BUSITEMA
UNIVERSITY

Pursuing Excellence

FACULTY OF NATURAL RESOURCE AND ENVIRONMENTAL SCIENCES
NAMASAGALI CAMPUS

DEPARTMENT OF GEO-INFORMATION, EARTH OBSERVATIONS AND
PHYSICAL LANDS RESOURCES

RESEARCH THESIS

STUDENT’S NAME: KYOGA FRANCIS

REGISTRATION NUMBER: BU/UP/2018/3883

TOPIC: ASSESSEMENT OF THE IMPACTS OF SUGARCANE FARMING IN
WETLANDS ON WATER QUALITY OF RIVER CHICO: IMPLICATIONS ON
AQUACULTURE PRODUCTION.

SUPERVISOR: Dr. Tebitendwa Sylvie Muwanga.

A Thesis submitted in fulfillment of the requirements for the award of degree of Bachelors
of Science in Fisheries and Water Resources Management in the Faculty of Natural
Resources and Environmental Sciences at Busitema University



DECLARATION

I, KYOGA FRANCIS, declare that this dissertation is my original work and has not been
submitted for a degree in any other university.

Signature..........ccooviiiiiiiiiiii Date....ooviiiiiii



APPROVAL

This is to certify that the work titled Assessment of the Impacts of Sugarcane Farming in
Wetlands on Water Quality of River Chico; Implications on Aquaculture Production
Signature..........ooovviiiiiiiiiiii Date.....oooviiiiiiii

Name: Dr. Tebitendwa Sylvie Muwanga

Supervisor.



DEDICATION

| dedicate this work to my wife who allowed me to go back to university for further studies.



ACKNOWLEDGEMENT

This work was done on river Chico in Buyengo town council in Jinja District in Uganda under the
supervision of Dr. Tebitendwa Sylvie Muwanga, thanks for her effort. Let me also extend my
sincere thanks to Dr. Alice Nakiyemba the faculty Dean, the Head of Department Dr .Natugonza
Vianny and my fellow students Wafula Moris and Mangeni Nelson who have guided me in all my
Study research period. | am also outstandingly indebted to the NaFIRRI, team particularly Ocaya

Henry who fully assisted me to collect data and perform laboratory analysis.

| would like also to pay a special vote of thanks to my dear bosses at both the District and
Buyengo town council,Particularly;Madam Namulondo Sarah (the Principal Fisheries Officer),
Mr. Walugada Micheal (the Senior Fisheries Officer), Mr. Buyinza Sula (my former Subcounty
Chief of Buyengo), Mr. Gulaale Davis (the town clerk of Buyengo town council and my
intermediate supervisor) and all my fellow work mates, for creating for me a conducive
atmosphere that favoured me to pursue my studies up to completion. Finally I pass a pudding vote
of thanks to my one and only wife, Mrs Babirye Josephine Kyobe and the children namely: Ruto
Deogratious, Mwangu William Kelvin, Kyoga Francis Praise and Mukani Marina Christabella
Kisakye, who were patient with me during the period when | was a way to attend to my studies
and during the fieldwork.

God bless you all.



ACRONYMS

ME/ L. Milligram per liter

NaFIRRI......oiiiii National Fisheries Resources Research
Institute

NHag o Ammonia

NOZ i Nitrate

PO4 . Phosphate

TS Total dissolved solids

TS Total suspended solids

/L e Micro liters



TABLE OF CONTENT

DECLARATION ...ttt sttt et bbbt s et st e e se st et e e et e s be e e s e e te e e e enenee [
APPROWVALL ..ottt s ettt et e R e bt n e R bRttt renr s i
DEDICATION ...ttt ittt sttt sttt et e s b et et ese et et e st e be st e s ebeebe b eneenente e anearas iii
ACKNOWLEDGEMENT ..ottt e et e e snae e e s e e e st e e e nsaeeenneeeanneeas iv
ACRONYMS .t s e e et e et e e e te e e s be e e et e e e aabe e e anbeeeanbeeennteeenreeeennreeans v
TABLE OF CONTENT .ottt sttt sat et e e e ne e e et e e esaeeaneaeanneaeas vi
FIGURES ... .ottt e e a e e e st e e e eat e e et e e e aeeeenseeeanseeeanseeeanneeeanes viil
TABLES ... e e e e e et e e atreearaeeareaeas IX
F N S 12 ¥ USSR X
(O o 1 el I O ] | P 1
1.1 BACKGROUND ...ttt sttt e e e ante e e sn e e e sna e e e nnte e e nneee e e 1

1.2 PROBLEM STATEMENT AND JUSITIFICATION OF THE STUDY .....c..cccoveevienee 2

1.3 OBJECTIVES OF STUDY ..ottt sttt snn e nnae s nnae e naa e 3
CHAPTER TWO ..ottt ettt sttt e ettt ebesteeeneane e 5
2.0 LITERATURE REVIEW ..ottt ettt 5
2.1 Definition Of WEHIANUS. ......c.oiviiiiicee e e 5

2.2 IMpOortance Of WELIANUS ..........oviiiiiece et 5
2.3 Effects of sugarcane farming in wetlands on surface water quality............ccccccovvviiiiieennenn. 6

