ETHIOPIAN JOURNAL

OF BIODIVERSITY
(Eth)BD)

Official Journal of the
Ethiopian Biodiversity Institute

Addis Ababa, Ethiopia




ETHIOPIAN JOURNAL OF BIODIVERSITY
VOLUME 5, NO. 1 (APRIL 2024)

EDITOR-IN-CHIEF

Dr. Eleni Shiferaw
P.O.Box 30726, Addis Ababa, Ethiopia
Email: ethjbd@ebi.gov.et

Fax: +251-11-6613722
ASSOCIATE EDITOR

Dr. Samson Shimelse

LAYOUT DESIGN

Befekadu Mewded

ADVISORY BOARD MEMBERS

Prof. SebsebeDemissew, Addis Ababa University, Addis Ababa, Ethiopia

Prof. Ib Friis, Professor emeritus at the Natural History Museum of Denmark, Copenhagen,
Denmark

Prof. Zemede Asfaw, Addis Ababa University, Addis Ababa, Ethiopia
Prof. Seyoum Mengistu, Addis Ababa University, Addis Ababa, Ethiopia

Prof. Demele Teketay, Botswana University of Agriculture and Natural Resources, Gaborone,
Botswana

Prof. Ketema Bacha, Jimma University, Jimma, Ethiopia
Prof. Woldamlak Bewket, Addis Ababa University, Addis Ababa, Ethiopia
Dr. Carlo Fadda, Research Director, Alliance of Bioversity and CIAT, Nairobi, Kenya

© Ethiopian Biodiversity Institute, 2024


mailto:ethjbd@ebi.gov.et

ETHIOPIAN JOURNAL OF BIODIVERSITY
VOLUME 5, NO. 1 (APRIL 2024)
CONTENTS

RESEARCH ARTICLES

WOODY SPECIES PREFERENCE, MANAGEMENT PRACTICES AND THEIR
CONTRIBUTION TO SOIL PRODUCTIVITY OF PARKLAND AGROFORESTRY IN ASSOSA
DISTRICT, WESTERN ETHIOPIA ... 1-16

Addiselem Yasin, Dereje Mosissa

CARBON STOCK VARIATION OF WOODY SPECIES ALONG ALTITUDINAL GRADIENTS
OF MUHABURA VOLCANO, NORTHERN RWANDA ... 17-43

Uwimbabazi Agnes, Sintayehu Workeneh Dejene, Nduwamungu Jean, Petros Chavula
SEED STORAGE BEHAVIOUR AND PRETREATMENT METHODS FOR ACOKANTHERA
SCHIMPERI (A. DC.) SCHWEINF. USING A COMBINATION OF EXPERIMENTAL
APPROACH .. bbb bbb bbbttt 44-59

Shemsu Ahmed, Anteneh Shibabaw, Emebet Getachew, Abayneh Legese, Hailu Negussie,
Yayehyirad Teka, Seble Derege

PREDICTING POTENTIAL DISTRIBUTION OF PARTHENIUM HYSTEROPHORUS UNDER
CLIMATE CHANGE SCENARIOS IN ETHIOPIA ..o 60-79

Abu Feyisa Dejenu, Sintayehu Workeneh Dejene, Samuel Feyisa Ayano

DIVERSITY OF WOODY PLANT SPECIES IN THE GALLERY FORESTS OF BABESSI SUB
DIVISION, NORTH-WEST REGION OF CAMEROON ......ccccccoiiiiiiiiieie e 80-104

Forchu Melo Seidou, Ndam Walter Tacham, Fungwa Sandra Fru, Wujung Lizby-Joy Mbi,

Njoya Moses Tita, and Njouonkou André-Ledoux

Guideline for contributors

©Ethiopian Biodiversity Institute, 2024



ETHIOPIAN JOURNAL OF BIODIVERSITY
VOLUME 5, NO. 1 (APRIL 2024)
CONTENTS

RESEARCH ARTICLES

WOODY SPECIES PREFERENCE, MANAGEMENT PRACTICES AND THEIR
CONTRIBUTION TO SOIL PRODUCTIVITY OF PARKLAND AGROFORESTRY IN ASSOSA
DISTRICT, WESTERN ETHIOPIA ... 1-16

Addiselem Yasin, Dereje Mosissa

CARBON STOCK VARIATION OF WOODY SPECIES ALONG ALTITUDINAL GRADIENTS
OF MUHABURA VOLCANO, NORTHERN RWANDA ... 17-43

Uwimbabazi Agnes, Sintayehu Workeneh Dejene, Nduwamungu Jean, Petros Chavula
SEED STORAGE BEHAVIOUR AND PRETREATMENT METHODS FOR ACOKANTHERA
SCHIMPERI (A. DC.) SCHWEINF. USING A COMBINATION OF EXPERIMENTAL
APPROACH .. bbb bbb bbbttt 44-59

Shemsu Ahmed, Anteneh Shibabaw, Emebet Getachew, Abayneh Legese, Hailu Negussie,
Yayehyirad Teka, Seble Derege

