0.133 X BA

Y** = exp(-2.134 + 2.530In(DBH)
W* =725 + 197H

(Beer et al. 1990) [15]

(Dey et al. 1996) [17]
Brown 1997 [18]
(Khalid et al. 1999) [20]

Y = total biomass per tree from all pruned branches, BA = total basal area per tree of all pruned branches and b
is intercept value statistically not different from zero, W = Above ground biomass per tree, G = girth in cm, W*=
Fresh weight in kg and H = height in m, Y** = dry above ground biomass

Cocoa diameter was first converted to basal area
(BA = MDBH%4) where DBH is diameter at
breast height and I is a constant = 3.142 and
then to AGB using allometric models [15]. The
model is based on Cocoa trees in laurel (Cordial
alliodora) or poro (Erythrina poeppigiana)
agroforestry system. Cocoa stem biomass was
calculated by the following equation; Stem
biomass = 0.313 x (DBH? x H)**"”*[16]. The leaf,
stem and branch biomasses were summed to
give AGB for cocoa trees. The AGB of Hevea
brasiliensis trees was estimated using a
regression equation [17], which related the tree
girth to biomass. Since no species-specific
biomass equation was available in the literature,
we used a generalized tree biomass equation
[18] for the estimation of the AGB of the other
trees species. This equation is considered
suitable for estimating aboveground tree
biomass of individuals with <150 cm DBH [19],
and is recommended for aboveground biomass
estimation where destructive sampling cannot be
conducted, as in our case due to farmer set
restrictions.

QOil palms and Palm species were not grouped
with trees for AGB estimates because in contrast
to tree AGB, palm AGB is argued to be more
reliably predicted by height than DBH, as palms
increase biomass through apical growth with little
growth in diameter [18]. The AGB of palms and
palm species was estimated by using the
equation relating the fresh weight of Oil Palm to
the height [20]. W = 725 + 197H where H, is
height in meters and W is the fresh weight in kg.

2.5 Carbon Content in above Ground

Biomass

The annual crops (including Banana and
Plantain) were not used for biomass calculations.
In reality, C storage in plant biomass is only
feasible in the perennial agroforestry systems
(perennial-crop  combinations,  agroforests,
windbreaks), which allow full tree growth and

where the woody component represents an
important part of the total biomass [1]. One
comparative advantage of these systems is that
sequestration does not have to end at wood
harvest. C storage can continue way beyond if
boles, stems or branches are processed in any
form of long-lasting products. More often,
researchers estimate carbon by assuming the
carbon content of dry biomass to be a constant
50% by weight [21]. However, other authors
have used a carbon concentration of 45 % by
weight [22]. In some cases, carbon is measured
directly by burning the samples in a carbon
analyzer [4]. Carbon values for the studied farms
were derived by multiplying the obtained
biomass values by 0.5 [23].

3. RESULTS AND DISCUSSION

3.1 Characterisation of the Studied Farms

Field data showed that in more than 90% of the
farms, there were more than one tree species in
association with annual crops (Table 1).
Considering the major perennial crops, Cocoa
was planted in most farms with an intercropped
frequency of 74%. This was followed by Oil palm
(56%) and the intercropped frequency for Rubber
was 23% (Fig. 1a). This could be explained by
the fact that Cocoa and Oil palm gets into
maturity much earlier than Rubber, thus most
farmers plant them to generate income earlier
[24]. More to that, Oil palm can be consumed by
farmers themselves and there are middlemen
involved in buying of Oil and Cocoa bean thus
making access to market easier. The farmers are
paid as their produce is collected. On the other
hand Rubber takes a longer time to reach
maturity; its exploitation needs a specific skill
which makes most small farmers not able to hire
labour.

Marketing of Rubber involved mostly the agro
industries who collect the crop and only pay
some months after. Most of the other associated
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tree species are used either as wood (for
example, Camwood, Small leaf, Iroko etc.) or as
food (for example, Plum, Orange, Pear, pawpaw
etc.) [25]. According to [26] plant species
associated with Cocoa are largely the result of
interactions between farmer preference, research
recommendations and extension services.
Generally, farmers place more importance on
enhancing Cocoa production but also using the
Cocoa farm to meet their daily household
demands and need. The highly popular spice
trees njangsang (Ricinodendron heudelotii) and
Bush Mango (/rvingia gabonensis) were
occasionally planted, but more often were
retained or protected when they arise in a farm
(Table1). This is similar to what was observed in
the study on the Cocoa farms around the mount
Cameroon region [27].

