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Abstract:

In order to fight against climate change through the development of profitable systems of production, it was 

necessary to study the influence of propagule of Dacryodes edulis on the carbon sequestration in 

plantations containing African Plum and to deduce their opportunities to the PES. The present study was 

carried out in the experimental plots of ICRAF at Mbalmayo. From the data collected, the results have 

shown that the average biomass, carbon stock and CO2 sequestered are higher in cutting's plots (268.1 ± 

191.3) compared to the populations of marcots (217.4 ± 127.9) and of seedlings (131.0 ± 93.63). No 

significant difference was observed between CO2 sequestered in the population of cuttings and marcots 

(F2; 85 = 5.256; ρ = 0.569 > 5%). An evaluation of the potential incomes that could be generated from the 

different types of propagules gave 129,595 Fcfa/ha, 105,085 Fcfa/ha and finally 63,320 Fcfa/ha for the 

population of cuttings, marcots and seedlings respectively. The implication for the opportunities related to 

the PES via the CDM increase with the capacity of CO2 sequestration indicates that the populations of trees 

from cuttings will offer more incomes in the case of carbon market than those from other propagules.
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1.1. INTRODUCTION

Climate change, revealed by scientists, 

challenged the international community and 

triggered awareness of many observations 

made and actions (IPCC, 2007). In this issue, 

sectors related to changes in land use such as 

agriculture, livestock and forestry are placed 

among the main contributors to global 

warming (Bonnal, 2009) but may, under 

certain conditions, be the main ‘artisans’ of 

sequestration of greenhouse gas emissions. On 

the other hand, the crucial role of forests in the 

adaptation and mitigation of climate change 

has been demonstrated over the last decade. In 

fact, the CO2 in the atmosphere is known as

one of the main human activities that 

contribute to global warming (Arrouays et al.,

2003; Sonwa et al., 2003). Agricultural 

techniques and forest exploitation are the main 

sources of CO2 emissions in the tropics 

(Tsalefack, 2011) and represent 20% of 

emissions from human activities (Koskella,

2000). But in developing, trees absorb CO2 

and can help to sequester carbon in their 

biomass. The Kyoto Protocol of December 

1997, following the UNFCCC (United Nations 

Framework Convention on Climate Change), 

stresses on the need to protect the carbon 

stored in forests (at the level of trees and soil), 

as well as any activity like afforestation and / 

or reforestation that sequesters atmospheric 

carbon which causes climate change. 

Therefore, forest management policies are the 

real issues in the debate on global climate 

(FAO, 2011). It is important that the forestry 

sector finds ways to cope, in the context of 

national forest policies, challenges and 

opportunities posed by climate change 

adaptation and mitigation. According to 

Markandya et al., (2011), countries should 

change their forest policies to give more 

weight to sink and storage capabilities while 

taking into account the promotion of 

appropriate adaptation responses. [Among the 

mechanisms put in place to enable countries to 

capitalize on their forest management policy in 

order to meet the challenges imposed for 

regulating the global climate existing Reducing 

Emissions from Deforestation and 

Degradation: REDD (Subedi et al., 2011)].

This mechanism adopted at the Conference of 

the Parties to the Convention on Climate

Change at Bali in 2007, aims at encouraging

developing countries to reduce greenhouse gas 

emissions from deforestation and degradation 

of their forests through financial compensation 

(Anonyme, 2007).

Black Africa is an integral part of climate 

negotiations because it is the location of the 

second largest forest in the world: the Congo 

Basin (Perthuis et al., 2009). A study by 

Bellassen, (2009) showed that shifting 

cultivation was the primary cause of 

deforestation and degradation of forests in the 

Congo Basin. Therefore, the promotion of 

integrated technique and sustainable 

development of land could make a substantial 

contribution to REDD. Agroforestry has been 

recognized for decades as an approach to land 

management that can satisfy the necessary
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requirements for sustainability and profitability

of REDD process, useful for adaptation to 

climate change. Agroforestry practices would 

be a preferred option in Africa to fight against 

global warming (Kwaku et al., 2008). Carbon 

storage in agroforests based cocoa is now 

recognized and even quantified. The total 

carbon in cocoa plantation is 179 tons / ha 

against 275 in secondary forest (Nolte et al.,

2001; Sonwa et al., 2003). In addition, 

emissions of greenhouse gas from natural 

fluoride in cocoa are respectively 739, 136.33 

and 8.51 for FCO2, FNO2 and CFH4 (ASB, 

2000). The approval of REDD mechanism in 

Bali 2007 led to a general mobilization on the 

need to generate information on carbon stocks 

in the carbon sink potential existing systems 

including land use. At the national level, 

existing data include not only forest types 

(Dziedjou et al., 2011) but also some forestry 

plantations (Brown et al., 2005) and 

agroforestry systems (Sonwa et al., 2003; 

Zapfack, 2005; Avana et al., 2009). This 

assessment gives an idea of the stock of carbon 

in the system but does not provide sufficient 

information on the contribution of different 

species to that pool. Rather, this information 

could guide the selection of species for the 

implementation of systems that do not only 

have socio-economic potential but also prove a 

strong capacity for carbon sequestration. In the 

region of Wet Tropical Africa, many species of 

trees have been identified as priorities for 

participatory domestication. These species 

provide people with food, medicines, fibers 

and significant income for their daily well-

being (Ayuk et al., 1999). Previous studies 

have assessed the phenotypic and genetic 

species as a basis for selection of the best 

genotypes. The vegetative propagation 

techniques have been developed for the 

selection and spread of best genotypes. Many 

other studies have evaluated the integration 

strategies that can maximize the ecological and 

socio economic contribution of these species at 

the level of agro-ecosystems. However, There 

is very little discussion on quantification of 

these ecological services, particularly in terms 

of carbon stock, as well as the influence of the 

type of propagule on the production of these 

services.

