|>

——
—
| =
==
|—
u —
m
L
m
-

University of Natural Resources

and Life Sciences, Vienna ' EGERTO UNIVERSITY

INFLUENCE OF LAND USE/COVER CHANGE ON GREENHOU:
GAS EMISSION AND CARBON STOEKRRNPICAL
WETLANDN KENYA

Damaris Njeri Kinyua

Supervised by

Prof. Thomas Hein

Prof. Nzula Kitaka

University of Natural Resources and Life Sciences (Boku), Vienna, Austria

APRILL2018



)

—|
pum—
——
=
—
| —|
U—
m
r
m
-

Cw

University of Natural Resources

and Life Sciences, Vienna EGERTON UNIVERSITY

PN f [
Crcee

INFLUENCE OF LAND USE/COVER CHANGE ON GREENHOUSE GA:
EMISSION AND CARBON STO@KITROPICAL WETLANCKENYA

Thesis submitted for the award of the title
Gl aG6SNJ 2F { OASy OS¢
By

Damaris Njeri Kinyua

Supervised by
Prof. Thomas Hein

Prof. Nzula Kitaka

This thesis is submitted in partial fulfilment of the requirements of tbt academic
degree of
Master of Science in Limnology and Wetland Management
Jointly awarded by
The University of Natural Resources and Life Sciences (Boku), Vienna, Austria
The UNESCIBDIE Institute for Water Education, Delft, the Netherlands

Egerton Unrersity, Njoro, Kenya

University of Natural Resources and Life Sciences (Boku), Vienna, Austria



© 2018, Damaris Njeri Kinyua.

All Rights Reserved.



Affirmation

| confirmthat thismaster thesis is my original wqnkritten usingtools and sources as quoted

herein without use of any illegitimate support.

| further declare that | have not submittethis work to any other institution/university

nationally or abroad for award of a degree

Damaris Kinyua Vienna, 0304/2015



Dedication to;

My princess, Delicia Claire Wanjiku
And
My parents ;

Stanley K. Miano and Rachel W. Kinyua



Acknowledgement

Praise be to Almighty God, it has been a fruitful jourtfepugh his mercy and grace.

| feel deeply indebtedo my supervisorsProfesso Thomas Hein for hisnremittingguidance
and advicesince development of this thesie successive finistandProfessomMzula Kitaka,
who always believed in me and encouraged me to reach greater heigh&ddition to
constantguidance throughout fieldworlBesides, am thankful to my friend and mentor Risper

for never getting tired of reading throughymvork and her inputs towards my work.

Appreciationis extended tothe following personsworking in different institutions who
contributed each in a special wap the achievement of this work From International
Livestock Research Institute (ILRSm thankful toLutz Merboldfor hisinsightfulideas and

advice on matters regardinGHGas well asPaul Mutuo for helpingvith designing the
chambers,analysis of gas samplesd for doing a quality check of the datBrom Egerton
University, | thank Lewislungaiof Biological Sciences Department for his assistance in the
fro yR FT2NJ f SyRAY &quite@ Briddta cbligcRon Arpsizitudvasdy (i Q &
Shedrack of Soil Science Department, thank you,made my soil analysis easy despite being

a new field for me.

| wish to extend gratitude to all who helped in the field work, to Erick Owaspite the late
night and longdistance travelled you consistently assisted throughout the sampling period,
also toOkoth and Joseph thank yoMoreover | acknowledge the drivers of Egerton Cabs

Associations for coming through wheight public travelling was banned

| acknowledgethe Austrian Development CorporatiofADC) for the financial support
throughout my study more specially for fundirthis research Gratitude extends to
International TrainingProgrammesin Limnology(IPGL)taff, Gerold Nina, Lisa, Marie and
Susannefor their continuoussupport during the studyeriod and stay in Vienna. Special
thanks to Ms. Haslinger, you made it your business totkaewe are omfortable and we

felt at home, | found a friend and a confidant in you, keep your kind heart you are a blessing

to many.

Thank you to the lecturers in all three partnering institytiesstitute for Water EducationHE
Delft, Egerton UniversityKenya and University of Natural Resources and Life Sciences,

Vienna Skills gained throughotie course work period have come in handy in development



of the thesis.Besides, | amrgteful to my fellow LWM and AL colleagues who have been a
source of encouragement during the demanding period of thesis wrilihg. ideas shared
and different experienes from each of you were all valuable and contributed in one way or

another to my work.

Finally to my family words are not enough to thank you, your mswgport, understanding
and relentless prayers are deeply appreciated. To my little princess whtotsatrifice her
first yearof life without her mama thank you for being a strong gybu remain forever my
source of inspirationToDad and Mum, thankou for providing myaughterwith love and

warmth in my absence be ble=d; | stay forever indebtetb you.






Table of Contents

Contents
TABIE OF CONIENTS ...ttt e bbb bbb bbbt enes i
LISE OF fIQUIES.....oeeeee ettt ettt st e st e st e e besre e beeneenbesbeentesasend iii
LIST OF TABS ... iv
List of abbreviations and @CrONYMIS ..o se s v
Y 013 1= Tod TSP PO PPN Vi
CHAPTER ONE ...ttt ettt ettt ettt e et e bt et e ebe e et emeeseeeneesaeeseeneesneeneeenes 1
INTRODUGCTION ...ttt bt b e bttt e bt e st e e sb et enb e et e e snb e e s beesbeeenbeens 1
1.1 Background iNfOIMATION. ........coiiuuiiiiiee ettt e e e e e e s e e e e e e aan 1
1.2 Objectives and reSearCh QUESTIONS. .........ooiiuiiiiiiiee i 5
CHAPTERWO......c.ceie ettt b e et b e e b bt et bt e b e e sh b e e ke e shbe e beesaneesbeeenbeenbneas 8
LITERATURE REVIEW...... oottt e bttt ettt st e e s e 8
2.1 Global status Of WeLlaNdS.............oeiiiiiiiiieie e 8
2.2 Land use cover change in WEtIAaNMS. .........cooiiiiiiiieie e 9
2.3 Carbon sequestration and greenhouse gases: Ciand NO emission in wetlands.......... 9

