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Abstract: Water quality plays a substantial role in maximizing fish productivity.
Despite the efforts made by government to improve fish production, there are
general complaints about small size of fish produced in aquaculture systems.
The study was conducted to assess the effect of water quality on aquaculture
productivity in Ibanda District. The specific objectives were to examine the sta-
tus of water quality parameters (Temperature, Turbidity, pH, Alkalinity, Am-
monia, Hardness, Carbon-dioxide and Iron) and assess their effect on fish pond
productivity. Using data from fish farmers and water samples taken from 25
restocked fish ponds in 10 sub-counties, the study revealed that out of the eight
water quality parameters examined, only four parameters namely; average tur-
bidity, alkalinity, hardness, Carbon-dioxide were within the acceptable ranges
while Ammonia, temperature, pH and Iron were slightly outside the recom-
mended ranges. The study also revealed that water quality parameters such as;
temperature, pH, Ammonia, Carbon-dioxide and Iron had a significant effect on
the weight and size for both tilapia and catfish. The study concluded that some
water quality parameters have a detrimental effect on fish farming. There is a
need for educating fish farmers on how to maintain water quality at suitable
levels in order to improve fish productivity in Ibanda district.

Keywords: Parameters; Temperature; Turbidity; pH; Alkalinity; Ammonia;
Hardness; Carbon-dioxide; Iron; Fish pond

1. Introduction

Aquaculture is “the farming of aquatic organisms including fish,
molluscs, crustaceans and aquatic plants [1]. Water quality refers to the
chemical, physical, biological and radiological characteristics of water
[2]. Water is a critical factor in the life of all aquatic species. Maintaining
water quality plays a substantial role in maximizing fisheries productiv-
ity [3]. It is essential that different water quality parameters are moni-
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tored and kept within the optimum range to sustain growth and survival
of fish [4]. In aquaculture, any characteristic of water that affects the
survival, reproduction, growth, or management of fish or other aquatic
creatures in any way is a water quality variable [5]. In all culture sys-
tems, fish performs its physiological activities such as breathing, excre-
tion of wastes, feeding, maintaining salt balance and reproduction in the
water medium. Accordingly, the overall performance of any aquaculture
system is partly determined by its water quality [6].

Globally, aquaculture has been in existence for millennia but only
started to contribute significantly to the global food supply and rural
livelihoods about 30 years ago [7]. Whereas aquaculture provided just
7% of fish for human consumption in 1974, this share increased to 26% in
1994 and 39% in 2004 [8]. By 2014, global seafood production had in-
creased to 167 million tones, almost entirely due to the growth of aqua-
culture, increasing at the rate of 7.7% per annum from 1985-2013 [8].
Total global aquaculture production increased by 4.5 percent from 105.46
million tones (live weight equivalent) in 2015 to a new high of 110.21
million tones in 2016, with total production valued at US$ 243.26 billion
[3].

Though there has been a tremendous increase in aquaculture pro-
duction, poor water quality has been reported to adversely affect global
aquaculture production by mainly affecting fish growth, production,
quality and profitability [9]. Aquaculture production has been reduced
by contaminated waters that impair development, growth, reproduction
or even cause mortality to the cultured fish species [10]. As a result,
global fish farmers have been obliged to manage water quality so as to
provide a relatively stress-free environment that meets the physical,
chemical and biological standards for the fish’s normal health and
growth [11].

In Africa, aquaculture production stands at around 1.74 million
tones less than 2% of global production. This is mostly produced in
Egypt (c. 1.1 million tones) with other major producers being Nigeria
(313,000 tones) and Uganda (111,000 tones). Almost half (43.6%) African
production is of Nile tilapia [12]. Other freshwater fish species such as
African catfish (11.9%) and common carp (10.5%) are also important
aquaculture products. Much of the tilapia and catfish are
semi-intensively produced, thus requiring additional feeding. There is
considerable impetus to develop aquaculture in Sub-Saharan Africa [13].
Lack of information on the basic requirements of an effective aquacul-
ture system by small-scale fish farmers has handicapped the orderly,
rapid development and high yield of the aquaculture industry in de-
veloping countries [14].

While the Sub-Saharan Africa region has numerous attributes such
as underutilized land and water resources, cheap labor, high demand for
fish and a favorable climate all year round, aquaculture production is
still not at its maximum [15]. Optimal production of fish in aquaculture
systems has frequently been curtailed by several factors among them
limited information on aquaculture set-up and poor information on
pond water quality requirements for optimal fish production [16].

In Uganda, aquaculture is considered as one of the most important
sources of animal protein production for meeting the increasing nutri-
tional demand for protein. Uganda produces up to 15,000tones of fish
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98 from aquaculture, including production from small-scale fish farmers,
99 emerging commercial fish farmers and stocked community water res-
100 ervoirs and minor lakes [17]. There are an estimated 20 000 ponds
101 throughout the country with an average surface area of 500 m? per fish-
102 pond.