PREDICTING POTENTIAL DISTRIBUTION OF PARTHENIUM HYSTEROPHORUS UNDER
CLIMATE CHANGE SCENARIOS IN ETHIOPIA ..o 60-79

Abu Feyisa Dejenu, Sintayehu Workeneh Dejene, Samuel Feyisa Ayano

DIVERSITY OF WOODY PLANT SPECIES IN THE GALLERY FORESTS OF BABESSI SUB
DIVISION, NORTH-WEST REGION OF CAMEROON ......ccccccoiiiiiiiiieie e 80-104

Forchu Melo Seidou, Ndam Walter Tacham, Fungwa Sandra Fru, Wujung Lizby-Joy Mbi,

Njoya Moses Tita, and Njouonkou André-Ledoux

Guideline for contributors

©Ethiopian Biodiversity Institute, 2024



EthJBD, 5(1): 1-16, 2024 1

WOODY SPECIES PREFERENCE, MANAGEMENT PRACTICES AND THEIR
CONTRIBUTION TO SOIL PRODUCTIVITY OF PARKLAND AGROFORESTRY
IN ASSOSA DISTRICT, WESTERN ETHIOPIA

Addiselem Yasin®, Dereje Mosissa

Ethiopian Biodiversity Institute, Assosa Biodiversity Center, Ethiopia

ABSTRACT: This study aims to assess woody species preference, management practices and their
effect on the soil productivity of parkland agroforestry in Assosa District, western Ethiopia. Three
administrative kebeles and 114 households were randomly selected for the study. Descriptive statistics
were used to analyze the data. Additionally, focus groups and key informant interviews were included
in the data collection process. The results revealed that 34.2 % of the total respondents manage
trees/shrubs for soil improvement, 21.9 % for fuel wood, 20.2% as a source of timber/construction, 8.8
% for making different tools, 4.4% for shelter, 3.5% as a source of food, 3.5% for fodder, 2.6% to
generate income and the rest (0.9%) for medicine. Pruning (62.28%), lopping (24.56%), and coppicing
(6.14%) were the most important woody species management practices for enhancing soil productivity
by reducing the competition between tree-crop interfaces. The majority of the household respondents
(95.6%) perceived woody species management practices to increase soil productivity under tree canopy.
Species such as Cordia africana, Mangifera indica, Melia azedarach, and Sesbania sesban, were the
suggested woody species to increase soil productivity of the parkland agroforestry systems by applying
different management practices. Therefore, it is recommended that maintaining and managing these
versatile woody species is crucial to minimize the tree-crop interaction and improve soil productivity in

the parkland agroforestry system in the study area.

Keywords: Productivity, Scattered tree, Soil fertility.

INTRODUCTION
Agroforestry is the intentional integration of woody vegetation, such as trees and shrubs, with crops and/or
livestock simultaneously or sequentially on a land management unit at any scale (Van Noordwijk et al.,
2019). It is a well-known strategy that is being used in many parts of the world, particularly Africa, to
improve food security and nutrition, diversify economies, and build resilience (Abreha and Gebrekidan,

2014; Bajigo and Abraham, 2017; Brown et al., 2018; Kuyah et al., 2020; Sheppard et al., 2020;

*Corresponding author: adisalemyasin2016@gmail.com
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Gebreegziabher et al., 2020). In different parts of Ethiopia, indigenous agroforestry practices developed
over time are prevalent (Alemu, 2016), with parkland agroforestry being a commonly adopted practice.
Parkland agroforestry is the constant existence of well-grown trees in cultivated or late-plowed fields
(Achiso and Masebo, 2019). The presence of scattered trees on croplands has been found to have effects on
the micro-climate, flora, fauna, and other components of the ecosystem through bio-recycling of mineral
elements, environmental modifications, and changes in flora and fauna composition (Manjur et al., 2014).
Parkland agroforestry practices can play an important role in a sustainable agricultural production that is
characterized by combining scattered woody perennials with annual crops and/or animals in the same piece
of land (Matocha et al., 2012; Mbow et al., 2014; Gebrewahid et al., 2018).

Parkland agroforestry practices in Ethiopia have demonstrated a beneficial impact on soil properties,
encompassing enhanced soil fertility, improved nutrient cycling, effective soil erosion control, and efficient
water management (Madalcho and Tefera, 2016; Wolle et al., 2021). The specific characteristics of tree
species are crucial in determining which species to plant on farmland, considering factors like utility,
drought resistance, compatibility with other crops, and potential for improving soil fertility (Bannister and
Nair, 2003). The primary goal of the land use system in the parkland is to preserve soil-improving trees to
enhance agricultural production. Thus, the interacting species within this ecosystem must contribute to the
long-term sustainability of soil productivity (ICRAF, 2000). These practices have long been utilized by local
communities and farmers in Ethiopia, in promoting sustainable agriculture and land management in the
region.

Previous studies (Asfaw, 2016; Yismaw and Tadesse, 2018; Bussa and Feleke, 2020; Gebrewahid and
Meressa, 2020; Wolle et al., 2021; Tsedeke et al., 2021) have examined tree species diversity and its
relationship with carbon stock in the parkland agroforestry practices, but farmers' woody species preferences
and the purpose of keeping scattered trees in parkland agroforestry remains poorly understood. Moreover,

there is a lack of detailed understanding regarding the potential effects of woody species management
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practice and their role in soil productivity of parkland agroforestry practice in the study area. Thus, an
investigation of woody species preference, management practices, and their role in the soil productivity of
parkland agroforestry was conducted to answer the following questions: (1) how and why do local farmers
keep woody species on their parkland agroforestry in the study area? (2) How do local farmers manage
woody species in their parkland agroforestry in the study area? (3) How do local farmers perceive the
practice of managing woody species to enhance soil productivity in parkland agroforestry in the study area?
The present study provides information about appropriate species selection, management practices, and their
role in the soil productivity in the parkland agroforestry, by reducing competition and enhancing soil
productivity of the areas.