In fact, it has been shown that the rate of 

carbon sequestration varies according to the 

species since it depends on the longevity of the 

tree. The giant sequoia (Sequoiadendron 

giganteum), the largest tree in the world in 

terms of volume can store 500 tons of carbon 

for over 2000 years (Hartman et al., 1997). 

Furthermore, sequestration capacity of species 

is expressed as biomass that is depending on 

the density of the various species involved. Fir 

forests (87 t C / ha), beech forests (84 t C / ha), 

Douglas-fir (45 t C / ha) (IFN, 2005). 

[Similarly, conifers store 106 t C / ha in 

monospecific plantation against 86 t C / ha in 

mixed plantation eucalyptus - conifers 

(Kanowski et al., 2010)], it therefore becomes 

important to evaluate the ability of 

sequestration of agroforestry species in general 

and Dacryodes edulis in particular [which is in 

active domestication by farmers] in order to 
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facilitate the evaluation of this ecosystem 

service generated by the system of production 

based on these species. In the context of its 

research program on participatory 

domestication of fruit trees and medicinal 

plants, the World Agroforestry Centre 

(ICRAF) seeks to evaluate the potential of 

agroforestry systems and species; to contribute 

to the adaptation on climate change. This study 

falls within this context and will aim to answer 

the following research questions:

1. What is the influence of the type of 

propagule on the capacity of carbon 

sequestration on the monospecific plot of 

Dacryodes edulis?

2. What are the incomes that could be 

generated from carbon sinks based on 

Dacryodes edulis in case of the opportunities 

of Payment for Ecosystem Services?

The general objective of this study was to 

contribute to the improvement of knowledge 

for the assessment of carbon stock provided by 

agroforestry species and to deduce the 

potential benefits that could be produced in 

case of payment for the carbon market for 

farmers engaged in the domestication of fruit 

trees and medicinal plants. More specifically, 

our main aims were to:

 Characterize plots of D. edulis

according to the type of propagule ;

 Evaluate the influence of the type 

of propagule on the aboveground 

biomass and root biomass of 

different plots and deduce their 

corresponding carbon stocks;

 Estimate and compare the 

ecological value (potential gains 

generated in case of carbon market) 

for different types of propagules for 

plots made up of African Plums.

1.2. MATERIALS AND 
METHODS

1.2.1. PRESENTATION OF THE 
STUDY AREA

The study was conducted in the experimental 

plots of World Agroforestry Centre at 

Mbalmayo where the plots of marcots, 

seedlings and cuttings of D. edulis were 

implemented. Mbalmayo is the head of the 

Division of Nyong and So'o in the central 

region of Cameroon, located about fifty 

kilometers in the south of Yaoundé (Figure 1: 

Location of the study area within Cameroon).

Mbalmayo is located between the northern 

latitudes 3 ° 30'' to 3 ° 58'' and East longitude 

11 ° 20'' to 11 ° 40''. Due to this privileged 

location and its stretching in latitude, the area 

has a high diversity of ecosystem conditions 

that contain flora and fauna equally rich and 

diversified. The relief of Mbalmayo is flat in 

its entirety and includes volcanic slopes and 

rocky sediment from Nyong river near the 

coast which is a rainforests area with bimodal 

rainfall. On the hydrographical plan, 

Mbalmayo is a water reserve of Yaoundé with 

its water treatment factory on the river Nyong 
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of Akomnyada. This is the most important 

river of that area, 640 Km long which flows 

into the Gulf of Guinea. With its climate type 

‘Guinea’ hot and humid, Mbalmayo has an 

average daily temperatures of 25 ° C and a 

rainfall ranging from 1 500 to 2 000 mm per 

year, distributed in two distinct wet seasons for 

two crop cycles and agricultural calendar 

spread with staggered sowing and harvesting. 

The vegetation consists of dense forests semi-

deciduous and evergreen.

1.2.2. DESCRIPTION OF 

EXPERIMENTAL PLOTS

Three plots were used as a basis for this study: 

a plot of mixed trees from cuttings and 

marcots, a plot of trees from marcots and a plot 

of trees from seedlings.

