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Population growth has resulted in drastic increase in demand for agricultural products for consumption
and also as raw materials for agro-based industries. Associated with this increased demand is the
application of agrochemicals to increase vyields. This study assessed the impact of agricultural
practices employed by farmers in the Tono catchment in the Upper East Region of Ghana on water
quality. The study involved a combination of surveys and laboratory analyses. Structured
guestionnaires were administered to farmers to determine the various agricultural practices employed
towards increasing crop yields as well as their knowledge on the environmental effects of these
practices among others. Laboratory analysis was performed to determine the levels of physicochemical
parameters of the reservoir water so as to ascertain its pollution level. The study showed that farmers
in the catchment used mechanized ploughs to till their lands and applied fertilizer and other
agrochemicals to increase yield. These practices potentially can pose serious threats on water quality
of the reservoir. Although the levels of all the parameters analyzed were within the WHO guideline
values, it is recommended that farmers within the area should be educated on proper application of
agrochemicals and farming practices in order to ensure that the quality of the water is maintained. In
particular, farming around the intake areas of the dam should be prohibited as this constitutes a major
source of sediment into the reservoir.

Key words: Agricultural practices, agrochemical usage, surface water quality.

INTRODUCTION

Agriculture comprises mainly farm lands of large and
small sizes where crops and animals are produced
individually or simultaneously. Even though farm sizes in
Ghana are small, the traditional method of farming has
also changed over time. These days, the time frame of
rotations has been reduced and farming has been

*Corresponding author. E-mail: amelvin@uds.edu.gh.

targeted on commercially productive crops. In addition,
agriculture has become more intensive with the
requirement for the use of heavy machinery, agricultural
inputs such as fertilizers, agrochemicals, and large
irrigation schemes. These practices that are carried out to
increase crop production can impact on water quality

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
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through the introduction of nutrients as a result of soil
tillage and application of fertilizer, and other
agrochemicals such as pesticides into the aquatic
ecosystems. Also, contamination from pathogenic
organisms in manure adhered to soil carried in run-offs
(FAO, 1995). In the literature, a range of pollutants from
non-point sources have increased to include visible
matter, suspended solids, oxygen-demanding materials,
nutrients, pathogenic microorganisms, heavy metals,
pesticides, and hydrocarbons (Adams et al., 2006). The
Eriksson et al. (2007)’s priority pollutant list includes the
most common water quality parameters such as organic
and suspended matter, nutrients, pH and heavy metals
such as, copper, cadmium ,nickel, lead, platinum |,
chromium and zinc, and polycyclic aromatic hydrocarbons
(PAHSs). A major source of these in surface water is from
agricultural inputs such as chemical fertilizers (Robinson
et al., 2007).

The impacts of agriculture on water quality depend on
both large and small scale factors. Large scale factors
such as landscape, topography, climate and parent
material have large impacts on farming areas. These
factors characterize the ecosystems and determine the
type of farming practices that are possible in the area.
Small scale factors such as land use change, pollution
and degradation can also impede on the quality of water
in a particular area. Tillage is mainly of three types- the
conventional tillage, conservation tillage and No-till.
Tillage of farmlands in all its types including digging,
stirring, and turning over is to make the soil loosed. Tilling
can be man-powered, draft animal-powered or
mechanized. Generally, fertilizer refers to any substance,
organic or inorganic, added to the soil or applied on the
leaves of plants to help increase the rate of growth.
Nitrogen, phosphorous and potassium are the main
elements required by plants for growth. Any substance
that supplies just one of the three principal macronutrients
is a straight fertilizer while mixed fertilizers are those
materials that supply more than one principal nutrient.
The elevated rate of fertilizers application as in quantity
and frequency usually overtakes the natural ability of the
soil to retain and change the nutrients and harmonizing
their availability with crop demands

After continuous tillage, the soil becomes hard just
below the depth of the tillage. This greatly affects soil
water drainage as soil compaction increases surface
runoff since less rainwater is permitted to percolate. This
can increase the risk of erosion, and in return leading to
loss of the surface soil and nutrients, and non-point
source pollution of aquatic ecosystems. Sediments from
surface and bank side erosion enter streams and rivers
and it is considered to be a major surface water pollutant
(Tebrigge and During, 1999; FAO, 1996). Precipitation
events in particular contribute to increased concentrations
of suspended matter in water bodies. Sediment deposition
also contributes to changes in channel formation and flow
characteristics. Also, suspended matter reduces the
amount of light that is able to penetrate inside the water;
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turbid water may impede feeding mechanisms and
respiration of large invertebrates and fish (Doeg and
Koehn, 1994; Wood and Armitage, 1997; Relyea et al.,
2000).

In addition, the oversaturation of soil with nutrients
allows precipitation to carry the extra nutrients into water
systems through runoff, and erosion. The eroding and
transport of soil particles and fine silt from farmlands into
aquatic ecosystems is a major cause of introduction of
nutrients from fertilizers applied on farm lands. Excessive
supply of inorganic nitrogen and phosphorus compounds
leads to elevated nitrification, high oxygen demand and
production of toxic un-ionized ammonia. The impact of
these nutrients on ponds, lakes, seas and oceans
includes enrichment of water courses, increased
nitrification, increased oxygen demand. Studies by the
UK government showed that pesticides concentrations
exceeded those allowable for drinking water in some
samples of river water and groundwater (White and
Hammond, 2009). Fish and other aquatic biota may be
harmed by pesticide contaminated water. Surface runoff
into rivers and streams can be highly lethal to aquatic life,
sometimes Killing all the fish in a particular stream.

The Tono dam promotes dry season production of food
crops (vegetables and cereals) and as a source of water
for livestock, and as such is very important to the people
of the Upper East region and the country as a whole. This
research sought to determine the various agricultural
practices carried out in the catchment area of the dam,
and to also assess the levels of physicochemical
parameters in the reservoir. The outcome of this project
will be useful to all stakeholders and also inform policy
making with regards to regulating agricultural activities
around the dam in order to ensure its sustainability.

