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ABSTRACT:

Wetlands are known for their high productivity owing to their high biomass content per unit area. This is
however changing due to human needs to convert them to various land use types. The objective of this study was
therefore to investigate the impact of wetland conversion on carbon sequestration potentials of selected wetland
sites at shore area of Lake Ziway. Five sites were selected purposefully and triplicate vegetation and soil core
samples were collected from each site in July and August 2015 and analyzed for above ground biomass, above
ground plant carbon, and soil organic carbon contents. The results indicated that the least impacted wetland had
significantly higher (p<0.05) plant and soil organic carbon content than the other land use categories. The above
ground plant carbon ranged between 49.23 g C m™ in the converted grazing land to 2066.17 g C m™ in the least
impacted wetland. Soil organic carbon content ranged between 7.36 g C kg™! in the converted cultivated land to
91.43 g C kg'! in the least impacted site. Soil organic carbon content was positively correlated (p<0.01) with
above ground biomass and soil moisture whereas soil temperature showed significant negative correlation
(p<0.01). The results showed that a high reduction of organic carbon storage of both the soil and above ground
as one goes from un-impacted to impacted land use types in wetlands of lake Ziway, implying the need of
improved management of wetlands so as to enhance the biomass carrying capacity of such areas to mitigate
carbon emissions.
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1. INTRODUCTION

The Earth’s climate is changing, as witnessed by higher atmospheric temperatures, decreased snow and ice cover,
and increasing sea level in the 20" century and especially towards the end of that century (Mitsch and Gosselink,
2015). The cause of this climate change is the increased concentration of greenhouse gases (GHGs), primarily
carbon dioxide in the atmosphere, mostly caused by anthropogenic emissions (Evans et al., 2014).

Generally, wetlands play a key role in reducing the emissions of carbon dioxide to the atmosphere.
There is a significant amount of carbon stored in wetland soils, peats, litter, and vegetation globally (estimated
500-700 Giga ton). This amount stored in wetlands may approach a total amount of atmospheric carbon
estimated at 753 Giga ton (Kusler, 2000).

Despite this, very little attention was given to wetlands regarding their role in carbon sequestration and
hence wetlands were neglected and converted to other land use types due to poor management practices
especially in developing countries such as Ethiopia. Complete conversion and modification of wetlands to
cultivated land, improper large scale farming systems with open-land grazing, improper farming methods, poor
tillage systems, removal of grasses and trees for household uses and planting water-demanding crops are some of
the major threats to Ethiopian wetlands (Gebresllassie et al., 2014). Consequently, as the country is prone to
sporadic drought spells, the effect of wetland loss could be more visible on the local climate pattern. Therefore,
sustainable management of wetlands is a practical way of retaining the existing carbon reserves and thus
avoiding emission of carbon dioxide. In order to achieve these outcomes through vegetation, soil and water
management, and more information is required about carbon stock dynamics and land cover changes in wetlands.

The role of Ethiopian wetlands in carbon sequestration has not been well studied except the exemplary
work previously done by Afework (2013) on Tekuma wetlands and Worku (2014) on the Fogera wetlands of
Lake Tana Basin. However, no recorded studies were found on carbon sequestration potentials of the rift valley
wetland systems. This study is therefore focused on the impact of wetland conversion and degradation on the
carbon sequestration potentials of selected sites at Lake Ziway wetlands, Ethiopia. These sites were selected
because of the high anthropogenic pressure to convert them into other land use forms through poor wetland
management practices thereby affecting the carbon storage potentials of these wetlands.

2. MATERIALS AND METHODS

2.1 Description of study area

Lake Ziway, one of the important fresh water rift valley lakes, is located at an altitude of 1,850 m.above-sea
level (asl) (Abera, 2005). The lake lies at 8° 01' N/38° 47' E and at an altitude of 1636 m asl (Von Damm &
Edmond, 1984 cited in Tamirie and Mengistou, 2014) (Fig. 1). There is well marked vegetation zonation around
the shore of the lake in which it is sequenced from the margin to the adjacent dry land. The lake is surrounded by
farming communities, which compete for water to supply the adjacent irrigated agricultural fields.
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2.2. Data collection methods

2.2.1. Field sampling protocol

Five wetland categories (degradation levels) were selected purposefully, namely, minimally disturbed (Least-
impacted wetland), moderately degraded wetland, degraded wetland, grazing land (converted wetland), and
cultivated land (converted wetland) (Appendix 1). Sites were selected by preliminary field observation using
criteria such as vegetation cover, water level, topography, and human and livestock intervention (Bernal, 2008;
Arina et al., 2013).