1.2.2.1. Plot mixed cuttings and 
marcots

In the mixed plot of cuttings and marcots, the 

African Plums were planted in association with 

other woody species. These woody species 

were ayous (Triplochiton scleroxylon) and 

Bibolo (Lovoa trichilioides) that had a large 

canopy preventing sunlight to easily reach the 

average stratum of African Plum. In this plot, 

the plants of cuttings and marcots were 

transplanted in April 2000 on an area of 5184 

m2 at a spacing of 12 m x 9 m for cuttings. It 

was a dual gauge in which the distance 

between two consecutive plants in a planting 

line is 12 m and that between two consecutive 

lines of planting is 9 m (E = 12 m x 9 m). This 

spacing gives trees a rectangular configuration 

(2 plants of a line of planting and two other 

plants of next planting line occupy the top of a 

rectangle). The vital space presented by 4 

cuttings of this population was 108 m2. The 

survival rate calculated by the ratio between 

the number of trees survived (48) and the 

number of trees originally planted in the plot 

(52) was 92%. The total number of alive 

cuttings in the plot were 52 from which were 

selected trees for the experiment. Amongst the 

48 alive cuttings, 30 of them were selected to 

proceed with the experiment. Regarding the 

marcots, the distance between two consecutive 

plants in a planting line was 25 m and that 

between two consecutive lines of planting was 

8 m (E = 25 m x 8 m). This dual gauge gives 

rise to a rectangular configuration and a living 

space of 200 m2 (Figure 2: Marcot’s plant with 

multiple stems).

1.2.2.2. Plot of trees from marcots

Although we had only 19 marcots in the mixed 

plot of marcots and cuttings, the experiment 

continued in another population of marcots 

close to the plot of seedlings thus providing a 

total of 28 marcots that formed the basis for 

this study. In this new population, 9 trees 

survived from the 12 originally planted at a 

spacing of 7 m x 6 m on a surface of 487.2 m2. 

The vital space of this new population was 42 

m2.

1.2.2.3. Plot of trees from seedling 

origin
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A single spacing was adopted to plant trees in 

the seedling plots since the distance between 

two consecutive plants in a planting line 

the same as that between the lines. [

spacing (5 m x 5 m), resulted in a square 

configuration and a vital space of 2

trees of this grove were introduced in 2001 on 

an area of 2150 m2. For this experiment to be 

conducted, 30 trees were selected from the 

population of 92 trees. Almost all the trees 

planted survived in the seedling plot (98%). 

The maintenance of different plots was mainly 

by clearing weeds. The placing of marcots

also observed in different plots, with the aim of 

creating tree nurseries from marcots as shown 

in figure 3: aerial marcotting of D. edulis

1.2.2. METHODOLOGY

Units of the population on which the 

characteristics or variable values were 

measured are individual trees because 

good for estimating average characteristics of 

trees as the average diameter, average height 

and volume’ (FAO, 2002). The methodological 

approach used to select trees 

systematic sampling method. According to the 

writings of Jayaraman et al. (1999) and Statcan 

(2010), the systematic sampling of the trees 

was to number all the trees of the experimental 

plot from 1 to N, then choose a number 

between 1 and K randomly from a table of 

random number as the starting point of 

sampling. The number of trees to be

was given by the following formula:
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stematic sampling of the trees 

experimental 

plot from 1 to N, then choose a number 

between 1 and K randomly from a table of 

random number as the starting point of 

to be selected 

s given by the following formula:

For example, if K = 15, n = 30 trees, N =

trees,

Then, the number of the trees

was given through these calculations:

First tree: 15 + 0 × 90/30 = 15;

Second tree: 15 + 1 × 90/30 = 18

Third tree: 15 + 2 × 90/30 = 21 …

30th tree: 15 + 29 x 90/30 = 102 

Whenever the number found wa

the size of the population, the number of trees 

to be selected was determined by sub

the size of the entire population. Through this 

process, we sampled 30 trees in the plot of 

cuttings and seedlings. Only 28 marcots 

formed the basis for this study.

1.2.2.1. Measurement techniques of 

experimental variables

After determining the sample trees by 

systematic random sampling method, the 

parameters measured were:

 The total height (T

selected tree;

 The Diameter at Breast H

(DBH);

nities of Payment for 
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For example, if K = 15, n = 30 trees, N = 90 

to be selected

these calculations:

tree: 15 + 1 × 90/30 = 18;

21 …

30th tree: 15 + 29 x 90/30 = 102 - 90 = 17.

number found was greater than 

the size of the population, the number of trees 

s determined by substracting 

the size of the entire population. Through this 

process, we sampled 30 trees in the plot of 

cuttings and seedlings. Only 28 marcots 

1.2.2.1. Measurement techniques of 

After determining the sample trees by 

systematic random sampling method, the 

TH) of each 

Breast Height 
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 The height (HC) and the diameter 

(DC) of each tree crown sampled.

1.2.2.1.1. Total tree height (TH)

The total height of an individual tree was 

estimated using the Blume Leiss apparatus. It 

is an apparatus having the shape of a quarter 

circles with 4 scales in meter and a fifth in 

degree. To measure the height of a tree, the 

observer must be placed at a horizontal 

distance of 15, 20, 30 or 40 meter depending 

on the height of the tree so as to

simultaneously view the top and the collar of 

the tree. It scans the tree at the collar and takes 

a first reading H1 through sight which 

accompanies the apparatus and is based on the 

horizontal distance chosen as the reference. 

The second scan was done at the top of the 

crown of the trees and another reading (H2) 

was taken via the side (Figure 4: Measurement 

of the total height of a tree and its crown). The 

total height of the tree was obtained by 

summing up the first and second reading, that 

is HT = H1 + H2 (Figure 4).