MATERIALS AND METHODS
Study area
The study was conducted in the Assosa District, Assosa Zone, Benishangul Gumuz Regional State, Western
Ethiopia. It is located between 9° 42' 0" to 10° 12' 0" N latitude and 34° 12' 0" to 34° 42' 0" E longitude
(Figure 1) and at a distance of 687 km from the capital city, Addis Ababa.
Assosa district has 74 kebeles’ (CSA, 2020) and out of these about 49 kebeles' (66.22 %) of the district’s
households in the kebeles practice parkland agroforestry while, the other 25 kebeles (33.78%) households
depend on daily labor, shifting cultivation, monoculture, trade, traditional mining, etc. (ADANRMO, 2023).
The area is renowned for its extensive home garden and parkland agroforestry practices, as well as its rich

indigenous knowledge of traditional plant uses (Kifle and Asfaw, 2016).
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Figure 1. Map showing geographic location of the study area.

The total population of Benishangul Gumuz region was 460,459 which gives a population density of 9
persons/Km?. Assosa zone, has a total area of 1,519 Km? and a population of 28, 970 (population density of
19.1 persons/Km?) (CSA, 2020). The topography of the study area is characterized by undulating elevation
which decreases gradually toward the western part to an average altitude of 500 m along the Ethiopia -
Sudanese border (Mosissa and Wakjira, 2020). The study area has a mono-modal rainfall pattern ranging
from the end of April to October. The average annual rainfall in the area is approximately 1240 mm (IFPRI,
2017).

The soils are characterized by very poor organic carbon and nitrogen contents, indicating a low soil fertility
status which is driven by the limited use of both organic and inorganic fertilizers and the loss of nutrients
mainly through leaching (Kifle and Asfaw, 2016). Subsistence agriculture is the major economic activity,
engaging approximately 80% of the population. Major agricultural products are cotton, soybeans, sesame,
millet, sorghum, maize, and mango. These crops are produced by rain-fed and to some extent irrigated

agriculture (Mosissa and Wakjira, 2020).
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Sampling techniques and sample size determination

A multi-stage sampling technique was selected to ensure accurate and comprehensive primary data from
the sample households. First, out of 49 kebeles within the district three kebele were selected randomly based
on the existence of parkland agroforestry practices namely; Selga-20, Selga-21, and Selga-22. Then, two
villages were randomly selected from each kebele administration. The number of sample households was
determined by using proportionate random sampling following a simplified formula provided by (Yamane,

1967) at 92 percent confidence interval.

N

"= TN

422
T 1+422(0.082) =114

Where, n = the sample HHs of the study area, N=the population size of the study area, e = allowed errors
which is 8%.

Thus, using a simple random sampling technique, from the three kebeles, 114 HHs were randomly selected
from a total of 422 kebele households provided by the Kebele agricultural development office and Kebele
administration. The total number of households from which sample size was determined in each village
(KA) were; from Selga-20 kebele 221 HHs (Ketena 1 = 112, Ketena 2 = 109), Selga-21 kebele 98 HHs
(Ketena 2 = 48, Ketena 3 = 50), and Selga-22 kebele 103 HHs (Ketena 1 = 47, Ketena 2 = 56).

A 'Ketena' or village is the smallest sub-unit of a kebele, and it contains several sub-units called 'Gots'". In
total, 422 (N) households in the sampled Kebeles were the target households of the study. A proportional

sampling formula was applied to each Kebele to ascertain the sample household size.

N1
nl =—=x*n
N

Where, n1= sample household size in KA1, N1= is the total household in KAs 1, n = is a total sampled
household from the three KAs and N = is the total households in the three kebele. Hence, from Selga-20

kebele 59 HHs (30 from Ketena 1, 29 from Ketena 2), from Selga- 21 kebele 27 HHs (13 from Ketena 2,
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14 from Ketena 3), and from Selga-22 kebele 28 HHs (13 from Ketena, 15 from Ketena 2) were randomly
selected proportionally based on the number of households heads residing in each Kebele.