2.2.1.2. Plant sample collection

A field sampling protocol for destructive sampling of under-storey biomass designed by Hairiah (2001) was
applied for this study. Accordingly, a 40 by 5 meter vegetation transect was demarcated randomly within the
purposefully selected wetland sites. Then, a 1 by 1 meter sampling frames were identified within the 40 by 5 m?
transect. The major vegetation types which were found in the study area were also collected, zipped in plastic
bags, carefully labeled and then transported to Addis Ababa University National Herbarium for identification.
2.2.1.3. Soil sample collection

Composite soil samples were collected from the ground to only 60 cm depth (Junbao ef al., 2013) since it was
reported that carbon profiles rapidly decrease with soil depth in tropical wetlands (Bernal, 2008; Villa, 2014).
Composite sample from three soil cores per site was taken to capture variations in organic matter deposition in
the area (Bernal, 2008) using standard soil sampling auger. Soil samples were taken from the same sites where
plant samples were collected. Each sample was then placed in clean plastic zip-lock bags, carefully labeled and
transported for laboratory analysis in ice boxes.

2.3. Laboratory analysis and procedures

2.3.1. Above ground biomass and Plant organic carbon

Plant organic matter was determined using ignition method by warming the ground (<2mm), oven dried samples
to 550°C for 4 hours. Once organic matter was determined, then organic carbon was obtained using a conversion
factor (45%) (USDA, 2007)

2.3.2. Soil sample analysis

2.3.2.1. Physico-chemical parameters

Physical and chemical parameters were measured according to the soil manual prepared by Kalra and Maynard
(1991). Soil temperature was recorded on site at a depth of 60 cm while sampling using soil thermometer. Soil
pH and electrical conductivity (EC) were determined using 1:2 and 1:5 Soil-To-Water Extraction Method with a
digital HACH multi parameter meter (HQ40d model). Soil moisture was also estimated using oven-drying
method. Soil texture was determined using a hydrometer method. To estimate bulk density, soil samples with a
known volume were oven dried at 105°C for two days (48 hours). Bulk density was determined by dividing the
dried sample to its volume (Kuffman and Donato, 2012).

2.3.2.3. Estimation of soil organic carbon concentration

Soil organic carbon concentration was determined using loss on ignition method (Kuffman and Donato, 2012).
Ground Soil samples (<2mm) were placed in a muffle furnace at 550 °C for 4 hours to determine organic matter
content of the samples and the organic carbon content (g C kg!) was calculated as the organic matter content
divided by 1.86 (Kuffman and Donato, 2012).

2.4. Data Analysis
To analyze the data descriptive statistics (frequency, crosstab, mean, standard deviation) were performed. One-
way Analysis of Variance (ANOVA) with Post-hoc test (Tukey) was performed for the detection of differences
in carbon sequestration potential within and among different categories of wetland using SPSS software (Version
21).

Bi-variate Correlation Statistics (Pearson) was also performed to determine the strength of relationship
between aboveground vegetation biomass and soil organic carbon content as well as soil physico-chemical
parameters and soil organic carbon content.

3. RESULTS

3.1. Identified Vegetation

According the National Herbarium at Addis Ababa University, 10 emergent plant species belonging to six
families were identified (Table 1).

3.2. Soil physico-chemical parameters

Mean values for temperature, pH, soil moisture, electrical conductivity, and bulk density recorded were as
follows (Table 2). Temperature and moisture were inversely related with each other. Soil temperature increased
as degradation level of the wetland increased. Whereas soil moisture decreased as degradation level of the
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wetland increased. The highest mean pH value was recorded at the grazing site (9.1) and the minimum mean pH
in the moderately degraded wetland (8.2). A minimum value of EC was observed in the degraded wetland
whereas the maximum value was observed in the moderately degraded wetland site. Soil texture in almost all the
sites had a medium sandy clay texture class except the soil of cultivated land which was very fine clay.

