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WELCOME

Achieving sustainable development requires the human resource with the right sustainability
knowledge and skills to respond to the challenges facing our world today. Governments, communities
and businesses are tackling the practical challenges that come with creating a sustainable future.
Innovation is a big part of overcoming these challenges, thinking differently and finding new ways to
reconcile the needs of people and businesses with those of our environment. Sustainable development is
now a mainstream agenda, with implications for every area of society. These areas include industry that
ensures that sustainability informs every aspect of its operations, from the environmental and social
impacts of product design, manufacturing, logistics, and waste management, to communicating with
shareholders, the workforce and consumers; governments and policy makers who create the
frameworks of innovation that ensures pro-sustainability changes; and Individuals who make better
choices about things like food sourcing and waste, energy use, transport and buying goods and services.

Academic institutions are argued to play a key role in educating future generations with the right
sustainability knowledge and skills. The SADC International Conference on Postgraduate Research for
Sustainable Development has been organized to provide a platform for academics, industry experts,
policy makers and all other stakeholders to share and debate on issues that relate to enhancing
postgraduate research for sustainable development.



Message from the Chair of SADC ICPRSD 2018

On behalf of the organizing committee, [ wish to welcome you to Gaborone, Botswana for the first SADC
International Conference on Postgraduate Research for Sustainable Development (SADCICPRD).

The conference was initiated by the Dean of School of Graduate Studies of the University of Botswana,
Professor George O. Anderson and the Director of Innovation and Graduate Studies of the North West
University, Mafikeng Campus, South Africa, Professor Useh Ufe and in collaboration with the Southern
African Development Community (SADC).

Achieving sustainable development requires the human resource with the right sustainability
knowledge and skills to respond to challenges facing the world today. Sustainable development is now a
mainstream agenda with implications for every area of society. Academic institutions are argued to play
akeyroleineducating future generations with theright sustainable knowledge and skills.

However, research outputs from institutions of higher learning in Africa are not translated into solutions
forindustrial and social needs, hence there is need to harmonize postgraduate research and its relevance
to societal needs. In this process of solving societal problems, postgraduate research should also create
employment and impart entrepreneurial skills to communities. This will create a pathway of
transparency knowledge from institution of higher learning to industries. In this way research will
stimulate growth and development which is relevant to developing countries of Africa and beyond .This
conference is therefore aimed at challenging the status quo of how and why research is conducted in our
Universities and the role of research in changing societies, creating employment opportunities and
addressing some of the United Nations 17 Sustainable Development Goals (SDG).

The SADC International Conference in Post Graduate Research for sustainable development has been

organized with the goal to provide the platform for academic industry expects, policy makers and all

other stakeholders to share and debate on issues that relate to enhancing postgraduate research for

sustainable development with respect to best practice relevant to countries in Southern African

Development Communities and to integrate and coordinate initiatives in graduate research. SADC

ICPRSD with its theme''Research management in Developing economies' has the following objectives.

» To provide regional platform for knowledge sharing and to integrate and coordinate initiatives in
graduateresearch.

» Tosupportcapacity development through collaborative research for sustainable development

» To raise awareness and mobilization for research support to a broad range of stakeholders with the
view of ensuring participation and ownership of interventions.

Ithank the participants, captains of industry, and invited speakers for their support for the success of the
conference. The reviewers are congratulated for their expert contributions. It is the authors who are
ultimately responsible for the quality of the presentations. | do thank the authors, co-authors and
presenters for their excellent papers and presentations. | invite you to participate in the second SADC
International Conference on Postgraduate Research for sustainable Development in 2020 in Gaborone,
Botswana.

Prof. George O. Anderson
SADCICPRSD 2018 Chair
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Preamble

Research is conducted to generate knowledge and this knowledge should be relevant to the needs of local
communities and impact lives. In Southern Africa most of the research output from institutions of higher
learning such as universities is not translated into solutions for industrial and social needs. Hence there is need
to harmonise postgraduate research and its relevance to societal needs. In the process of solving societal
problems, postgraduate research should also create employment and impart entrepreneurial skills to
communities. This will create a pathway of transferring knowledge from institutions of higher learning to
industries. In this way, research will stimulate growth and development which is relevant to developing
countries of Southern Africa and beyond. This conference therefore is aimed at challenging the status quo of
how and why research is conducted in our universities and the role of research in changing societies and
creating employmentand opportunities.