Method of data collection

To achieve the study’s objectives quantitative and qualitative data and both primary and secondary data
sources were used. Secondary data were collected from published and unpublished sources. The primary
data were gathered through household surveys, key informant interviews, and focus group discussions.
Closed and open questionnaires were developed and semi-structured and face-to-face interviews were
conducted to collect qualitative and quantitative data from respondents. The household questionnaires were
prepared in English and translated into Benishangul, Amharic, and Afan Oromo, the languages spoken in
the study area. Enumerators who were knowledgeable about the area were involved in data collection.
Before interviewing household respondents, the objectives of the study were explained to enumerators, and
they were trained in data collection and interview methods. For qualitative data, both key informant
interviews and focus group discussions were conducted. In this study, key informants are individuals who
are knowledgeable about woody species, the purpose of keeping them, and management practices, and
residents who lived in the respective kebele for more than 30 years. The key informants were selected using
the snowball sampling method (Bernard, 2017). Twelve key informants (six per kebele) were interviewed
for the entire study. The purpose of selecting key informants was to identify the local names of tree species
and cross-check the number of households practicing parkland agroforestry in their kebeles. The following
points were addressed during key informant interviews: farmer’s woody species preferences, purpose of
keeping, management practices, and their effect on the soil productivity of parkland agroforestry practices
in the study areas. In the focus group discussion, model farmers, youths, and women households were
selected from each kebele. The purpose of the discussions was to verify farmers’ tree needs and management
practices. The information generated here was used to validate the information obtained from household

respondents.
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Data analysis
The data were analyzed by using both quantitative and qualitative methods. The farmers” woody species
preference, management practices and their contribution to soil productivity of parkland agroforestry
practice were analysed and described in terms of frequency, percentage, and means by using Statistical
Package for Social Sciences (SPSS), Version 20.0 (IBM Corporation, USA) and Microsoft Excel 2010.
Data from key informant interviews and focus group discussions were analyzed qualitatively to support the
quantitative data.

RESULTS
Purpose of keeping scattered trees in the parkland agroforestry system
Regarding the maintenance of a variety of tree species, farmers in the research area keep and cultivate trees
for various reasons (Table 1). No single tree species can be considered optimal for every household's needs.

Table 1. Reasons for keeping scattered trees and percent of respondents.

No.  Uses of tree/Shrubs % of HH respondents
1 Soil improvement 34.21

2 Fuelwood 21.93

3 Timber/Construction 20.18

4 Tools 8.77

5 Shade/Shelter 4.39

6 Fodder 3.51

7 Food 3.51

8 Income 2.63

9 Medicine 0.88

Woody species management practice
The study area's farmers employ a variety of management techniques for the various woody species that

inhabit their parklands (Table 2).
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Table 2. Response of surveyed households on management practices of some woody species recorded in
different parklands of the study area (N=114).

Woody species Woody Species Management Practice
Coppicing Pruning Thinning Lopping Pollarding

Ziziphus mucronata - 4 - 3 2
Cordia africana 5 34 1 15 -
Mangifera indica 1 4 1 2 1
Ficus sycomorus - 2 - - 2
Albizia gummifera - 1 - - -
Terminalia brownii - 3 - - -
Combretum molle - 5 - - -
Syzygium guineense - 12 - - -
Melia azedarach - 4 - 7 -
Stereospermum kunthianum - 1 - - -
Oxytenanthera abyssinica 1 - - - -
Sesbania sesban - 1 - - -
Dombeya torrida - - - 1 1
Percentage 6.14 62.28 1.75 24.56 5.26

Farmer's perception on the impact of woody species management on soil productivity

Information acquired from focus group discussion and key informants showed that the management of
woody species is a strategy for managing the competition between trees and crops in parklands (Figure 2).
The effectiveness of the parkland agroforestry system in the study areas was influenced by the choice and

management of the woody species introduced.

40%
35%

30% 0
o’ 22.94% 20.18%

20%
15%
10%
5%
0%

30.28%

Improve soil Improve soil Reduce soil Reduce wind Provide partial
fertility moisture erosion speed shade

Figure 2. Household perceptions (%) on why soil productivity increased under tree canopy in the parklands

of the study areas.
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Preferred woody species for soil productivity

The farmers in the study area were familiar with both woody and non-woody components of parkland
agroforestry. As a result, they can identify the specific characteristics of woody perennials that make them
suitable for agroforestry practices in parklands. The preferred species are indicated in table 3.

Table 3. Some preferred woody species for soil productivity in the parkland of the study area.

No. Species % of HH respondents
1 Cordia africana 41.23

2 Mangifera indica 11.40

3 Melia azedarach 9.65

4 Ziziphus mucronata 7.89

5 Sesbania sesban 7.89

6 Syzygium guineense 7.02

7 Combretum molle 4.39

8 Ficus sycomorus 3.51

9 Terminalia brownii 2.63

10  Dombeya torrida 1.75

11  Albizia gummifera 0.88

12 Stereospermum kunthianum 0.88

13 Oxytenanthera abyssinica 0.88

DISCUSSION

Participants in this study explained the benefits of the tree species preferred in parkland agroforestry system
which include soil fertility improvement, animal fodder, bee forage, timber, food, income generation, house
construction, fuel wood, shade, and medicine and farm tools. This result is consistent with research by
Yakob et al. (2014), Lemage and Legesse (2018), and Legesse and Negash (2021), who reported that
planting or keeping various woody species depends on the practical benefits and services they provide to
the farm household.

Participants in the focus group discussion and key informants stated that farmers in the study area
traditionally managed the retained/planted tree species in their parklands to get multiple benefits. Pruning

and lopping were the most important woody species management practices for enhancing soil productivity
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by reducing the competition between tree-crop interfaces in the study area. This outcome is in consistent
Negash (2007) which indicated the presence different approaches to manage woody species in parkland
agroforestry, the two main ones being pollarding and lopping of side branches. According to other studies,
several regions of Ethiopia have similar woody species management practices (Agidie et al., 2013;
Madalcho and Tefera, 2016; Misgana et al., 2020).

