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Abstract: There is a growing interest in the role of different types of land use systems in stabilizing the atmospheric CO,
concentration, reducing the CO, emissions and on increasing the carbon sink of forestry and agroforestry systems. Agroforestry
has potential to mitigate climate change and help farmers to adapt the impacts of climate change. Different types of
agroforestry systems such as homegarden, cropland and pastureland have great role in storing carbon and stabilizing the
climate change by absorbing CO, from the atmosphere. The main objective of this study was to investigate aboveground live
carbon storage in agroforestry of Sokoru District, Jimma Zone. The study was conducted from February to May, 2018.
Descriptive statistics and one way ANOVA were used to analyze the population density, above ground live biomass, carbon
storage, tree height and diameter at breast height and basal area for each tree was calculated. Aboveground live biomass of
each tree was determined by using the revised nondestructive equation. The amount of carbon stored in each tree was
estimated at 50% of the aboveground live biomass hence 5.54 t, and in homegarden, 9 t in cropland and 3.47 t pastureland
carbon was stored. From three land use types the highest amount of carbon was stored in cropland followed by homegarden
and pastureland. Eventually, the study revealed that the woody species found in different agroforestry system of the study area
have great role in carbon storage and CO, sequestration. Thus all stakeholders should focus on conservation of trees and shrubs
found agricultural landscapes.

Keywords: Agro-Forestry, Land Use Types, Carbon Storage, Woody Species, Homegarden, Cropland,
Pastureland and Carbon Storage

were forest plantation [6], the effectiveness of protected sites
in biodiversity conservation.

As forests are converted to agricultural fields and urban
areas, the amount of carbon dioxide in the atmosphere
become increased. The concentration of carbon dioxide is
increasing and a trend believed to impact the earth’s climate
[7]. 1t is thought that land use change is responsible for 20-
30% of the net increase of carbon emission [8].

Agroforestry systems are amongst the most important

1. Introduction

Global emissions of carbon dioxide to atmosphere have
been increasing for about 140 years since the beginning of
the industrial revolution [1]. Concentration of carbon dioxide
in the atmosphere has increased and approached 360ppm by
the end of year 2000. It is estimated that the future doubling
of CO, in atmosphere to about 700ppm will risk an
accompanying greenhouse effect rise of 1.5 — 4.0°C in mean

global surface temperature [2].

The woodlands of Africa cover about 54% of the continent
and support some 64% of its population [3]. At this time,
these woodlands are under serious threats mostly by human
activities [4] and the impact of climate change [5]. In face of
this significant concern, the main concrete solution suggested

processes that determine the terrestrial ecosystem carbon
balance [9]. The magnitude and dynamics of the forest
carbon sink depend on carbon allocation to many storage
pools [10]. Agroforestry systems play an important role in
various goods and services including enhancement of carbon
storage and organic matter conservation of above and below
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ground biodiversity and improvement of soil fertility and
structure [11].

Agroforestry has played an important role in increasing
land productivity and enhancing livelihoods in developed and
developing countries [12]. Although carbon sequestration
and afforestation and reforestation of degraded natural
resource have long been considered significant in climate
change mitigation, agroforestry offers distinct advantages
[13]. The planting of trees along with crops on cropland
improves soil fertility, controls and prevents soil erosion,
controls water logging, checks acidification and
eutrophication of streams and rivers enhances local
biodiversity by decreasing pressure on forests for fuel and
provides fodder for livestock [14].

The main objective of this study is to investigate
aboveground live carbon storage in different agroforestry
systems of Sokoru district, Jimma Zone, Southwest Ethiopia.
Although the possible benefits of agroforestry in carbon
sequestration have been conceptually discussed and field
measurements to validate these concepts have been
undertaken to significant extent, there is no any report on the
potential of agroforestry in carbon storage from Sokoru
district. Therefore; this study was designed to fill this
knowledge gap and to answer the following questions: How
much carbon is stored in aboveground live woody species
biomass in Agroforestry systems of Sokoru district? Which
agroforestry system stores more carbon in aboveground live
biomass?

1.1. Ways in Which Woody Species can Store Carbon

Carbon is stored in pools of aboveground biomass like
timber, branches and belowground biomass like roots, soil
microorganisms and organic carbon in soil [15]. Trees have
greater capacity to store carbon than annual crops and grasses
on pastures. Agroforestry systems, therefore present better
option for carbon sequestration [16].

