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ABSTRACT

Wetlands play an important ecological function of sequestering atmospheric carbon dioxide and
thereby moderating adverse impacts of climate change. It is therefore important to understand the
dynamics of carbon stocks in wetland vegetation and soils. This study investigated the spatio-
temporal dynamics of aboveground, belowground, and total carbon stocks in Kanyabaha Wetland,
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located in Rukiga District, Uganda, spanning from 1990 to 2021. Through field sampling and
laboratory analysis, aboveground carbon stocks were assessed by harvesting vegetation biomass
and converting it to carbon stock using established conversion factors. Soil samples collected at
different depths (0-20cm, 20-50cm, 50-100cm) were analyzed for soil organic carbon content to
determine belowground carbon stocks. The study reveals variable spatio-temporal patterns of
carbon stocks across land use types, with papyrus-dominated areas exhibiting the highest
aboveground carbon stocks (49.66 tC/ha), followed by small-scale farmlands (33.73 tC/ha) and tree
plantations (23.01 tC/ha). Conversely, built-up areas exhibit the lowest carbon stocks (1.29 tC/ha).
Temporal analysis reveals fluctuating patterns in carbon stocks, with increases observed in built-up
areas and small-scale farmlands, and decreases in grasslands and tree plantations that could be
due to changes in hydrological cycle. Belowground carbon stocks follow similar trends, with papyrus
areas maintaining the highest stocks (39.96 tC/ha), particularly at deeper soil depths that exhibit the
highest carbon accumulation due to its extensive network of papyrus rhizome. Changes in land use,
especially reclamation of the wetlands for farming and settlements affected carbon capture and
storage in the wetland ecosystem. These findings highlight the importance of targeted conservation
of natural wetlands and sustainable land management strategies in the Kanyabaha Wetland
catchment for enhanced carbon sequestration. Further, in depth studies in the variability of carbon
stocks due to various eco-climatic factors and anthropogenic activities are necessary to support

sustainable wetland land management practices in Uganda.

Keywords: Carbon stocks; spatial and temporal dynamics; anthropogenic activities.

1. INTRODUCTION

Wetlands are critical ecosystems that provide
numerous ecological services, including carbon
sequestration, which is essential for mitigating
climate change [1,2]. The ability of wetlands to
store carbon both above and below ground is
influenced by various factors such as vegetation
type, soil properties, and land use practices [3,4].
For example, Bridgham [5] conducted a meta-
analysis of studies worldwide and found that
wetlands sequester large amounts of carbon in
soil organic matter, particularly in peatlands and
mangrove forests. Additionally, Wetlands provide
a myriad of products, services and attributes
which have been widely documented [6]. In
Uganda for example, wetland products include
water, food (plants, fish and wildlife), land (for
farming, grazing and forage), craft and building
materials, plant mulching material and medicinal

plants. Wetland services include flood
attenuation, drought control, ground water
recharge, erosion and sediment control,

wastewater treatment, carbon retention, climate
modification, habitat function, eco-tourism, and
boat or raft transport. Despite their importance,
wetlands are often subjected to significant
anthropogenic pressures, leading to land
use/cover changes that can alter their carbon
storage capacities [7,8].

Kanyabaha Wetland, located in Rukiga District of
Uganda, is a vital ecological area that supports
diverse land use and cover types, including

papyrus, small-scale farmlands, tree plantations,
built-up areas, grasslands, and woodlands [9,10].
These different land use types are likely to
influence the distribution and amount of carbon
stored within the wetland [11,12,13]. However,
there is limited comprehensive data on how
these land use changes affect carbon stocks
over time in this specific region.

Previous studies on carbon stocks in wetlands
have predominantly focused on either
aboveground or belowground carbon stocks
separately, often overlooking the integrated
assessment of both components across different
land use types and depths [14,15,16].
Additionally, while there is some understanding
of the spatial variation in carbon density, the
temporal dynamics of carbon stocks in relation to
historical land use and land cover changes in
Kanyabaha remain underexplored.