103 According to the Department of Fisheries [4], there are two key
104 species cultured in Uganda (North African catfish and Nile tilapia) con-
105 tributing over 90 percent of the total aquaculture production in the
106 country. Because of the shortage of water resources, different sources of
107 water including springs, rain water, drainage and tapped water are
108 usually used in fish farming. These water sources have different physi-
109 cal, chemical and biological characteristics, which have effects on the
110 quality of water and cultured fish [4]. Given that the life and growth of
111 fish in aquaculture systems depend on water quality and feed con-
112 sumption, successful management of fish ponds therefore requires an
113 understanding of water quality, which is determined by abiotic factors
114 such as temperature, Dissolved Oxygen (DO), transparency, turbidity,
115 water color, carbon dioxide, pH, alkalinity, hardness, unionized ammo-
116 nia, nitrite, nitrate, primary productivity, plankton population among
117 others [5].

118 Ibanda District is endowed with numerous permanent streams and
119 swamps and experiences favorable climate which gives its high potential
120 for Aquaculture development. Currently there are about 36 fish farms in
121 Ibanda District with an estimated 86 fish ponds [4]. However, small size
122 of farmed fish produced in Ibanda District has been a major challenge to
123 aquaculture development in the area, demoralizing fish farmers and
124 other intending commercial entrepreneurs [11]. The government of
125 Uganda through agencies like Operation Wealth Creation (OWC) and
126 National Agricultural Advisory Services (NAADs) has made an effort to
127 support fish farming by providing fish fingerlings. However, fish farm-
128 ers continue to report slow growth and small size of fish stocked [4].

129 Studies done in other parts of Uganda have linked fish stunted-ness
130 and slow growth to changes in biophysical and chemical properties of
131 water such as temperature, dissolved Oxygen, transparency and turbid-
132 ity [18]. However, there is limited information on the cause of slow
133 growth and small size of fish stocked under National Agricultural Ad-
134 visory Services (NAADS) as no study has been done to assess the phe-
135 nomena in the context of Ibanda District.

136 Following the dearth in supporting literature, it remains unknown
137 whether there is a significant difference in the status of water quality
138 parameters (temperature, turbidity, pH, Alkalinity, Ammonia, Hard-
139 ness, Carbon dioxide and Iron levels) from optimal ranges in fish ponds
140 across Ibanda District. Likewise, it remains unknown whether there is a
141 significant effect of the status of water quality parameters (temperature,
142 turbidity, pH, Alkalinity, Ammonia, Hardness, Carbon dioxide and
143 Iron) on Aquaculture productivity (fish weight and size) in Ibanda Dis-
144 trict.

145 It is against this background that this study was set out to examine
146 the status and effect of water quality parameters (Temperature, Turbid-

147 ity, pH, Alkalinity, Ammonia, Hardness, Carbon oxide and Iron levels)
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148 on aquaculture productivity in 25 selected aquaculture systems in
149 Ibanda district. Aquaculture productivity was assessed in terms of size.
150 2. Materials and Methods

151 2.1. Study Area

152 The study was conducted across ten sub-counties of Ibanda District
153 including Nyamarebe, Ishongororo, Kijongo, Kikyenkye, Nyabuhikye,
154 Rukiri Keihangara, Bufunda, Bisheshe and Kagongo division (Figure 1).
155 The sub-counties were purposefully selected based on the location of fish
156 ponds stocked in the year 2019 under Production and Marketing Grant
157 (PMG), Agriculture Extension Grant (AEG) and Operation Wealth Crea-
158 tion (OWC) programs, all operating under the Ministry of Agriculture
159 Animal Industry and Fisheries (MAAIF).

N
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D

160

161 Figure 1: Map of Ibanda District showing the study area

162 Source: Uganda Bureau of Statistics [33].

163 2.2. Research Design

164 A descriptive cross-sectional survey engaging both qualitative and
165 quantitative approaches was used to gather and analyze information
166 from restocked fish ponds and key informants. The quantitative ap-
167 proach enabled exactness and clarity in the measurement of quantifiable
168 information while the qualitative approach enabled extensive and
169 deeper investigation into the phenomena. Data was gathered from
170 twenty-five (25) fish farms that had benefited from a restocking program
171 by agencies under Ministry of Agriculture, Animal Industry and Fisher-

172 ies (MAAIF) and Production and Marketing Grant (PMG).
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2.3. Sampling Techniques