Sub - Themes of the (onfenence
%  Healthand Environment
% Science, Engineering and Technology/ Entrepreneurship

% ResearchinDeveloping Economies

Goal of the conference

The goal of the conference is to provide a platform for sharing information on Post Graduate Research with
regards to best practices relevant to countries in the Southern African Development Community (SADC). The
specific objectives of the conference are:

+ To provide a regional platform for knowledge sharing and to integrate and co-ordinate initiatives in
graduateresearch

» Tosupport capacity development through collaborative research for sustainable development

+ Toraise awareness and mobilisation for research support to a broad range of stakeholders with the view of
ensuring participationand ownership of interventions.
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Integrating Geophysical Methods to Decipher hydrogeological characteristics of a
Groundwater borehole site in the University of Botswana Gaborone Campus: Critical

Lessons Learnt

R.T. Ranganaia, 0. Taﬁlaa, G. Balesengb, B. Montshiwa®

aDepartment of Physics, CDepartment of Geology, University of Botswana, Private Bag
UB0704, Gaborone, Botswana.

bPoseidon Geophysics, P Bag X018, The Village, Gaborone, Botswana

Email: ranganai@mopipi.ub.bw

Abstract

The University of Botswana (UB) recently drilled three groundwater boreholes on its main campus in Gaborone as a way of
increasing its supply of water following the recent drought period affecting the southern parts of the country. Of the three
boreholes, only one located towards the university teaching hospital was equipped while the other two yielded below average to
none, equating to a low 33% success rate. The low yield borehole was chosen as a geophysics test-site for groundwater
exploration to hydrogeology and environmental geophysics students and was investigated to determine its hydrogeological
conditions. The main campus is located on the Gaborone granite complex which is generally considered to have poor groundwater
potential due to lack of primary porosity. Several geophysical methods targeting potential fractures and the weathered zone were
employed and jointly interpreted with the results indicating that the current site was indeed a poor location. Due to restricted space
for running extended geophysical surveys in the built up area, a 115m audiomagnetotellurics (AMT) line for groundwater
investigation up to depths of 300m was conducted and a ground magnetic profile of about the same length was conducted to
determine the best location of the borehole point which was determined to be at 35J 392751 7272304 UTM coordinates, about 15
m from its current location. The electromagnetic profiling technique proved unreliable due to several cultural noise sources.
A Vertical Electrical Sounding (VES) centred near the borehole and employing the Schlumberger array was conducted
based on the fact that water bearing zones exhibit low resistivities compared to the surrounding ground. The results
confirm the importance of a systematic geoscience approach to locate the best drilling site/location for a successful borehole.

Keywords
Audiomagnetotellurics (AMT), Dowsing, Gaborone granite, geophysics test-site, groundwater borehole,
magnetic profiling, porosity, Vertical Electrical Sounding (VES)

List of Abbreviations
AMT - Audio Magnetotelluric

BGl - Botswana Geoscience Institute DWA -
Department of Water Affairs GPS - Global positioning
system

HLEM — Horizontal Loop Electromagnetic

IGRF — International Geomagnetic Reference Field
TMI - Total Magnetic intensity

UB — University of Botswana

UTM - Universal Traverse Mercator

VES - Vertical Electrical Sounding



1. Introduction

Botswana is a generally water-stressed country and yet
water is an essential resource for sustaining economic
development in all sectors. Low rainfalls prevalent in the
country in the current climate have caused
depletion of surface water and a drive to develop
groundwater resources, with the southern parts being the
most affected. The recent water crises that hit the greater
Gaborone area in 2015 led to a massive groundwater
exploration with many registered boreholes by the
Department of Water Affairs (DWA) (Figure 1). In the
quest for adequate water supply, the University  of
Botswana  also  drilled three (3) emergency
boreholes on its main campus in Gaborone which has an
increasing student and staff population of over 20 000
people. Only one of those drilled boreholes has
been productive in terms of yielding underground water
and equipped thus far. Another has been said to be
potentially productive, but with very low yield while
the other borehole is said to be completely dry. This
equates to a very low 33% success rate. Little is
known about the exploration process which was used
in the siting of these boreholes; however due to the
failure of the two boreholes it is speculated that no
geophysical study was used to inform their location.

Groundwater development in crystalline basement
with low primary porosity calls for precise methods
due to its complex provenance. Of these three
boreholes, the one with low productivity (water
potential) and currently not equipped for use was

investigated for the purpose of this survey using
several geophysical methods. This borehole is located
in a built up environment adjacent to the students
residential block 480 on the far eastern part of the
campus with UTM coordinates 35J 392747, 7272291
which are indicated in the aerial photograph below
(Figure 2).The work was carried out as part of student
training in  modern  groundwater  exploration
incorporating the use of geophysical methods to help
locate potential water-bearing zones and select the best
drilling sites. These geophysical methods give an
insight into subsurface conditions therefore increasing
the chance of selecting an appropriate site for drilling.

The overall goal of this survey was to investigate the
hydrogeological nature at the borehole site and around
it, and determine if a different and most suitable site
for the borehole could have been chosen at that
location. The objective was to accurately locate the
potential of groundwater source; depth and quantity
using geophysical methods.

In this survey, the horizontal loop electromagnetic
(HLEM), audiomagnetotellurics (AMT), and magnetic
profiling techniques as well as the vertical electrical
resistivity sounding (VES) method were used on the
same traverse in an attempt to study the
hydrogeological conditions at and around the borehole
site. However, the electromagnetic profiling technique
proved unreliable due to several cultural noise sources
and the short profile length. The other results were
jointly evaluated and most reasonable interpretation
was made based on that.