Soil productivity was defined by farmers in the study area as the capacity of soil to increase a particular
crop yield under a specified management system. Key informants explained that the purpose of woody
management practices undertaken by household members in the study area was mainly to enhance soil
productivity by improving soil fertility through litter fall decomposition, preserving soil moisture, and
mulching, to provide partial shade, and to reduce competition for lights.

Household respondents indicated that farmers in the study area have the knowledge of different woody
species management practices and of which woody species require a different set of management practices
and appropriate time to accomplish these activities in order to improve soil productivity. Accordingly, the
suitable time for woody species management was at the end of the dry season or early summer to enhance
the decomposition of litterfall and the dead wood materials that maintain soil fertility. Similar perception
reported from Meskan District, Ethiopia (Bongers (2010).

The management of woody species is perceived to have an effect on the parkland's soil productivity,
according to all the HH respondents. Of those, 95.6% (N=109) of the HH respondents said that the woody
species management technique raises soil productivity beneath tree canopy by preserving soil moisture,
lowering wind speed, minimizing soil erosion, and giving partial shade for understory crops in the study
area. This outcome is consistent with studies conducted by Guyassa and Raj (2013) in the Southern Zone of
the Tigray region; Dilla et al. (2018) in Ethiopia's Central Rift Valley; and Bussa and Feleke (2020) in the

West Guji Zone of Ethiopia. These studies found that the goals of using various woody species management
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practices were to increase soil productivity by minimizing the detrimental effects at the tree-crop interface
and to obtain tree products for different purposes.

In this study, key informants and participants of focus group discussion indicated that crop yield was higher
under tree canopies than in the open fields due to improved soil nutrient concentrations and moisture levels
associated with greater organic matter. This result is in line with the findings of Hadgu et al. (2009) who
reported similar results in the highlands of Tigray; Tesfaye et al. (2018); Dilla et al. (2018) who reported
similar results in the Central Rift VValley of Ethiopia.

Household respondents indicated that the choice of tree species for the parkland agroforestry system
depends on the farmer's objective, whether it's ecological or economic. According to HH respondents,
woody species that shed their leaves have high biomass, decompose quickly, and are added to parklands
because they can increase soil productivity by breaking down dead wood, as well as by fallen litter (leaves
and twigs) for composting. Cordia africana, Mangifera indica, Melia azedarach, and Sesbania sesban were
among the suggested woody species to increase soil productivity of the parkland agroforestry systems by
applying different management practices. Moreover, these species are highly preferred by farmers in the
study area due to their ease in adaptability, propagation, and management regimes. This finding is in
consistent with the findings of Abdella et al. (2020) who observed comparable outcomes in Eastern Oromia,
and Mamo and Asfaw (2017) who reported similar results in West Haraghe zone, Ethiopia.

The focus group discussion and key informants described how farmers in the study area perceive that certain
woody species in parklands can improve soil productivity. They observed that the fallen leaves of these
trees decompose more easily in comparison to other tree species, such as Oxytenanthera abyssinica. This
result is similar to the finding of Lemage and Legesse (2018) who reported a similar outcome in Tembaro

District, Southern Ethiopia.
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CONCLUSION AND RECOMMENDATION
The present study has provided valuable information on the assessment of farmers’ preferences for woody
species and woody species management practices and their contribution to the soil productivity of parkland
agroforestry in Assosa district, western Ethiopia. The result of this study showed that employing different
woody species management practices for different woody species reduces tree-crop competition and
increases soil productivity in the parkland agroforestry system in the study area. Pruning, lopping and
coppicing were reported to be the most important woody species management practices for enhancing soil
productivity by reducing the competition between tree-crop interfaces in the study areas. These management
practices need to supported by governmental and non-governmental organizations through improved
research, and extension services to obtain optimum results. The species Cordia africana, Mangifera indica,
Melia azedarach, and Sesbania sesban were the most preferred woody species to increase soil productivity
of the parkland agroforestry systems in the study area. Further studies should examine the impacts of these
woody species on the understory herbs and crop species of parkland agroforestry practice of the region,
especially in the study area.
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CARBON STOCK VARIATION OF WOODY SPECIES ALONG ALTITUDINAL GRADIENTS
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ABSTRACT: The study estimated the woody plant species' carbon stock along the Muhabura volcano's
altitudinal gradient. Three strata namely low, middle, and high altitudes were created within the study
site depending on vegetation appearance and elevation gradients. A total of 60 plots of 20 x 20 m with
four transect lines and 100 m apart from one another, were established along the transect to collect data
on the carbon in above-ground, below-ground biomass, dead litter, and soil. Height, and Diameter at
Breast Height (DBH) of each woody species that had a DBH bigger than 5 cm were measured. The
allometric equations were used to estimate the above-ground biomass and below-ground biomass. The
result showed 326 individual species belonging to 21 woody plant species and 16 families in the study
area. No woody plant species with DBH > 5 cm were found at high altitudes. The estimated total carbon
stock in low, middle, and high altitudes were 162.029+9.094 tC ha™,142.767+0.398 tC ha™, and
132.923+18.806 tC ha, respectively, and they showed a significant difference (P < 0.05). Likewise,
the organic carbon in soil differed significantly (P < 0.05) across different depths (0-30 cm, 30-60 cm)
in altitudinal gradients. The largest carbon pool in all the three altitudinal gradients was the soil organic
carbon pool, sinking the highest carbon amount of 397.551+77.307 tons ha™. The results showed that
Muhabura Volcano can be important for carbon stocks, and effectively conserving this mountain has a