2. METHODS

2.1 Study Area

The study was conducted in the Kanyabaha
Wetland, located in Rukiga District of Uganda.
The wetland covers an area of 33 km? and is
located between latitude 1.1326°S and longitude
30.0434°E in Kigezi Sub region (Fig. 1). The
wetland's soils exhibit a mosaic of textures and
compositions, ranging from rich alluvial deposits
to mineral-rich substrates. These soils support a
varied vegetation profile, shaping the landscape
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into patches of natural vegetation, interspersed
with  open water bodies and agricultural
fields. The wetland experiences a humid
subtropical climate and features a variety of
land use and cover types including papyrus,

small-scale  farmlands, tree  plantations,
built-up areas, grasslands, and woodlands
(Table 1).

2.2 Data Collection
2.2.1 Aboveground carbon stock assessment

To assess the aboveground carbon stock, the
different land-use/cover types were determined
at a period of time. Satellite images covering the

study area for the period (1990, 2001, 2011, and
2021) were downloaded from the USGS Global
Visualization geoportal (https://glovis.usgs.gov/),
classified using ArcGIS software, and validated
in the field both through observations and
interview of old people. Field sampling was
carried out across the different land use and
cover types within the wetland. Sample plots of
Im x 1m were established in representative
areas of each land use type. Within these plots,
the biomass of vegetation was harvested, dried
at 80°C to a constant weight, and then weighed
to determine the dry biomass. The dry biomass
was subsequently converted to carbon stocks
[17].

Table 1. Description of different Land use / Land cover (LULC) categories

LULC category General Description

Built-up areas

Areas characterized by settlements, roads, and bare ground

Grassland Vegetation type dominated by large, rolling terrains of grasses, flowers, and herbs

Farmland Land covered with crops on small plots for household use without advanced and expensive
technologies

Papyrus Tall aquatic sedge plants (Cyperus papyrus) with small green-stalked flowers in swampy areas

Woodland Land covered with densely scattered trees, with or without grassland underneath

Tree Plantation

Large-scale plantations of a single tree species (e.g., Eucalyptus, Coniferous trees) for timber
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Fig. 1. Map of the Study Area
Source: Developed by the researchers using ArcMap 10.7.1 software
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2.2.2 Belowground carbon stock assessment

Soil samples were collected from three depths
(0-20 cm, 20-50 cm, and 50-100 cm) within the
same plots used for aboveground biomass
estimation. These soil samples were dried,
sieved, and analyzed for soil organic carbon
(SOC) content using the loss on ignition method
[18]. Soil bulk density was determined using the
core method [18]. Undisturbed soil samples were
collected from each depth and the belowground
carbon stock was estimated [18].

2.2.3 Total carbon stock assessment

The total carbon stock for each land use and
cover type was calculated by summing the
aboveground and belowground carbon pools.

2.3 Data Analysis

Regression analysis and descriptive statistics,
including mean and standard deviation of carbon
stocks, were calculated for each land use and
cover type as well as for each soil depth using
SPSS version 24. A linear regression was
performed to assess the temporal trend in carbon
stock across land-use types.

2.4 Quality Control

To ensure consistency and  accuracy,
standardized protocols were followed for
sampling and analysis. Multiple plots were
sampled within each land use and cover type to
account for variability and improve the reliability
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of the results. Laboratory equipment was
calibrated regularly, and SOC results were
validated using known standards.

3. RESULTS

3.1 Aboveground, Belowground, and
Total Carbon Stocks in Kanyabaha
Wetland

3.1.1 Aboveground carbon stocks

The aboveground carbon stock for the different
wetland use/cover types is presented in Fig. 2.
Papyrus had the highest aboveground carbon
stock with 49.66tC/ha, followed by small-scale
farmlands with 33.73tC/ha), and then tree
plantations (23.01tC/ha). The least aboveground
carbon stock was in built-up areas (1.29 tC/ha)

(Fig. 2).

The trend of aboveground carbon stocks for the
different wetland use/cover types in Kanyabaha
wetland between 1990 and 2021 is presented in
Table 2. Between 1990 and 2021, the highest
aboveground carbon stocks were observed
under papyrus and the least aboveground carbon
stocks were observed under built-up areas.
Between 1990 and 2021, the aboveground
carbon stocks for built-up areas and small-scale
farmlands increased whereas that of grasslands
and tree plantations  decreased. The
aboveground carbon stocks for papyrus and
woodlands decreased between 1990 and 2011
and then increased between 2011 and 2021
(Table 2).