Purposive sampling technique was employed in the selection of all
the 25 restocked ponds and farms. Total population sampling is a type of
purposive sampling technique where an entire population (i.e., the total
population) that has a particular set of characteristics (e.g., specific ex-
perience, knowledge, skills, exposure to an event, etc.) is examined. All
the 25 fish ponds restocked from 10 sub-counties constituted the sam-
pling frame.
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182 2.4. Data Collection Methods and Instruments
183 A structured interviewee administered questionnaire was used to
184 gather quantifiable information from ponds and their owners’. Oral in-
185 terviews using an interview guide were used to capture opinions and
186 views from different key informant categories. An observation checklist
187 in line with study aspects was also used to supplement the gathered
188 data. Water Testing Kit (WTK) and Fish Sampling tool were the main
189 methods used for testing and capturing data on water quality parame-
190 ters, weight and size of fish.
191 This was achieved through observations and testing water samples
192 taken from fish ponds. Weight and size of fish was determined using a
193 scooping net to capture more than 10 fish from 4-corners of each pond.
194 Using electronic balance, average fish weight (g) from each pond was
195 determined and a ruler calibrated in (cm) was used to measure average
196 total length of netted fish [19].
197 Eight(8) water quality parameters were tested namely; Turbidity
198 (Secchi disc depth in cm), Alkalinity (mg/L), Total Hardness (mg/L), Iron
199 (Fe) (mg/L), Carbondioxide (CO:) (mg/L), Ammonia (NHs) (mg/L),
200 temperature and water pH. On the other hand, fish productivity was
201 assessed in terms of weight and size of the tilapia and catfish respec-
202 tively. The relationship was tested at a 5% level of probability. These
203 parameters were determined using analytical methods as described in a
204 Laboratory Manual for the Examination of Water and Waste-Water by
205 National Water and Sewerage Cooperation, Uganda [20].
206 2.5. Data Analysis
207 The questionnaire was checked for completeness, coded and en-
208 tered into Microsoft EXCEL and then exported to Statistical Package for
209 Social Scientists (SPSS), Version 20 for cleaning and analysis. Data were
210 analyzed to generate descriptive and inferential statistics which aided in
211 presentation and interpretation of findings. The generated findings are
212 presented in statistical tables. The mean of each water quality parameter
213 tested was compared with the recommended optimal ranges which were
214 extracted from the literature review as presented below.
215 Table 1. Optimal range of water quality parameters in aquaculture systems.
S/N Parameter Optimal range stress Source
1 Temperature (°C) 28-32 <12,>35 [21]
2 Turbidity (cm) 30-80 <12,>80 [22]
3 CO2 (mg L-1) 5-8 >12 [12]
4 pH 6.5-8.5 <4>11  [23,24;25]
5 Alkalinity (mg L-1) 75-200 <20,>300 [9]
6 Hardness (mg L-1 30-180 <20,>300 [26]
7 Ammonia (mg L-1 0<0.05 >0.3 [27]
8 Fe (mg L-1) 0.1<0.2 >0.2 [28]
216

217
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218 3. Results
219 This section categorizes results in different sub-sections including
220 demographic characteristics of fish farmers, pond characteristics, type of
221 fish, status of water quality parameters and the effect of water quality
222 parameters on fish productivity.
223 3.1. Demographic Characteristics of Pond Owners
224 Table 2. Demographic characteristics of Pond Owners (n=25).
Variable Values Frequency  Percentage
Gender Male 22 88
Female 3 12
Min. Max. Mean + SD
Age in years 25 70 45.57 ¥13.359
Educational in years 5 13 10.60 £ 4.284
225 A total of 25 pond owners responded to the questionnaires indi-
226 cating their gender. The majority (88%) were male and 12% female. Mean
227 age of the respondents was 45 years with a minimum of 25 and maxi-
228 mum of 70 years. Average years in school were 10 with a minimum of 5
229 and a maximum of thirteen (13) years.
230 3.2. Pond Characteristics
231 Table 3. Pond information.
Variable Values  Frequency Percentage
Type of pond Earthen 22 88.0
Tank 2 8.0
Others 1 4.0
Min. Max. Mean *+ SD
Number of ponds owned 1 6 2.72+1.720
Pond size (m?) 80 1200 450.20 +420.585
Pond depth (m) 0.914 2.134 1.756 + 0.492
232
233 As shown in table 3, the majority (88%) of the respondents had
234 earthen ponds, 8% tank ponds and 4% other type of ponds. Average
235 number of ponds owned was 2 with a minimum of one pond and a
236 maximum of six (6). On average, ponds were measuring 450.2m? with the
237 smallest pond measuring 80m? and the biggest 1200m?2. Average pond
238 depth was 1.756m with the shallowest pond measuring 0.914m deep and
239 the deepest 2.13m.

240
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3.3. Type of Fish Cultured

Table 4. Type of fish cultured, weight at stocking and harvesting (n=25).