1.2.2.1.2. Crown height (CH)

To measure the height of the canopy of trees in 

each plot, a third scan H3 was made using the 

Blume Leiss at the base of the crown of each 

tree sampled immediately on the first leaves 

above the ground (Figure 4: Measurement of 

the total height of a tree and its crown). The 

value obtained was substracted from the read 

value made at the collar of the tree (H1 - H3) 

during the measurement of the total height. 

Crown height of the tree was obtained by 

applying the formula HH = HT - (H1 - H3). On 

the Blume Leiss, readings were made directly 

in meters.

1.2.2.1.3. Crown diameter (CD)

Measuring the diameter of the crown was 

made as follows: poles were placed at the ends 

East-West of the branches and the distance 

between these poles were measured using the 

measuring tape according to the model 

established by MacDicken et al., (1991).

1.2.2.2. Methods for estimating 

biomass, carbon stock and CO2 

sequestrated in each population of 

trees

Carbon stocks measured in the field were 

represented by trees sampled in each plot. The 

estimated biomass was done following the 

allometric method of Chave et al. (2005) using 

the DBH, total trees height and specific gravity 

of wood [AGB = exp (-2.977 + ln (ρx (DBH) 

2) x H)] with ρ = 0.62 for D. edulis (Maniatis 

et al., 2011). According to the work of Djomo 

et al., (2010), the aboveground biomass 

equation of Chave et al., (2005) is the best 

estimator across continents and sites with an 

average error of 20.3%, making the equation 

more accurate. By this method, we calculated 

the biomass of each tree selected, then the 

corresponding carbon stock in the biomass, by 

multiplying the value of biomass by 0.47 

(Gurung, 2008) and finally the atmospheric 

CO2 sequestered by the tree. This latter value 

was estimated by multiplying the carbon stock 
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in the tree by 3.6663 (TFF 2009; Minh et al.,

2009). These parameters were also calculated 

for the root part of the trees (root biomass, root 

carbon stocks and CO2 corresponding to the 

carbon stock). The only difference for this 

second phase of calculation was that the root 

biomass was estimated using the equation of 

Cairns et al. (1997) established as follows: RB

= exp [-1.3267 + 0.8877 x ln (AGB) 0.1045 (ln

AGE)]. The total atmospheric CO2 sequestered 

by the trees were estimated by adding to the 

atmospheric CO2 sequestered by the aerial part 

of the tree corresponding to the carbon stock in 

the roots. The evaluated parameters 

(aboveground biomass, root biomass, 

aboveground carbon stock, root carbon stock, 

CO2 sequestered by the aerial part and CO2 

corresponding to the stock of carbon in the 

root) were converted to their average 

component by taking the ratio between the 

total value of each type of propagule and the 

number of trees sampled in each plot.

1.2.2.3. Method of assessing the 

ecological value

Ecological Value, the frequency marketing of 

the ton of carbon on the voluntary market 

depends on the selected standard. Among these 

standards include the VCS (Voluntary Carbon 

Standard) that encourage monitoring every 5 

years of avoided GHG emissions (Ecosystems 

marketplace, 2009). This monitoring must be 

submitted via a report that determines the 

granting of VCUs (Voluntary Carbon Unit) 

and therefore the ability to generate tradable 

units on the voluntary carbon market. This 

implies six payments after 30 years.

In this study, in order to evaluate the potential 

gains generated in the case of the implication 

for the opportunities of Payment for Ecosystem 

Services, it was necessary for us to consider a 

square configuration on a surface of 1 ha 

assuming a uniform standard and average 

spacing of 10 m x 10 m. In relation to this 

spacing, it resulted in a vital space of 100 m2. 

Trees density (given by dividing the total area 

of the parcel by the vital space) was 100 trees 

per hectare. The Ecological Value considered 

here was the monetary value expressed in CFA

that could be obtained by selling the carbon 

sequestered by trees via the carbon market in 

different plantations of Dacryodes edulis in 

order to deduce the propagation technique this,

will be more profitable in PES programs.

In the European carbon market, the average 

price of a tonne of CO2 sequestered by trees is 

estimated at 25 euros (Garrouste, 2009; 

Aertsens et al., 2012, Minh et al., 2009), and

may fluctuate. This value expressed in US

Dollars and in CFA gave an equivalence of

34.71US Dollars or 17711 FCFA 

(CoinMill.com - The Currency Converter from 

14/03/2014 and of 16/09/2011). It has been 

used to evaluate one of the opportunities of 

Payment for Environmental Services of the 

different types of propagules by taking the 

number of tons of carbon sequestered per 

hectare in the plantation of D. edulis where 

seedlings, cuttings or marcots were multiplied 

by the monetary value of the ton of C.
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Ecological value = [Nt C / ha (depending on 

the type of propagule) x 34.71USD or 17711 F 

CFA].

1.3. RESULTS 

1.3.1. Influence of the type of 

propagule on the aboveground 

biomass of trees

The values of average aboveground biomass 

per tree were 130.5 ± 94.87 Kg, 105.3 ± 63.3 

Kg and 63.01 ± 50.56 Kg for trees from 

cuttings, marcots and seedlings respectively. 

The analysis of variance showed that there was 

a significant difference (ρ = 0.022) between the 

average biomass of trees from seedlings and 

the trees from cuttings and marcots. 