considerable contribution to climate change mitigation and biodiversity conservation.
Keywords: Carbon Sequestration, Climate Change, VVolcanoes National Park
INTRODUCTION
Global climate change is a pressing environmental issue resulting in extreme weather patterns, global
warming, natural disasters, biodiversity loss, and rising sea levels (Siraj, 2019). The primary cause of this

is greenhouse gases including nitrous oxide, methane, and carbon dioxide generated from anthropogenic

*Corresponding author: agnesmbabazil@gmail.com
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activities such as deforestation, and the burning of fossil fuels (Liu et al., 2018). According to the
Intergovernmental Panel on Climate Change, per decade, a 0.3°C increase in global mean temperature is
expected during the next century, and this increase is anticipated to grow by 1.4 to 5.8 °C by 2100 (IPPC,
1990). Carbone dioxide has been seen to be the most important greenhouse gas. The two main causes of the
carbon cycle distortion are changes in land cover, land use, and the use of fossil fuels. Practically, the
burning of fossil fuels for transportation, building heating and cooling, and the production of cement and
other commodities accounts for roughly 75% of the world's CO2 emissions (Fischer et al., 2019). The
significance of soil and forests in reducing greenhouse gas emissions (methane, carbon dioxide, and other
gases) was acknowledged by the Kyoto Protocol. As possible sinks for increased carbon dioxide emissions,
forests and soils are taken into account for determining the permissible offset (Mulugo et al., 2020). The
extension of wooded areas and sustainable forest development is an economical, safe, and ecologically
friendly method of storing, and capturing significant volumes of carbon from the atmosphere and financial
incentives are provided for taking carbon storage into account when making decisions about forest
management by the parallel creation of marketable carbon credits (Fischer et al., 2019). According to the
latest estimates, the earth has 3952 million hectares of forest where 16% are found in Africa (Nel, 2018).
Tropical natural vegetation is regarded as a significant storage of carbon globally (Gizachew et al., 2018)
and has the potential to balance the amount of CO: in the atmosphere. This is due to having higher Carbon
(C) content per unit area compared to any other terrestrial ecosystem. While climate change in Africa is
complex, the Rwandan situation is even more complex (Ototo and Vlosky, 2018; Kazoora et al., 2019;
Mawa et al., 2022). Historically, deforestation in Rwanda has been reported in most of the country's regions
attributed to extensive anthropogenic activities such as grazing, agricultural expansion as well as residential
land expansion, and fuelwoods related to increasing population demands, all coupled with climate change
(RoR, 2016; Namanji et al., 2019; Mwawa et al., 2022). To restrict further forest degradation, most of the

natural forests are protected either as national parks or as forest reserves. Protected areas cover around 10.8
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% of the country and the total forest cover is about 30.4% of the dry country land (RoR, 2015; Chapman et
al., 2018; RoR, 2018). The increment of forest cover has affected more the carbon sink where between 2001
and 2022, the forests in Rwanda removed 4.61 MtCO.e/year, and in the same period, an average of
1.29Mt/year was released into the atmosphere as a result of tree cover loss in Rwanda. This represents a net
carbon sink of 3.32 MtCO.e/year (MoE, 2019). Hence, mitigating the emission of greenhouse gases as a
source of climate change leading to ecosystem degradation is crucial. This can be achieved through
sustainable management of existing natural vegetation that can attract potential financial, and technical
incentives from industrialized nations to developing nations like Rwanda through climate finance funds
such as REDD+ (Tumushabe et al., 2023). However, there are limited studies on quantifying carbon stocks
sequestered by natural forests in Rwanda (Nsabimana, 2009; Nsengumuremyi et al., 2022;
Mugabowindekwe et al., 2023). In this context, consistent and accurate data that meet international
standards with a favourable environmental policy are the most critical requirements to derive the benefits
from climate funds. For achieving international standards, it is important to bridge the gap in characterizing
biomass, and carbon stock of the Rwandan natural vegetation such as the one found at Muhabura volcano,
using standardized carbon stock accounting methods. Therefore, this study aimed to estimate the potential
of carbon sequestration of woody species and its variation along altitudinal gradients at Muhabura volcano
in the North of Rwanda.
MATERIALS AND METHODS