L.lllL

Built-up  Grasslands
Areas

Payprus

Small-scale Tree Woodlands

Farmlands Plantations

Wetland use/cover types

Fig. 2. Aboveground carbon stock for the different wetland use/cover types in Kanyabaha
wetland
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Table 2. Trend of aboveground carbon stocks in 1990, 2001, 2011, and 2022

Land Use/Cover Type 1990 2001 2011 2021
Carbon Stocks % Carbon Stocks % Carbon Stocks % Carbon Stocks (tC/ha) %
(tC/ha) (tC/ha) (tC/ha)
Built-up Areas 0.81 0.80 0.98 1.0 1.13 1.00 1.29 1.10
Grasslands 14.56 14.40 13.57 135 5.51 4.90 4.02 3.40
Papyrus 65.47 64.50 58.88 58.6 45.46 40.50 49.67 41.4
Small-scale farmlands 3.18 3.10 9.88 9.8 38.56 34.40 33.73 28.10
Tree Plantations 11.50 11.30 1.03 12.0 17.19 15.30 23.01 19.20
Woodlands 5.92 5.80 5.16 5.1 4.41 3.90 8.21 6.80
Total 101.46 100.00 100.52 100 112.25 100.00 119.91 100.00

11



Walakira et al.; J. Global Agric. Ecol., vol. 16, no. 4, pp. 7-23, 2024; Article no.JOGAE.12351

850 - 11,000 -
X y=001x - 1858158 S 10,000 {
S 800 - R2=10.99 =1
] ‘g 9,000 H
c ]
§ 750 § 8,000 -
1.
— i O ~ i
8 Es700 O E 7,000
2 24650 - 22 600
3 S 5000 - y = -0.25x *+ 505,988.32
600 - o) 2=
g S 4,000 A R2=0.89
o o
550 A Qo 4
g < 3,000
500 I T T T 1 21000 T T T 1
1990 2000 2010 2020 2030 1990 2000 2010 2020 2030
Year Year
Fig. 3. AGCS for built-up areas between 1990 and 2021 Fig. 4. AGCS for grasslands between 1990 and 2021

12



Walakira et al.; J. Global Agric. Ecol., vol. 16, no. 4, pp. 7-23, 2024; Article no.JOGAE.12351

o 41,000 7 o 21,000 7y =0.55x-1,097,113.90
i 2=
S 39,000 7 g 19,000 R2=0.79
o 57 000 &N 17,000 A
§ ’ é 15,000 1
£ 35000 | S 13000 -
© O®©
% < 33,000 1 y = -0.36X +.749,804.03 - < 11,000 A
c R2=0.77 S~ 9000 A
3 31,000 A : = :
e = 7,000 -
2 29,000 - 2
2 = 5,000 -
2 27,000 - g 5000 |
25,000 | | | | 1,000 § . . . .
1990 2000 2010 2020 2030 1990 2000 2010 2020 2030
Year Year
Fig. 5. AGCS for papyrus between 1990 and 2021 Fig. 6. AGCS for small-scale farmlands between 1990 and
2021

13



Aboveground Carbon Stock
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13,000
12,000
11,000
10,000

9,000

(t/ha)

8,000
7,000
6,000
5,000

Table 3. Trend in belowground carbon stock in Kanyabaha wetland in 1990, 2001, 2011, and 2021 (t/ha)

y =0.20x - 402,186.38

R2=0.90

1990

2000

2010
Year

2020

2030

Walakira et al.; J. Global Agric. Ecol., vol. 16, no. 4, pp. 7-23, 2024; Article no.JOGAE.12351
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Fig. 8. AGCS for woodlands between 1990 and 2021
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Year 1990 2001 2011 2021