1.3.2. Variation in root biomass of 

trees depending on the type of 

propagule

The average tree root biomass ranged from 

12.72 ± 9.63 Kg for the seedling to 25, 16 ± 

16.16 Kg for those from cuttings (Table 1). In 

addition, a positive correlation was observed 

between aboveground biomass and root 

biomass (r = 0.89, ρ = 0.014).

1.3.3. Influence of the type of 

propagule on the aboveground 

carbon stock of trees population

The average aboveground carbon stock by type 

of plot is presented in Table 1, it is clear from 

this table that the stock was significantly (ρ = 

0.039) higher in plots with trees from cuttings 

and marcots compared to trees from seedlings. 

1.3.4. Variation of root carbon stock 

in tree base on the type of propagule

The root carbon stocks from trees population

had presented the same trend as the root 

average biomass of trees in each plot. Indeed, 

the results indicated that these carbon stocks in 

trees population from cuttings (11.83 ± 7.597 

Kg) and marcots (9.827 ± 5.272 Kg) were 

significantly (ρ = 0.014) higher than the same 

carbon stock obtained in the plot of trees from 

seedlings (5.98 ± 4.527 Kg) (Table 1).

1.3.5. Influence of the type of 

propagule on CO2 sequestered by the 

aboveground part of the trees

The average amount of atmospheric CO2 

sequestered by the aerial part of the trees was 

224.8 ± 163.5 Kg, 181.4 ± 108.6 Kg, 109.1 ± 

87.13 Kg for the plots of cuttings, marcots and 

seedlings respectively (Table 1). The 

interpretation of these results can be justified 

by the growth of trees and their ages. As for 

the separation of the mean, the analysis of 

variance stating that there were no significant 

differences regarding the average CO2 

sequestered by the aerial part of the trees in the 

plots of cuttings and marcots (ρ = 0.550> 

0.05). However, the sequestration by the aerial 

part of the trees was maximum in the plots of 

cuttings (224.8 ± 163.5 Kg), and then 

decreased gradually in the plots of marcots 

(181.4 ± 108.6 Kg) and seedlings (109.1 ± 
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87.13 Kg) with a significant difference (ρ = 

0.014).

1.3.6. Influence of the type of 

propagule on the amount of CO2 

related to the root carbon stock of the 

trees

The CO2 related to the carbon stored in the 

roots biomass of the trees presented a similar 

trend to the aerial carbon stock in different 

parcels with significantly higher amounts 

sequestered in trees from cuttings (43.36 ± 

27.85 Kg) and marcots (36.03 ± 19.33 Kg) 

compared to those of seedlings (ρ = 0.038). 

This CO2 related to root carbon stock has 

evolved in the same direction as the 

aboveground carbon stock in different plots

(Table 1: Value of mean aboveground 

biomass, root biomass, carbon stocks and CO2 

sequestered by the population of trees from 

cuttings, marcots and seedlings).

1.3.7. Influence of the type of 

propagule on the CO2 sequestered by 

the trees

To estimate the total atmospheric CO2 

sequestered by a tree, we summed the CO2 

sequestered by the aerial part to that of the

corresponding root carbon stock. The value 

obtained was then multiplied by the total 

number of sample trees after which the value 

was then divided by 30. This process was 

repeated in the other plots with respect to the 

number of sample trees in the plot (Figure 5: 

Average atmospheric CO2 sequestered by trees 

in each plot depending on the type of 

propagule). On this figure, the histograms 

affected by the same letter are not significantly 

different at 5% probability.

This graph shows that the CO2 sequestered by 

African Plum depends on the propagation 

method used. It is higher for trees from 

vegetative propagation (cuttings: 268.1 ± 191.3 

Kg; marcots: 217.4 ± 127.9 Kg) with no 

significant difference (ρ = 0.552) than trees 

from seedlings (131.0 ± 93.63 Kg).

The analyses also showed that in the 

populations of D. edulis studied, there was a 

positive correlation between the diameter, the 

height of the crown and carbon sequestration (r 

= 0.606, ρ = 0.212) in the 3 types of 

propagules. 

1.3.8. Potential gains generated in 

case of the implication for the

opportunities of Payment for 

Ecosystem Services

From the results obtained above, it appears that 

a tree of African Plum of 10 years of age and 

with respect to the origin of the type of

propagule (cuttings, marcots and seedlings) 

sequestered 268.1 KgCO2; 217.4 and 131.0

KgCO2 respectively. By extrapolating these 

values to the density of 100 trees per hectare, 

we obtain 26810 KgCO2/ha, 21740 and 13100 

KgCO2/ha. These values gave 26.810; 21.740 

and 13.100 tons of atmospheric CO2 
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sequestered per hectare in the plantations of 

cuttings, marcots and seedlings respectively. It 

also gave 7.317 t C sequestered / ha in the plot 

of cuttings; 5.933 t C sequestered / ha in the 

plots of marcots and finally 3.575 t C 

sequestered / ha in the population of seedlings. 