Description of the study area

Muhabura Volcano lies partly in the Volcanoes National Park (VNP) situated in the Albertine Rift of the
Great African Rift Valley, in northwestern Rwanda and borders Virunga National Park in the Democratic
Republic of Congo and Mgahinga Gorilla National Park in Uganda. Muhabura is an extinct volcano in the
Virunga massif (1°21°-1°35°S, 29°22°-29°44°E) with an altitude ranging from 2300 m to 4,500 m above

sea level on the border between Rwanda and Uganda (Derhe et al., 2020; Zajadacz and Uwamahoro, 2021)


https://en.wikipedia.org/wiki/Rwanda
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(Figure 1). Muhabura Volcano receives a steady stream of rain and mist. Combined with the high altitude,
this means that the climate is wet and cold with wind speed variation with altitude (Akayezu et al.,
2019). Temperatures of 16°C during the day do not change much throughout the year and at night, it cools
off to about 6°C. The range of altitudes means a range of climatic conditions. The temperature drops by
about 6.5°C for every 1,000 m climbed. According to Dondeyne et al. (2017), the soils at Muhabuara
Volcano are fertile and of volcanic type and there is a variation in composition from one area to another.
They are in the category of andosols and andic soils with a black colour. Fine alluvial peat formation in the
wetland occurs. In addition, soils are generally characterized by high moisture, rich organic matter content,
high pH levels, and high permeability. Furthermore, in the Eastern part of Muhabura volcanoes the soil is
dry and rocky soil with silt or silty-clay textile in most cases. The bulk densities in all horizons are very low
mostly between 0.2 and 0.7 gcm™ for oven-dry samples (Uwitonze et al., 2016; Turamyenyirijuru et al.,
2019). Muhabura volcano harbors 245 plant species; 17 of which are threatened and 13 species of orchids
(REMA, 2009; IUCN, 2019). Vegetation varies with altitudinal gradients and the forest is characterized by
an open canopy and frequent wind like in the savanna (Ngiramahoro et al., 2018). In general, the VNP has
been constantly under direct or indirect threat due to pressure from the farming population in search of
fertile volcanic soils in its immediate vicinity. Currently, it covers 160 km? (Owiunji et al., 2005).
Particularly, a large part of Muhabura was highly disturbed by a fire outbreak in 2009 due to beekeeping
along the edge, in addition to the agriculture of a dense population bordering on its bottom (Ngiramahoro

etal., 2018).
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To form relatively homogenous units and obtain accurate data from the f

I variation (Mlotha, 2018).
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elevation segments was used since the area under the study presents an altitud

That helped to determine the elevation variations as predictor variables to relate with forest carbon stocks.

The study area was classified into three altitudinal gradients based on the physical appearance of vegetation

GPS: lower altitude between 2502-2882 m a.s.l. (stratum 1), middle altitude between 2883-3109 m

using
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a.s.l. (stratum 2), and upper altitude between 3110-4127 m a.s.l. (stratum 3), based on a reconnaissance
survey. In each stratum, a total of four transect lines, 100 m apart from each other, were established
systematically, along with five plots of 20 m x 20 m plots and subplots of 1 m x 1 m (4 at the corner 1 at
the center of each plot) for litter and soil samples within the main plots. The plots were laid out at 100 m
intervals along the transect for woody species records and carbon stock potential (Matakala et al., 2023).
A total of 60 plots were established in the study area. All woody species individuals encountered in the area
were recorded. The diameter at breast height was measured at 1.3 m above the ground using a diameter tape
(Abereetal., 2017; Aabeyir et al., 2020). In the case of multi-stemmed woody species above 1.3 m in height,
the tree was treated as a single individual. In the case where the tree forks below 1.3 m, measurement of
each stem was done (Snowdon et al., 2002; Bilous et al., 2024). Diameter data for all tree species individuals
with a DBH > Scm were collected. This is due to the fact that the study area was a degraded montane forest
with small trees and secondary forest in some zones where woody species with small DBH were present.
The heights of all trees were also measured using Suunto and Haga hypsometers. Trees on the border of the
plot were included if more than 50% of their basal area fell within the plot or excluded if more than 50% of
their basal area fell out of the plot (Bhishma, 2010). Trees with their trunks inside the plot but their branches
hanging outside were included but those overhanging in the plot were excluded.

All litter samples in the sub-plots of 1 m x 1 m were collected manually in each main plot at each corner
and center. A 100 g composite sample was prepared for field wet weight and taken for laboratory analysis
at a later stage. The litter samples were oven-dried at 105°C for 48 hrs using the dry ashing method (Allen
et al., 1986). Oven-dried samples were taken in pre-weighed crucibles. Then the samples were ignited at
550°C for one hour in a muffle furnace. After cooling, the crucibles with ash were weighed and the
percentage of organic carbon was calculated. Finally, carbon in litter (t hal) was determined for each

sample.
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Soil samples of 100 g each from two depths of 0-30 cm and 30-60 cm were collected from five pits in the
main plot (one at the center, and four at the corners of each plot) and mixed properly in their respective
layers and a composite sample was prepared. Two depths were considered in this study (BSSS, 2023;
Freeze, 2024; Raffeld et al., 2024) due to severe fire disturbance of the topsoil (30 cm) in the study site,
which showed a high variation of soil organic components and other soil properties (Lu et al., 2017;
Agbeshie et al., 2022). Soil samples were placed in plastic bags labeled separately and taken to INES
Ruhengeri laboratory for analysis using the Walkley and Black method (Walkley and Black, 1934). These
samples were air-dried and passed through a 2 mm sieve at the soil laboratory to remove the soil moisture
and finally, the bulk density and soil organic carbon percentage were calculated (Pearson et al., 2005).
Data analysis