Significantly high temperature was recorded in the cultivated land (converted wetland) whereas the
least value was recorded in the non-impacted wetland site although the difference was not significant. Soil
moisture content was significantly lower in the cultivated land (p<0.05) whereas the highest value was obtained
at the least-impacted site (p<0.05). There was no significant difference in bulk density and pH among sites.

3.3. Aboveground biomass

Above ground biomass of the sites varied from 122.1 g DW m? (grazing land) to 4410 g DW m? (least
impacted wetland) and the highest mean biomass value was recorded at the least-impacted wetland site which is
3252.6 g DW m? followed by moderately degraded wetland, cultivated land (cabbage biomass), degraded
wetland and grazing land which accounted for 1193.6, 852.9, 457.7, 146.6 g DW m?, respectively, with the
least-impacted wetland having significantly higher difference than the other remaining sites at p<0.05.There was
also significant difference (p<0.05) between moderately degraded wetland and grazing land. But no significant
difference was observed (p>0.05) among degraded wetland, grazing land, and cultivated land.

3.4. Carbon sequestration potential

3.4.1. Plant organic carbon

The plant organic carbon content of the study sites varied from 49.2 g C m?to 2066.2 g C m2. The highest mean
plant organic carbon content was obtained in the least-impacted site followed by moderately degraded wetland
site, converted cultivated wetland, degraded wetland and finally grazing land where plant organic carbon was
1513.6, 526.5, 207.9, 207.8, and 57.9 g C m?, respectively (Fig. 2).

Statistically significant differences were observed in the plant organic carbon content of the study sites
(p<0.05). There were significantly (p<0.05) higher values of aboveground plant organic carbon in the least-
impacted wetland than the other land use types (degradation levels) and moderately degraded wetland with
grazing land. However, there was no significance difference (p>0.05) between degraded wetland, grazing land,
and cultivated land.

3.4.2. Soil organic carbon

The highest mean organic carbon content (g C Kg!) was obtained in the least-impacted wetland site which was
about 67.5 g C Kg-!, followed by the moderately degraded wetland site, grazing site, cultivated wetland site, and
degraded wetland site which contained 39.5, 17.3, 14.5, and 12.9 g C Kg'!, respectively (Fig. 3).

There were significant differences (p<0.05) between least-impacted wetland and the other land use types. But
according to the post-hoc multiple comparison test there was no significant difference (p>0.05) among degraded
wetland, grazing and cultivated land types.

3.4.3. Soil organic carbon in relation to aboveground biomass and soil physico-chemical parameters

In this study, there was a significant positive correlation (p<0.01) between soil organic carbon content and
aboveground biomass. As aboveground biomass (g DW m?) increased, soil organic carbon content (g C kg!)
also increased. The highest value of soil organic content was found in the least impacted wetland site where the
aboveground vegetation biomass was also highest.

Soil temperature (°C) was negatively correlated with soil organic carbon content which was significant
(p<0.01); as soil temperature increased organic carbon content of the soil decreased. But, Soil moisture content
was correlated positively with soil organic carbon content (p<<0.01). Bulk density, pH, and electrical conductivity
of the soils of the various land types were not correlated with soil organic carbon content.

4. DISCUSSION

4.1. Variability of carbon sequestration between different categories of wetlands

4.1.1. Aboveground plant carbon

Emergent macrophytes form some of the productive plant communities (Jones and Humphries, 2002) and can fix
large amounts of atmospheric CO» and store carbon in their tissues. In this study, the highest value was recorded
in the least-impacted and the moderately degraded wetland sites. This was not unexpected as these areas are
visibly good in terms of aboveground vegetation composition due to lesser disturbances as compared to the other
sites.