The Ilow number of associated species
in Qil Palm and Rubber farms
compared to cocoa farms (Fig. 1b) could be
attributed to the fact that cocoa tolerates
shade while Oil Palm and Rubber form
shades which reduce the growth of associated
species.

3.2 Carbon Content
Biomass

in above Ground

The carbon stock depends on the plant species
[2]. The carbon stocks per farm for each
agroforestry system are presented below; carbon
from the major plant species (Cocoa, Oil palm
and Rubber) as well as the carbon contributed by
the associated plant species (others) for the
studied farms.

d
80 -
70 -
g 60 -
3 50 T
§ 40 -
g 30
= 20
10 -
0 .
Cocoa Oil Palm Rubber
35 -
5 30
& 25
3
a 20 -
(4]
£ 15 4
3
2 10 -
2
” 5 | .
0 .
cocoa Oil palm Rubber

Fig. 1. Frequency of occurrence of cocoa, oil palm and rubber (a) and different species (b) in
the studied farms
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3.2.1 Cocoa based agroforestry system

The carbon content per farm is presented on
Fig. 2 and it ranged from 44.59 Mg C/ha to
217.69 Mg C/ha for cocoa and 0.5 Mg C/ha to
20.3 Mg C/ha for the associated species. An
average value for the farms could represent an
ideal situation for home gardens in this region.
The average per farm value of carbon was
57.16153.07 Mg C/ha for the above ground
biomass when the biomass was combined for the
major and associated species for each farm. The
high standard deviation shows that the farms
varied much in their carbon content and this
could be attributed to the tree density, tree age
as well as the differences in the associated
species. This average value is close to the value
of 52.7+7.8 Mg C/ha that was obtained in cocoa
Agroforestry system in the Sumaco Biosphere
Reserve, Ecuador [28]. The results of this study
are in line with 49 Mg/ha of carbon that was
stored in the above ground biomass in cocoa
agroforestry systems of Central America [29].
According to the study by [30] who evaluated
the carbon stocks and sequestration potential in
aboveground biomass in smallholder farming
systems of western Kenya, an average per farm
value of 6.5 Mg C/ha in Vihiga and 12.4 Mg C/ha
in Siaya was obtained. All these values were
lower than those obtained in this study. This
could be attributed to soil and climate
characteristics. Biomass C stock ranged from 0.7
to 54.0 Mg C/ha for a study on Carbon stock and
sequestration potential of traditional and
improved agroforestry systems in the West
African Sahel [31]. The carbon stock of above

250

200

150

(MgC/ha)

100

5

Above ground biomass carbon
o

FL F2 F3 F8
Farmnumber

ground biomass of this study is within this range
for most of the studied farms.

As shown in Fig. 2, most of the carbon in the
cocoa agroforestry system was contributed by
the cocoa trees with associated species
contributing very little. This observation is
different from a study that found that most of the
carbon in cocoa agroforests of Central
Cameroon was contributed by associated trees
[32]. This could be attributed to a greater number
of immature cocoa trees in their study compared
to the present study.

3.2.2 Oil palm based agroforestry system

The values of carbon content of the individual
farms are presented in Fig. 3. The highest value
of carbon stock was 138.06 Mg C/ha and the
lowest was 0.34 Mg C/ha for oil palm and for the
associated plant species the values ranged from
0 Mg C/ha to 46.55 Mg C/ha. The majority of the
carbon in this system was contributed by the Oil
palm with the associated species contributing
very little to carbon stocks of this system. The
high carbon content of Oil palm could be
attributed to the fact that Oil palm trees are
usually very tall compared to most other species.
In association with other species, Oil palm shade
them and reduce their growth rate hence
reducing the amount of carbon in them. The high
discrepancy in the carbon content could be
attributed to the ages of the farms which ranged
from immature to mature. Another factor is the
number of plants per farm which varied much,
the higher the tree density, the higher the carbon
stock [5]. The number of plants planted was
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Fig. 2. Above ground biomass carbon in cocoa based agroforestry system
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Fig. 3. Above ground biomass carbon in oil palm based agroforestry system
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Fig. 4. Above ground biomass carbon in rubber based agroforestry system

based on the farmers’ preference for the crop. In
order to diversify income, most farmers prefer to
plant more food crops for their family
consumption; to meet the immediate needs of
the family. The average carbon content of the
above ground biomass for the farms studied (Qil
palm and other species) was 72.17£45.95 Mg
C/ha. This value is close to the 42.5 Mg C/ha
obtained from a biomass of 85 t/ha obtained for
mature Oil palms [20]. However the value
obtained in this study may be an over estimation
because the allometric equation used for the
calculation of the above ground biomass

considered all the palms as matured trees
whereas they were not.