MATERIALS AND METHODS
Study area

The study area (Tono watershed) lies in the Kassena-Nankana
District within the Guinea Savannah woodlands. The district falls
approximately between latitude 11° 10" and 10° 3" North and
longitude 1° West in the Upper East region of Ghana (Figure 1).
The climate of the Tono watershed is mainly characterized by the
dry and wet seasons, which are influenced by two air masses
namely the North-East trade winds and the South-Weterly (tropical
maritime). Day temperatures are as high as 42°C in March while
night temperatures reach a low of 18°C around December. The
Municipality observes the tropical maritime air mass between May
and October. The average annual rainfall is 950 mm (GSS, 2014).
The catchment is mainly covered by the Sahel and Sudan
Savannah types of vegetation consisting of open savannah with
fire-swept grassland interspersed with deciduous trees. However,
due to anthropogenic activities the woodland savannah has been
reduced to open lands with economic trees such as baobab,
acacia, sheanut and dawadawa which have been retained over
time. There are two main types of soil found within the watershed
namely groundwater laterite and savannah ochrosols. The drainage
system of the catchment area is constituted mainly around the
tributaries of the Sissili River, Asibelika, Afumbeli, Bukpegi and
Beeyi. A tributary of the Asibelika River (Tono River) is the one
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Figure 1. Map of the study area.

dammed to provide irrigation services to the municipality. The
topography is low-lying and undulating and consists of elevations
which range from 200 to 300 m (GSS, 2014).

Field reconnaissance survey

A preliminary field survey was conducted at the study area to
gather initial information about the dam. A survey was also done to
determine some of the general characteristics of the study area with
respect to the location of farmlands around the dam, and also to
interact with farmers in order to gather information towards the
questionnaire design. The research was conducted from Janaury,
2018 to May, 2018.

Survey

Structured questionnaires were administered to 193 farmers within
the catchment area of the Tono Dam in order to obtain information
on the various agricultural practices carried out on the farms in the
catchment area. The questionnaires helped to know some of the
economic and social factors that drive farmers to employ the
various agricultural practices. Additionally, the survey helped to
assess the knowledge of the farmers with regards to the following:
usage of agrochemicals, reading of labels on agrochemicals before
purchase and application, safe disposal of containers and residues
of agrochemicals, and general agricultural practices in the
catchment area of the dam. In determining the sample size, the

following mathematical formula was used: n= e (Puopiel,
2010) where n is the sample size, N is the population and a is the

Legend
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margin of error which in this study was chosen as 0.1 with
confidence interval of 90%.

Water sampling procedure

The dam was divided into 3 sections; A, B, C (Figure 2). Section A
represents the upstream portion of the dam where water enters
from the tributaries; Section B represents the midstream; and
Section C represents the area closer to the embankment wall.
Three samples were taken in duplicates from each section across
the length at approximately 100m apart as shown in Figure 2. In all,
18 samples were collected for analysis. This was to compare the
levels of the various parameters with distance from shore in order to
ascertain the impacts of anthropogenic activities on the quality of
water in the dam. Plastic bottles, each of 1.5 litre volume were used
as sample containers. Sample containers were thoroughly washed
with distilled water and then rinsed with water from the sampling
area before collecting the samples. The samples were taken at a
depth of not more than 1m from the surface of the water and stored
in an ice chest and transported to the laboratory for analysis.

Analytical methods

The samples were analyzed for the following physicochemical
parameters using standard methods (APHA, 1998): pH, electrical
conductivity, turbidity, total dissolved solids (TDS), ammonia (NH;-
N), nitrate (NOs-N) and phosphate (PO,-P). Measured values were
then compared with WHO (2017) water quality standards in order to
ascertain the level of pollution of the dam. A brief description of the
various methods is given as follows. Turbidity was determined with
DR LANGE LPG325 turbidity meter. Standard solution was used to
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Figure 2. Map of the Tono Dam showing the location of the sampling points.

calibrate the meter after which the probe was dipped into the
sample and the readings recorded. pH was measured using a pH
meter (WTW pH325). Standard solutions were prepared by
dissolving the standard pH buffer tablets in distilled water. An
indicator electrode (pH Electrode) in conjunction with a reference
electrode was first dipped in the standard solutions to confirm their
pH. The electrode was then rinsed with distilled water and dipped in
the sample to measure the pH value. Turbidity and pH
measurements were done on-site. Gravimetric method was applied
in the determination of Total Dissolved Solids, while electrical
conductivity was determined using the EC meter. This meter
measures the resistance offered by the aquatic system in between
two platinized electrodes. The instrument was standardized with
known values of conductance compared with a standard solution of
KCI. Nitrate determination was based on the principle of formation
of 5-nitrosalicylic acid complex under highly acidic conditions as
described by Adonadaga (2014). Determination of ammonium was
based on the formation of potassium iodide-amalgam. Five ml of
appropriately diluted sample was mixed with 200 pl of potassium
sodium tartrate solution and 200 pl Nessler's reagents and
thoroughly stirred. Samples were allowed to stand for five to eight
minutes leaving a golden yellow coloration, and then measured
photometrically at 425 nm with a UV/VIS spectrophotometer
(SHIMADZU UV-2459). Phosphorus was determined based on the
ascorbic acid method. This method relies on the fact that
orthophosphate reacts, in acid medium, with ammonium molybdate
and potassium antimonyl tartrate to form phosphomolybdic acid.
This is reduced by ascorbic acid to form highly coloured
molybdenum blue which can be measured in a spectrophotometer
at 880 nm wavelength.