GROUNDWATER POTENTIAL MAP OF GABORONE AND SURROUNDING AREAS
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Figure 1. Groundwater potential map of Gaborone and surrounding areas. The three UB boreholes are labelled with UTM

coordinates.
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Figure 2. Google Earth Aerial photograph of part of the Gaborone city showing the borehole locations (UB, main campus).



2. Background of the site

The University of Botswana main campus is located in
the capital city Gaborone which is in the South-east
district. The area under investigation is underlain by
various felsic rocks of the Gaborone granite complex
which has a low groundwater potential due to the
absence of a primary porosity in igneous rocks [1].
Groundwater may, however, occur in fracture and
weathered zones developed within the rock, hence the
geophysical methods were targeted to locate and
delineate these geological structures that influence the
movement and storage of water. Within the Gaborone
granite complex are the dolerite and Aplite dyke
intrusions as well as faults creating secondary porosity

[1].

The groundwater potential map obtained from the
DWA indicates that the Gaborone region lies within a
generally poor to fair potential with occasional to
regular recharge zone (Figure 1). The main aim of a
geophysical investigation in a hard rock region is to
solve different hydrogeological problems like depth of
water table, basement rock, thickness of weathered
zone/formation, structural and stratigraphic conditions
relevant to groundwater conditions, and permeability of
aquifers [e.g., 2].

The survey area has a relatively flat terrain with
seemingly no outcrops in a built up area on the campus
as shown in Figure 3, but some granite outcrops exist
towards the northeast of BH2 under investigation
(between BH2 and BHI). This would generally
preclude geomorphological methods to assist the
borehole siting [cf. 3], while several cultural features
(e.g., utilities) could cause logistical and noise
problems. From Remote Sensing and/or airphotos,
geomorphological features showing signs of high
potential of groundwater are usually identified as a
first step. These include fault systems and
accompanying valleys, which appear as dark lineation
due to increased soil moisture and vegetation density.

3. Geophysics Methodology and Data

The best possibility of finding groundwater in an area
with poor aquifers like the greater Gaborone area is to
locate open fractures or large dolerite dikes. Faults/
fractures can act as flow path for groundwater which
makes them an ideal target for a geophysical survey.
Geophysical methods which have become a vital tool
in groundwater exploration that were conducted
for this study included, first of all a desktop study and
processing of aeromagnetic data for survey design,
ground magnetics, AMT for shallow groundwater
detection, and VES resistivity.

Figure 3. A picture taken at the borehole (BH2) site
showing a seemingly flat survey area in a built up
environment and the general profile location (~8 m
from the borehole).

Accurate location and depth of a proposed drill site is
backed up by the use of several techniques to
meticulously test a point of interest. The procedure of
indirectly testing the hydrogeological properties of the
subsurface helps in inferring the porosity and the
degree of water saturation based on the relationship
with the ground electrical response.

Based on the general geology and hydrogeology
characteristics of the survey area, the expected
geophysical responses from the electrical methods
was average to high resistivity values because of a
ground of fair recharge and no visible faults
from the appended map provided by the DWA
(Figure 1). Identifying faults that might have not been
mapped before due to regional surveys with less
resolution would change the expected results to
observing very low resistivities associated with
groundwater potential in an area.

3.1 Aeromagnetic data processing

The initial preparation for the survey design was done
by simple processing and interpreting an acromagnetic
grid that sufficiently covers the survey area. The
motive on this initial step was to determine the general
orientation of structures that would help in setting
survey lines for other methods to run perpendicular to
those structures (see discussion).



Aeromagnetic data was obtained from the then
Geological Survey (now BGI) which was acquired
between December 1985 and January 1986 by
Geosurvey International GmbH using Scintrex Cesium
vapour magnetometer (of 0.01 nT sensitivity) mounted
in a tail stinger of a Titan Cessna aircraft. The survey
has North-South flight lines spaced 1 km apart with
E-W tie-lines 15 km apart, 150 m terrain clearance and
20 m sampling interval. The data were levelled and
gridded at 250 m spacing. The projection  method
for the grid and borehole coordinates used is
the UTM projection of Clark 1880 spheroid with a

central meridian of 26°E.

Figure 4 below is a map of the IGRF corrected total
magnetic intensity (nano Tesla; nT) at the borehole and
the surrounding area.

There are no major regional features of groundwater
importance observed on the map [cf 4; 2]. The greater
Gaborone area appears to lie on a moderate to low
magnetic zone compared to the surrounding, which is
marked by a conspicuous ENE-trending zone of high
intensities in the southwest corner of the map. Other
high magnetic signatures are apparent in the northwest
(with a NNE-trend) and northeast around Oodi (Figure
4). It was therefore decided to consider a smaller area
around the campus area windowed from the main grid
for further processing (Figures 4 and 5).
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survey area of Figure 5.

Figure 5 shown below was produced by applying
order vertical derivative to the windowed grid.
Derivatives (horizontal and/or vertical) are routinely

2nd used to map edges of anomalous bodies as they

remove or suppress the regional trends in the data. The
objective was to map the orientation of structures



within the area under investigation which would later
determine the traverse direction for other ground
methods.