Carbon stock analysis

Above-ground woody species biomass (AGB): this study applied equations developed via dimensional
analysis, as the only reasonable method to estimate tree biomass without destructive sampling (Yilma and
Derero, 2020). The equation by Chave (2014) was used to estimate the above-ground biomass. The
allometric equation considers DBH, height, and density of trees; and then, the above-ground biomass (AGB)
was computed as follows:

AGB = 0.0673x (PxD?xH)%%76 (Chave, 2014).......cccccevvvimireriieieeeeeeeeee e, Equation 1
Where AGB= above-ground biomass in kg, D= diameter at breast height in cm, H= height in m, P = density
in g cm™. The wood density of each tree species was obtained from the global woody density database.
Results were then converted into tonnes per hectare (Tuffour et al., 2014). Finally, the carbon content in the
biomass was estimated by multiplying by 0.47 a conversion factor according to REDD and IPCC defaults,
while multiplication factor 3.67 was used to estimate CO- equivalent (IPCC, 2006).

In the case of multi-stemmed trees prone to multi-stem below 1.3 m diameter, the measurement of the

diameter was calculated by the diameter equivalent (de) as follows:
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de = /XN, di2 (Snowdon et al., 2002; Bilous et al., 2024).........cccooeveerrrrrerrnereesrnee Equation 2
where, de = diameter equivalent, di = diameter of the i stem at 30 cm height. The results were recorded in
a prepared data sheet.

Below-ground woody species biomass (BGB)

The equation developed by MacDicken (1997) to estimate below-ground carbon was used.

BGC = AGC x 0.2 (Yilma and Derero, 2020).........ccceieeieiiieiieie e esie e sie e Equation 3

where BGC is below ground Carbon, AGC is above-ground carbon, and 0.2 is the conversion factor (or
20% of AGC).

Estimation of carbon stock in litter biomass (LB)

The equation by Pearson et al (2005) adopted by Toru and Kibret (2019), estimates the amount of biomass

in the litter as used.

__ Wfield Wsub sample (dry)

LB A Wsub sample (fresh)

X 0.00071 oo e Equation 4

Where, LB = Litter biomass (hat), Wfield = weight of wet field sample of litter sampled within an area of
size 1 m? (g), A = size of the area in which litter was collected (ha*), Wsub-sample (dry) = weight of the
oven-dry sub-sample of litter taken to the laboratory to determine moisture content (g) and Wsub-sample,
(fresh) = weight of the fresh sub-sample of litter taken to the laboratory to determine moisture content (g).
The litter samples were oven-dried at 105°C for 48 hrs using the dry ashing method (Allen et al., 1986).
Oven-dried samples were taken in pre-weighed crucibles. Then the samples were ignited at 550 °C for one
hour in a muffle furnace. After cooling, the crucibles with ash were weighed and the percentage of organic
carbon was calculated. Therefore, carbon stored in litter was calculated as:

LC = LB X YOCC .ottt ettt et Equation 5
Where Where, LC = Litter carbon, LB = Litter biomass (ha*), CC= carbon concentration

Estimation of carbon stock in the dead wood biomass
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For the standing stump of dead wood, the amount of biomass was estimated using the allometric equation

from REDD (2009) adopted by Dondo et al. (2019)
BSDWZEXT[X(L)ZXHXS ..................................................................................... Equation 6
3 200

Where, BSDW= Biomass of Standing Dead Wood (kg), H = Height of Standing Dead Wood (m), D = Basal
Diameter of Standing Dead Wood (cm), and S = Mean Wood Density of Dead Wood (gcm3). The specific
density is estimated at 0.5 gcm™ as a default value, but 0.8 can be used for dense hardwoods and 0.3 for
very scattered species in tropical regions. In this study, the total carbon stock in dead wood was computed
by multiplying the total biomass of the dead wood by 0.5 (Pearson et al., 2005; Sakai et al., 2008).

Soil organic carbon estimation

Collected composite soil samples were examined for soil organic carbon estimation for all three strata using
the Walkley-Black method (Dondo et al., 2019). The soils were sieved through a 2 mm sieve mesh and
mixed to a uniform consistency, and then a sub-sample of soil was taken and carbon analysis was done.
SOC was calculated as follows:

Soil organic carbon = bulk density x depth x % Carbon .........c..cccocvviniiiiiiiinnns Equation 7

where: Bulk density (gcm®) = oven-dry mass (g)/volume (cm®), % Carbon = carbon concentration (%). Soil
bulk density was determined after oven drying of the soil samples as recommended by Solomon et al.
(2018).

Bulk density (pb)

Soil bulk density was determined after oven drying from the soil samples that were taken with a core sampler
as recommended by Pearson et al. (2005) and adopted by Toru and Kibret (2019).

V=hxmr? Where: V = volume of the soil in the core sampler in cm®, h = height of the core sampler
in cm, = 3.14, r = the radius of the core sampler in cm. Then, the bulk density of a soil sample was

calculated as follows:

DD = e Equation 8
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Where py is the bulk density of the soil sample per plot (gcm=), Wav, dry is the average dry weight of soil
sample per plot, V is the volume of the soil sample in the core sampler auger in cm® (Pearson et al., 2007).
Total carbon stocks estimation
The total carbon stock was estimated by summing the carbon stock densities of the individual carbon pools
of the stratum using 