Variable Values Frequency Percentage
Type of fish cultured Tilapia 10 40.0
Catfish 15 60.0
Min. Max. Mean + SD
Weight at stocking(g) for catfish 5 5 5.00 +.000
Weight at stocking(g) for tilapia 3 3 3.00 +.000
Weight at harvest(g) for catfish ~ 265.0 567.0 397.740 + 94.2463
Weight at harvest (g) for tilapia ~ 101.0 183.0 136.550 + 31.7868

As shown in table 4, 60% of the respondents cultured Catfish and
40% Tilapia. Average weight of fish at stocking was 5 grams for catfish
and 3 grams for tilapia respectively. Average weight at harvest after
growing for 6months was 397.740 grams for catfish and 136.550 grams

for tilapia.

3.4. Status of Water Quality Parameters

Table 5. Mean of physical-chemical parameters of the fish ponds (n=25).

Water parameter N Min. Max. Mean £ SD
Turbidity (Secchi disc depth in 25 16.0 90.8  52.652+19.4436
cm)

Total Alkalinity (mg/L) 25 20 150 81.64 + 32.569
Total Hardness (mg/L) 25 20 110 66.40 +19.765
Iron (Fe) (mg/L) 25 025 415 21516 +.109258
CO2 (mg/L) 25 1.00 9.92 5.5116 +2.39041

NHs (mg/L) 25 18 2.49 .7916 + .55085

Temperature ( °C) 25 14 29 22.96 + 4.809

Water pH 25 4.9 7.5 6.148 + .7304

Results of the analysis for the mean physical-chemical parameters
across the 25 fish ponds is presented in table 5. Average turbidity (Secchi
disc depth in cm) across the ponds was (52.652 + 19.4436), alkalinity in
mg/L (81.64 + 32.569), hardness in mg/L (66.40 + 19.765), Iron in mg/L
(0.21516 + .109258), carbon dioxide in mg/L (5.5116 + 2.39041), NHs in
mg/L (0.7916 + .55085), temperature in °C (22.96 + 4.809) and water pH
(6.148 +.7304).

3.5. Effect of the Status of Water Quality Parameters on Fish Productivity

The results in table 6 presents a correlation matrix between water
quality parameters and fish productivity.

The results presented in table 6 show that Turbidity had a moderate
positive significant correlation with catfish weight (r =.579" p=.028) and
tilapia size (r =.553"p=.036). A change in turbidity led to a change in cat-
fish weight and tilapia size.
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Total alkalinity presented a moderate positive correlation with ti-
lapia size (r =.524"p=.040) and weight (r =.515**p=.046). A change in al-
kalinity was found to affect tilapia size and weight but had no effect on
catfish size and weight.

Water hardness presented a moderate positive significant correla-
tion with tilapia size (r =449 p=.046) and presented no correlation with
weight as well as size and weight of catfish.

Table 6. Correlations matrix of water quality parameters with fish weight and size.

Catfish Tilapia
Parameters Weight (g) Size (cm) Weight (g) Size (cm)
L . Pearson Correlation  .579" 220 276 553"
Turbidity (Secchi g ™1 iled) 028 215 220 036
disc depth in cm)
N 15 15 10 10
Total Alkalinity Pearson Correlation -.155 -.022 515 524"
Sig. (1-tailed) .290 469 .046 .040
(mg/L)
N 15 15 10 10
Pearson Correlation -.170 -.024 377 449"
Total Hardness g " 1 iled) 272 466 142 046
(mg/L)
N 15 15 10 10
Pearson Correlation -.389 -.336 -.075 -.264
Iron (Fe) (mg/L) Sig. (1-tailed) .049 110 419 .230
N 15 15 10 10
Pearson Correlation -.150 -.393 -.487 -.343
CO:2 (mg/L) Sig. (1-tailed) 297 .047 .041 166
N 15 15 10 10
Pearson Correlation -.449° -.493" .060 -.090
NHs (mg/L)  Sig. (1-tailed) .047 .031 435 402
N 15 15 10 10
Pearson Correlation 428" .352 .022 -.126
Temperature Sig. (1-tailed) .056 .099 476 .365
N 15 15 10 10
Pearson Correlation .203 177 .637 430
Water pH Sig. (1-tailed) 234 264 .024 107
N 15 15 10 10

Iron (Fe) had a negative imperfect significant correlation with cat-
fish weight (r =-.389p=.049). A unit change in Iron (Fe) negatively re-
duced catfish weight. Iron had no correlation with catfish size and tilapia
weight and size.