RESULTS AND DISCUSSION
Survey

Of the total number of farmers interviewed, 43% of them
had some form of education, with the highest level being
Senior High School. In terms of farm size, the highest
was four acres representing 10%, an indication that most
of the farming activities were done on subsistence basis.
With regard to the number of visits per day, the highest
response (34.7%) was for three visits, and although
others visited more than three times a day, the
explanation was that the number of visits generally
depends on the stage of the crops and vegetables
planted. So at the early stages, the visits are more
frequent compared to when the plants have survived and
are now at the growing stage. The survey results also
showed that about 96% of the farmers apply
agrochemicals especially chemical fertilizers on their
farms. When asked why the preference for chemical
fertilizers instead of organic fertilizers, they responded
that the chemical fertilizers were readily available and
easy to apply. When asked the specific names of
agrochemicals they apply, most of them (78.2%) were
unable to mention any names. They explained that the
agrochemical dealers provided them with the specific
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Table 1. Levels of physicochemical parameters at the sampling points.

Parameter/Sample Al A2 A3 Bl B2 B3 C1 Cc2 C3 WHO (.2017)
gudelines
pH 8.54 8.14 8.04 8.23 8.46 8.23 8.53 8.18 8.27 6.5-8.5
TURBIDITY(NTU) 4.6 4.1 4.8 3.0 2.3 2.1 11 1.6 1.9 5
E.C (uS/cm) 88.9 79.8 79.7 80.1 79.5 79.5 79.4 81.7 79.5 1000
TDS (mg/L) 59.4 53.3 53.3 53.5 53.1 53.1 53.1 54.8 53.1 500
AMMONIA(mg/L) 0.875 0.846 0.898 1.046 2.373 1.070 0.865 0.979 0.927 15
NITRATE(mg/L) 1.135 1.485 1.609 1.451 0.955 1.428 1.225 1.564 1.00 10
PHOSPHATE(mg/L) 0.045 0.038 0.043 0.041 0.043 0.041 0.046 0.075 0.094 -
Table 2. Values of turbidity (NTU).
Upstream Midstream Downstream
Sample ID Al A2 A3 B1 B2 B3 C1 Cc2 C3
Reading (NTU) 4.6 4.1 4.8 3.0 2.3 2.1 1.1 1.6 1.9

chemicals based on the description of the problem on
their farms. In other words, the farmer needs to only tell
the agrochemical dealer that he has weeds on his maize
farm and the agrochemical dealer provides him with the
chemical for that purpose. When asked if they wear
protective gear during chemical application, 92.2% of
them responded in the affirmative, an indication of their
awareness of the potential health hazards associated
with the usage of these chemicals. However, an
inspection of the protective gears showed that nose mask
was the one mostly used.

Physicochemical analysis

Levels of all the measured physicochemical parameters
are shown in Table 1. Two measurements were made for
each parmeter and an average was calculated.

pH

The pH values ranged from 8.04 to 8.54, with sampling
point Al exceeding the WHO guideline upper limit of 8.5
(Table 1; Figure 3). Several factors, both natural and
anthropogenic, could account for these levels of pH in the
water samples. The process of photosynthesis by algae
and plants use of hydrogen, which could have also
contributed to this increased pH level (Lachhab et al.,
2014). All the samples collected at each point are
alkaline in nature. The observed changes may be due to
excessive fertilizer application in the farms in the
catchment area of the dam.

Turbidity

The turbidity values of the water samples ranged from 1.1

NTU to 4.6 NTU, with the highest turbidity value occurring
at sampling point Al (Table 2). However from the results
obtained, none of the water samples exceeded the WHO
recommended acceptable limit of 5.00 NTU. Results
obtained from the analyses show that turbidity decreases
as you move from the source (A) to the embankment wall
(C). The amount and size of suspended sediment is
dependent on water flow (Murphy, 2007). As the flow rate
decreases towards the embankment, there is more
sedimentation and hence less turbidity. Higher turbidity
values in samples closer to the source can be attributed
to the fact that runoff water coming with high flow rates
from farms contains much sediment, inorganic and
organic matter. It is thought that 75% of sediments
polluting water bodies are derived from farming (Collins
and Anthony, 2008). The sediments from farms may
contain clay, silt, organic and inorganic matter, plankton,
bacteria etc. (APHA, 1998). The dam also becomes
deeper as you move towards the embankment wall (C).
Most primary producers (plankton and bacteria) dwell in
the shallow parts of the ecosystem where nutrients are
abundant, hence making the deeper parts much clearer
than the shallow parts. High flow rates keep particles
suspended instead of settling to the bottom. In aquatic
ecosystems with naturally-occurring high flows, turbidity
can be high (Perlman, 2014). Anthropogenic activities are
also higher at the shallow parts contributing to high
turbidity.

Total dissolved solids

The Total Dissolved Solids (TDS) of the analyzed
samples ranged from 53.1 to 59.5 mg/L. TDS decreased
downstream from Al (Upstream) to C1 (Downstream).
The same also occurs on the other side, thus from A3
(Upstream) to C3 (Downstream) (Table 3). This can be
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Figure 3. pH values of the water samples.
Table 3. Values of TDS of the samples (mg/L).
UPSTREAM MIDSTREAM DOWNSTREAM
Sample ID Al A2 A3 B1 B2 B3 C1 c2 C3

Reading (mg/L) 59.4 53.3 53.3

535 53.1 53.1

53.1 548 53.1

attributed to the agricultural runoffs generated on both
shores finding its way to the dam carrying sediments,
nutrients and organic matter.

If the catchment is altered by agricultural activities such
as preparation of farmlands or other soil-disturbing use, it
can accelerate erosion and runoff, thereby increasing
TDS. Research has proven that during precipitation, 60-
96% of the suspended solids are from surface sources
rather than bank-side erosion and that sediments from
agricultural areas are ten times greater than forested
areas (Allan et al., 1997; Walling, 2005). None of the TDS
values recorded exceeded the WHO recommended limit
of 1000 mg/L .