2.4. Influence of wetlands drainage and conversion (land use/cover change) on GHG emission

2.5 Carbon, nitrogen and phosphorus stocks and land use change..........cccccccvvvveviinnnnnn.n. 11
2.6 Relationship between N, P, SOC and GHISSION.............cccceiiiiiiiiiiieeeeiiiiieee e 12
2.7 Greenhouse gas measurements in wetlands................ooooiiiciiiiiiciiiiii e 13
CHAPTER THREE . ... ettt ettt b et s n e sat e e saeeanne e 16
MATERIALS AND METHODS. ... .ottt sttt et snte et smaa e sneeeteeeneeenneeneeas 16
O S 0 (=TT o3 ] 1[0 ] o PP PO O PP PPPP PP 16

I J0Za S 11 [0 |V 0 = [ o PRSP 17
3.3 Gas and soil sampling and analySES.........ooviiiiii e 22
3.3.1 Soil sampling and analysis for TN, TP and.QC..............ooo i, 22
3.3.2 Gas sampling and analysis fog, @B and NO ..........cooiiiiiiiiieiiiiieee e 23



3.4 ANCIllary MEASUIEMENES.........uiiiiiiiiiiiiti e e e et e e st e e e e e e e e e e e e e e e e e annrnees 26

3.5 StatiStiCAl ANAIYSIS ....ciiiiiiiiiii e 26
CHAHRER FOUR. ...ttt ettt ettt et e e e st e e te e et emeeseeen e sreenneenneeneenees 27
e ST | I 1SS 27

4.1 General conditions Of the SItES.........uuiiiiii e 27

4.2 Comparison of the soil C, N and P stocks in the converted and unconverted areas of the

4.3.1 Temporal variations in the GHG gas flUXES.........cccooiiiiiiiiiiiiiiieece e 31

4 4 Correlation between the soil nutrient stocks and the GHG fluxes in converted and unconverted

= L L= PP PPPPPPPPIN 33
CHAPTER FIVE ... et e b ettt b ettt e e e b be e nae e 35
DISCUSSION. ...ttt h bbbt e et sae e e ket ea b e e be e s et e e beesabeessbeenbeesrbeeteas 35

5.1 Nutrient stocks in the wetland SOIIS...........c.vviiiiiiiii e 35

5.2 Greenhouse gas fluxes in converted and unconverted areas of a wetland................... 36
6. CONCIUSION. ..ot A2
7 LIMIEAIONS. ... bbbt bbbttt 42
8. RECOMMENUALIONS ...ttt ettt e et n e e e 43
=T (=T =] o [0 = SRRSO 44
Popular SCIENIIC SUMIMIAIY........ccooiiiiiie ettt ettt s be e be e beeresree b 59



List of figures

Figure 1: Schematic diagram of methane producCtion...............ooooiivuiriiiriieeeen e 2
Figure 2: Schematic drawing highlighting carbon cycling..............coooooo 3
Figure 3: Schematic illustration of nitrogeansformation in wetlands............................ 4.
Figure 4: Map of the StUAY SILe..........cooiiiiiiiiiieeeeeeeeeee s 16
Figure 5: Schematic diagram showing the spatudy design...............ooooeeeeeein, 17
Figure 6: The converted area showing cocoyam as the main land.use...................... 18
Figure 7: Characteristic 0f the URO SItE..........uuuuuiiiiiiiiiiie e 19
Figure 8Characteristiof the URMSITE. ... 20
Figure 9: Characteristics of LRIE...............ccccooeiiiiiiiiie e 21
Figure 10: Garacteristics Of the LRM SILE...........oeiiiiiiiiiiiiiieeecce e 22
Figure 11Chamber fabrication and fielBBIPliNg............vvveiiiiiiiiiiiiiicee e, 24
Figure 12: Comparison of the soil nutrient stocks (a) OC, (b) TN and.(c).TR............. 28
Figure 13: Comparison of the soil nutrient dte¢a) nitrate mg/l (b) ammonia............... 29
Figure 14:Comparison of the gas flUXES............uueiiiiiiiii s 30
Figure 15: Pairwise comparison of tinéividual sites of the wetland...................c...... 31
Figure 16: Total effect of the greenhouse gases..............euvvueeviiiiiiiiiiiiieeeieeeeee e, 31
Figure 17: Temporal variations of the GHG fluXes............oooiiiiiiiiiiii e 32
Figure 18: PCA correlation diagram of the environmental variables........................... 33



List of tables

Table 1: Summary of the sSampPlidESIgN..........coooiiiiiiii e 25
Table 2: Means +SE for ancillary variables...............ccccoiiiriiieeeeees 27
Table 3: Temporalariations..............uuiiiiiiii e 32

Table 4: Eigen values and the proportion variance explained by each principle comfBdnent

Table 5: Contribution of the variablés the Principal components............cccccvvvviviinnnnan. 34



CH

CQ

GC

GHG

GWP

N2O

oC

OM

OM

PCA

SOC

List of abbreviations and acronyms
Carbon
Methane
Carbon dioxide
Gas chromatograph
Greenhousegases
Global warming potential
Nitrogen
Nitrous Oxide
Organic Carbon
Organic matter
Organic matter
Phosphorus
Principal Component analysis