Results found in this study were higher than the earlier results reported in Ethiopian wetlands such as by
Afework (2013) in the Tekuma Wetlands of Lake Tana Basin (0 to 500 g C m™), but it is almost within the range
of other reported studies. Saunders et al. (2014) in their study on papyrus wetlands of Lake Navishia, Kenya,
found that aboveground plant carbon ranged from 490 to 5540 g C m%. Jones and Mathuri (1997) and Jones and
Humphries (2002) also reported 3600 and 1500 g C m in the living vegetation of papyrus wetland, respectively
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in the same study area. Barbera et al. (2015) also reported 1900 g C m? and 3800 g C m? were fixed by
individual plants of Cyperus papyrus and Cyperus zizanioides.

Land use changes such as converting wetlands to grazing and cultivation land by draining and clearing
the wetland biomass could result in loss of the above mentioned stored carbon to the atmosphere. According to
Saunders et al. (2014), clearance of wetlands to other forms could result in significant emissions of CO; due to
vegetation loss. In this study, the least value found in the grazing land could be due to the effect of heavy
livestock grazing intensity on the vegetation cover far beyond the carrying capacity of the land. Reeder and
Schuman (2002) clearly stated that aboveground plant carbon decreased as grazing intensity increased. The study
by Enriquez et al. (2015) also supported the effect of long term grazing on plant carbon and the result indicated
that overgrazing has an effect on carbon storage and reduced on average 35% of the total ecosystem carbon pool.
In this study, it was hypothesized that converted cultivated wetland site will have the least value of plant organic
carbon. However, it had an average value higher than grazing and degraded wetland sites. This could be due to
the seasonal cover of the area by different vegetables that can enhance fixation of carbon dioxide from the
atmosphere. This indicated that better management methods of wetlands like seasonal grazing could have a big
role in fixing atmospheric carbon into plant tissues.

4.1.2. Soil organic carbon (SOC)

The highest SOC content was found in the least-impacted site followed by moderately degraded wetland than in
other study sites. This could be due to the enhancement of the soil organic matter accumulation from the litter
fall of the aboveground biomass and the presence of flooded soil in the areas. Freshwater wetlands are known to
be significantly carbon sinks due to their high productivity and water logged conditions (Bernal & Mitsch, 2012).
Since high soil moisture and lower temperature favor reduction of aerobic decomposition, accumulation of
biomass predominates in this site. (Chimner & Ewel, 2004; Bernal & Mitsch, 2013; and Villa, 2014).

Results of SOC found in this study are more or less within the range of other results reported in other
related studies of Ethiopian wetlands and other worldwide studies on tropical wetlands. In a similar study,
Werku (2014) compared the soil carbon sequestration potentials of natural wetlands, semi disturbed
(sedimented), and agricultural land in Fogera wetlands of Lake Tana Basin; and found out that natural wetlands
were the best carbon storage areas. (See also the works of Bernal (2008) in tropical wetlands of Costa Rica and
Eid & Shaltout (2013) in Egypt).

As Ali et al. (2006) stated the conversion of wetlands could lead to loss of atmospheric carbon dioxide
from their soils by modifying the temperature and water table of the areas which in turn could influence the
microbial processes and oxidation of organic matter in the soil. In this study, despite the assumption that
converted cultivated land would have the least SOC, degraded wetland sites were found to have the least SOC
content. Although this site was better than grazing and cultivated land both in terms of aboveground biomass and
the hydrology of the soil, other associated factors might have affected the storage of SOC. Villa (2014)
suggested that it is a combination of factors that enhance CO, accumulation in wetlands besides the hydrology
and vegetation status only. One possible reason for this variation could be the high bulk density of soil (2.15 g
cm?) recorded in the soil due to its sandy nature (Table 2). This high bulk density could be an indication of peat
loss from the soil (Drexler et al., 2009). Another reason could be the texture of the soil where fine clay may have
some role in protecting the SOC. Soils high in clay content are higher in SOM content than sandy soils since
there is restricted aeration in fine-textured soils with reducing the rate of organic matter oxidation (McCauley et
al., 2009).