Soil depth (cm) 0-20 20-50 50-100 0-20 20-50 50-100 0-20 20-50 50-100 0-20 20-50 50-100
Built-up areas 3.02 425 9.27 3.62 5.10 11.13 4.17 5.86 12.79 4.77 6.71 14.64
Grasslands 17.05 21.19 33.99 15.89 19.74 31.69 6.45 8.01 12.85 4,71 5.85 9.38
Papyrus 27.74 34.02 52.69 24.95 30.60 47.38 19.26 23.62 36.58 21,04 25.80 39.96
Small-scale farmlands  1.53 1.99 307 4.76 6.17 9.55 18.59 24.09 37.23 16.25 21.07 32.58
Tree plantations 5.49 7.50 12.70 5.74 7.84 13.28 8.20 11.20 18.97 10.97 14.99 25.39
Woodlands 7.44 12.21 3153 6.49 10.64 27.49 5.53 9.08 23.44 10.30 16.91 43.65
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There was a strong positive relationship between
aboveground carbon stocks (AGCS) for built-up
areas (R?=0.99; P<0.05), grasslands (R?=0.89;
P<0.05), papyrus (R?=0.77; P<0.05), farmlands
(R>=0.79; P<0.05), and tree plantations
(R?=0.90; P<0.05), and the changes between
1990 and 2021 (Figs. 3-8). The changes in
aboveground carbon stocks for woodlands
between 1990 and 2021 were weak (R2=0.22;
P<0.05) but positive (Fig. 8). In the period
between 1990-2021, AGCS increased in the
buildup area, farmland, tree plantations and
woodlands, and decreased elsewhere. AGCS
under build up area, farmland, tree plantations
and woodlands increased lineally at a rate of
0.01tCl/year (R2=0.99; P<0.05), 0.55 tClyear
(R?>=0.79; P<0.05), 0.20 tCl/year (R2=0.90;
P<0.05) and 0.03 tC/year (R?=0.22; P<0.05)
respectively. While that of grasslands and
papyrus decreased gradually at a rate of -0.25
tClyear (R2=0.89; P<0.05) and -0.36 tC/Year
(R2=0.77; P<0.05) respectively.

3.1.2 Belowground carbon stocks

Table 3 shows the trend of belowground carbon
stocks in Kanyabaha wetland in 1990, 2001,
2011, and 2021. In all the years, belowground
carbon stocks are relatively high under papyrus.
In 1990, the least belowground carbon stock was
observed under small-scale farmlands, however,
in 2021, grasslands have the least belowground
carbon stocks. Between 1990 and 2021, the
belowground carbon stocks under tree
plantations (R2=0.91; P<0.05) and built-up areas
(R?=0.99; P<0.05) increased whereas that under
grasslands (R2=0.89; P<0.05) decreased. The
belowground carbon stocks under small-scale
farmlands (R?=0.79; P<0.05) increased between
1990 and 2011 and then decreased between
2011 and 2021. For papyrus and woodlands,
their belowground carbon stocks decreased
between 1990 and 2011 and then increased
between 2011 and 2021. For all the years and
wetland use/cover types, belowground carbon
stocks were highest at the 50-100cm soil layer
and least at the 0-20cm soil layer i.e.,
belowground carbon stocks increased with soil
depth.

3.1.3 Belowground carbon stocks for the
different land use/cover types across
the same soil depth for a period 1990-
2021

The belowground carbon stocks were highest
under papyrus and lowest under built-up areas
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as shown below (Fig. 9a, 9a and 9c). The
belowground carbon stocks for all the land
use/cover types increased with soil depth. The
belowground carbon stocks for built-up areas
and tree plantations increased between 1990
and 2021. The belowground carbon stocks for
grasslands decreased between 1990 and 2021.
The belowground carbon stocks for papyrus and
woodlands decreased between 1990 and 2011
and then increased between 2011 and 2021. The
belowground carbon stocks for small-scale
farmlands increased between 1990 and 2011,
and then decreased between 2011 and 2021.

3.1.4 Total carbon stocks

The assessment of total carbon stock in
Kanyabaha wetland is presented in (Fig. 10)
below. Between 1990 and 2021, total carbon
stock is relatively higher in the papyrus class.
Small-scale farmlands had the least total carbon
stock in 1990 whereas in 2021, grasslands had
the least total carbon stock. Between 1990 and
2021, the total carbon stocks under tree
plantations (R?=0.91; P<0.05) and built-up areas
(R?=0.99; P<0.05) increased whereas that under
grasslands (R2=0.98; P<0.05) decreased. The
total carbon stocks under small-scale farmlands
(R?=0.79; P<0.05) increased between 1990 and
2011 and then decreased between 2011 and
2021. The total carbon stocks for papyrus
(R2=0.76; P<0.05) and woodlands (R2?=0.23;
P<0.05) decreased between 1990 and 2011 and
then increased between 2011 and 2021 (Fig. 10).