1.2. Measurement of Carbon Dioxide in the Atmosphere

Since pioneer measurements of turbulent fluxes over tall
vegetation, eddy-covariance (EC) has been widely used as a
standard method for the estimation of seasonal fluctuations in
carbon exchange between forest ecosystems and the
atmosphere [17]. In conjunction with forest inventories [18],
data have greatly improved the understanding of the
terrestrial carbon budget and its climate sensitivity at local to
global scales [17, 19].

There is a growing interest of different types of land use
systems in sequestering the atmospheric CO, concentration
or on increasing the carbon sink of forestry and agroforestry
systems. Agro-forestry has been recognized as a means to
reduce CO, emissions as well as enhancing carbon sinks. The
role agroforestry in carbon cycles is well recognized and
forests are large sinks of carbon [20]. There is considerable
interest to increase the carbon storage capacity of
agroforestry land-use practices such as afforestation,
reforestation, and natural regeneration of forests, silvicultural

systems and agro forestry [21].

2. Methods and Materials
2.1. The Study Area and Period

This study was conducted in Sokoru district of Jimma
Zone from February — May, 2018. Sokoru district is found in
Oromia Regional State, Jimma Zone (Figure 1) at about100
km East of Jimma town and 156 km southwest of Addis
Ababa. The altitude of the district lies in the range of 900-
2,300 m above sea level. The district is located between 7°
55'-7°.92' N latitude and 37° 25' - 37°.42" E longitude [22].

2.2. Methods

2.2.1. Sampling Design

A transect line of 24 km long with 2 km buffer (1km on
the left and 1km on the right of the transect) was established
across different land use types (homegarden, pasture and
cropland). The elevation of the study area ranges from 1679
— 1934 m above sea level. Of 42 total sample plots, 14
sample plots of 100 m x 100 m were established in cropland
and 14 sample plots of 100 m x 100 m were established in
cropland while 14 plots of 20 m x 20 m were put in the
homegardens (the homegarden was standardized to hectare
for later comparison with the two land use types).

2.2.2. Data Collection

Stem count of woody species in pasture and cropland has
been taken from each one hectare plot (100 m x 100 m)
whereas the stem count from homegarden agroforestry was
taken from 20 m x 20 m plot (this was later converted to
hectare in order to compare with cropland and pastureland).
The circumference of each stem with diameter at breast
height (DBH) > 5cm, height > 1.3 m was recorded from each
plot [23]. The height of all individuals was also recorded
using Clinometers. For the stem abnormalities, RAINFOR
protocol was followed [24]. Latitude, longitude and altitude
of the study site were recorded by using Global Positioning
System (GPS). Samples of woody species (including their
local names) were recorded. All woody specific gravity of
each tree species was taken from global wood density data
base developed by [25]. The samples were transported to
Jimma University herbarium for identification. Flora of
Ethiopia and Eritrea were used for the identification of
species in the herbarium.

2.2.3. Carbon Storage
Aboveground live biomass of each tree was calculated by
using the revised nondestructive allometric equation [26].

AGB = 0.0673(pD*H) **"°

Where, p = wood specific gravity, D = diameter at breast
height, H = height. The amount of carbon stored in
aboveground live biomass of each woody species was
estimated at 50% of the aboveground live biomass (AGB).
The amount of CO, sequestered by the tree was calculated by
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multiplying the amount of carbon in the biomass by 3.67
(which is the ratio of the atomic mass of CO, (44.01) to the
atomic mass of carbon (12)) [26].

Analysis of Variance (one way ANOVA) of SPSS version

20 was used to determine the variation among different
agroforestry systems in carbon storage. The data were log
transformed as to maintain the normal distribution.
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Figure 1. Location map of the study area (Source: from ETHIO-GIS).

3. Results and Discussions
3.1. Results

3.1.1. Carbon Stored and Sequestered in Agroforestry of the
Study Area

Of total calculated from the study area, about 20.331 t,
33.123 t and 12.7 t was stored in homegarden, cropland and
pastureland respectively. Totally 66.17 t CO, were estimated
from the three land uses and croplands stored sequestered
high amount of carbon dioxide and followed by
homegardens and pasturelands (Table 1).

Table 1. Summary of AGC and AGCO; in three land use types of Sokoru
District; April, 2018.