The map shows that all the boreholes lie on a northeast
trending magnetic high derivative, with the best

yielding borehole (BH1) on the edge of this feature.
The anomaly source is not clear but could be a
subsurface dolerite sill. Incidentally, parts of this
campus area is the old Gaborone airport runway and
thus readings may be influenced by imported material.
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3.2 Audio Magnetotelluric (AMT) survey

AMT is a passive electrical resistivity technique that
uses the natural telluric currents and geomagnetic field
to create electrical depth section of the subsurface
from a few metres to hundreds of metres. The ratio of
orthogonal, horizontal electric and magnetic field
magnitudes (e.g. Ex and Hy) are measured in the
time/frequency domain and used to calculate the
resistivity structure of the Earth [5; 6]. At the receiver
site, a portable microprocessor controlled receiver
amplifies, filters, processes, and records the received
signals at individual stations. The measurements can
then be substituted in Cagniard’s scalar resistivity
formulae to derive the apparent resistivity [7]:

Scalar Re sistivity, Cxy = p, = % (Q@Qm) (1)

Depth 6 =503 \/%(m)

The resistivity can then be transformed into a 1D depth
inversion using the “skin depth” formulae noting that
the 1D slice is an artificial representation of the Earth.
Some important assumptions are made [7; §; 9]:

Ex
HY

()

1. In a 1D modelled Earth, the principal impedances
are equal.

2. The ground is horizontally layered, the media
homogeneous and isotropic



3. Ignore displacement current effect and do not
consider Ex and Hy between the n/4 phase angle.

Non-uniqueness in the inversion of electromagnetic
data is overcome by requiring that the model (a) fits
the data and (b) is as spatially smooth as possible. This
represents a statistical trade-off between fitting the
data and being spatially smooth.

The MT method is well suited for studying
complicated geological environments because the
electric and magnetic field transfer functions are
sensitive to vertical and horizontal variations in
resistivity [8]. [10] further point out that the depth of
investigation is dependent on the frequency used, with
low frequencies penetrating greater depths than high

Potential Differance (mV

=

g
Distance (5m station spacing)

frequencies. For hydrological investigations, AMT
data may provide critical information about geologic
structure, lithology, water table trends, and trends in
pore fluid salinity or contaminant [6; 11; 8]. This
method was conducted alongside the borehole with a
total line of 120m trending NE — SW using PQWT
TC300 AMT Receiver. In a hard rock environment
such as present, dykes, fractures and faults can be
precisely located [12]. The receiver wuses 40
frequencies to image depths to range of 300m at 5m
intervals which are central points of a 10m electrode
cable. The results of the survey are a profile plot of
potential difference for 24 stations as shown in Figure
6a. Station 12 from this survey corresponds with

borehole point which makes a perpendicular line of 8m

from survey line.

At

Figure 6a. AMT resistivity profiles showing frequency response plot of the 115m NE-SW line which was 8 m away from the
borehole. Note an error spike at station 22where the electrode was removed from the ground before the AMT receiver

completed taking the readings.

From Figure 6a, one can see data recorded by the
instrument at different frequencies. Areas of different
resistivity contrasts are clearly visible, with the first 50
meters of the profile at traverse stations 1 to 12
showing a zone of high resistivity values. The nature
of the anomaly indicates what might be a dolerite dyke
or sill. From the 13™ profile stations it’s a zone of low
resistivity which continues as low resistivity up to the
17" and shows slow, steady increase thereafter till the
end of the survey line. The water potential point is in

between where there is a contact of the hard rock with
the other rock unit and the zone of low resistivity
(stations 13 and 14). Ideally, the borehole is at 'V’
point of the frequency plot [12], either at station 13 or
15.The survey was done at many frequencies and it
shows that relatively high frequencies have more
definition and pick the shallow anomalies better than
relatively lower anomalies but are more susceptible to
noise than the lower frequency wave. The receiver
created a 2D section of the Earth apparent resistivity
down to a depth of 300 m (Figure 6b).
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Figure 6b. AMT resistivity 2D section of the 115m NE-SW line which was 8 m away from the borehole.

High resistivity zone/feature centred around station 5
and another less resistive from stations 19 to 24 (profile
end), like the frequency plot (Figure 6a). In this data
the areas of resistivity contrasts are clearly visible, and
the data shows contacts between different lithologies
where the water potential is between station 13 and 14
to a depth of about 120 meters. Bedrock at 90-100m
depth is interpreted to be the approximate maximum
drilling depth. The borehole at the site missed the
location by a few meters and drilled too dip (250 m).
In a hard-rock environment, the apparent resistivity
values 0.70-1.00 ohm-m are the ones which normally
show the response of the water resistivity [e.g., 12]
which is the case at the located point.