3.2 Discussion

The findings of this study highlight the significant
variability in carbon stocks across different land
use and cover types within Kanyabaha Wetland,
Rukiga District, Uganda. The assessment
reveals distinct patterns in aboveground,
belowground, and total carbon stocks, influenced
by both spatial distribution and temporal changes
from 1990 to 2021.

3.2.1 Aboveground carbon stocks

The aboveground carbon stock data indicates
that papyrus-dominated areas hold the highest
aboveground carbon stocks at 49.66 tC/ha,
significantly outstripping other land use types.
This can be attributed to the dense biomass and
rapid growth rate of papyrus plants, which are
well-adapted to wetland conditions. Small-scale
farmlands and tree plantations also exhibit
substantial  aboveground carbon  stocks,
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Fig. 10. Trend of total carbon stocks in Kanyabaha wetland in 1990, 2001, 2011, 2021

with 33.73 tC/ha and 23.01 tC/ha, respectively.
The relatively high carbon stocks in small-scale
farmlands may result from the incorporation of
agroforestry practices that integrate trees with
crops [19]. Conversely, built-up areas show the
lowest aboveground carbon stock (1.29 tC/ha),
reflecting the minimal vegetation cover typical of
developed regions [19].
3.2.2 Temporal trends in
carbon stocks

aboveground

The temporal analysis from 1990 to 2021
demonstrates notable shifts in aboveground
carbon stocks across different land use types.
Papyrus consistently holds the highest stocks,
although there was a decline from 1990 to 2011,
followed by a recovery between 2011 and 2021.
This fluctuation could be linked to changes in

hydrological conditions or  anthropogenic
activities such as harvesting and land
conversion.

Small-scale farmlands show a significant

increase in aboveground carbon stocks over the
study period, possibly due to the expansion of
agricultural  activites and improved land
management practices [20]. In contrast,
grasslands and tree plantations experienced a
decline in aboveground carbon stocks, which
might be due to deforestation, degradation, or
conversion to other land uses [21].

3.2.3 Belowground carbon stocks

The belowground carbon stock assessment
reveals that, similar to aboveground stocks,
papyrus areas contain the highest belowground
carbon stocks across all years, with a notable
concentration at the 50-100 cm soil depth. This
trend highlights the deep root systems of
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papyrus, which effectively sequester carbon in
deeper soil layers [2,22]. The high belowground
carbon stocks associated with papyrus can be
attributed to its extensive rhizomes that can
accumulate significant amounts of organic matter
over time, contributing to carbon storage in
wetland soils [23]. Secondly, the slow
decomposition of papyrus plants allows organic
carbon to persist in the soil for extended periods
rather than being quickly released back into the
atmosphere as carbon dioxide [2]. Thirdly,
papyrus contributes to maintaining the wetland
carbon stocks through its growth and
decomposition processes, influencing the overall
carbon balance of wetland ecosystems [24]. This
finding confers with Hedman [25] who found
papyrus to have the highest belowground carbon
stock in Masaka district, Uganda (331.1 + 437.8 t
C ha?).

Built-up areas exhibited the lowest belowground
carbon stocks in Rushebeya wetland. Odeke [24]
also observed the areas disturbed with built-up in
Lubigi wetland, Kampala, Uganda to have the
least soil organic carbon. Conversion of wetland
areas to built-up areas such as settlements and
roads often involves clearing natural vegetation
and altering the soil structure. Trees, shrubs, and
other vegetation that store carbon in their
biomass and roots are removed or significantly
reduced, contributing to the decreased organic
matter input into the soil [26]. In addition,
construction activities lead to soil compaction.
Compacted soils have reduced pore spaces and
air circulation, limiting the ability of soil organisms
to decompose organic matter and store carbon
[27]. However, over time, belowground carbon
stocks in built-up areas and tree plantations have
increased, reflecting ongoing urbanization and
reforestation efforts [28,29].