Electrical conductivity

Electrical conductivity gives an account of all dissolved
ions in a solution. A sudden increase or decrease in
conductivity in a body of water can indicate pollution. The
mean conductivity of all the analyzed water samples
ranged from a low of 79.4 pS/cm to a high of 88.9 uS/cm

(Table 4). Agricultural runoff will increase conductivity
due to the additional chloride, phosphate and nitrate ions
(EPA, 2012). The WHO maximum permissible level for
electrical conductivity is 1000 uS/cm. For all the samples,
EC reduced from sampling point Al to sampling point C1,;
from area of low agricultural activities to area of high
anthropogenic activities and intense agricultural activities.
A similar trend was observed as one moved from A3 to
C3 (area of lesser anthropogenic activities and intense
agricultural activities). Conductivity is dependent on water
temperature and TDS (Talley, 2000). There was a
different situation from A2 to C2 where EC values
decreased from A2 to B2 but increased at C2. In general,
TDS is the sum of the cations and anions in water and
because EC depends on the overall ionic concentration in
water, it is often used as an index of the total dissolved
solids (TDS) carried by a stream.

Ammonia

The mean value of ammonia for the eighteen analyzed
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Table 4. Levels of electrical conductivity of the samples (uS/cm).

Upstream Midstream Downstream
Sample ID Al A2 A3 B1 B2 B3 C1 Cc2 C3
Reading (uS/cm) 88.9 79.8 79.7 80.1 79.5 79.5 79.4 81.7 79.5
Table 5. Ammonia concentration in the samples (mg/L).
Upstream Midstream Downstream
Sample ID Al A2 A3 Bl B2 B3 C1 c2 C3
Reading (mg/l) 0.875 0.846 0.898 1.046 2.373 1.070 0.865 0.979 0.927
Table 6. Nitrate concentration in the samples (mg/L).
Upstream Midstream Downstream
Sample ID Al A2 A3 B1 B2 B3 C1 c2 C3
Reading (mg/l) 1.135 1485 1.609 1451 0.955 1.428 1.225 1.103 1.00

samples ranged from 0.846 to 2.373 mg/L (Table 5).

Lower values (less than 1 mg/L) were recorded for
samples collected a few meters away from the shores
(Alto A3) and the embankment wall (C1 to C3). The
opposite happened at B which represents midstream
where the dam is much deeper. Unlike groundwater,
surface water nutrients concentrations can change
rapidly owing to surface runoff of fertilizer, uptake by
phytoplankton and denitrification by bacteria, (WHO,
2017). The sample B2 recorded the highest ammonia
value in the midstream section. However, ammonia
becomes more toxic with just a little increase in pH. All
samples were alkaline in nature, meaning they have
increased pH (7.19 to 8.76) and ammonia becomes more
toxic as the pH increases. In aquatic ecosystems,
ammonia exist in two forms, called total ammonia
nitrogen. These two forms are represented chemically as
NH," and NHs;. NH," is ionized ammonia as it has a
positive electrical charge; while NH; is termed un-ionized
ammonia as it has no charge. This difference is very
important because NHs; is more toxic to aquatic organism.
The odour threshold concentration level of ammonia in
water is approximatelyl.5 mg/L and a taste threshold of
35 mgl/litre has been proposed for the ammonium cation
(WHO, 2017). With regards to odour B2 exceeds the
threshold but none of the samples exceeds the taste
threshold.

Nitrate

The main source of nitrate is inorganic fertilizers. The
mean values of nitrate for the analyzed samples ranged

from 0.955 mg/L (B2) to 1.609 mg/L (A3) (Table 6). The
acceptable level of nitrate in water recommended by the
WHO is 10.0 mg/L. In surface water, nitrification and
denitrification may occur, depending on the temperature
and the pH. Nitrate values decreases as you move from
Al to A3 indicating concentration of nitrate in runoffs from
farms in A3 is higher than in Al.

In the UK, around 60% of nitrates in water bodies are
estimated to have farming origins (White and Hammond,
2009). Concentration levels of nitrate increase as you
move downstream from Al to Blwhere runoff is
generated directly from farmlands in Gia, a very active
farming community. Hence B1 recorded the highest
concentration of nitrate at the midstream (Table 6). The
uptake of nitrate by plants is accountable for most of the
nitrate reduction in surface water and the concentration of
nitrate may increase as the water moves towards the
extremities of the dam (AWWARF, 1995). From the
results, almost all the sample points closer the shores
recorded quiet significant figures. They receive runoff first
from farmlands because nitrogen levels increase with
increased use of nitrogen fertilizers (Stalnacke et al.,
2003). Samples collected at section A recorded quiet
high levels because they are closer to the shores where
runoff is high. When you move midstream B2 recorded
the highest value of nitrate than B1 and B3, as sample
point B1 is located right on the runoff generated from Gia
and moves towards the direction of B2. In some
occasions, an increase in rainfall is matched with an
increase in total nitrogen concentrations. Under UK
climatic conditions, peaks in nutrient flows and erosion
events can be observed during winter and early spring
when precipitation is high and there is little crop cover to
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Upstream Midstream Downstream
Sample ID Al A2 A3 B1 B2 B3 C1 C2 C3
Reading (mg/l) 0.045 0.038 0.043 0.041 0.043 0.041 0.046  0.075 0.094

take up mobilized nutrients. This is particularly evident in
the wet season. Reduction in precipitation is only partially
linked with a reduction in total nitrogen concentrations.
The samples recorded lower values as rainfall was not at
its peak.