3.3 Ground magnetic profiling

Two Geotron magnetometers were used to collect
magnetic data as base and on a walk survey mode with
readings recorded every one second over a profile
length of 120m in a NE-SW line. Both the

magnetometer and the GPS time were synchronized to
allow for merging of field data to a specific point. A
magnetic survey is usually carried out with a base
station recording continuously the magnetic field
within an area to monitor the diurnal variation caused
by magnetic storms or flares. From the base readings
recorded during the survey, variations were negligible
showing a calm day and thus the readings are reliable.
Figure 4 below shows a profile that has start and end
UTM coordinates as 35J 0392690 7272260 and 35]
0392783 7272331 respectively, of the magnetic

survey.

On the ground magnetic survey, there is a gradual
increase in magnetic strength across the entire profile
(as expected from the traverse location on the
aeromagnetic map, Figure 4) with a high of about
28200 nT and a low of 27900 nT recorded. The
Borehole under investigation coincides with a
magnetic high at a distance of 64m from the beginning
of profile. Two low magnetic anomalies from the
declining background profile are identified that could
be associated with the presence of a fracture or an
opening in the subsurface.
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3.4 Vertical Electrical Sounding (VES)

VES is an active electrical resistivity method which
is based on the principles that the electrical potentials
(voltages) measured around a current carrying
electrode are affected by the electrical resistivities
of the underlying materials [13]. In this technique,
the purpose of the survey was to determine the
variation of resistivity in the study area with depth and
possibly delineate water bearing zones; layer
resistivities and their respective  thicknesses.  The
ABEM SAS 4000

Terrameter [14] was used to conduct a Schlumberger
array sounding on two different occasions to get point
information beneath the 35] 0392749 7272295central
point in proximity to the drilled borehole. A constant
current of 20mA was used with a sampling cycle of
30seconds. The vertical electrical soundings showed
the typical type H or HA resistivity curves; a three and
four layered case with a low resistivity layer
sandwiched between two high resistivity layers

(p1>p2<p3; p1>p2<p3<p4).

Results of the first survey (2017) were modelled using
IPI2Win software to determine the layer resistivities
and the corresponding thicknesses. The results of the
modelling are shown on the figure below, with the
curve matches shown on the top, while the estimated
layer resistivities (p), thickness (h) and depth from
surface (d) are shown on the table below the curves
(Figure 8a). There is an acceptable rms modelling error
of only ~ 4%.
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The modelling results show a 4-layer section (HA type
curve) below the VES point. The first layer is
interpreted to be the dry topsoil layer (0.3m thick), and
presumed to be without clay minerals because of the
relatively higher resistivity (118 Qm). The second
layer is interpreted to be unconsolidated sediment
material (p = 20Qm; h = 2.6m), extending into the
third layer of highly weathered granite material which
may contain a salty connate water or a certain amount
of clay minerals because of the very low resistivity
(p=4Qm; h = 2.6m). The aquifer is in the third layer
(p =740m; h 61.6m), with the water table
somewhere between 5.44m depth to 67m depth. Below
67m is the fresh Gaborone granite basement with very
high resistivity approaching 3000Qm.

For the second survey (2018), a layer model was
produced using RESIXP software for Windows from
Interpex and the results are illustrated in the figure
(Figure 8b). The VES geoelectric section/model shows
a 3 layer model at the central point that was
investigated with layer 1 which is about 1.5m thick
and ~40Qm, followed by a 6.5m thick layer of about 7
Qm and lastly an infinite layer of about 400 Qm
resistivity. This model predicts a shallow basement
and a very conductive overburden of 40 Qm. The
smooth rise in resistivity in basal rocks shows no
faulting or fracturing on the basement. The borehole
appears to have been sited on a weathered zone, and
not a fracture zone. This is a poor borehole drill point.
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Figure 8b. VES curve and geoelectric model adjacent to the borehole

Basing on the surrounding outcrops and the geology of
the area, one can infer that:

1. The top layer consists of unconsolidated and
unsaturated sediments (evident on the surface),

2. The second/middle layer comprises of saturated and
weathered granite judging by the granite outcrops
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located near the study area (presence of water
containing dissolved minerals within the weathered
rock leads to a decrease in resistivity), and

3. The third/bottom layer is the fresh granite (does not
contain water) which acts as the local basement or
bedrock (electrically resistive by nature).



4. Discussion

This study aims to wunderstand the subsurface
conditions of the area, determine the water potential
and understand why the borehole site was chosen.
Groundwater was expected to be found in the
weathered zone or the fractured bedrock in this area of
study. Thus, traversing allowed us to locate zones of
fracturing or contact zones, which are potential areas
for the storage of large quantities of groundwater.

4.1 Results Discussion

The borehole location plots on a highly magnetic
bull’s eye point. Within the same location, there is a
NE-SW trending lineament which could have
determined a NW-SE survey in order to traverse across
this structure but there were restrictions on surveying
in this direction. A discontinuous structure trending

NW-SE is also identified in the vicinity of the borehole
location hence allowing for the direction of survey that
was employed as an alternative with less disturbance
from the existing infrastructure; roads, car parking area
and the residential building. The high magnetic
intensity can be associated with the influence of a built
up area and or the underlying geology, most probably
dolerite sill [1]. On the ground magnetic survey, the
borehole under investigation coincides with a magnetic
high at a distance of 64m from the beginning of the
profile. Two low magnetic anomalies from the
declining background profile are identified that could
be associated with the presence of a fracture or
opening in the subsurface (Figure 9).