Soil organic carbon



Abstract

Greenhouse gas (GHG) emissions have been stdlied in the temperate wetlands,
however, similar studies are almost absent in-8dhara Africa wetlands, which are currently
under intense anthropogenic pressure. Wetlands are unique ecosystems because they play a
major role in regulation of the globdiogeochemical cycles. On the other hand, they are
considered sources of the potent GHG, methanesf@Hd nitrous oxide (dD). Conversion

of wetlands to cropland alters the hydrology of the wetlands, resulting in less carbon (C)
sequestration leadingatincreased emission of GHG. Concentration of GHG in the atmosphere
has been rising over the years. Carbon sequestration in natural ecosystems such as wetlands,
is one of the options proposed to reduce the GHG effect. Hence there is need to understand
the emissions of the GHG from natural wetlands and whether conversion into farmlands
influences their emissiond herefore, this study aimed to assess the influence of wetland
conversion into farmland on GHG ¢CBQ and NO) emissions and the nutrient stocksa
tropical wetland of East Africa. A twoonth study was carried out on a weekly basis between
December 2017 and January 2018. The static chamber method was used to comp&&CH

and NO emissions between converted (unfertilized cocoyam farms) acdnverted areas

of a tropical wetland. Furthermore, soil samples were analysed to compare for differences in
soil C stock and nutrient (N and P) stocks between converted and unconverted areas of
wetland. Converted area was a probable sink fog @ith flux ranging betweer0.07 to 0.09
mgm 2h 1, and a source for G@d NO (221.86+ 17.86 mgm 2h 1, 187.06+25.41 ugm 2h 1t
respectively). While unconverted area was a source fof ikt ranged from5.32 to 40.59
mgm 2h 1 Carbon and P stocks were higher tile unconverted areas (3.32+0.12%,
42.81+0.39 ppm) while all N species (TNzNGnd NHE-N) higher content was observed in

the converted area. Conversion of wetland to farmland results to increased oxidation of OM,

consequently, a reduction in @emissiam, while CQand NO fluxes increases.

Key words Carbon sequestration, greenhouse effect, Global warming potential, wetland

drainage, Anyiko.
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CHAPTER ONE
INTRODUCTION
1.1 Background information

Wetlands occupyy 2 2F GKS SINIKQA &adz2NFIF OS yR SyoOo2
ecosystems(Bernal and Mitsch, 2013; Mitsckt al, 2010) Wetlands have become
increasingly important because of their unique role in regulating global biogeochemical
cycles, a reason to pmote sustainable use of these natural resour@igset al, 2017; Zedler

and Kercher, 2008) 2 S (i éxpayisié ot volume and canopy litter, coupled with the

slow decomposition rate of organic matter due to the anaerobic conditions, makes them
favourableclimate regulators, throulgthe sequestration of carbofBatsonret al,, 2014) They

store approximately 53%qg of C in the soils, about 30% of global soil C, making them a major
portion of the terrestrial C budgetINR @A RAY 3 o+ fFyOS Ay GKS
atmosphere(Batsonet al., 2014; Bernal and Mitsch, 2012; Sjogerst¢al., 2014a)

Despite these natural ecosystems being valuable, they are under continuous threats.
Population pressure and social econonticangeshave stimulated the need for more
agriculturally productive land in quest to improve the food secuiidixon and Wood, 2003;
Junket al,, 2013; Mitchell, 2013)Globally about 64% of wetlands have been lost since 1900
because of human activitigPavidson, 2014)The main driver of wetland degradation and
loss is land use change including, conversion to agriculture and pasture, reservoir building,
urbanization and infrastructure developmer{Zedler and Kercher, 2005pPrainage for
agriculture has been a prime cause of wetland loss to date, with an estimation of 26% of the
global land area having been drained for intensive agriculture (56% to 65% in Europe and
North America, 27% in Asia, 6% in South America and 2%ida)Ads of 198%Davidson,
2014) Continued drainage oivetlands without preserving their ecological integrity will
eventually result in ecosystem disservices such as turning wetlands from C sinks into sources

(Nath and Lal, 2017; Zedler and Kercher, 2005)

Besides wetlands ability to segster C, they are considered sources of potent GHG (carbon
dioxide (C@), methane (Ck and nitrous oxide (#D) responsible for global warmirigayranli

et al, 2010) Wetland drainage induce changes in the wetland hydrology, and consequently

DAMARIS KINYUA 1



the amount of organic C sequestered. Redu€eskequestration influences tf@Q, CH and
N2O fluxes(Page and Dalal, 2011¢hanges in the OM alters the equilibrium of the global C
cycle resulting in increased ealse of GHG into the atmosphef@raswell and Lefroy, 2001;
Kindleret al,, 2011)

Wetlands are considered key sources of,GHGHG having 25 times higher global warming
potential (GWP) than CWhiting and Chanton, 2001y ethane has been repted to be
responsible for approximately 18% of the total greenhouse effétitsch and Gosselink,
1993) Methane emissions occur through biological processes (Figure 1), compmiging
production in anaerobic conditions through methanogenesis (ii)) consumption by the
methanotrophs in the aerobic zones and (iii) direct transportation to the atmosphere e.g.
through the aerenchyma of plants and in small quantities though diffusion and édullit
(Eusufzaet al,, 2010) These processes are dependent on water levels, temperature ahd so

composition, hencelraining wetandshas seen a reduction in @eimission.