It should be noted that these results do not take 

into account the carbon stored in vegetation 

above the soil, the roots of other plants than D. 

edulis in the sub - soil, litter on the forest floor, 

dead wood, soil and wood products for long 

period of existence. Considering the average 

price of a tone of carbon 34.71 US Dollars or

17711 FCFA (CoinMill.com - The Currency 

Converter from 14/03/2014 and of 16/9/2011), 

the population of cuttings, marcots and 

seedlings studied could generate 253.973 USD

or 129595 CFA francs, 205.934 USD or

105085 CFA francs and finally 124.088USD

or 63320 CFA francs per hectare of plantation 

after 11 years in populations of vegetative 

propagation (cuttings and marcots) and 10 

years in the plots of seedlings (Figure 6: 

Evaluation of ecological value in FCFA / 

hectare in different populations). On this 

figure, the same letters means that the 

difference is not significant. Similar studies 

can be done over time without including other 

carbon stocks to determine the age at which net 

emissions will be zero for African Plum and 

advocate the exploitation of trees.

1.4. DISCUSSIONS

 The aboveground Biomass depends on

growth parameters such as diameter, 

height and wood specific density, and 

the difference observed result in better 

growth of trees from cuttings and 

marcots compared to those from 

seedlings. Furthermore, seed and 

cuttings were planted from the 

biomass contained in the segments of 

the vegetative apparatus. This was not 

the case of plants from seedlings 

obtained from seeds sown directly in 

the field.

 For the root biomass, it was evaluated 

using the equation of Cairns et al.

(1997) which takes into account not 

only the aboveground biomass, but 

also the age of the trees. The 

differences observed between root 

biomass of trees from cuttings and 

marcots and those from seedlings 

reflected both the difference of age and 

the difference in aboveground biomass 

of these three types of propagules. 

This difference could also be 

explained by the rapid growth of trees 

from marcots and cuttings as

compared to those from seedlings.

 According to the stock of carbon, it 

appeared from the estimating methods 

used that the stock of carbon in tree 

biomass is 47% biomass of the tree. 

Therefore, the difference observed 

between the trees from the three types 

of propagule reflected the already 

obtained for the aboveground biomass

above.
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 The difference observed with respect 

to carbon sequestration in different 

populations could be explained by the 

rapid growth of trees from vegetative 

propagation compared to the trees 

from seedlings, as well as the ages of 

trees. In addition, CO2 sequestered by 

trees was assessed using the biomass 

which was estimated using DBH, trees 

height, which were all growth 

parameters. Futhermore, seed of

cuttings and marcots developed from 

biomass contained in the segments of 

the vegetative system which initially 

contained a substantial amount of 

carbon stored. On the other hand, 

cuttings and marcots were planted one 

year before seedlings.

 According to the relationship between 

the diameter, the height of the crown

and carbon sequestration, it is well 

known that the characteristics of

crown influence tree growth and

therefore their biomass, carbon stocks

and their ability to sequester carbon.

Indeed the crown of the trees bears 

leaves responsible for the 

photosynthesis which is the process by

which green plants absorb CO2 from 

the atmosphere and store carbon while 

rejecting oxygen in the air.

CONCLUSION

This work had several objectives including the 

study of the influence of the type of propagule 

of African Plumb on the capacity of carbon 

sequestration and subsequently, the evaluation 

of the implication of PES of carbon sinks made 

of D. edulis. According to the results, it was 

found that: The potential of CO2 sequestration 

by African Plum were higher in the plot of 

cuttings and marcots compared to trees from 

direct seedings. Evaluating the impacts that 

would result from carbon market showed the

same trends as those observed for carbon 

sequestration based on settlement patterns. The 

plantations of African Plumb based on cuttings 

and marcots were more profitable than those 

installed from seeds. By combining these value 

incomes obtained from the marketing of 

African Plumb fruits and timber exploitation of 

D. edulis sold as fuel, the profits generated by 

the agriculture of Dacryodes edulis are 

improved. In addition, the combination of 

Dacryodes edulis - Theobroma cocoa could 

increase carbon sequestration and increase the 

income of farmers.

ACKNOWLEDGEMENTS

My sincere thanks are addressed to all the 

teachers and support staff of the University of 

Dschang and those from the Faculty of 

Agronomy and Agricultural Sciences (FASA). 

To all the team of ICRAF in Cameroon with 

their regional coordinator Dr. Zac, T. for 

guidance and assistance that I received from 

them. To Dr. Ebens, A., Mr. Kouodiekong, L.,

and Mrs Ngum, F., for their assistance in the 

documentation, the statistical analysis and the 

interpretation of the data collected in the field. 

This list is not exhaustive. Any person whose 



AtiojioEngelbert et al., 2013. Carbon sequestration by Dacryodes edulis: Implication for the
opportunities of Payment for Environmental Services (PES). Page 1018

International Journal of Research (IJR)   Vol-1, Issue-4, May 2014   ISSN 2348-6848

name does not appear above as my Reviewer

and who directly contributed to the carrying 

out of this work find through these lines the 

expression of my sincere thanks.

REFERENCES 

Aertsens, J., De Nocker, L., Gobin, A., 2012. Valuing the carbon sequestration potential for 
European agriculture. Land Use Policy (2012). 31 P.