The outcome in this study that there is high reduction of organic carbon storage of the soil after a
wetland is converted into other land use types such as grazing and cultivated land is also supported by the
statement that conversion of wetlands to cultivated fields results in a significant decrease in the total carbon
dioxide storage capacity (Nelson et al, 2007), Further, Berhongaray et al. (2013) reported that there is 16%
reduction of SOC after conversion of a wetland in to cultivated field. Gauangyu et al. (2010) also reported the
decrease of SOC content by 49.3 %. The former is lower while the latter is almost similar compared to the
current study which is approximately 53.01% even though the study area was being cultivated for more than 20
years. Similarly, this study also concluded that.

4.1.3. Soil organic carbon in relation to above ground biomass (AGB)

The correlation statistics done for this study has shown that AGB was related positively with SOC. Many studies
have also indicated the same where the aboveground vegetation biomass affects the relative amount of carbon
that eventually falls to the surface of soil. The study by Junbao et al. (2013) and Eid & Shaltout (2013) showed
that the inputs of plant litter to the soil were correlated positively (p<0.01) with soil organic carbon content.

Although the grazing site had the least aboveground biomass in this study (Fig. 1), it contained better
soil carbon than cultivated and degraded wetlands. According to Reeder & Schuman (2002), sometimes high soil
organic carbon could be found in grazing sites due to the immobilization of carbon in aboveground biomass and
livestock could enhance breakdown and incorporation of litter to the soil.
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4.1.4. Soil organic carbon in relation to physico-chemical parameters

Other studies conducted in wetlands also corroborate the present study and found negative correlations among
SOC and temperature (Ali et al., 2006; Kirschbaum, 1995; Jobbagy & Jackson, 2000), and a positive correlation
among SOC and water content (Ali et al., 2006; Muniz et al. 2014; Murillo et al., 2015; Villa, 2014; Wang et al.,
2011).

This study showed that as temperature of the soil decreases, SOC content increases since lower
temperature limits decomposition by affecting soil microbial activities leading to accumulation of organic matter,
which is also supported by the works of Bernal (2008);, Bernal & Mitsch (2012 & 2013); Franzuleberies et al.
(2011); Jones & Humphries (2002); & Villa (2014).

In this study, soil pH was not correlated with SOC. Unlike soil temperature and water content, it is not a
major factor which can affect SOC (Wang et al., 2011) although the increase in pH could enhance mineralization
of SOC by stimulating soil microbes (Guangyu et al., 2010).

5. CONCLUSION AND RECOMMENDATIONS

From this study it can be concluded that a high reduction of organic carbon storage of both the soil organic
carbon and aboveground plant carbon was observed after a wetland was converted and degraded into other land
use types such as grazing and cultivated land. In addition, significantly positive correlation was found among
soil organic carbon content and aboveground vegetation biomass, and soil moisture; where as a negative
correlation between SOC content and temperature.

Wetlands of the study area, namely, Ziway wetlands, are declining in surface area over time due to
many reasons. This is also having a significant impact on ecological values of the wetlands including their
carbon sequestration potential. It is therefore recommended that special attention should be given to improve the
management of wetlands in the area so as to enhance their capacity to mitigate carbon emissions. Such
management scheme should however be realistic by considering the cost-benefit analysis of processing wetland
products (e.g. vegetation, fishes, etc.) by local populations and allowing sufficient regeneration time and space
for the wetlands sustainability.
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Appendix 1. Definition of different wetland categories selected for sampling

Least-
impacted
wetlands

These are wetlands in which human and animal disturbance are very low. There is no direct
animal grazing and human pressure on these sites. As a result, they have a good volume of
aboveground vegetation biomass and undisturbed soil. These areas are well saturated with
water since their topography is very close to the lake, and are mostly covered by two dominant
emergent vegetation i.e. Typha latifolia(Local name; Filla)and Echinochloa stagnina (Local
name; Kesme). Other vegetation types like Schoenoplectus corymboses (Local name; Chufo),
Aeschynomene elaphroxylon, and Ageratum conyzoids are also found rarely. So, it is assumed
that high level of biomass, good vegetative cover or specialized vegetation types and hydric
soil are common characteristics of these wetlands so that highest carbon store was expected
both in the vegetation as well as in the soil compared to the other types.