@ ; . Dittusion through 1
i rice asrenchyma ‘
Production f CH: EMISSION (3 ways) !
and oxidation
in the rice ’ @
rhizosphere
Ebullition Diffusion

' ' |

o Floodwater oo bR Oxidation at

“Oxydized soil T |~sthe soillwater

!
At CHi COs o imterface
soll [ (? g
21| ™ .| < pittusion
™

k=
I—(‘.‘H-- & |
\ CH4 - Reduced soll

Crop residues
Hz + CO: Acetate Phatosynthetic
aquatic biomass
Organic Carbon Root exudates

N [ Oxidizsd
Rhizosphere {’L“) ( Production in the bulk soil )

Figure 1: Schematic diagram of methane production, consumption and transfer pathways into
atmosphere(Le Mer and Roger, 2001)

Carbon dioxide forms a major component of the C cycle (Figure #)xts the atmosphere
is as a result of uptake by plant via photosynthesig) €mission through plant respiration
and {ii) emission through microbial decompositigBooneet al., 2005) Drainage of the

organic soils of the wetlands results in mineralization of the SOC and increased emissions of

MSC. THESIS, APRIL& 2



Cin to the atmospherg(KasimirKlemedtssoret al., 1997) Wetlands have large pools of C,
hence even a small increase in the rates of SOC oxidations through drainage results in high C
outflows nto the atmosphere and results into global warming and climate ch@viget al.,

2016)

Decomposition/leaching

Decomposition/leaching

v
Microbial \/
De ntus & | iomass ™ DOC—® HCOj3;

4 ~

& A\ Poat e~ Microbial e DOC —® HCO3; -# CH,
t r\*\ biomass 4

Decomposition/leaching

/'/ o)
N

Figure2: Schematic drawing highlighting carbon cycling processes and carbon s{Bedphet al,,
2000)

Nitrous oxide is a component of the nitrogen (N) cycle (Figure 3), being releaselyas a
productof nitrification or an intermediate product of denitrificatiaiisroffmanet al,, 2006)
Emission of BD is dependent on high temperatures, OM availability, inundated soils and
availability of N nutrient components such asimonium, nitrite and nitrategZhuet al.,
2013) Wetlands favour all these conditions hencensidereda source of BD, besides
intensified agriculture would also result in increased emission of this potent AthGGWP
being298 times higher than that &Q (Bernal and Mitsch, 2012)

DAMARIS KINYUA 3



Plant biomass N

N, NH3
N,, N,O (g) Litter fall pame
A Nitrogen fixation l Volatilization
Nitrification Mineralization ! Water
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NO: * Aerobic
3 [NHZls  uptake " laccretion [NHZ]s
l Denitrification Microbial L Ansembic
OrganicN > . ssN Adsorbed NHZ
A— N, N5O (g)

Figure3: Schematic illustration of nitrogen transformation in wetlariBeddyet al., 2000)

Land use change result in wetland destruction and the largest effect is on the carbon fluxes.
For instance, in North America, watidswere highly influenced bkand use(Bridghamet al.,,

2006) This resulted in the reduction of their ability to sequester carbon, oxidation of soil
carbon reserves upon drainage and reduction in methane emiss{fiodlett, 2001)
Furthermore, drainage also affects the soil negatively by reducing@@tédntand moisure

levels. The soil is usually disturbed when crops are planted and the planted crops rarely bind
soil like the natural wetland vegetatidiBridghamet al., 2006) An average loss of 10.1 Mg

ha of soil organic carbon on over 16 million ha of wetlandNonth America was reported as

a result of agricultural conversidiulisst al., 2006) More studies in North America and the
Prairies Pothole Region, haireicated that least disturbed wetlands catchments alsidg
native grasslands have atively high C. On the other haysbils in wetland catchments along

agricultural settings had less C but could sequester more C if restored to similar natural states

Although many studies on GHG have been carried out, there are still geographical regions and
agricultural systems that have not been characteri2ddst of these studies have been done

in temperate regions whose climatic conditions, characteristics andr@mmental ranges

differ widely with those of tropical regions such as Africa. Additionally, most studies4n sub
Saharan wetlands have addressegdrology, community structures and species diversity.
This study did not find studida Africa/subSahara regn conducted on conversion of the
wetlands into other uses, and how these changes influence soil atmosphere GHG exchange.
Recently, wetlands have gained attention as potential sink of the growing concentration of

GHG, and therefore understanding the preses of C sequestration, and GHG emission in

MSC. THESIS, APRIL& 4



tropical wetland is importantFurthermore,in October, 2016Kenya, a susaharan country,

ratified the Paris agreementhenations that ratified the agreement agreed to hold global

g NYAy3 (2 & abgrebsCeisiBd ofep préndiisirial Revolution levels and on

GLIZNE dzA y 3 STF2NI &€ (0 AccordnglBthNg couptires dreSr&yuifedital (i 2
take stocks of themissionsvery five yearstarting 2018Rogel;j et al., 2016)Therefore, to

R2 LINRPLISNI I O02dzyiAy3d 2F GKS DI D Ay@Syid2NE A
the natural ecosystems as well as from the different land us&stwo-month study was

carried out to assess how the conversion of wetland otheruses affecthe emissions of

GHG and the C stocks. Information gained shall be used in consequent studies as a baseline,
and can further be used to inform on importance of wetlands and the need to preserse the

fast diminishing ecosystesn
1.2 Objective and research questions
General Objective

To assesthe effect of wetlands conversion into farmlands on SOC, N and P stocks and GHG

emission.
Specific objectives, research questions and hypotheses

1. To quantify the standing stocks of C, N andd®mverted and unconverted areas of a
tropical wetland
Research question: How does the C, N and P stocks change in converted and unconverted

areas of a tropical wetland?

i.  Hu: SOC in the unconverted areas is higher than the converted areas due to increased

accumulation of detrital organic matter and low decomposition rate.

ii.  Hu N is high in the unconverted areas compared to the converted ones due to N

accumulation in the soil.

iii.  Hu: P is highin the unconverted areas as compared to converted areas due taoatent

by the sediments.