Carbon dioxide presented a negative moderate significant rela-
tionship with catfish size (r =-393 p=.047) and tilapia weight (r
=-.487p=.041). A unit change in Carbon dioxide in the water negatively
affected catfish size and tilapia weight. Carbon dioxide however had no
correlation with catfish weight and tilapia size.

NHslevels had a negative correlation with catfish weight (r =-.449*
p=-047) and size (r =-.493* p=.031). A change in NHs levels was found to
negatively affect catfish weight and size.

9 of 14
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Temperature had a positive moderate correlation with catfish
weight (r =.428*p=.056). A unit increment in temperature increased cat-
fish weight but had no effect on size (total length).

Water pH had a positive strong correlation with tilapia weight (r
=.637* p=.024). A change in water PH caused a change in tilapia weight
but had no effect on tilapia size.

Table 7. Regression output for water quality parameters effects on weight for
both tilapia and catfish.

WEIGHT SIZE
Tilapia Catfish Tilapia Catfish

Model Variables Coeff Sig. Coeff Sig. Coeff Sig. Coeff Sig.
(Constant) 59.656 .000  462.105 .151 15.478 .034 36.389 .048
Turbidity (Secchi disc depthincm) ~ .632  .595 148 929 026 514 -.002  .980
Total Alkalinity (mg/L) 281 721 -805 371 016 563 -.050  .295
1 Total Hardness (mg/L) -940 .690 111 927 -009 .899  .028  .658
Iron (Fe) (mg/L) -41.217 867  -285.433 .018 -1.292 .871 -11.147 .011
COz (mg/L) -4.386 .038 -7.704 .039 -029 959 -923 .048
NHs (mg/L) 1.685 978  -91.016 .017 -069 972 -5.021 .017
Temperature -4.801 474  16.545 .028 -159 465 746 044
Water pH 34.613 .003  -31.573 .588 969 .045 -957 752

Sample size 10 15 10 15
F value 4.781 .019=  3.247 .034° 4.959 .035= 3.317 .0372

R 0.928 0.901 9412 9032

R2 .862 812 885 816

Adjusted R -.242 562 -.037 570

a. Dependent Variable: Weight (g) at harvest

3.5.1 Effect of Water Quality Parameters on Weight

The F values of 4.781 and 3.247 for tilapia and catfish respectively
were significant at 5% for both models indicating that there was a sig-
nificant linear relationship between weight and all the independent
variables (water quality parameters) for tilapia and catfish in the study
ponds respectively. Variables like Iron, carbon dioxide, Ammonia, tem-
perature and water pH were significant at various levels. The estimated
coefficients for Iron, carbon dioxide, temperature and water pH were
negative portraying a negative effect on the weight for both tilapia and
catfish. The study revealed that a unit change in the levels of any of these
parameters in the pond led to a negative change in dependent variables.

Iron levels, carbon dioxide levels had a negative and a significant
effect on catfish weight at a 5% level of significance. An indication that
an increase in water Iron in the pond reduced catfish weight by 285g at
harvest.

Similarly, carbon dioxide and Ammonia levels had a negative but
significant effect on the weight for both tilapia and catfish at 5% signifi-
cance level. The model predicted that a unit increase in Carbon dioxide
in mg/L decreased fish weight at harvest by 4.4g and 7.7g for tilapia and
catfish respectively. A unit increase in ammonia levels (in mg/L) reduced
cat fish weight at harvest by 91g.

10 of 14
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317 Temperature and Water pH had a positive effect on catfish weight
318 at harvest at a 5% level of significance. A unit increase in water temper-
319 ature increased catfish weight 16.5g at harvest. Likewise, a unit increase
320 in water pH was found to increase tilapia weight by at harvest 34.6g.

321

322 3.5.2 Effect of Water Quality Parameters on slze

323 Regression output for fish size as a result of different water quality
324 parameters is presented in table 7. Of the eight water quality parameters
325 hypothesized, only five came out significant and these included; Iron,
326 COz, NHs, temperature and water pH.

327 The R?of .885 and .816 revealed that all the parameters included in
328 the model explained for 88% and 81% variation in the size for both ti-
329 lapia and catfish respectively. The F values of 4.959 and 3.317 for tilapia
330 and catfish were significant at 5% for both models.

331 Iron levels, carbon dioxide levels and ammonia levels (mg/L) had a
332 negative effect on catfish size at a 5% level of significance. A unit increase
333 in Iron levels in mg/L reduced catfish size by 11.1cm while a unit in-
334 crease in carbon dioxide levels in mg/L reduced catfish size at harvest by
335 923cm. Likewise, a unit increment in ammonia levels in water reduced
336 catfish size by 5cm at harvest.

337 Water temperature and water pH had a positive significant effect on
338 catfish size at a 5% level of significance. A unit increase in temperature
339 1°C increased catfish size by .746cm at harvest. Likewise, a unit increase
340 in water pH reduced tilapia size at harvest by .969 cm.