Land use type AGC t/ha CO; t/ha
Homegarden 5.539 20.331
Cropland 9.025 33.123
Pastureland 3.465 12.7
Total 18.03 66.17

Totally 18.03 tones/ha AGC were estimated from the three

land uses and croplands stored high amount of carbon and
followed by homegardens and pasturelands (Figure 2).
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Figure 2. Box plot showing AGC storage in each land use type (cropland,
pastureland and homegarden) of Sokoru District; April, 2018.
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There was a significance difference in AGC storage that there was significant variation (P = 0.003) between Crop
amongst the three land use types of the study area (F = 6.129,  and Pastureland in carbon storage (Table 3).
P = 0.005) (Table 2). Tuky’s multiple comparison showed

Table 2. Analysis of variance (ANOVA) showing variation in aboveground live carbon storage among the three agroforestry of Sokoru District; April, 2018.

SS df MS F P
Between groups: 1.695 2 0.847502 6.129 0.005
Within groups: 5.39298 39 0.138281
Total: 7.08798 41

Table 3. Summary of one way ANOVA for comparison of AGC of the three land use types (HG = Homegarden, CL = Cropland, PR = Pastureland) of Sokoru
District; April, 2018.

AGC of HG AGC of CL AGC of PR
AGC of HG 0.3221 0.1191
AGC of CL 2.062 0.003
AGC of PR 2.868 4.929

M. indica, C. macrostachyus, G.robusta, C.lusitanica and E.
bureccei. Comparatively, C. africana, and A. indica played
very important role than any other woody species found in

3.1.2. Aboveground Live Carbon Storage in Different Land
Use Types
The top seven known species by storing carbon and
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Figure 3. AGC and CO; stored in seven top important woody species of Homegarden of Sokoru District; April, 2018.
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Figure 4. AGC and CO; in seven top important woody species of cropland land of Sokoru District; April, 2018.
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The top seven species in carbon storage in cropland were
C. africana, E. camaldulensis, F. vasta, F. sur, A. gummifera,
C. macrostachyus and S. guineense. Comparatively, C.
africana, and E. camaldulensis played very important role
than any other woody species found in cropland (Figure 4).

The top seven known species by storing carbon and

sequestering CO, in cropland were: F.vasta, C. africana, E.
camaldulensis, A.gummifera, A. abyssinica, C.
macrostachyus and S. guineense. Comparatively, F. vasta
and C. africana, played very important role in carbon storage
and CO, sequestration than any other woody species found in
pastureland (Figure 5).
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Figure 5. AGC and CO; in seven top important woody species of pastureland of Sokoru District; April, 2018.

3.2. Discussion

The result of the study indicated that the highest amount of
AGC was calculated from the woody species recorded from
the cropland followed by homegarden and the least AGC was
calculated from pastureland. The most probable reason
behind the variation of AGC among the three land use types
could be the difference in density (stem count) and DBH,
height, and ways of conservation and utilization by the
society. This is in line with the study conducted by [14, 27]
indicating that the agricultural production issues arising from
combining trees and pastures, over the past decade or so
there has been increasing interest in the role of agroforestry,
including silvopastoral systems, as a means of sequestering
atmospheric carbon to mitigate the effects of greenhouse gas.
The advantage of agroforestry systems compared to forests is
that the land can remain in agricultural use whilst sustaining
a greater phytomass than a purely arable or pastoral system.

Cordia africana was the most important woody species in
carbon storage. They are the most densely populated woody
species in cropland followed by homegarden. This showed
that Cordia africana in cropland had high density, high DBH
and height. Similar study was reported from Jimma by [28]
in which cropland with least stem density has got larger
biomass following the SFC system, mainly due to the tree
DBH. This is an indication that old trees with larger DBH
classes are found in the croplands. Almost all the C. africana
trees in cropland are matured trees with larger diameter that
contributed to the biomass of the trees in the cropland.

From the total AGC (18.03 t/ha) stored in three land use
types of the study area, about 17.595 t/ha or 97.56 % of this
carbon was stored in trees. While only 0.438 t/ha or 2.44 %
of the AGC was stored in shrubs. This could be due to the
lower DBH, richness, density and height of the shrubs, since
larger basal area, DBH and height stores large amount of

AGC; the trees of the study area could store large amount of
AGC than shrubs. Similar study was reported by [29] the
larger diameter woody species stored high amount of AGB,
while small amount of AGB has been stored in small
diameter class woody species.

The top seven known species by storing carbon and
sequestering CO, in homegarden were C. africana, A. indica,
M. indica, C. macrostachyus, G. robusta, C. lusitanica and E.
bureccei. Comparatively, C. africana, and A. indica played
very important role than any other woody species found in
homegarden. The possible explanation for this result could be
due to the higher DBH and BA of these plant species than
any other woody species of the study area. Similar result was
reported from Wanago district of Ethiopia by [29] the larger
diameter woody species stored high amount of AGB, while
small amount of AGB has been stored in small diameter class
woody species.