DAMARIS KINYUA 5



2. To compare C£ CH and NO emission and temporal patterns in converted and

unconverted areas of a tropical wetland.

a) Research question: How does theZOH and NO emission vary in converted and

unconverted areas of a tropical watid?

i. Hi: CQ emission in the converted areas of the wetland is higher than the unconverted

areas because of increased oxidation of organic C and loss of biomass.

ii. Hi: CH emission is higher in the unconverted areas of the wetland compared to the

converted die to anaerobic oxidation of organic C.

iii. Hi: NeO emission is higher in the unconverted areas of the wetland compared to

converted areas due to nitrification and denitrification processes.

b) Research question: What are the temporal patterns of the, @Bl andN>O emission

in converted and unconverted areas of a tropical wetland?

i. Hi: CQ emission expected to increase with a decrease in moisture contenttoner

because ofncreased oxidation of organic C.

ii. Hi: CH emissionexpected to decrease with a decreasemoisture content ovetime

because ofncreased oxidation of organic C.

iii. Hi: NbO emission will reduce with a decrease in moisture content owex because of

reduced denitrification due to aerobic conditions.

3. To determine how the emission of GHGaffected by change in SOC, N and P stocks in

converted and unconverted areas of a tropical wetland.

Research question: How does the gas flux vary with changes in C, N and P stocks in converted

and unconverted areas of a tropical wetland?

H:. CQincreasewith decrease of C in the converted areas, @¢treases with decrease in C

in the converted area and there is little effect osQNwith changes in C stocks.

MSC. THESIS, APRIL& 6



Hi: High availability of N§xresults in high BD emissions because of enhanced denitrification

in the unconverted area.

Hi: Phosphorusavailability results in increased g€nission because of increased microbial

heterotrophic and autotrophic respiration

DAMARIS KINYUA 7



CHAPTERWO
LITERATURE REVIEW
2.1 Global status of wetlands

Globally, wetlands can be found &l climates, from tropical to tundra, except in the
Antarctica(Tiner, 2009 St I yRa 200dzLle | o62dzi > 2F GKS St
of North America, 20% of South America, 10% of Russia, 7% of China, 3% of tropical and
subtropical Asia, 3% of Australia, 7% of Africa and 5% of E(fopket al., 2013) Wetlands

have been adversely affected especially in the densely populated regions such as Western
Eurge and China, and in courdgs with water shortages such as Australia, and in countries
with powerful agreindustries such as the USditsch and Hernandez, 201®ressures facing

global wetlands are mostly in the form of land reclamation, intense resource exploitation,
changes in hydrology and pollution resulting to-80% of wetlands being destroyed or
strongly modified depending on the region, mostly with ngnsi of abatemen{Junket al.,

2013)

Much of Africa lies in arid and sedauiid regions, estimated to ocpy 1-16% of the total area

of the continent(Dixon and Wood, 2003Howevertheir exact estimate cannot be quantified

due to lack of scientific investigations and inconsistency in mapping pol{@&efock and
Acreman, 2003)Although there are stibeveralpristine wetlands in Africa, as compared to
Europe and North America, many wetland areas are still facing immense pressure mostly from
the demographic growthCongquently, many wetlands have been drained for agriculture

and settlement in addition to setting up of unplanned infrastruct(®ehuyt, 2005)

hdzi 2F YSy el D00pmeda3 gshos) arg dCeupied by wetlands ranging from
deltas, estuaries, mudflats and mangroves, swamparshes and floodplain®keyeOwuor

et al., 2016) Drivefor economic growth, agricultural practices and development have been
reported to be the major threats tgpapyrus wetlands and their biotamainly through
drainage, clearingnd reclamation for subsistence crop productidforrison et al., 2012)
Mafabi( 2000) in a comparative aerial survey lodkeVictoria basin wetlands between &9

and 2000yeported 50, 47 and 34% loss in Dunga, Koguta and Kusa respectively.

MSC. THESIS, APRIL& 8



In Kenya, drainage and conversion to arable land have been the key drivers to degradation of
wetlands(Mironga, 2005)Kenya ratified the Ramsar convention in 1988yerthdess,much

of the wetlands had already been degraded through drainage and reclamation, overgrazing
and pollution(Mironga, 2005)Communities living near the wetlands rely almost 100% on the
wetlands for their livelihood especially for source of their water, food, and building materials

such as clay, sand, wood and papy(8shuijt, 2002)
2.2 Land use cover change in wetlands

Globally, wetland loss has exceeded 50% of their original extent, however the rates of loss
have decreased in Europe and North Ame(idi&sch and Hernandez, 2013)n other parts

of the globe, rapid conversion of inland natural wetlands is still contin(dayidson, 2014)

In Costa Rica, wetland conversion was reported to be highly influenced by the topography.
For instance, the wetlands that were easily accessible had theestigconversion rates
(Daniels and Cummind@008) In general, people influence as well as depend on the
ecosystem services provided by the wetlarf@¢arksoret al., 2013) Accordingly in China a

net loss of 50,360 kAdue to human activities resulting from change in land use have been
reported (Kirwan and Megonigal, 2013; Waegal., 2012) Furthermore study bySonget al.,

(2008) in the Sanjiang plain using remote sensing reported a change in the land use, where
there was a decrease in the forests, and waterbodies in addition to an increase in the
residential area and farmland@heir correlation analysis indicated that demographic growth

was the main driving force for increased of farmland.
2.3 Carbon sequestration and greense gases: GOCH and NO emission in wetlands