341 4. Discussion of Findings

342 The mean pond water turbidity observed in this study was slightly
343 above the optimal ranges for fish farming of 30-40cm recommended by
344 the World Fish Center [7]. However, the turbidity was within acceptable
345 ranges of 30-60cm and 30-80cm recommended by MAAIF Department
346 Fisheries Resources [4] and Emokaro ef al., [22] respectively. The re-
347 searcher observed that there was high plankton growth and suspended
348 clay particles in the fish ponds as evidenced by the greenish and milky
349 color of the pond water respectively and this might have contributed to
350 the pond water turbidity.

351 The mean alkalinity observed in this study was in agreement with
352 the findings of Kirya [9], who reported that alkalinity of 75-200 mg/l was
353 suitable for production of Tilapia and catfish in earthen ponds (table 1).
354 The alkalinity values in the study area were above 20mg/l reported to
355 support pond productivity by Mbugua [29] and Mwesigwa [11]. The
356 slightly high alkalinity values are attributed to the calcium carbonate
357 rich under lying rocks whose spring water is the main source of water
358 for fish ponds in Ibanda District. This alkalinity implies an adequate
359 water pH buffering capacity thus minimizing pH fluctuations.

360 Average water hardness observed across all the ponds studied was
361 under the normal range of 30-180 mg/1 (table 1). The findings are in line
362 with Kirya [9] who recommended total hardness of at least 20mg/1 with
363 the range of above 20mg/ and 30-180 mg/1 as optimal for culturing fish.
364 Mean pond water CO2 concentration in this study was within the
365 acceptable range of 5-8mg/l recommended by Mbugua [29]. It is also in
366 agreement with observations of Swann [30], who reported that tropical

367 fish can tolerate CO2 concentrations of 10 mg/1 provided DO concentra-
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368 tions are above 5mg/l. Carbon oxide (C02) concentration of 5 - 8mg/l were
369 recommended as essential for plankton photosynthesis while 12 — 15mg/1
370 and above 50mg/1 were sub-lethal and lethal to fishes respectively.

371 At the same time, the mean un-ionized ammonia among fish ponds
372 in this study was more than the optimal range of 0.02-0.05 mg/l recom-
373 mended for fish growth [12,27,29]. The concentration of ammonia was
374 higher than 0.6mg/l reported to kill fish at short exposure with damage
375 to gill and kidney cells upon chronic exposure [10]. According to Kausar
376 & Salim, 2017, 0.1 to 0.3 mg/1 are sub-lethal while 0.6 -2.0 mg/1 are lethal.
377 According to MAAIF [27], the maximum limit of ammonia concentration
378 for aquatic organisms was reported to be 0.1 mg/l. However, 0.2 mg/1
379 total un-ionised ammonia was reported as acceptable and un-ionized
380 ammonia of less than 0.05 mg/1 as safe for many tropical fish species [27].
381 The high concentration of ammonia in this study could be associated
382 with over feeding of the fish, irregular de-silting of ponds and nutrient
383 enrichment from agricultural fields (runoff)

384 Average water temperature observed in this study was below the
385 acceptable range of 28 - 32°C (table 1) as favorable for tropical fishes such
386 as tilapia and African catfish which are commonly cultured fish species
387 in Uganda [21]. The average water temperature recorded in this study
388 was also below the normal range of 30 - 35°C urged to be tolerable to fish
389 [31]. The low temperature observed in this study was attributed to the
390 cool climate in Ibanda District due to high altitude (1800m above sea
391 level) of the District characterized by mountainous terrain and numer-
392 ous swamps.

393 Average water pH observed across ponds in the study area was
394 slightly below the recommended acceptable range of 6.5 to 8.5 (table 1)
395 as suggested by Riche & Garling [16]. However, this result was in line
396 with Boyd [32] who reported the acceptable range for most fish to be
397 from pH 6 to pH 9. Based on the observed alkalinity (81.64 + 32.569), the
398 fluctuations’ in water pH are expected to be minimal thus supportive to
399 fish growth. Water pH could be raised using agricultural limestone
400 though it is an extra economic cost on the fish farmer.