Moderately
degraded
wetlands

These are wetland sites in which there is human and animal disturbance to some degree of
extent compared to the least-impacted sites. There is harvesting of emergent vegetation
especially the dominant vegetation of Typha latifolia(Local name; Filla),Cyperus papyrus, and
Cyperus latifolius (Local name; Ketema) to some extent by the people although it is not that
much disturbed by livestock. So, due to this human disturbance, it was assumed that these
wetlands lost their biomass volume and soil organic matter content to some degree, but still
they are found in better condition than the degraded sites as they have already a good
vegetation cover and hydrology which can moderate the soil organic carbon store.

Degraded
wetlands

Grazing
land

Cultivated
land

These sites are still wetlands, but are highly affected by human pressure compared to the least-
impacted and moderately degraded wetlands. They have less vegetation cover, especially
composed of some grass groups of Cyperus rigidifolius (local name; kuni), Leersia hexandra
(local name; sar), and Persicaria senegalensis (Local name; Obeta). Emergent vegetations like
Schoenoplectus corymboses (Local name; Chufo) and Typha latifolia (Local name; Fila) are
also rarely found in this wetland type. Compared to the moderately degraded wetlands, there is
a very high human disturbance and many animals graze on these sites especially during the dry
season.

These wetlands were highly (severely) degraded due to over-grazing. As a result, they are
assumed to loss their wetland properties due to the high disturbances of the soil and the
vegetation due to the high stocking density of livestock. These areas are mostly dominated by
grass species of Cyperus rigidifolius (local name; Kuni) and Leersia hexandra (local name; Sar)
which are grazed to the ground. Hence, their biomass production was expected to be less with
lower carbon sequestration potential in the soil due to less input of organic matter from the
vegetation and due disturbance of the soil profile by livestock.

These lands were used to be wetlands in the past, but they were converted in to agricultural land
for production of some vegetables such as cabbage, lettuce, and onions by the surrounding
community. They cultivate three times a year in these areas. As a result, these lands lost the
characteristics of wetland almost completely.

Table 1. Major vegetation types identified from the study sites

No. Botanical Name Family
1 Cyperus rigidifolius Steud. Cyperaceae
2 Leersia hexandra Sw. Poaceae
3 Persicaria senegalensis (Meisn.)Sojak Polygonaceae
4 Schoenoplectus corymboses (Roem. & Schult.)Rayn. Cyperaceae
5 Echinochloastagnina (Retz.)P.Beauv. Poaceae
6 Cyperus papyrus L. Cyperaceae
7 Aeschynomen eelaphroxylon (Guill. & Perr.)Taub. Fabaceae
8 Ageratum conyzoids L. Asteraceae
9 Cyperus latifolius Poir. Cyperaceae
10 Typha latifolia L. Typhaceae
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Table 2. Results of some physico-chemical parameters recorded from the study sites (Mean + Standard
deviation).

Temperature Soil Soil pH Electrical Bulk

Wetland Categories ‘o) moisture conductivity density

(%) (uS/cm) (gem)

Least impacted wetland 21.0+1.095 20.14+6.280 8.42+.618  275.7+9.235 1.87+.342

Moderately degraded 21.5+ .547 19.445.118 8.20+.054  476.0+17.88 1.70+.728
wetland

Degraded wetland 22.0+2.190 14.543.234 8.86+.027  185.9+.054 2.15+.342

Grazing land 24.5 + 547 13.742.536 9.11+.887  384.0+19.20 1.84+232

Cultivated land 27.5+1.643 5.05+1.074 8.41+410  258.6+5.201 1.98+.029
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Fig. 1. Location map of the study area and sampling sites
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Fig. 2. Mean aboveground plant carbon of different wetland categories (Note: ‘CL’ is for cultivated land, ‘DW”’
for degraded wetland, ‘GL’ for grazing land, ‘MDW’ for moderately degraded wetland, and ‘LIW’ for least
impacted wetland)
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Fig. 3. Mean soil organic carbon content of different wetland categories (Note: ‘CL’ is for cultivated land, ‘DW”’
for degraded wetland, ‘GL’ for grazing land, ‘MDW?’ for moderately degraded wetland, and ‘LIW’ for least
impacted wetland)