Carbon sequestration is the lostgrm removal of C@&from the atmosphere, through the
plant biomass into SONUohnsonet al, 2007) Consequently, bild-up of SOM results in
increasedsoil quality and soil productivity, reduced risk of soil erosion, @exteased water
contamination and eutrophicatianWetland soils play an important role in global climate
alleviation (Naget al, 2017) The accumulation of C in wetlands soils is facilitated by the
expansive root volume and canopy litter, and the slow decomposition of organic matter due
to the anaerobic onditions(Batsonet al., 2014. While wetland ecosystems are considered

to have a potential for C sequestration from the atmosphere, they could also be a source,

since organic C is highly sensitive to environmemianges such as water content,

DAMARIS KINYUA 9



temperature, nutrient regimes and microbial activ{igindleret al., 2011; Vebeet al.,, 2017)
Furthermore, human activities (including land use champdgg) a major role in the soil organic
carbon (SOC) dynami@sla et al., 2016)

Generally, GHG production and fluxes together with C sequestration and nutrients availability
in wetland soils are controlled by abiotic factors that are highly variable among them, e.g. soil
moisture and temperature, water depth, hydro period, water chstry and redox conditions
(Hernandez and Mitsch, 2006; Sméhal., 2003) In addition, the vegetation and microbial
community composition together with organic substrate availability are also important
factors influencing the GHfux and Liu and Greaver, 2009l these biotic and abiotic
factors are closely linked tdimate, ground water interactions, and geomorphology, hence

they are affected by human activities such as land use ch@rayggeret al,, 2015)

A study conducted in the Zoige alpine wetland in ChindMhbyet al., (2016)found that the

CQ emission of the permanently saturated wetlands was lower (203 niy¥hthan that of
drained wetlands converted to grasslands (323 mghmn), providing evidence of C
accumulation in the wetland. The amount of OC in soil influences the emission of the GHG,
Cuiet al,, (2015) and lat al., (2005)eportedthat increasean the SOC resulted to increase in
N20 production anch negligible effecon CH. Theyrelated this positive correlation between

SOC and XD flux to the coupled biogeochemical cycles of C and N.
2.4. Influence of wetlands drainage and conversion (land use/cover change) on GHG emission

Wetlands are usually characterised by nutrient richssaith high moisture content available

all year round(Sakanéet al, 2013) Owing to this characteristic, wetlands are prone to
conversion into agricultural production systems. In East Africa, wetlands have been reported
toprovide 10n /&2 2 F (G KS NHzNI f LJ2 Lygzmirigh 4l.2¢1Q)Howewéry dzI £ F
conversion of the wetlands has its negative impacts, such as loss of ecosystem services (ES)
for instance C sequesttion. Conversion of a pristine wetland in Ethiopia to farmland provides
evidence of lost ES, where the drained wetland showed reduced water availability and
reduction in crop yield¢Dixon and Wood, 2003Reduction in the crop yield was attributed

to decrease in soil C and N, since drained is associated with aeration of soil consequently

reducing C and N availability.
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Land use change impacts the net emissions of th& Gtdr example, if peatlands are drained

for agriculture it results in increased emission eONalong with that of CObut CHemission

is decreasedSmithet al., 2004) In the Prairies Pothole Region, adstlby Tangeret al.,
(2015) on how land use affected the GHG fluxes reported that soil OC was lost when
undisturbed wetlands were converted for agriculturéeber et al. (2017) reported that
human impacted peatlands had higher GHG emission, where agrailuictivities, especially

crop production together with intensive grazing in the mountain peatland pastures were the
main factors studied. Furthermore, undisturbed vegetated wetlands in Australia were found
to be net GHG sinks, but after drainage, the haetls and the mangrove forest turned into

carbon sourceg¢Finlaysoret al.,, 2013)
2.5 Carbon, nitrogen and phosphorus stocks and land use change

Land use change may occur naturally or be influenced by human activities, resulting in land
cover change and consequently a reduction in associateth€ks(Houghton et al., 2012)

Soil OC is highly influenced by the vegetatcover, and any change in the land use may
considerably modify the related characteristics of source or sink for the GHGs, because the
plant species differ in root depth and spatial distribution in different land ((€estelet al.,

2016) Wetlands anaerobic condition nature allows them to inherently accumulate C in the
soils. However, management such as drainagg cause return of the accumulated C into

the atmosphergBorge<et al., 2015)

Conversion of natural ecosystems to agriculture have been reported to decrease SOM and
contribute significantly to the increase @©Q concentrations in the atmospher@uget and

Lal, 2005) According t@suoand Gifford, (2002) a reduction of SOC was reported with soils
losing 42 and 59% of SOC upon conversion from forest to croplands and from grassland to
crop, respectively.Correspondingly another study byMa et al. (2016) using the
Environmental Policy Integrated Climate (EPtGjlel, reported drainage as one of the main
driving factors for SOC loss in the wetlands, conversion of the wetlands via drainage to
grassland since 1980 had resulted to a loss of approximately 4 1Grben the SOC stock.
Qingshuiet al,, (2014)using spatial analysis and statistics method reported a decline in the
swamps and floodplain area in China, causing C loss from wetlands when the wetlands are

converted to other land uses.
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Phosphorous in ecosystems is mainly from mineralization and \eeath process under
natural conditiongReddy et al., 2000l this regard, wtlands areknown to accumulate P in
the sediments,vegetation and detrital materials. Therefe, conversion of wetland to

agricultural land decreases the ability of wetlands to retain P
2.6 Relationship between N, P, SOC and GHG emission

Greenhouse gases emission is dependent on microbial activities, chemical decay processes
and heterotrophic respiration of soil fauna afuhgi (Smith et al., 2003Nutrient availability
dominates these processes, coupled with soil moisture content, temperature, pH and land
cover related parametergOertel et al., 2016)Naturally occurring N and C, together with
atmospheric deposition, manure and fertilizer application play a critical role in the emissions

of the GHG¢Chapuidardyet al,, 2007; Ludwigt al,, 2001; Oertekt al,, 2016)