401 The status of water quality parameters examined could have been
402 influenced by general agricultural practices in the water shed and spe-
403 cific farmer pond management practices such as the type and amount of
404 feed used, fertilizer applied and pond water replenishment frequency.
405 Regression results using multiple regression model revealed that all
406 the water quality parameters examined had different effects on fish
407 weight and size across the fish pond systems in the study area. For ex-
408 ample, Iron levels had a negative but significant effect on catfish weight
409 and size at a 5% level of significance. This implied that an increase in
410 water Iron reduced catfish weight and size by 285g and 11.1cm respec-
411 tively. It should be noted that fish may suffer from Iron compounds in
412 poorly oxygenated water with low pH where the Iron is present mostly
413 in the form of soluble compounds. Because the surface of the fish gills
414 tends to be alkaline, soluble bivalent Iron can be oxidized to insoluble
415 ferric compounds which cover gills lamellar and hinder respiration.
416 Hindering respiration may affect growth especially for tilapia. This
417 finding is comparable to findings by Riche & Garling [16] who found
418 that at a low temperature of the water and in the presence of Iron,

419 Iron-depositing bacteria multiply rapidly at the gills and further oxidize
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420 Iron compounds. Their filamentous colonies covering gills are generally
421 colorless, but the residue of Iron could give them brown color.

422 Carbon dioxide levels presented a negative but significant effect on
423 the weight of both tilapia and catfish at 5% significance level. A unit
424 change in carbon dioxide was predicated to decrease weight by 4.3g and
425 7.7g for tilapia and catfish at harvest respectively. Carbon dioxide fur-
426 ther presented a negative but significant effect on catfish size where by a
427 unit increase in carbon dioxide levels reduced catfish size by 0.923cm.
428 This finding is comparable to findings of Emokaro et al., [22] who stated
429 that carbon dioxide rarely causes direct toxicity to fish. Fish may suffo-
430 cate when CO: levels are high and appear unaffected when COz is low.
431 Ammonia presented a negative but significant effect on catfish
432 weight and size at a 5% level of significance. This implied that a unit in-
433 crease in ammonia levels of the pond led to a reduction in catfish weight
434 and size by 91g and 5cm respectively. Too much ammonia causes serious
435 problems in pond management. Ammonia in the range of > 0.1 mg/l
436 tends to cause gill damage in fish, destroy mucous producing mem-
437 branes, and cause sub-lethal effects like reduced growth, poor feed con-
438 version, and reduced disease resistance. Fish suffering from ammonia
439 toxicity typically stop eating and become lethargic. Several causes no-
440 ticed to increase total ammonia levels in ponds include; overfeeding fish,
441 uneaten food sinks to the bottom, decays and releases ammonia, in-
442 creasing the load on the nitrifying bacteria in the pond and filter. The
443 study findings are in agreement with Mbugua [29] who indicated that
444 ammonia is the primary excretory product of fishes, but if it is present in
445 high concentrations, it will slow growth rate.

446 Water temperature was found to have a positive significant effect
447 on catfish weight and size at a 5% level of significance. This implied that
448 a unit increase in temperature (1°C) increased catfish weight by 16.5g
449 and size by 0.746cm. Average temperature across the study ponds was
450 22.96 °C which was below most ponds’ temperature found in the tropical
451 environment. The low temperature in Ibanda District ponds is due to the
452 numerous swamps and mountainous nature of most parts of the study
453 area. The metabolic rate of fish is closely related to the water tempera-
454 ture. The study findings contradict with findings by Mbugua [29] who
455 asserted that the higher the water temperature, the greater the metabolic
456 rate. In a natural habitat, fish can easily tolerate the seasonal changes in
457 temperature that decreases in winter towards 0°C and increases in
458 summer to 20-30°C. In a pond, bottom water temperature remains
459 slightly lower than the surface water temperature which affects feeding
460 and growth.

461 Lastly water pH presented a positive significant effect on tilapia
462 weight and size at 5% significance level. A unit increase in water pH af-
463 fected tilapia weight by 34.6g and size by 0.969cm respectively. Fish have
464 an average blood pH of 7.4, so pond water with a pH close to this opti-
465 mum. An acceptable range would be 6.5 to 9.0. Fish can become stressed
466 in water with a pH ranging from 4.0 to 6.5 and 9.0 to 11.0. Fish growth is
467 limited in water pH less than 6.5, and reproduction ceases and fry can
468 die at pH less than 5.0. Pond water pH fluctuates throughout the day
469 due to photosynthesis and respiration by plants and vertebrates. Typi-
470 cally, pH is highest at dusk and lowest at dawn. This is because night

471 time respiration increases carbon dioxide concentrations that interact
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472 with water producing carbonic acid and lowering pH. This can limit the
473 ability of fish blood to carry oxygen. This study findings are in line with
474 Gan et al.,, [23] who revealed that the drastic fluctuation of pH would
475 cause stress to culture organisms. Normally, it should be maintained at
476 daily fluctuation within a range of 0.4 differences. Control of pH is es-
477 sential for minimizing ammonia and H2S toxicity in the culture systems.
478 Extremely high or low pH values cause damage to fish tissues, especially
479 the gills.