3.2.3 Rubber based agroforestry system

As shown on Fig. 4 (above), the carbon content
of the above ground biomass ranged from 0.33
Mg C/ha to 137.55 Mg C/ha for rubber and 0.01
Mg C/ha to 5.33 Mg C/ha for the associated
perennial species. This wide variation in carbon
per farm is due to the age of the trees and the
number of plants per farm. The average carbon
for the farms when the carbon was combined for
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the rubber and other perennial species was
36.27+52.35 Mg C/ha. This value is not
significantly different from 59 Mg C/ha estimated
in agroforestry systems in sub-Saharan Africa
[33]. In the said study, agroforestry systems in
sub-Saharan Africa were said to accumulate
52.6 Pg C in woody biomass, above and
belowground. However, in the present study only
the above ground biomass was considered. The
mean carbon value obtained for this study is
equally higher than the estimates of 4.5 to 19 Mg
C/ha obtained in another study [7]. Nonetheless,
the authors acknowledged that their values were
under estimated. The high variation in the carbon
content per farm could be attributed to the
differences in the number of trees in the farm
and the age of the trees. In this agroforestry
system, most of the carbon was contributed by
the major crop; rubber. This is because rubber
trees grow tall and shade most other trees thus
reducing their growth. Farms 38 and 20 had
matured trees and thus accumulated the highest
amount of carbon.

Comparing the various agroforestry systems, Oil
palm accumulated the highest carbon, followed
by rubber and lastly by Cocoa (respectively,
72.45, 36.27 and 6.23 Mg C/ha). These values
are within 4.5 and 19 Mg C/ha obtained for
agroforestry systems in Sub-Saharan Africa [6].
The contribution of other perennial species to the
carbon content of the three agroforestry systems
was highest in Cocoa based agroforestry system
with the associated species contributing a
substantial amount of carbon. This was attributed
to the fact that Cocoa tolerates shade and thus
the associated species grow tall to provide this
shade.

4. CONCLUSION

The carbon stock in the above ground biomass
of some perennial crop based agroforestry
systems was studied. The highest values of
carbon were obtained for Oil palm based
agroforestry system with an average of 72.5 Mg
C/ha followed by Cocoa (57.16 Mg C/ha) and
lastly by Rubber (36.27 Mg C/ha). For a given
agroforestry system, the carbon stock per unit
farm varied greatly due to the difference in the
age of the farms and the number of trees per
farm. The allometric equations for the estimation
of biomass need to be developed for this region
in order to get more reliable results. These
agroforestry systems present a great potential for
carbon storage besides providing food and
income for small farmers.

10

ACKNOWLEDGEMENTS

We are thankful for the technical assistance
offered by the farmers whose farms were used
for this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Albrecht A,
sequestration in
systems. Agric
2003;99:15-27.
IPCC (International Panel on Climate
Change). Land use, land-use change, and
forestry. Cambridge University Press,
Cambridge, UK. 2000;375.

Cheikh M. Climate change and food
security in Africa. The importance of
agroforestry.  European  Development;
2013.

Koul DN, Panwar P. Prioritizing land-
management options for  carbon
sequestration potential. Curr Sci. 2008;
95:658-663.

Roshetko JM, Lasco RD, Angeles MSD.
Smallholder agroforestry systems for
carbon storage. Mitig Adapt Strat Glob
Change. 2007;12:219-242.

Anderson JM, Spencer T. Carbon, nutrient
and water balances of tropical rain forest
ecosystems subject to disturbance:
Management implications and research
proposals. UNESCO. 1991;95.

Unruh JD, Houghton RA, Lefebvre PA.
Carbon storage in agroforestry: An
estimate for Sub-Saharan Africa. Clim
Res. 2003;3:39-52.