Studies byCoboet al., (2010) and Songt al.,, (2013) suggested that addition of N in wetland
ecosystems altered soil physical characteristics, microbial communities and the vegetation
communities which influence the GHG emissiddsrtel et al,, (2016)reported a negative

correlation of NO emission wt the C/N ratio, with the lowest emission being recorded at

/' kb % on YR KAIKSad 4G / kb @FfdzSa 2F mmd Cd:
CQand CHemission with the C/N ratio. Increasing N content results to high soil respiration

and high net ecosystem exchange, if C is not limiting. Intensive management of the peatlands

was found to alter the soil C/N balance, leading to higher variability of GHG em(gsioar

et al, 2017)

In ecosystems that are N limited, addition of N causes higher N content in plant tissue, leaves
and the litter fall, which in turn accelerates the assimilation and dissimilation processes of
CQ and intensifies the substrate for XD emission from sofAronson and Hellike2010) The

net atmosphereg biosphere exchange of GHG markedly depends on the coupidyCles

and the local condibns(Qingshukt al,, 2014) According toAronson and Helliker(2010he

effect of N on GHG emission is closely related to the form of N, duration and the timing of N

fertilizer application, and its interaction with the abiotic factors.

Phoshoprus on the othlréhand is considered a key element of the microbial proce@aEsg

et al., 2017)Consequently, a positive correlatidras beenobserved between Ctand CQ
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production with soil P content and microbial biomag#/right and Reddy, 2001)
Correspondingly, in Belize marsh sediments microbial activities were found to be positively
affected by addition of P, and this led to the assumption that the systemRuasited. In
addition to this methanogenesis was observed to increase in treatments with enriched P
Ot AGYyAG6 120+ SG | fdX Hamno

2.7 Greenhouse gas measurementwe/etlands

Tropical wetlands play an important role in the global C c{fekge and Dala2011) On the
other hand, they are under intense pressure from agriculture, resulting to increased CO
emissions into the atmosphere from these ecosystdifieughtonet al., 2012) Increased
GHG emission in tropical wetlands can be estimated angfedicted using the existing
wetland modelling toolgSjogersten et al., 2014ajlowever, inclusion of these wetlands is
hindered by lack of data to validathem(Farmeret al., 2014) A review bySjogersteret al,,
(2014b)acknowledged a significant lack of data on carbon balance and GHG fluxes from the
natural wetlands, hence limiting the ability of global climate change models to ntakeaie
predictions on future climate. In this regard the study recommends exigent need for good
guality data on carbon dynamics in natural wetlands in addition tg, &@ CH flux data,
accounting for spatial and temporal variation, to be used for ewalganodel predictions.
Correspondingly, a studyan Danet al., (2007)while creating a simulation model for papyrus
wetland prompted need for more research on denitrification processes in natural wetlands.
Besides, thisvill provide a comparison and robust understanding of how tropical wetlands
differ from the weltstudied temperate wetlands in addition to enabling incorporation of

tropical wetlands into global climate change models.

Following the aforementioned gaps tack of sufficient data on GHG emission, measuring the
GHG fluxes exchange between soil and atmosphere in natural ecosystems such as wetlands
and managed systems is of critical importan(@ollier et al, 2014) Furthermore,
understanding the contribution of both natural and managed systems informs on
development and evaluation of GHG mitigation stratedighre et al, 2013) There is a

range of GHG measurements strategies varying from mass balance to micrometeorological
approaches each characterised by pros and c@dsnmead, 2008) Chamber based

(automated or manual) and micrometeorological measurements (gradient method or eddy
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covariance) are the commonly used techniques to measure GHG flux exchange between

terrestrial ecosystems and atmosphdigutterbachBahlet al., 2016)

Micrometeorological approaches are based @meal time direct measuremerdf vertical

GHG fluxes. However, the assumption made by this approadmisfluxes are nearly
constant with height and that concentiians change vertically but nohorizontally
(Denmead, 2008)This methods are considered to have advantage over chamber based
method because the approach integrates fluxes over large areas (>ha), in addition to having
high temporal resolution and no intlErence with the microenvironmenButterbachBahl

et al, 2011; Henseet al, 2013) On the other hand, the method has its limitations among
them, need for large homogenausurfaces, requirement for fast response infrared sensors
which arenormally expensivéCollieret al, 2014) Furthermore, atmospheric stability may
affect the measurements during the night, causing constrain to the data cap(tieseret

al., 2013)

Chamber based method, unlike the micrometeorological counterpart focus on gas
concentration at the soil surface, where sampling is restricted to above ground headspace.
Chamber method covers a finer scale usually small surface areas up to < 1 m2, hence are
considered rather simple and therefore often used in most stu@BdterbachBahlet al,

2016) Chamber based measurements have several advantages over the micrometeorological
approach. To start with gas samgleollected using chamber method can be stored for future
analysis, secondly, its cheap in terms of capital cost considering the chambers do not require
power supply at the site, also they do not require fast response sensors. Finally chamber
method allowsfor process studies and experiments with many treatmditenmead, 2008;
Flechardet al, 2007; Rosenstockt al, 2016) Nonetheless, they are subject to high
coefficients of variations due to spatial variation, moreover while installing the chambers into
the sites, environrantal conditions are disturbed which may influence the flux measured
(ButterbachBahl et al, 2016; Collieret al, 2014) Due to the disturbance to the
environmental conditions it is advised that the chamber bases are installed into the study site
at least a week before collection of samples begin. Further recommendations on chamber
methods are given byarkin and Venterea, (2010According toHensen et al, (2013)
chamber based measurements are likely to miss peak events such as rainfall, because the

experimentalist are not always at the site, in addition to the idea that chambers can only be
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closed for a limited period per dayherefore,Hensenet al, (2013)recommended use of
automatic chambers to address this limitation, although the automated chambers will require

more capital cost, making them more expensive to use in the end covering setatlgrarea

This study used static chamber methbeécausetiy @2 f dS& YA YA Ydzy OF LIAGLI €

follow in addition to having a laid out protocol.