Walakira et al.; J. Global Agric. Ecol., vol. 16, no. 4, pp. 7-23, 2024; Article no.JOGAE.12351

The increase in belowground carbon stocks with
soil depth can be explained by various factors
and processes. Firstly, organic matter can
accumulate over time in the deep soil profile due
to slower decomposition rates and reduced
disturbance compared to surface layers [30].
Secondly, deeper soil layers often have higher
clay content or aggregates that physically protect
organic matter from decomposition [31]. This
protection can shield organic carbon from
microbial degradation, allowing it to persist and
accumulate over time. Lastly, decomposition
rates generally decrease with increasing soil
depth due to factors like reduced oxygen
availability, lower temperatures, and fewer
microbial activities [32]. Slower decomposition
rates mean that organic matter persists longer in
deeper soil layers, contributing to higher carbon
stocks. This finding was also reported by
Twongyirwe [33] in their study about the
variability of soil organic carbon in the afro-
montane landscape of South-Western Uganda.

The increase of belowground carbon stocks with
time under tree plantations can be attributed to
the accumulation of root biomass. Over time,
trees accumulate more biomass in their roots
and belowground structures such as root collars,
and root crowns [34]. This biomass includes
structural roots, fine roots, and root hairs, all of
which contribute to belowground carbon stocks.
Secondly, trees allocate a significant proportion
of the carbon they fix through photosynthesis to
belowground parts, especially as they mature

[35]. This allocation supports root growth,
maintenance, and the storage of reserves
needed for growth and response to

environmental stresses. Lastly, the turnover of
roots and the decomposition of older root
material contribute to the accumulation of carbon
in the soil over time [36]. This finding deviates
from those of Zhang [37] who observed the
belowground carbon stocks in Uganda’s forest
land to decrease by 63.2% between 2006 and
2010. The decline in belowground carbon stocks
was attributed to the changes in land use and
land cover types.

The belowground carbon stocks for grasslands in
Rushebeya wetland decreased between 1990
and 2021, which could be attributed to soil
degradation and reduced vegetation cover
[38,39,40,41]. Makuma-Massa [42] recorded a
similar finding in Kabarole district of Western
Uganda. The decrease in belowground carbon
stocks with time in wetland grassland systems
can be attributed to continuous grazing, that
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compacts soils, reducing root growth and
biomass production [43]. This reduction in root
biomass decreases the carbon stored
belowground over time. In addition, grasslands
are often subject to natural disturbances such as
fires, as well as human-induced disturbances like
agricultural practices or land conversion [44].
These disturbances can disrupt root systems,
reduce vegetation cover, and accelerate the
decomposition of organic matter, thereby
reducing belowground carbon stocks.

The decrease in belowground carbon stocks for
papyrus and woodlands between 1990 and 2011
can be explained by conversion to agriculture
and overharvesting of papyrus for handicrafts. As
wetland areas shrink or become isolated, the
overall biomass of papyrus and woodland plants
and their belowground carbon stocks decline
[45]. Similarly, overharvesting can reduce the
biomass of papyrus and woodland plants,
including their belowground parts such as roots
and rhizomes, leading to decreased belowground
carbon stocks [46]. Extreme weather events,
such as droughts or floods, can stress papyrus
and woodland plants and reduce their biomass,
including belowground carbon stocks [25]. The
increase in belowground carbon stocks for
papyrus and woodlands between 2011 and 2021
can be attributed to restoration efforts of the
district local government as well as the Ministry
of Water and Environment, Uganda.