2 T 11 (oo (004 o) PP PRR 6
2.3.2.Impact on Physical-chemical parameters: ...........ccccovvevieiieie i 6
2.3.3 Impact on Nutrients (Nitrogen and Phosphorus):........cccccceiveieiieiecic e 7
2.3.4 Impact on BOD and COD and Total suspended SOlidS: ..........ccccoveviiieieene e, 7

2.4 Impacts of surface water quality on aquaculture productivity ..........ccccoeeeveevieiiieviie e, 8
Pt 1 oo L1 T3 [0 o PRSPPI 8
2.4.2 Impact of physico-chemical Parameters: .........cocovivirieiei e 8
-2.4.3 Impact of NULFENTS 0N FISH ..c.viiiiiiiiee e 9
S2. 4.4 IMPACE OF TSS ...t bbbt b e bbbt ne e 9
-2.4.5 Impact OFf BOD @nd COD .......ccooiiiiiiiiiieeie et 9
(O 1 e I I o | RS 11



3.3 DAt COBCTION: e, 12

3.3.1 Physico-chemical parameters Sampling: .......cccooviiiiiiiiiiee e 13
3.3.2 NULHENT SAMPIING: ...t 13

3.4 DAt ANAIYSIS ...eevviiieiieie ettt ettt be ettt re e nneenns 14
CHAPTER FOUR ...ttt sttt e e st e e ssb e e et e e e snb e e e s nb e e e snaeeesneeeenneeeans 15
] U I I TSR 15
4.1 Physico-chemical parameters sampled at ChiCO RIVEr.........c.cccveviiieiieiecieseece e 15
O =T 0 0 0T = ([OOSR 15
A 1 OSSPSR 15
G = SO SP T RSS 16
I O o [1Tox (V7 PRSP 17
T I 1 TSRS 17
O A 1S3 ST SP T RSRS 18

AL B INHE oottt et r et e re it 18
L N N 2 PRSP 19

A LLO PO ..ot b ettt ettt eerenrens 20

(O 1 e I o Y ST 26
5.0 DISCUSION, CONCLUSION AND RECOMMENDATION ......coiiiiiiieeiie e 26
T8 A 11 0o L1 o1 £ o o SRR 26

5.2 Spatial observations of the Physical parameters and its impacts on the fisheries.............. 26
5.3 Spatial observations of the chemical parameters and impacts on the fisheries................... 27
T I 0 Tod 1115 o] o OSSR 28
5.5 RECOMMENAALION.....c.vieieiiieiieie et ie ettt e et e e se e re e te e st e sseesteeneesreenneeneenneenen 28
o L S 29
Y o] 1=] 16 [ 0T OSSR P PP PR 32

vii



FIGURES

Figure 1: Map of Uganda Showing Jinja District (upper map) and Map of Jinja District showing

the location of the study area/ sampling area of River Chico in Buyengo town council (lower map).

....................................................................................................................................................... 11
Figure 2: River Chico sampled for limnology work research.............ccccooiiiiiiiiiiniee 12
Figure 3: A Picture showing data collection for Physico-chemical parameters.............cc.cccceee.e. 13
Figure 4: Picture showing sample collection for Nutrient parameters ...........cccccevvevvevesiiesnennens 13
Figure 5: Figure showing sample analysis at NaFIRRI, Jinja, Uganda.............ccccccoveveveiiennenns 14
Figure 6 : Temperature from the different sampling sites of Chico RiVer,.........cccccccoveniiinnnnnnn 15
Figure 7: DO from ChiCO RIVEI DY SITE ......oouiiiiiiieieeii e 16
Figure 8: PH from ChiCo RIVEI DY SItE ......cveiiieiiic e 16
Figure 9: Conductivity from Chico RIVEr DY SIte ........ccceciiiieiiie e 17
Figure 10: TDS from ChiCo RIVEIN DY SI.......cviiiiiiiiiieeeee e 17
Figure 11: TSS (mg/l) from Chico River for sSampling Site.........cccocoviiiiiniiiinicieee e 18
Figure 12: NH4 (mg/l) from Chico River for sampling Site ..........ccccvveviiiieie e 19
Figure 13: NO3 (mg/l) from Chico River for sampling Site ..........cccccvveiiiieiieeie e 20
Figure 14: PO4 (mg/l) from Chico River for sampling Sit€.........cccoceviiiiiniiiiieiee e 20

viii



TABLES

Table 1: Physicochemical (mean + SE) parameters from River ChiCo .........cccccovveviiiniicniennnnne 21
Table 2: DO (mean = SE) parameters from River ChiCO..........ccccovveiiiii i 21
Table 3: Temp (°C) (mean £ SE) parameters from River ChiCO .........ccccvvveviiieieece e, 21
Table 4: PH (mean + SE) parameters from River ChiCo ..........ccccovieiiiiniieni e 22
Table 5: Conductivity (mean + SE) parameters from River ChiCoO ..........cccoocvvviiencin e 22
Table 6: TDS (mean * SE) parameters from River ChiCo..........cccocveiviieiiveiiieceee e 23
Table 7: TSS mg/l (mean = SE) parameters from River ChiCo .........cccoccevvveviiiiieccr e, 23
Table 8: NH4 (mg/l) (mean £ SE) parameters from River ChiCO..........cccocvevviieiiieneiie e 23
Table 9: NO3 (mg/l) (mean £ SE) parameters from River ChiCO..........cccoceverienieeneiie e 24
Table 10: PO4 (mg/l) (mean + SE) parameters from River ChiCo ...........ccccccevvieiieic i, 24
Table 11: ANOVA TEST OF PHYSICAL PARAMETERS FOR ALL SITES.......ccccocvvvveinns 25
Table 12: ANOVA TEST OF NUTRIENT FOR ALL SITES ..o 25