Phosphate

The value of phosphate levels for the analyzed samples
ranged from 0.038 to 0.094 mg/L (Table 7). From Table
7, phosphate levels are higher at A1 and A3 compared to
A2 while for midstream they are higher at the center (B2)
compared to B1 and B3. Higher concentration levels
were recorded downstream where water exits the
reservoir through the spillway to the canals and
eventually to the farm. Flow paths differ between nutrient
species. Phosphates may enter aquatic ecosystems from
a range of sources, however with regards to the analyzed
samples runoff containing fertilizer and agrochemicals
from farmlands in the catchment and also washing of
clothes and auto-mobiles are major contributors to the
existence of phosphate in the dam. For example,
phosphorus transport occurs mainly adhered to soil
particles as overland flow (Defra, 2004; Hart et al., 2004).
Surface runoff carrying nutrients and sediments vary
seasonally and peaks are closely linked to precipitation.
Under UK climatic conditions, peaks in nutrient flows and
erosion events can be observed during winter and early
spring when precipitation is high and there is little
vegetative cover to take up dissolved nutrients. A
possible attribute for the low phosphate levels recorded in
the samples is the fact that rainfall was not at its peak in
the area during sample collection.

Conclusion

The effects of agricultural activities on the quality of
surface water in the Tono Dam was assessed in this
research. The survey results revealed that majority of the
farmers have not received any formal education and
cannot read safety guidelines on how to safely apply
agrochemicals. Results from the administered
guestionnaires revealed that although majority of the
farmers did not read application guidelines of the
agrochemicals. Additionally, laboratory analysis of
samples from upstream, midstream and downstream
indicated parameters such as turbidity, TDS and nutrient

levels have been impacted by these agricultural activities,
thereby deteriorating the general quality of the water. In
particular, upstream areas recorded very high levels of
TDS and conductivity while nutrients were high in the
downstream areas, although none of the areas exceeded
the WHO permissible guideline values. In order to
safeguard the quality of the dam, it is recommended that
farming activities should not be carried out at the intake
areas of the dam as this introduces a lot of sediment into
the reservoir. Also, at areas where farming activities are
permissible, such activities should be done a distance of
at least 50 meters away from the banks. Finally, farmers
within the catchment of the dam should have access to
agricultural extension farmers who will provide them with
knowledge on the proper application of agrochemicals.
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Partial Least Square-Structural Equation Modelling (PLS- SEM) technique was employed to evaluate the
mediating effects of effective decision making on water resource management policies and water
resource management frameworks in the design of water resource management ICT model for an
integrated water resource management of Lake Victoria Basin (LVB). Researchers took a gquantitative
approach using smart-PLS version 3. The sample size of 152 respondents was computed from a
population size of 245 persons across districts within LVB. This study received feedback from different
experts involved in the management of water resources in LVB. The findings of the study discovered
that water resource management policies and water resource management frameworks are significant
and had positive effects on the design of water resource management ICT model when subjected to a
mediation of effective decision making. The three exogenous latent constructs without mediation
wholesomely explained 39.1% of the variance (RZ) in the design of water resource management ICT
model and 41.4% under the influence of a mediation. This study confirmed that effective decision
making had a positive mediating effect in the relationship between the exogenous and endogenous
variables. These findings can support practitioners and water managers engaged in the management of
water resources in LVB and other water bodies elsewhere in the world.

Key words: ICT model, Lake Victoria Basin, PLS-SEM, integrated water resource management.

INTRODUCTION

The riparian countries that border Lake Victoria are
Uganda, Kenya, Tanzania, Rwanda and Burundi
(Odongtoo et al., 2018; Mongi et al., 2015). The lake
basin provides major natural resources that are heavily

utiized by its bordering countries for fishing,
transportation, tourism, water supply and waste disposal
among others (Dauglas et al., 2014; Linuma and Tenge,
2017).
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The regions have experienced a process of rapid
urbanization with intensive economic activities over the
years. These urbanization is at a rate of 3% per year,
which is causing land pressures, depletion of natural
resources and poor disposal of dangerous waste into the
lake (Bakibinge et al., 2011).

There have been some worries that some countries
within LVB are using the water resources without
consideration of sustainability (UNDP, 2007). This ideally
calls for better management mechanisms for water
resources in LVB. The challenges require innovative
responses, particularly in terms of policy strategies and
decision-making processes that enhance the capacity of
local people to adapt to new conditions (IPCC, 2007).
There must be a strong system that enforces by laws and
regulations that are harmonized nationally and regionally
(Okurut, 2010). In this case, it is necessary to employ an
effective water resource management ICT model that can
enhance communication, information sharing and
enforcement of laws in the management of water
resources in LVB (Odongtoo et al., 2019).

LVB needs an integrated water resource management
(IWRM) which is a process that helps in formulating and
implementing a shared vision, planning and management
strategies for sustainable water resources utilization
(Mongi et al., 2010). This is done with due consideration
of all spatial and temporal interdependencies among
natural processes and water uses. In order to support
planning and management decision, we need knowledge
in various discipline such as climatology, hydrology,
socioeconomic, environmental science and agro-science
from various stakeholders, so as to make critical
decisions that reflects shared vision for water resource
utilization. Public policy actors can develop consensus
and decide on shared vision strategies based on
information generated and communicated by decision
support systems (DSS) such as water resource
management ICT model (Mongi, et al., 2015).

IWRM has a global approach to promote the
coordinated development and management of water,
land and related resources in order to optimize socio-
economic welfare in an equitable manner without
compromising the sustainability of vital ecosystems
(Mwangi et al., 2014). It requires all stakeholders onboard
with strong linkages among them. This therefore calls for
a system that enhances coordination and management of
water resources. The National Water Policy in Uganda
was adopted in 1999 and sets the stage for WRM to
guide development efforts (Nsubuga et al., 2014). The
policy acknowledges the need for cooperation on trans
boundary WRM issues and promotes decentralization of
water management functions (Bakibinge et al., 2011). It
calls for a strategy for cooperation among riparian states
to agree on a common decision (Kunjuzwa et al., 2020).
The WRM ICT model will enhance cooperation among
stakeholders in the management of LVB.