From the AMT depth section, there are two resistive

blocks that terminate between station 13 and 17.
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Figure 9. Joint interpretation of Magnetic profile and AMT 2D resistivity section.

A potential borehole site could be targeted at station 15 However, it is not possible to test the new point due to

which is 70m from the starting point, and also
coincides with a subtle magnetic low (Figure 9).
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financial constraints! The current borehole coincides
with station 12 which is not ideal based on this



method, and the magnetics. Based on the VES, the
borehole appears to have been sited on a weathered
zone only, and not a fracture zone. This is a poor
borehole drill point. Contrary to this, an ideal borehole
point in crystalline terrain should have resistivities in
the range of 50 — 150 Qm [15], and have associated
fractures.

The two vertical electrical soundings showed the
typical type H (3 layer) and HA (4 layer) resistivity
curves with the important weathered zone between 50

and 70 m deep. The AMT section suggests a depth of
90-100m, but this is considered an overestimate in
equation 1 where 503 is used as opposed to the value
of 356 used by other manufacturers like Zonge and
Phoenix (far field calculation in CSAMT) [9]. The
reported drilled depth of 250 m for all the boreholes
thus appears excessive and unnecessarily costly. A
reasonable maximum depth in this case would have
been around 120 m, allowing good penetration of the
(fractured?) basement.
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Figure 10. A schematic Map of the survey area (re-projected to UTM zone 35S). Note the position of the determined best

borehole location relative to current position (~15m apart).

It is also important to note that the longitudinal
conductance (S) or the aquifer protective capacity
(APC) of the overburden (APC S= h/p = h.
o = 0.003 to 0.580 mho; Table 1) at the site is very

low (o is the layer conductivity) to moderate. APC is
the ability of the overburden unit to impede and filter
surface leaching fluid
from entering into the aquiferous unit.
depicted by relatively

gives protection to

percolating ground
(pollutants)
Clayey overburden,which is
high longitudinal conductance,
the underlying
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aquifer. During the resistivity VES survey, there was
need to increase the current injected into the ground at
larger current electrode separations. Because of the
spatial constraints presented by the nearby car park and
residence block, the sounding could not be extended
further enough. This may have led to insufficient
mapping of the subsurface variation of
resistivity with depth, with the possibility of not
mapping the bedrock components sufficiently.



Table 1. Determined layer resistivity, thickness and aquifer protective capacity

Subsurface Layer Resistivity ((2m) Thickness (m) Longitudinal
Conductance (mho)
Surface soil/Overburden 40-118 0.33-1.50 0.003 —0.038
Weathered rock 7—40 1.5-6.50 0.038 - 0.128
Fractured rock 5-74 6.5-170 0.580 - 0.929
Bedrock 3000 | e e
20 48 Field (%)

Well 4838 Well 6064
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Figure 11. EMAC36 results and VES geological section, Modipane (see Figure 4)
https://www.kau.edu.sa/Files/0003035/Subjects/ EM(1).pdf (retrieved 9 July 2018)
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The importance of using several methods for
groundwater exploration, particularly in complex
crystalline basement, is also corroborated by results
from Modipane (Figure 11) and Mogoditshane, areas
east and west of the study area, respectively (Figure 4),
within the same Gaborone granite complex. In Figure
11, VES managed to outline the weathered zone with

the HLEM identifying the important fractures.

4.2 Critical Lessons Learnt

Several important lessons can be derived from the
whole exercise and we summarise four that we
consider critical ones below.

(i) Dowsing/Divining versus Geoscience

Despite the many merits of geophysics in groundwater
exploration not all groundwater investigations utilise
these tools, with varying methods being used to site
boreholes. Many still resort to the traditional methods
of water dowsing, geomorphological methods or even
random drilling. The traditional water dowsing
technique is particularly popular with individuals
mainly because of the cost factor. The theory
governing the technique is poorly understood and
many dry holes have been drilled after using this type
of survey. Commonly, the dowsing exploration
technique typically uses a “Y”’-shaped forked stick or
wire, a bottle of water, pendulums, or wire rods.
Scientifically, there are suggestions that dowsing
ability is related to changes in the Earth’s geomagnetic
field, similar to the principles of navigation applied by
whales and homing pigeons [16]. On the other hand,
geophysical techniques which depend on physical
contrast of rocks can be relied on as the theory and
interpretation techniques are readily available. The
other advantage of geophysical techniques is that they
can be compared in order to show if the anomalous
structure revealed by one method can be picked using
other methods to confirm its physical presence. The
results of this paper bear testimony to the effectiveness
of these methods. Further, the use of multiple methods
to explore for groundwater triangulates data and
overcomes the vulnerability to errors linked to a single
method.
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(i1) Integrated Downscaling/Focussing Approach