ABSTRACT
A Study was undertaken on river Chico, in Buyengo town council in Jinja District in the areas

habited by Sugar cane plantation and was aimed at assessing the impact of sugar cane farming in
wetlands on water quality of river Chico, whose specific objectives were ;-(i) Determine the
physico chemical composition (i.e. temperature, dissolved oxygen, pH and electrical conductivity)
of the sugarcane plantation inflow and outflow. (ii)Determine the chemical composition (i.e.
Nitrates, Nitrites, soluble reactive phosphorus, total phosphorus and total suspended solids) of the
sugar cane farm in outflow and inflow. (iii) Evaluate the suitability of sugarcane, outflow water
quality for pond siting/ aquaculture production. Water samples were collected from the R.Chico
in three sampled sites for two months of December 2021 and January 2022. The Sites were
upstream, middle and downstream of the river and they were georeferenced. The physico were
collected by multi-probe meanwhile the nutrients were analyzed in the laboratory using a
spectrophotometer. The outputs showed, dissolved oxygen from Chico River was less, upstream
and was increasing as you could go down stream. This could have been, attributed by the person
who are, found brewing alcohol in some of the upstream sites of this river. Thus hindering the
oxygen levels in the water more especially when they were using this water placing hot gadgets
that could heat the water thus leading to low oxygen levels. Environment still green, water smelling
due to molasses discharge by Kakira Sugar Factory hence water was turbid. These effects cause a
change in PH, conductivity and total dissolved solids in the water both by site and by timeframe.
All the parameters were statistically significant with P-value of P<0.05 by site meanwhile by
timeframe only DO, PH, Temperature and not for Conductivity and Total dissolved solids. The
same applied to the nutrients. These effects could also affect the fisheries in this river. According
to the study undertaken on River Chico, | recommend that the wastes from Kakira, factory should,
be prohibited into this river to ensure that the aquatic biodiversity is conserved. Physico and
nutrient parameters play a big role in the aquatic biodiversity, therefore there is need to protect
River Chico to ensure biodiversity conservation and restorations including the fisheries, and
fertilizers used by Kakira factory in the sugar plantations could also be another causative in the

increased nutrient levels in these areas that need to observed and advise management.



CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

Globally, wetlands are important to providing ecosystem goods and services including flood
control, groundwater replenishment, wetland products e.g., wood for fuel, construction and craft
materials, food in form of vegetables and fruits etc., reservoir for biodiversity including fish and
wildlife and water purification among others (Mitsch and Gosselink, 2015; Mitsch et al., 2015).
Nevertheless, natural wetlands are presently under threat from a number of anthropogenic
activities. For instance, conversion of wetlands into arable land particularly for sugarcane farming

presents a major threat to these vital ecosystems (Mitsch et al., 2015).

The impacts of sugarcane farming arises from the fact that sugarcane is a monoculture crop that
requires wetland resources such as vast land use and requirement for large amounts of water for
growth. According to Sharma (2015), the crop requires 1,500-2,500 mm of rainfall/water to
complete the growth cycle, which results in 1500-3000 liters of water to produce a kilo of
sugarcane. This may have consequences on availability of water not only for supporting wetland
biota but also for domestic water use. Furthermore, sugarcane draws heavily from soil and thus,
necessitates corresponding replacement of nutrients. Consequently, in recent times, the use of
inorganic fertilizers and pesticides to improve sugar cane productivity has become more severe
(Kumari et al., 2020; Mitsch et al., 2015; Matavire, 2015). Sadly, long-term application of
inorganic fertilizers and pesticides on sugarcane farms results in deterioration of soil quality and
hence a decline in the overall productivity. Additionally, it contributes to the build-up of heavy
metals in soil and raising concern about crop production and possible impact on human health
(Kumari et al., 2014; Omwoma et al., 2014; Matavire, 2015). Most importantly, agricultural runoff
emanating from farms that heavily employ fertilizers and pesticides are potential non-point source
of pollutants especially nutrients (nitrogen and phosphorus), suspended solids, organic matter
(BOD and COD) (Xia et al., 2020).

Nonetheless, among the pollutants contained in agricultural runoff, nutrients particularly nitrogen
is of great concern due to its adverse impacts on both the environment and public health (Akpor
and Muchie, 2011). The use of nitrate-contaminated drinking water to prepare infants’ food is for
instance a known cause for infant methemoglobinemia (blue baby syndrome) (Knobeloch et al.,
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