PLS-SEM employs a good procedure to determine an
associations and causal relationships between variables

that are difficult to ascertain. It computes the path
coefficient to assess the validity of the constructs. PLS-
SEM is suitable for the analysis of quantitative data and it
employs a robust bootstrapping technique to calculate
the significance value of path coefficient (Shahid et al.,
2018). It is therefore necessary to apply PLS-SEM to test
the mediating effect of effective decision making in the
relationship among the variables in the design of water
resource management ICT model. The main reasons for
using PLS-SEM is based on the fact that it is a non-
normal data, formative measures, small sample size, and
focus on prediction as the most prevalent reasons (Hair
et al., 2012). There are some similar modelling software
like Amos to analyze data but requires bigger sample
size of at least 200 respondents, hence PLS-SEM is most
preferred in this study.

Objective

The objective of this study was to apply PLS-SEM to
evaluate the mediating effects of the effective decision
making on the relationship between water resource
management policies, water resource management
frameworks and water resource management ICT model
for an integrated water resource management of LVB.

MATERIALS AND METHODS

In order to evaluate the mediating effect of effective decision
making in the relationship between variables in the design of water
resource management ICT model, PLS-SEM was used. The
proposed model was analyzed in two different ways: First: The
model was analyzed before introducing the mediating variable and
the hypothesized path was calculated together with the R?. Second:
A structural model comprises of the relationships between the latent
variables was analyzed by calculating the hypothesized path and R?
when the mediating variable was introduced. The latent indicators
which were obtained from literature review was appropriately
grouped into four categories basing on the nature of the
measurements/constructs. These are; water resource management
policies, water resource management frameworks, effective
decision making and water resource management ICT model.

The three classified groups were called exogenous latent
constructs and the fourth group was called endogenous latent
construct. The conceptual model presenting the relationship
between the three exogenous latent constructs and endogenous
latent construct are as shown in Figure 1, which suggested that the
model was influenced by three major constructs.

Study hypotheses

Base on the objective of the research, the hypothesis were
formulated. Quantitative data to test the hypothesis was collected
from experts in water resource sectors and was subjected to Smart-
PLS test. Some of the hypothesis passed the test and was
accepted while others that failed the test was rejected as shown in
Tables 2 and 3. Hypothesis 1 (H;). Water resource management
policies is significant and positively related to Water Resource
Management ICT model. Hypothesis 2 (H.): Water resource
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Figure 1. Conceptual model.

management policies are significant and positively related to
effective decision making. Hypothesis 3 (Hs): Water resource
management frameworks are significant and positively related to
effective decision making. Hypothesis 4 (H,): Water resource
management frameworks are significant and positively related to
Water Resource Management ICT Model. Hypothesis 5 (Hs):
Effective decision making is significant and positively related to
water resource management ICT Model. The format of the Figure 1,
was adapted from Shahid et al. (2018).

Data collection

The data collection procedures involved three important steps. In
the first step, we obtained the preliminary information through
literature review of books, journal and conference materials. We
then conducted a pilot study to gain a better insight and
completeness to help modify the questionnaire. To ensure that we
get rid of all the errors, we carried out different screening to check
whether the data had problems of missing values, outliers and non-
normality. This helped us to correct the problems in the data, so as
to proceed with further process. The problem of missing values,
outliers and non-normality were totally corrected.

Finally, we conducted a questionnaire survey to obtain the
perception of respondents. Data collection was done in Buikwe,
Jinja, Mukono, Kampala and Wakiso districts in Uganda. The
above districts were chosen because they heavily depend on LVB
for their livelihood but at the same time so much affected by decline
in water resources due to harsh climatic condition that resulted from
human activities. Key stakeholders that were engaged in this study
included employees from: Lake Victoria Basin Commission, Lake
Victoria Fishery Organization, District Water Officers, District
Environment  Officers, District Forestry Officers, National
Environment Management Authority, Ministry of Water and
Environment, National and Regional policy making and
communication organs, Kakira Sugar Works, National Water and
Sewerage Corporation and Key Community Leaders. To calculate
the sample size, Slovin’s formulae was used.

Water resource management H
policies
H>
Effective Decision Hs
Making Water Resource
Management ICT
Model
A
Water resource management q
frameworks 4

N

n = ————
1 + Ne?

where n is the sample size, N is the population size and e is the
error margin. Population size of 245 was used with a degree of
confidence 95% and error margin of 5%, generating a sample size
of 152.

The questionnaire comprised of two sections. Section one
consist of the respondents’ personal information and section two
was categorized into four groups in accordance with the nature of
the factors/constructs: Water resource management ICT Model,
Water resource management policies (strategies and frameworks),
water resource management frameworks and effective decision
making. The survey method was adopted to test the hypotheses
proposed in this study. The questionnaires were self-administered
to different stakeholders having experience of more than 5 years in
water sectors including executives, managers, water engineers and
IT officers. During this four months of data collection, valuable
opinions from experts were incorporated in the model.

Data analysis

The hypothesized structural model in Figure 1 was analyzed using
structural equation modelling -Smart-Partial Least Square (PLS-
SEM) version 3. SEM has got many advantages as compared to
other hierarchical regression approach to mediational analyses.
Firstt SEM offers a better statistical tool to investigate latent
variables with multiple indicators. Second: There are high chances
of avoiding measurement errors in the model when examining
relationships among variables. This helped in controlling
complications from measurement errors and under estimation of
mediation effect. Third: SEM approach helps in reducing
complication of the model especially in a situation where more than
one mediator and dependent variable are simultaneously being
considered. Fourth: SEM sets a clear procedure that helps to
ensure that all relevant paths are included and tested in the model
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Table 1. Reliability and validity values.