The top seven known species by storing carbon and
sequestering CO, in cropland were, C.africana, E.
camaldulensis, F. vasta, F.sur, A. gummifera, C.
macrostachyus and S. guineense. Comparatively, C. africana,
and E. camaldulensis played very important role than any
other woody species found in cropland. This might be due to
the higher DBH, height and BA of these species than the
others. Since the higher DBH, height, BA and density can
store high AGB, these plant species could store high amount
of AGB than the lower one. This idea could be supported by
the result reported by [29] the larger diameter woody species
stored high amount of AGB, while small amount of AGB has
been stored in small diameter class woody species

The top seven known species by storing carbon and
sequestering CO, in cropland were F.vasta, C. afiricana, E.
camaldulensis, A. gummifera, A. abyssinica, C.
macrostachyus and S. guineense. Comparatively, F. vasta
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and C. africana, played very important role in carbon storage  the variation of factors like DBH, height and BA among
and CO; sequestration than any other woody species found in  different woody species recorded from the study site.
pastureland. The possible explanation for this might be due to

Table 4. Comparison of carbon storage in current study with others related results.

Study site Source AGCt/ ha
Central closed public park in Addis Abeba Mareshet Tefera 29.1
Selected church forest in Addis Ababa Tulu Tolla, 2011 128.86
Wenago District, Ethiopia Talemos Seta and Sebsibe Demisew, 2014 16.66
Sub-Saharan Africa Unru et al., 1993 45t019
Sokoru District, Ethiopia Current study 18.03
Pilots Altitude AGC( kg/ha) Density
4. Conclusion and Recommendation P10 1893 358.57251 12
P11 1879 598.5155736 23

About 58 woody species were collected from Sokoru P12 1872 1117.983206 33
district of which 44 were trees while 14 were shrubs. Most of  p13 1886 414.033813 24
the AGC calculated from the aboveground biomass was P14 1904 163.2092391 20
stored in trees mainly due to their high DBH than shrubs. Total 5539.920954 267

Of all woody species recorded from the three agroforestry
systems, Cordia qfricana was the most frequent and Table A2. AGC and density of woody species in Cropland.
abundant species with highest basal area. This species also — Nt AGC(kg /ha) Density
stored the highest aboveground live carbon in its biomass. = 50 h >
The woody species of the study area could play an important - 1772 998.0579641 .
role in climate change mitigation via photosynthesis. 3 - 581.3155669 0
Cropland was the highest land use type in woody species P4 1697 437.8105591 4
density followed by homegarden. ’

The woody species found in the study area have great role F3 1801 2458416511 20
in carbon storage and CO, sequestration hence all F6 1734 1377.661379 24
stakeholders should pay attention for the conservation of P7 1798 2717386618 18
trees and shrubs. P8 1840 2132.068118 40

People of the study area are conserving woody species P9 1872 843.8013698 25
found in cropland and homegarden very well than P10 1882 ERlZ sl 15
pastureland which indicates, there were over exploitation and Pl sl SR =
lack of conservation in pastureland. Bearing this in mind any e ek SR i
concerned body including the local people of the study area L1 B PSRUSSSE 0
should work for the conservation and plantation of the woody 1 e Lol o2 v

Total 9025.531878 270

species in pasture land

This study was about aboveground live carbon storage of

the three land use types (homegarden, cropland and pasture Table A3. AGC and density of woody species in Pastureland.

land) and did not include riverine, natural forest and others. Pilots Altitude AGC (kg/ha) Density
Therefore, we recommend further study to fill the above P1 1784 747.9101928 8
mentioned gaps. P2 1778 24.15448154 5
P3 1679 155.9983287 7
Appendix P4 1701 1909339785 9
P5 1774 97.29002146 6
Table A1. AGC and density of woody species in Homegarden. P6 1750 41.27071766 7
Pilots Altitude AGC(kg/ha)  Density P7 1796 173.8573164 10
Pl 1787 480.7407108 18 P8 1855 761.8719298 12
P2 1786 849.9912348 26 P9 1925 194.7788975 10
P3 1718 2534249708 17 110 0 Pezsis
P4 1689 132.8347891 14 P11 1861 114.1444968 11
P5 1759 303.0131156 17 P12 1870 93.5121423 14
P6 1756 107.0651749 15 P13 1917 116.5756527 19
P7 1829 79.31518281 6 P14 1934 626.6045133 26
P8 1845 491.1308156 27 Total 3465.133877 151

P9 1901 190.090618 15
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