Anonyme, 2007. Projet de démonstration des mécanismes pour un développement propre du protocole 
de Kyoto sur les changements climatiques au Cameroun. Rapport d’étape Ministère de 
l’Environnement et de la Protection de la Nature (MINEP). 18 p

Arrouays, D., Felle, C., Jolivet, C., Saby, N., Andreux, F., Bernoux, M., Cerri, C., 2003. 
Estimation de stocks de carbone organique des sols à différentes échelles d’espace et de temps. 
Étude et Gestion des Sols, 10 (4) : 347-356

ASB., 2000. Alternatives to slash-and-burn: Summary report and synthesis of phase II in Cameroon. 
ASB-Coordination Office, ICRAF-Nairobi.18p

Avana, M. L., Ketchiamen, L., Atiojio, E., Sonwa, D., Asaah, E., 2004. Dynamic of tree diversity 
and roles in humid savannah agroforestry systems, Western Cameroon: How could it promote 
cocoa cultivation in lowland areas of the region? Cacao agroforestry: Sustainability and 
environment – Yaounde, Cameroon. 24 P

Ayuk, E.T., Duguma, B., Franzel, S., Kengue, J., Mollet, M., Tiki-Manga, T., Zekeng, P., 1999. 
Uses, Management, and Economic Potential of Dacryodes edulis (Burseraceae) in the Humid 
Lowlands of Cameroon. Economic Botany 53 (3): 292-301. 9 p

Bellassen, V., 2009. Les forêts et les émissions de CO2. Le Flamboyant 84: 72-77.
Bonnal, J., 2009. L’approche territoriale des problèmes liés aux changements climatiques ; Consultant 

en développement rural. Document technique FAO.  Rencontre internationale. “Territoires, 
agricultures, pêches et forêts face aux changements climatiques : mieux comprendre les 
vulnérabilités pour mieux les anticiper” Brest - France, 16 p

Brown, S. W., & Pearson, T. 2005. Guide de Mesure et de Suivi du Carbone dans les Forêts et 
Prairies Herbeuses. Rapport présenté à l’agence américaine pour le développement
international. Winrock International. Sous-traitance dans le cadre de l’accord de coopération N° 
675-A-00-99-00222-00  41p

Cairns, M. A., Michael, A., Brown, S., Eileen, H., Greg, A., Helmer, E.,  Baumgardner, P., 1997. 
Root biomass allocation in the world's upland forests and Root shoot ratio. United States
Environmental Protection Agency, Ecological Effects Research Laboratory. Western Ecology; 
Division, 200 SW 35th Street, 11 p

Chave J., Andalo, C., Brown, S., Cairns, M.A., Chambers, J.Q., Eamus, D., Fölster, H., 
Fromard, F., Higuchi, N., Kira, T., Lescure, J.P., Nelson, B.W., Ogawa, H., Puig, H., 
Riera, B. and Yamakura, T. 2005. Tree allometry and   improved estimation of carbon stocks 
and balance in tropical forests. Oecologia (13): 87-99

Djomo, A. N., Ibrahima, A., Saborowski, J., and Gravenhorst, G., 2010. Allometric equations for 
biomass estimations in Cameroon and pan moist tropical equations including biomass data from 
Africa. Forest Ecology and Management. Faculty of sciences and forest ecology, Buesgen –
institute, Georg – August Universitat, Germany. 260 (2010) 1873 – 1885

Dziedjou, K. J., Fomete, N. T., Mpoame, M., Zapfack, L., Bobo, K. S., 2011. Evaluation des stocks 
de carbone à la périphérie Nord du parc national de Lobeke (village Libongo): Perspectives de 



AtiojioEngelbert et al., 2013. Carbon sequestration by Dacryodes edulis: Implication for the
opportunities of Payment for Environmental Services (PES). Page 1019

International Journal of Research (IJR)   Vol-1, Issue-4, May 2014   ISSN 2348-6848

valorisation. Mémoire de fin d’étude  présenté en vue de l’obtention du diplôme d’Ingénieur de 
Conception des Eaux, Forêts et Chasses. FASA, Université de Dschang. 77p

Ecosystems marketplace. 2009. State of the voluntary carbon market.
FAO., 2011. Actualité sur le payement des services environnementaux (PSE) dans les paysages 

agricoles – Projet financé par le partenariat FAO - Pays Bas. 1 page.
www.fao.org/es/esa/pesal/index

FAO., 2002. Estimating biomass and biomass change in tropical forests. Survey of tropical forest 
cover and study of change processes. Forestry department of FAO. No 133.Rome.

FAO., 2002. Etude de cas d’aménagement forestier exemplaire en Afrique centrale: les systèmes 
agroforestiers cacaoyers, Cameroun

Garrouste, F., 2009. Le marché de CO2 résiste à l’adversité. Il reste très animé même si la baisse des 
cours inquiète les investisseurs qui  réclament les mécanismes de soutient. Actualité du journal 
finance AGEFI. Paris – France ; 2pages. http://www.agefi.fr/articles/Le-marche-CO2-resiste-
ladversite

Gurung, M., 2008. Assessment of forest carbon potential of riverine forests at Khata corridor and 
Lamahi-Mahadevpuri complex. Kathmandu: Winrock International. 58 p

Hartman, H.T., Kester, D.E., Davies, F.T., Geneve, R.L., 1997. Sustainable Horticulture. The Big 
Tree is nature's finest masterpiece -.Information on one species: Giant Sequoia.1 page. 
http://www.sustainablehorticulture.com/bigtree.htm