One of the objectives of this programme was
introducing an improved geophysical approach to
water exploration to hydrogeology students, and
adding to the knowledge of the hydrogeology of the
area. The methodological framework used and
recommended assumes a ‘top down’ (downscaling)
approach using airborne methods to identify the large
scale, dominant architecture of the subsurface for
selecting the most viable areas for more detailed
ground geophysics. Spatially exhaustive airborne data,
collected over large areas, can be used to identify
geological architecture and act as a guide to further,
more expensive, ground based studies [4; 2]. Research
in the last two decades has shown that the synergetic
use of AM/AEM and RS data within geographic
information systems (GIS) for regional structural
mapping before ground (geophysical) surveys are
undertaken results in significant borehole success rates
and increased yields. Further, at an initial ground
stage, this special approach involves the use of cost-
efficient geophysical techniques, such as the very low
frequency (VLF), electromagnetic and magnetic
profiling which can offer a relatively rapid coverage of
a wider area and locate potential targets [17; 2]. At a
second stage higher resolution but more costly two

dimensional (2-D) or three dimensional (3-D)
geophysical techniques, such as the VES/ERT
(electrical ~ resistivity = tomography) or  seismic

refraction, can be applied only in specific locations
helping the interpreter to pinpoint more accurately the
most suitable locations for positioning the hydro-wells
[17]. The complex internal structure of fractured linear
aquifers particularly calls for a detailed investigation
on the ground. This ‘top down’ (focussing) approach
offers an efficient way of characterizing the subsurface
over large spatial scales. By combining the
geophysical results with available hydrogeological and
geomorphological data, an optimal drilling site can be
established. For more accurate results, the various
methods must be analysed jointly whenever possible.

(iii) “Black-box” Geophysical Instrumentation

Geophysics involves theoretical session, field data
acquisition, data processing and interpretation. The
overriding goal of geophysics is to properly apply the
theory to the real (geological) world. In electrical
resistivity and electromagnetic methods, as in most



other geophysical methods, there is a gap between the
theory and the field data acquisition occasioned by the
sophisticated data collecting equipment whose
software are shrouded in secrecy. The modern
instruments are becoming less and less transparent
hence approaching a “black box”. The software is
hidden and cannot be altered. There is a tendency to
diminish understanding of the system. The users of
these  modern  commercial  equipments  feel
disconnected because experiments in the laboratory are
not adequately designed to expose them for what they
would encounter in the field and their professional
lives. This creates a gap between theories learnt in the
classroom and field measurements, as is the case with
the present largely automatic receivers (ABEM
SAS4000 and the PQWT TC300). The ABEM
SAS4000 (four channel) resistivity and IP instrument,
with integrated computer for control of data
acquisition process and storage of data offers cost-
effectiveness but the calculations are hidden. SAS
stands for Signal Averaging System — a method
whereby consecutive readings are taken automatically
and the results are averaged continuously (ABEM,
2010), making results more reliable than those
obtained using single-shot systems. Equally, the Audio
Magnetotelluric Receivers from PQWT automatically
creates 2D sections of the Earth's apparent resistivity
down to 150/300/500 meters depending on the model.
As a groundwater exploration aid, this meter is
excellent due to the fact that the inversion of the data is
done automatically in the field and areas of resistivity
contrasts are clearly wvisible. In a hard rock
environment such as present, dykes, fractures and
faults can be precisely located and in paleochannels
(e.g. NW Botswana) their extent can be determined.
However, for teaching purposes students require the
possibility to experiment with it and to understand
clearly the principles involved, unlike the present
“black box” set-up [e.g., 18; 19; 20]. According to [9],
for example, the academics are therefore quite rightly
wary as PQWT hide behind patents in the method they
are measuring Hy, which is assumed to be a response

determined constant.

The secrecy in the software of these patent measuring
equipments is a hindrance to understanding their
working principle in relation to the subsurface of the
Earth. It has become difficult, if not impossible, to
connect the physics principles with the computer
processed data. There is the need, therefore, to develop
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software and/or hardware versions of demonstrating
equipment for students’ use both in laboratory and the
field [e.g., 20]. We are currently addressing these
shortcomings [e.g., 21].

(iv) University-Government/Industry Collaboration

The survey is also an excellent example of training of
students in collaboration with relevant government
departments and industry (BGI, DWA, Poseidon
Geophysics), a true tripartite alliance. It is envisaged
that this will in future include geophysical borehole
logging and the drill logs, to confirm the geoelectric
layers, again in collaboration with industry as the
University does not have this equipment. Another
important point to note in this regard is the
consideration of the use of in-house expertise versus
out-sourcing of services, though this is presently
beyond the scope of this paper.