Chan YH. Storage and release of organic
carbon in Peninsular Malaysia. Intern J
Environ Studies. 1982;18:211-222.

Verchot LV, Noordwijk MV, Kandji S,
Tomich T, Ong C, Albrecht A, Mackensen
J, Bantilan C, Anupama KV, Palm C.
Climate change: Linking adaptation and
mitigation through agroforestry. Mitig
Adapt Strat Glob Change. 2007;12:901-
918.

Zhou X, Hemstrom MA. Estimating
aboveground tree biomass on forest land
in the Pacific Northwest: A comparison of
approaches. United States Department of

Kandji ST.  Carbon
tropical  agroforestry
Ecosy and Environ.

10.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Njukeng and Ehabe; ACRI, 5(1): 1-13, 2016; Article no.ACRI.26632

Agriculture Ecosystems and Environment
Forest Service; 2009.

Ehabe EE, Besong MT, Almy SW. Late
and infrequent weeding by peasant
farmers in the Humid Forest of Cameroon.
Trop Sci. 2001;41:137-141.

Nair PKR, Nair VD. Carbon storage in
North American agroforestry systems. In
the potential of U.S. forest soils to
sequester carbon and mitigate the
greenhouse effect (J. Kimble, L. S. Heath,
R. A. Birdsey and R. Lal, eds.), CRC
Press, Boca Raton, USA. 2003;333-346.
Isaac ME, Timmer VR Quashie-Sam SJ.
Shade tree effects in an 8-year-old Cocoa
agroforestry system: Biomass and nutrient
diagnosis of Theobroma cacao by vector
analysis. Nut Cycl Agroecosyst; 2007.
Segura M, Kanninen M. Allometric models
for tree volume and total above ground
biomass in a Tropical Humid Forest in
Costa Rica. BIOTROPICA. 2005;37:2-8.
Beer J, Bonnemann A, Chavez W,
Fassbender HW, Imbach AC, Martel I.
Modelling agroforestry systems of cocoa
(Theobroma cacao) with Laurel (Cordia
alliodora) or Poro (Erythrina poeppigiana)
in Costa Rica V. Productivity indices,
organic material models and sustainability
over ten years. Agroforest Syst. 1990;229-
249.

Kato R, Tadaki Y, Ogawa H. Plant
biomass and growth increament studies in
Pasoh Forest. Malayan  Nat J.
1978;30(2):211-224.

Dey SK, Chaudhuri D, Vinod KK, Pothen J,
Sethuraj MR. Estimation of biomass in
Hevea clones by use of regression
method: 2. Relation and girth of biomass
for mature clones of RRIM 600. Indian J
Nat Rubber Res. 1996;9:40-43.

Brown S. Estimating biomass and biomass
change of tropical forests: A primer. UN
FAO Forestry Paper 134. Food and
Agriculture Organisation, Rome; 1997.
Brown S, Gillespie A, Lugo A. Biomass
estimation methods for tropical forests with
applications to forest inventory data.
Forest Sc. 1989;35:881-902.

Khalid H, Zin ZZ, Aderson JM.
Quantification of oil palm biomass and
nutrient value in a mature plantation.
Above ground biomass. J Oil Palm Res.
1999,;23-32.

Losia CJ, Siccamaa TG, Conditb R,
Morales JE. Analysis of alternative
methods for estimating carbon stock in

11

22.

23.

24.

25.

26.

27.

28.

29.

30.

young tropical plantations. For Ecol
Manage. 2003;184:355-368.
Pearson T, Walker S, Brown S.

Sourcebook for land use, land-use change
and forestry projects. Winrock International
and the BioCarbon Fund of the World
Bank. 2005;64.

Whittaker RH, Likens GE. Carbon in the
biota. In: Woodwell, G.M., Pecan, E.V.
(Eds.), Carbon in the Biosphere,
Proceedings of the 24th Brookhaven
Symposium in Biology. United States
Atomic Energy Commission, Upton, New
York. 1973;281-302.

Penot E. Diversification of perennial crops
to offset market uncertainties: The case of
traditional rubber farming systems in West-
Kalimantan. In book: Kompilasi Abstrak
Agroforestri di Indonesia. Editor: Dr. Hadi
Susilo Arifin, Dr. Ma’'mun Sarma, Dr.
Nurheni  Wijayanto, IPBB, INAFE,
SEANAFE, ICRAF. World Agroforestry
Centre; 2004.