Variable

Composite reliability Average variance extracted

Water Resource Management ICT Model 0.887 0.761

Water Resource Management Policies 0.850 0.740

Water Resource Management Frameworks 0.818 0.695

Effective Decision Making 0.831 0.714
(Cheung, 2008). The -capability of evaluating several latent Validity

constructs with various manifest variables and also being the best
technique for multivariate analysis makes a smart- PLS more
preferable in statistical analysis. Since our sample size was less
than 200 respondents, we decided to adopt the use of smart-PLS
that has capacity to analyze data of smaller sample size as
compared to other SEM software like Amos that requires sample
size of 200 respondents and above. Smart-PLS is commonly
applied in regression models, covariance models, correlation
model, path analysis and confirmatory factor analysis (Shahid et al.,
2018). In this study, the sample size was 152 and therefore justifies
the use of Smart-PLS. Smart-PLS has a two-step procedure that
involves the evaluation of the outer measurement model and
evaluation of the inner structural model (Henseler et al., 2009).

RESULTS AND DISCUSSION
Model testing
Reliability

Reliability refers to an assessment of degree of
consistency which  corresponds to the same
measurements of at least two different people (Hair et al.,
2011). It involves measuring internal consistency which
looks at the consistency among variables. The objective
of the reliability test is to ensure that the responses are
not too different over a period of time. The latent
indicators should be measuring the constructs with high
correlation for a good internal consistency. The
measurement of internal consistency using Cronbach
(1951) indicates that the reliability of about 0.70 and
above is acceptable (Nunnally and Bernstein, 1994). The
observed variables with an outer loading and a
composite reliability of at least 0.708 are acceptable and
should therefore be retained, while those with values
less than 0.708 should be dropped (Shahid et al., 2018).
However, indicators with weaker outer loadings are
sometimes retained on the basis of their contribution to
the content validity. As shown in the Table 1, the values
of composite reliability of all variables ranges between
0.818 and 0.887 which are greater than 0.70, hence
confirmed the degree of consistency which correspond to
the reliability of the variables in the measurements of
water resource management ICT model. Composite
Reliability (CR) values should be at least 0.7 to be used
for internal consistency evaluation in the construct
reliability.

After the reliability test, validity test needs to be carried
out. Validity is the extent to which measurement values
accurately represent the empirical concept. It is the
degree to which a measurement accurately represents
what it is supposed to be (Hair et al., 2011) . Validity
measures the constructs which came out of the
formulated concept of the study (Hair et al., 2010). To
establish a convergent validity on the construct, average
variance extracted (AVE) was used (Henseler et al.,
2009). It is the grand mean value of the squared loadings
of the indicators associated with the construct. It is
computed as the sum of the squared loadings divided by
the number of indicators. AVE value of at least 0.50
shows that the construct explains more than half of the
variance of its indicators and should be accepted (Hair et
al., 2011). The Fornell-Larcker criterion is a very good
approach for assessing discriminant validity. The square
root of the AVE of each construct should be higher than
its highest correlation with any other constructs.
Relevance of outer weights (T- Value > 1.645).

It compares the square root of AVE values with latent
variable correlations. The square root of each construct's
AVE should be greater than its highest correlation with
any other constructs for the findings to confirm the cross-
loadings assessment standards (Shahid et al., 2018).
This provides acceptable validation for the discriminant
validity of the model. As shown in Table 1, the average
variance extracted for all variables ranges between 0.695
and 0.761 which are all greater than 0.50 and the values
of composite reliability ranges between 0.818 and 0.887
which are all bigger than 0.7. Hence, it provides
acceptable validation for the discriminant validity of the
model.

Mediation test

The mediation testing procedures were carried out on
hypothesis by introducing the effective decision making
as a mediator variable. The bootstrapping approach
based on Partial Least Square Structural Equation
Modelling was used. This bootstrapping approach
ignores the assumptions of sampling distributions and
also enables the use of a small sample data (Hair et al.,
2011, 2013). Partial Least Square was used for both
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Beta Mean STDEV T Statistics P Values
Effective Decision Making == Water Resource Management ICT Model 0.302 0299 0.086 3.516 0.000
Integrated Water Resource Management Frameworks == Water Resource Management ICT Model  0.209 0.216  0.115 1.815 0.070
Water Resource Management Policies = Water Resource Management ICT Model 0.239 0236 0.116 2.065 0.039
Table 3. Mediated model.
Mediated model coefficients Beta Mean STDEV T Statistics p(Sig.)  Verdict
Effective Decision Making == Water Resource Management ICT Model 0.250 0.254 0.111 2.260 0.024  Significant
:\r/lwgegrr]agted Water Resource Management Frameworks =9 Effective Decision 0455 0448 0.072 6.289 0000  Significant
Integrated Water Resource Management Frameworks ==  Water Resource 0236 0242 0412 2113 0035  Significant
Management ICT Model
Water Resource Management Policies == Effective Decision Making 0.345 0.347 0.086 4.015 0.000  Significant
\I\//Ivgctjirl Resource Management Policies =% Water Resource Management ICT 0298 0278 0411 2690 0007  Significant
Specific indirect effects Beta Mean STDEV T Statistics p(Sig.)  Verdict
Integrated Water Resource Management Frameworks =  Effective Decision I
Making =% Water Resource Management ICT Model 0114 0.114 0053 2131 0033 Significant
Water Resource Management Policies ==  Effective Decision Making =—p> Not
Water Resource Management ICT Model 0.086  0.090 0049 1.7%5 0.080 Significant

prediction and variance based oriented modeling
technique. The procedure for carrying out a mediation
testing is two folds. First: Test whether the direct
relationship  between independent variables and
dependent variable without the mediator is significant
(Hair et al., 2014). Second: Test the model by introducing
the mediator variable to find out whether it is significant.

Unmediated model

The variables used to measure the unmediated model
are; water resource management policies, effective
decision making and integrated water resource
management frameworks. As shown in Figure 2, water
resource management policies has (B =0.239, p= 0.039).
P-value being less than 0.05, makes it significant and a
better determining factor to influence water resource
management ICT model. Consequently, effective
decision making has (B = 0.302, p= 0.000), p-values
being less than 0.05 makes it significant and positively
related to water resource management ICT model.
However, integrated water resource management
frameworks were also tested. The beta value was 0.209
and p-value was 0.070 (B = 0.209, p = 0.070). Since p-
value is greater than 0.05 (0.070>0.05), it is not
significant and thus not a better measure for water
resource management ICT model. The three exogenous

latent constructs (water resource management policies,
water resource management frameworks and effective
decision making) wholesomely explained 39.1% (R2
=0.391) of the variance in the design of an effective water
resource management ICT model.