IPCC., 2007. Good practice guidance. Cambridge University Press, Cambridge
Jayaraman, K.,1999. Manuel de statistique pour la recherche forestière. Fiche technique de 

l’organisation des nations unies pour l’alimentation et l’agriculture Forest research institute 
peechi, thrissur, kerala (inde). Coopération hollandaise et de la commission européenne. 242pp: 
151p –153 p

Kanowski, J., & Catterall, C. P., 2010. Carbon stocks in above-ground biomass of monoculture 
plantations, mixed species plantations and environmental restoration plantings in North-East 
Australia. Ecological Management & Restoration, 11: 119–126. doi: 10.1111/j.1442-
8903.2010.00529.x

Kengue, J., Nya, M., Ngatchou, M., Rogon, F., & Vantomme, P., 2002. Safou : Dacyodes edulis. G 
Don, J. Kengue. Document du Fruits for the Future 3. 147 pages

Koskella., 2000. ICRAF’s strategy for domestication of non wood tress products. pages in Leakey 
R.R.B., Temu A.B., Melnyk M and Vandamme P. (eds.) Domestication et commercialization of 
non - timber forest products in Agroforestry systems. Non woods Forest products, 9, FAO 
Rome, Italy. Pp : 8 – 22

MacDicken, K.G., Kenneth, G., Wolf, G.V., Briscoe, C.B., 1991. Standard research methods for 
multipurpose trees and shrubs cover art illustrations: Design consultants, Inc. library of congress 
cataloging in publication data Winrock international institute for agricultural Developpement. 
USA.  91 p

Maniatis, D., Temmerman, M., Malhi, Y., Beeckman, H., 2011. Wood Specific Gravity in the 
Congo Basin : Its determination and variation. Environmental Change Institute, Oxford 
University Centre for the Environment, United Kingdom

Markandya, A., Prelet, R., Mason, P., Taylor, T., 2011. Dictionary of Environmental Economics, 
Earth scan Publications, London and Sterling

Mialoundama, F., Avana, T. M. L., Youmbi, E., Mampouya, P., 2002.  Vegetative propagation of 
Dacryodes edulis (G. Don) H.J. Lam by Marcots, Cuttings and Micropropagation. Forests, trees 
and livelihoods, 12: 85-96



AtiojioEngelbert et al., 2013. Carbon sequestration by Dacryodes edulis: Implication for the
opportunities of Payment for Environmental Services (PES). Page 1020

International Journal of Research (IJR)   Vol-1, Issue-4, May 2014   ISSN 2348-6848

Minh, H. D., Mainguy, G., Terry, B., 2009. What is the Price of Carbon? Five definitions. Surveys 
and Perspectives Integrating Environment and Society. Disambiguations. The politically 
negotiated value and 5. CO2 market prices. 2 (1). 9 p

Nolte, C., Kotto-Same, J., Moukam, A., Thenkabail, P.S., Weise, S.F. et Zapfack, L. 2001. Land 
use characterization and estimation of carbon stock in the alternative to slash and burn 
benchmark area in Cameroon. Ressource and crops management research Monograph No 28. 
IITA, Ibadan. 26p

Perthuis, D. C., Trotignon, R., Pearson, E., 2009. Comprendre le réchauffement climatique : 
Association pour la promotion de la recherche sur l'économie du carbone .Le Cavalier Bleu : Le 
Changement climatique - Idées reçues, Trotignon Raphaël et al, 2009. 57p

Sonwa, D.J., Weise, S.F., Ndoye, O. et Janssens, M.J.J. 2003. Local intensification and 
diversification initiatives within the cocoa agroforests of Southern Cameroon : lessons for 
participatory forestry in perennial crop-based systems of Central and West Africa. In Defining 
the way forward :sustainable livelihoods and sustainable forest management through 
participatory forestry. FAO. 2003

Statistique Canada, 2010, Manuel de statistique forestière. Fiche technique de la FAO, www
.gc. /fr.domotica.net/Agrofor%C3%AA
Subedi, S. S. P., Ajay, P., Bahadur, E. R., Sanjeeb, B., Tibendra, R. B., Shambhu, C., Rijan, T.,

2011. Forest Carbon Stock Measurement: Guidelines for measuring carbon stocks in 
community-managed forests. Asia Network for Sustainable Agriculture and Bioresources 
(ANSAB); Federation of Community Forest  Users, Nepal (FECOFUN); International Centre 
for Integrated Mountain Development (ICIMOD). Rich biodiversity and prosperous 
communities. Users Nepal. 69p

Trees For Future (TFF) .2009.  How to calculate the amount of CO2 sequestered in a tree per 
year.wtrees.org/http://www.planttrees.org/resources/Calculating%20CO2%20Sequestration%20
by%

Tsalefack, T. L., Tchoundjeu, Z., Bell, J. M., Tsobeng, A., Abéga, J., 2002. Multiplication 
végétative de  Dacryodes edulis (G.Don) Lam: Effet du type de substrat et de la stimulation 
hormonal sur l’enracinement de boutures juvéniles sous châssis de propagation. In  Kengue, J., 
Kapseu, C. et Kayem, G. J. (éds.) Actes du 3e Séminaire International sur las valorisation du 
safoutier et autres oléagineux non-conventionnels, Yaoundé, 3-5 Octobre 2000

WWW. CoinMill.Com-le convertisseur de devises