Sonwa DJ, Okafor JC, Buyungu PM,
Weise SF, Tchatat M, Adesina AA,
Nkongmeneck AB, Odoye O, Endamana
D. Dacryodes edulis, a neglected non-
timber forest species for the agroforestry
systems of West and Central Africa.
Forests, Trees and Livelihoods. 2002;12:
41-55.

Asare R. A review on cocoa agroforestry
as a means for biodiversity conservation.
Paper presented at World Cocoa
Foundation Partnership Conference
Brussels; 2006.

Laird SA, Awung GL, Lysinge RJ. Cocoa
farms in the Mount Cameroon region:
Biological and cultural diversity in local
livelihoods. Bio Conserv. 2007;16:2401-
2427.

Jadan O, Cifuentes M, Torres B, Selesi D,
Veintimilla D, Gunter S. Diversité, stock de
carbone et productivité des Cacaoyeéres.
Bois et Foréts Des Tropiques. 2015;
325(3):35-47.

Somarriba CE, Cerda R, Orozco AL,
Cifuentes M, Davila H, Espin T, Mavisoy
H, Avila G, Alvarado E, Poveda V, Astorga
C, Say E, Deheuvels O. Carbon stocks
and cocoa yields in agroforestry systems
of Central America. Agric Ecosyst Environ.
2013;173:46-57.

Henry M, Tittonell P, Manlay RJ, Bernoux
M, Albrecht A, Vanlauwe B. Biodiversity,



31.

Njukeng and Ehabe; ACRI, 5(1): 1-13, 2016; Article no.ACRI.26632

carbon stocks and sequestration potential
in aboveground biomass in smallholder
farming systems of Western Kenya. Agric
Ecosyst Environ. 2009;129:238-252.

Duguma B. Gockowski J, Bakala J.
Smallholder cacao (Theobroma cacao
Linn.) cultivation in agroforestry systems of
West and Central Africa: Challenges and
opportunities. Agrofor Syst. 2001;:177-
188.

12

32.

33.

Saj S, Jagoret P, Ngogue HT. Carbon
storage and density dynamics of
associated trees in three contrasting
Theobroma cacao agroforests of Central
Cameroon. Agrofor Syst; 2013.

DOI: 10.1007/s10457-013-9639-4
Houghton RA, Unruh JD, Lefebvre PA.
Current land use in the tropics and its
potential for sequestering carbon. Global
Biogeochem Cycles. 1993;7:305-320.



Njukeng and Ehabe; ACRI, 5(1): 1-13, 2016; Article no.ACRI.26632

APPENDIX

Appendix 1. Plant species involved in this study

Common hame

Scientific name

Njangsang
Bush Mango
Umbrella stick’
Cocoyams
Plantains
Cassava

Maize
Pineapple
Banana

Kaso

Orange

Mango
Pawpaw
Avocado

Plum (Bush PlumO
Oil palm
Raphia palm
Kola nut

Iroko
Mahogany
Camwood
Whitewood
Small leaf
Boma

Lemon
Monganga
Coffee

Monkey no climb
Bush coffee
Cotton tree
Sweet Potatoes
Okoro
Groundnuts
Morelle
Eggplant
Pepper

Taro

Yam

Cocoa
Christmas bush
Jew’s mallow, or Tossa jute or Bush
Rubber

Ricinodendron heudelotti
Irvingia gabonensis
Musanga cecropiodes
Colocasia spp.

Musa paradisiaca
Manihot esculenta

Zea mays

Ananas comosus

Musa sapientum
Tetracarpidium conophorum
Citrus sinensis
Mangifera indica

Carica papaya

Persea americana
Canarium schweinfurthii
Elaeis guineensis
Raphia hookeri

Cola acuminata

Milicia excelsa
Entandrophragma cylindricum
Pterocarpus soyauxii
Strombosia pustulata
Albizia zygia

Ceiba pentandra

Citrus spp.

Ocotea usambarensis
Coffea arabica
Distemonanthus benthamianus
Coffea spp.

Ceiba Pentandra
Ipomea sp.
Abelmosehus esculentus
Arachis hypogaea

Night shade

Solanum melogena
Capsicum annuum
Colocosia esculenta
Dioscorea spp
Theobroma cacao
Alchornea cordifolia
Corchorus olitorius
Hevea brasiliensis
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