Mediated model

Figure 3 shows a mediated model. The mediator variable
is the effective decision making. The variables that were
used to measure mediated model are; water resource
management policies, effective decision making and
integrated water resource management frameworks. The
test result shows that water resource management
policies had a path coefficient (B =0.298, p = 0.007).
Since p-value is less than 0.05, it is significant and
positively influenced the design of water resource
management ICT model. Effective decision making had a
path coefficient (B =0.250, p =0.024). Since p-value is
less than 0.05, it is significant and positively influenced
the design of water resource management ICT model.
Also, integrated water resource management frameworks
(B =0.236, p = 0.035) having a p-value less than 0.05, it is
significant and therefore positively related to the design of
the model. Also integrated water resource management
framework is significant and positively related to effective
decision making (B =0.455, p =0.000 < 0.05) and water
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Figure 2. Graphical representation of unmediated model.
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Figure 3. Graphical representation for a mediated model. Mediating effect of the effective

decision making on the relationship between water resource management policies and water
resource management ICT model.



resource management policies is significant and
positively related to effective decision making (8 = 0. 345,
p =0.000 <0.05) since all their p-values are less than
0.05.

Table 3 shows the specific indirect effect between
water resource management policies and water resource
management ICT model by introducing the effective
decision making as a mediator variable (3 = 0.086, p
=0.080 ). Since the p-values is greater than 0.05, it shows
that introducing the mediator variable has no significant
effect on the relationship between water resource
management policies and water resource management
ICT model.

Mediating effect of the effective decision making on the
relationship between water resource management
frameworks and water resource management ICT model

The test result shows that specific direct effect on
integrated water resource management frameworks is
significant and positively influenced water resource
management ICT model after the introduction of effective
decision making as a mediator variable (B = 0.114. p =
0.033). The two exogenous latent constructs (water
resource management policies, water resource
management frameworks) and a mediator variable gave
rise to R? = 0.414 which means that they wholesomely
explained 41.4% of the variance in the design of water
resource management ICT model.

Mediating effect of a mediator variable

In comparison, the two models (unmediated and
mediated) have two different values of the variances (RZ)
that explained the overall influence of latent variables
(exogenous) onto endogenous variables. The value R? of
unmediated model is 39.1% while R? of mediated model
is 41.4%. This shows an improvement of 2.3% which
implies that there was a positive mediating effect of
effective decision making on the two variables (water
resource management policies and water resource
management frameworks) in measuring a dependent
variable called water resource management ICT model.

Goodness-of-fit index (GOF)

Goodness of fit index is a way of verifying that the model
sufficiently explains the empirical data (Henseler and
Sarstedt, 2013). It is applied as an index for a complete
model fit. GOF values should lie between 0 and 1 where
0.1 (small), 0.25 (medium) and 0.36 (large) according to
the rating by the global validation of the path model
(Shahid et al., 2018). A good model fit shows that a
model is plausible. A model fit is calculated by using a
geometrical mean value of the average communality
(AVE) and the R® values. The equation is:
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2
_ \/AVE X R
GOF = >

From the calculation in Table 4, the GOF index for water
resource management ICT model was measured at
0.549 which shows that empirical data fits the model
satisfactorily and has a substantial predictive power.

Business benefit

In accordance with the complete analysis of unmediated
and mediated model, some of the hypotheses were
statistically significant and hence were accepted while
others failed the analysis and were rejected. The results
of this study support a richer and an accurate picture of
how important a mediator variable is, in improving the
overall influence of independent variables (exogenous)
on the dependent variable (endogenous). It is therefore
important to consider effective decision making as a
mediator variable in water resource management ICT
model for an integrated water resource management of
Lake Victoria Basin.

Limitation and constraints of the study

Researchers were not in position to visit all the countries
of the East African Community due to logistical
constraint.

Conclusion

The key contribution of this study was to apply PLS-SEM
to evaluate the mediating effect of the effective decision
making on the relationship between water resource
management policies, water resource management
frameworks and WRM ICT model for an IWRM of LVB.
Also, the study aimed to examine the fundamental issues
affecting constructs observed by water experts in LVB.
The results of the study revealed that water resource
management policies, water resource management
frameworks and effective decision making are significant
and positively related to the design of WRM ICT Model.
Also the study shows that WRM policies and WRM
frameworks had a significantly positive influence on the
effective decision making. The final SEM results revealed
that the overall variance R® of unmediated variable =
39.1% and R? for a mediated model is 41.9 % showing an
improvement of 2.3% on the variance that explained
water resource management ICT model. Therefore, water
resource managers should pay more attention on water
resource management policies, water resource
management frameworks and a mediator variable called
effective decision making during the design of water
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Table 4. Goodness of fit index calculation.

Variable Average variance extracted R’
Water resource management ICT model 0.761 0.414
Water resource management policies 0.740

Water resource management frameworks 0.695

Effective decision making 0.714

Average values 0.7275

AVE X R 0.3011

GOF 0.549

resource management ICT model for an integrated water
resource management in Lake Victoria Basin.

Recommendation

The study recommends special attention on water
resource management policies and water resource
management frameworks when designing water resource
management ICT model for an IWRM of LVB.
Furthermore, the study recommends introducing a
mediator variables in the design of the model since it
leads to improvement of the overall variance that
positively influence endogenous variable. Lastly, the
study recommends an introduction of effective decision
making as a mediator variable in the design of WRM ICT
model.

Future studies

Future studies may focus on analyzing the factors that
may affect utilization of water resource management ICT
model for an integrated water resource management of in
LVB.
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