480 5. Conclusions

481 Based on the findings, the study made the following conclusions;
482 The mean values for water quality parameters (turbidity 52.652 +
483 19.4436, alkalinity 81.64 + 32.569, carbon dioxide 5.5116 + 2.39041, water
484 pH 6.148 + .7304) and hardness 66.40 + 19.765) across fish ponds in
485 Ibanda District were within the acceptable range for fish growth. How-
486 ever, the concentration of Iron (0.21516 + 0.109258) and NHs (0.7916 +
487 0.55085) were higher while water temperature (22.96 °C) was lower than
488 the recommended ranges.

489 The status of Iron, ammonia and carbon dioxide significantly sup-
490 pressed increase in catfish weight, while turbidity and temperature sig-
491 nificantly supported increase in catfish weight. Also the status of Iron,
492 carbon dioxide and ammonia significantly reduced total length of catfish
493 while temperature significantly supported increase in the total length of
494 catfish.

495 The status of carbon dioxide significantly suppressed increase in
496 tilapia weight. On the other hand, the status of alkalinity and pH signif-
497 icantly supported increase in tilapia weight, also turbidity, alkalinity,
498 hardness and pH supported increase in tilapia total length.

499 Increment in water Iron reduced catfish weight and size but had no
500 harm on tilapia. High carbon dioxide levels reduced catfish body weight
501 and size as well as the body weight of tilapia but had no effect on its
502 body size. Increase in Ammonia levels reduced catfish body weight and
503 size but had no effect on tilapia. A rise in water pH increased tilapia
504 body weight and size but had no effect on catfish. Increase in water
505 temperature positively supported increase in catfish body weight and
506 size but had no significant effect on tilapia.

507 6. Recommendations

508 The study recommended that the unsuitable water quality param-
509 eters especially Iron, ammonia carbon dioxide and pH may require
510 modification.

511 In order to improve productivity of catfish in aquaculture systems
512 in Ibanda District there is a need to reduce Iron, ammonia and carbon
513 dioxide levels in water

514 To remove Iron, simply aerate or spray water into the air using
515 water pumps’ pressure. Hold water in a settling basin, followed by a
516 slow rate sand filter of about two gallons per square foot per minute.
517 Also, aerated water may be passed over coarse contact media like stones
518 in a multilevel tray.

519 The media soon becomes coated with Iron hydroxide which pro-
520 motes catalytic precipitation of Iron from water. Iron can also be re-

521 moved from water using oxidation by Potassium Permanganate (KMO4)
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522 followed by filtration. This method can remove 100% Iron from water
523 and all the Iron residues will sit at the bottom of the tank.

524 Practices such as regular water change out, de-silting, stocking at
525 reasonable density, optimal fertilization and using good feeding prac-
526 tices that maximize the proportion of the feed consumed by fish can re-
527 duce ammonia. Also adding a source of organic matter such as chopped
528 hay or dry grass to intensive fish ponds can reduce NHs concentration.
529 Adding organic matter with a high concentration of carbon relative to
530 nitrogen promotes the fixation or immobilization of the ammonia dis-
531 solved in water. Incorporating ammonia with bacterial cells packages the
532 nitrogen into a particulate form that is not toxic to fish.

533 To improve performance of Tilapia, there is a need to reduce carbon
534 dioxide concentration in water and raise the pH through application of
535 agricultural lime. Lime can be applied to ponds during crises with low
536 dissolved oxygen to remove carbon dioxide and allow fish to use the
537 existing dissolved oxygen more efficiently

538 Acidic pond water can be treated with pH Adjuster to raise the pH
539 level. Also water change out is recommended if pH is particularly very
540 low. For ponds with fish, support them with a treatment of Stress Away
541 and Pond Guardian Salt to alleviate the stress factor of poor water qual-
542 ity.

543 With low mean temperature of 22.9 °C in Ibanda District, the re-
544 search recommends introduction of Carps which is an aquaculture fish
545 species that performs well in areas with low temperature.

546 Extension staff should conduct regular surveillance and monitoring
547 of changes in such parameters so as to recommend appropriate actions to
548 be taken and advise when water modifications may be highly required.
549 Fisheries Department should set up demonstrations to support
550 hands-on training of fish farmers in practices that improve water quality
551 in aquaculture systems.

552 7. Areas for Further Research

553 The study was limited to water quality parameters (Temperature,
554 Turbidity, pH, Alkalinity, Ammonia, Hardness, Carbon-dioxide and
555 Iron). However, there are other factors that affect aquaculture produc-
556 tion beyond the parameters studied in this study. Further research
557 should be conducted on the effects of other factors such as; feeding, pond
558 depth, pond shore conditions, pressure and water movements on aqua-
559 culture productivity within ponds in Ibanda district.

560 Supplementary Materials: The following are available online at
561 www.mdpi.com/xxx/s1.
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