Gas samples collected by the use of chamber based method are analysed commonly by either,
gas chromatography (GC) or photoacoustic spectroscopy (PAS) m@&hterbachBahlet

al., 2016) The principle behin®AS is that the GHG absorbs light at specific wavelength, then
the absorption is directly linked to the concentration. More specifically, PAS converts the
absorption of light into acoustic signal which is then measured by a micropth@ytemet

al, 20113 LGQa |faz2 L2 BEnguedn tie fidld? by duakihg a doged lodd O
connection between the chamber and the PAS instrument, in a way that air leaving the
apparatus returns to the chamber avoiding dilution or ungeessure. This technique has
gained popularity over the recent yesa but according tégbalet al., (2013) its precision and

accuracy is still uncertain as compared to GC.

Gas chromatographtechnique follows principle of separating a compound into its molecular
constituents(Henseret al., 2013) This analytical technique using GC is most commonly for
determination of GHG concentration in gas samples from cham(BargderbachBahlet al.,
2016) In general, X 3 ml of gas sample is injected into the GC and the different compounds
are separated in an analytical columnegaNi ElectronCapture Detector (ECD) is usually used
for NoO, operating at temperatures ranging from 330 to 350 °C, with highest sensitpgty N
and lowest cross sensitivity to C@(Wanget al., 2010) Whereas for Ckla flame ionisation
detector (FID) is normally used, but in case a methanizer is introduced before theatetec
CQcan also be measured with FID or us¢h@rmal conductivity detector. Analysis of gases

in this study followed GC technique.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Site description

Anyiko wetland is & inland permanent riverine wetland located iNorth East Ugenya

location, SiayaCounty Kenya. The wetland is imid lower section of Nzoia Rivérasin

covering an area of 4 Kmz, with an average length of 6Km, situated Witgiry 3 A (G dzZRSa nc
oycpcQObEca@@m QEy Ry f I 0AGdzZRS& o nkigure TheopcppC
wetlandis fed by underground springs astkstreams drains into Nzoia River, which in turn

drain into Lake Victoria. Anyikodbaracterized b¥yperus papyruss the dominant plantn

addition toPhragmites spThe main activities in Anyiko inclutiming, mainly smallholder

rice productionin the lower sectionand smaklscale subsistence farming cbcoyamand

vegetables. The community members also harvest papimubre and nats productionas

source ofincome.
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Figure4: Map of the study site showing the hydrological connection of the wetland and the sampling

sites shown by the red dots. The arrow indicates the direction of flow.
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3.2 Study design

Thestudy wasconducted during the dry season between December 28id January 2018
no rainfall was recordethroughoutthe studyperiod.The design included five sampling sites,
selected in a manner that allowed comparison between (i) convertedusmodnverted, (ii)
longitudinal (upper and lower reach) and (ittansverse (seasonally and permanently
flooded) variation within the wetlandConverted area of the wetland had one site (Farm),
while the unconverted area had four sites, spread longitudynalong the upper reach (URO
and URM) and lower reach (LRO and LRM), and transversely aloogt¢hedge(URO and
LRO) and middle sectiofURM and LRM)of the wetlandrespectively(Figure 5) In the

unconverted areas, the gpyrus crop was cleared torgvide room for chamber base

installation.
Unconverted area Converted
area
(Farm)
Upper reach
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< >
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Lower reach
27 m
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Figureb: Schematic diagram showing the spatial study design, (not to scale).
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3.2.1 Site characteristics

Converted area of the wetland (FayRF I I G Y ncmc Q ANMEMHINEXMWRBHT [ 2 Y
20 F0Y ncecwvmcgIAdoopt VO Qb[EICIPE NOAOWEQ | oCPmec QQ b X [ ;
formerly part of the wetland, but the area was drained and converted into a farmland. The

land was not under intensive management, i.e. ndiliegers were being applied to the farms.

Cocoyam was the main crop produced in the chosen site (Figure 6), maturing for harvest in 6

months.

Figure6: The converted area showing cocoyam as the main land use (d), d&E&cento the wetland,

recently converted (<1Year) (b) URFhave been farmed for 6 yeafs) URF 3, adjacent to
URF 2, farmed for 6 years, (d) and (e) shows the developed cocoyam plants , the arrows

shows chambers during a sampling event.

Upper reach outerege (URQ(¢ wh ™M [ I GY 2v/AWn @ ncdwe®Q pmdpb[R 89 E c
0 Py RQY DYz o[n ¢ MRAR Lap031@Xp AP Q b > [ ZIkeSiéewasmtheic Q p o
unconverted area characterized by dense population of the papyrus (Figure 7.dD&reng

the setup of the chambers in the beginning of the study, the site had pools of water with an
average water level of 39 cm (Figure 7 a, b & ¢), but by first sampling date site dried out having

no water above the soil.
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Figure7: Characteristic of the URO site at the time of chamber installation (a) URO 1: average water
level 36cm, Location; 11 m from the edge, (b) URO 2: average water level 40cm, Location;
13 m from the edge, (c) URO 3: average wateell30cm, Location; 9 m from the edde)

& (e) indicate the dense population of papyrus

Upper reach middle section (URRORML,[ | Y By Q@ QI [ 2 YERM2Ilmti c Mmc Qp ¢
necmMnQ ¢ dPH QP YWOCURNBYHY Yonc ma Q comrH JpThbdiedpS®9y 3Y o
characterized by dense population of the papyrus (unconverted area). Deep pools of water
having an average water level of 59 cm (Figure 8) described the site during the start of the
study, however, site dried out with time hagmo water above the soil by second sampling

date.
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