The belowground carbon stocks for small-scale
farmlands in Rushebeya wetland increased
between 1990 and 2011. This finding confers
with Zhang [37] who observed the belowground
carbon stocks in the cultivated lands of Uganda
to have increased by 35.7% between 2006 and
2010. The increase of belowground carbon
stocks in small-scale farmlands can be attributed
to the application of cover crops that contribute
organic matter to the soil through root biomass
[47]. Secondly, reduced tillage practices by
farmers minimize soil disturbance, which helps
preserve soil organic carbon and promotes its
accumulation over time [48]. Thirdly, application
of organic amendments such as compost,
manure, or crop residues can increase soil
organic carbon levels [49]. These amendments
provide a source of organic matter that
decomposes slowly, contributing to belowground
carbon stocks. Lastly, integrating trees into
agricultural landscapes through agroforestry
systems or tree planting initiatives can enhance
belowground carbon stocks [50]. Trees
contribute to soil carbon through litterfall, root
biomass, and the formation of stable organic
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matter in the soil. The increase in the acreage of
small-scale farmlands in the wetland coupled
with the above-mentioned farm management
interventions lead to an increase in belowground
carbon stocks in farmlands with time. The
decrease in belowground carbon stocks for
small-scale farmlands between 2011 and 2021
can be attributed to restoration efforts of the
district local government as well as the Ministry
of Water and Environment, Uganda. Wetland
restoration interventions are associated with
cutting and/or slashing of crops in wetlands and
this leads to an overall reduction in their
belowground carbon stocks.

3.2.4 Total carbon stocks

When combining aboveground and belowground
data, the total carbon stock trends highlight that
papyrus areas maintain the highest total carbon
stocks, emphasizing the critical role of papyrus in
carbon sequestration within the wetland.
Between 1990 and 2021, total carbon stocks in
tree plantations and built-up areas have
increased, while those in grasslands have
decreased, mirroring the patterns observed in
both aboveground and belowground carbon
stocks. The observed increase in total carbon
stocks under Dbuilt-up areas may seem
counterintuitive but could be due to the
establishment of green spaces and urban
forestry initiatives that enhance carbon storage
despite urban expansion [51].

3.2.5 Implications for wetland management

These findings show the importance of land use
and cover type in determining carbon
sequestration potential in wetlands. The high
carbon storage capacity of papyrus suggests that
conservation and restoration of papyrus-
dominated areas could be a vital strategy for
enhancing carbon sequestration in Kanyabaha
Wetland. Additionally, promoting sustainable
agricultural practices in small-scale farmlands
and reforestation in degraded areas could further
boost carbon stocks. Understanding these
dynamics is crucial for informing wetland
management policies and practices aimed at
maximizing carbon sequestration, mitigating
climate change, and preserving the ecological
integrity of Kanyabaha Wetland. Future research
should focus on the impacts of specific land
management practices on carbon dynamics and
explore the potential for integrating carbon
sequestration goals with other ecosystem
services provided by wetlands.
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4. CONCLUSION

The study reveals significant insights into the
carbon sequestration potential and variability
across different land use and cover types. The
findings indicate that papyrus-dominated areas
are the most effective in sequestering carbon,
both above and below ground, highlighting their
critical role in the wetland's carbon dynamics.
Small-scale farmlands and tree plantations also
contribute  significantly to carbon  stocks,
reflecting the positive impact of agroforestry and
reforestation practices.

Conversely, built-up areas exhibit the lowest
carbon stocks, underscoring the detrimental
impact of urbanization on carbon storage. The

temporal trends from 1990 to 2021 show
fluctuating patterns in carbon stocks, with
increases in built-up areas and small-scale

farmlands, and decreases in grasslands and tree
plantations. These trends reflect the ongoing
changes in land use and management practices
within the wetland.

The data on belowground carbon stocks further
emphasizes the importance of soil depth in
carbon sequestration, with deeper soil layers in
papyrus areas showing higher carbon
concentrations. The increase in belowground
carbon stocks in tree plantations and built-up
areas over time suggests potential benefits from
reforestation and urban green initiatives.

Overall, this study highlights the necessity of
targeted conservation and sustainable
management strategies to enhance carbon
sequestration in Kanyabaha Wetland. Preserving
and restoring  papyrus-dominated  areas,
promoting sustainable agricultural practices, and
supporting reforestation efforts are vital actions
to maximize the wetland's carbon storage
capacity. These findings provide a valuable
foundation for informing wetland management
policies and contribute to broader efforts in
climate change mitigation and ecological
preservation. Future research should continue to
explore the interactions between land use
practices and carbon dynamics to optimize
wetland management for enhanced carbon
sequestration and ecosystem health.
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