5. Conclusions

The low yield borehole investigated in this research
attracted a geophysical approach because there is no
scientific documentation and findings, with a reported
traditional water dowsing technique having been
employed. The overall goals of this programme
included training of students, introducing an improved
geophysical approach to water exploration, and adding
to the knowledge of the hydrogeology of the area. A
hierarchical, focussing approach to subsurface
measurement has been developed that begins with the
identification of dominant geological structure and
flow path identification and reduces in scale to focus
on areas of interest. Groundwater was expected to be
found in the weathered zone or the fractured bedrock
in this area of study. The aecromagnetic interpretation
shows that the dominant structural trend is northeast,
with the most promising fault structure just outside the
campus area. The buildings and infrastructure
unfortunately allowed the profile direction to be non-
perpendicular to the geological trend. However, the
traversing allowed us to locate zones of fracturing or
contact zones, while the VES determined the thickness
of weathered zone.

From the results, it can be concluded that the borehole
was located at a poor groundwater bearing source. This
is evident from the superimposed AMT and ground
magnetic profile at point 35J 392751 7272304 where
there exists a low resistivity or discontinuity at a point
that coincides with a subtle low magnetic anomaly
(Figure 9). Thus from all the methods conducted it can
be concluded that the best position for drilling



a borehole along the investigated profile is at station 15.
This site is about 15m from the current location
(Figure 10) and has the lowest apparent resistivity and
shows high water bearing potential. The existing
borehole was found to have been located in a highly
resistive location, of which explains why the borehole
was a failure. This study emphasises the need for
incorporating geophysical methods in groundwater
exploration as it is easy to miss high potential target
without in-depth insight into subsurface conditions.
Unfortunately, the new preferred point could not be
tested due to financial constraints.

The results confirm the importance of a systematic
geoscience approach to locate the best drilling
site/location for a successful borehole and reducing
costs. The incorporation of geophysics in groundwater
exploration also reduces costs and time spent as it
reduces if not eliminates the need for exploration
boreholes, with sound geophysical data drilling can
commence directly with the final production
boreholes. Geophysical equipment for teaching
purposes need to be ‘tuned’ to the applications as
much as possible rather than the automated
commercial “black boxes”.

This programme demonstrates that modern approaches
can result significantly ~improved overall
understanding of the geology and hydrogeology of a
given area that underpins water well drilling success
rates. It should also be noted that geophysical
techniques do not dispense with drilling, but rather
reduce its requirement to the best locations, and hence
lowering the overall cost of the groundwater
exploration project.

n
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Medicinal value of Hapargohytum procumbens in structural
remodeling of the myocardium
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ABSTRACT

Prevention of myocardial remodeling is a therapeutic measure during hypertension. This study focuses on the
use of Hapargophytum procumbens crude extract alongside captopril on myocardial hypertrophy during
experimental hypertension. The results of the study indicate that H. Procumbens has some antifibrosistic effects

to prevent myocardial hypertrophy during hypertension.
Keywords - Hapargohytum Procumbens, Myocardial, Hypertrophy, Captopril

I. INTRODUCTION

Hypertension has been found to be the
most valuable predictor of cardiovascular
diseases. Main characteristic ~feature of
hypertension is elevated vascular resistance
caused by dynamic changes and alterations of
the vascular geometry of arterioles and arteries.
Due to pressure overload, prolonged
hypertension is the common cause of
myocardial hypertrophy, ventricular dilation and
heart failure.

The relationship between hypertension and
ventricular hypertrophy leads to complications
which pose a challenge to re-evaluate the
existing antihypertensive therapy. A longside
their efficacy and safety, accompanying side
effects and cost effectiveness are major
considerations in selecting antihypertensive
drugs. An appropriate antihypertensive drug
should lower blood pressure as well as prevent
myocardial hypertrophy at minimal costs and
side effects.

In recent years, scientists have focused
their attention on the use and promotion of
indigenous knowledge in medical settings.
Amongst the traditional remedies known to
relieve  symptoms of hypertension  is
Harpagophytum procumbens (H.
procumbens)®. This study looks into the role of
Harpagophytum procumbens and its role in the
development of myocardial hypertrophy.

H. procumbens is a weedy perennial shrub
of the family Pedaleaceae, found in the sandy
soils of the western parts of South Africa,
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Kalahari Desert in Botswana, Namibia and
some parts of Madagascar. It is known to
contain  iridoid  glycosides,  harpagoside,
harpagide, procumbine, kaemferol, luteolin and
some acetylated phenolic glycosides. Its crude
extract is commonly wused for its anti-
inflammatory and analgesic properties.*

Il. OBJECTIVES
Prepare an aqueous extract of H. procumbens
secondary roots tubers
Determine the effect of H. procumbens crude
extract on the left ventricular blood pressure
parameters
Compare the effect of H. procumbens to that of
captopril on the plasma levels of angiotensin.
Determine collagen concentration on the left
ventricle
Determine the heart to body weight ratios

I11. MATERIALS AND METHOD

A crude extract of the secondary root tubers
was prepared in 100g batches of coarsely ground
tubers. The crude extract was air-dried at room
temperature and stored in a cool dry place before
dissolving in gelatin and warm water.

Drug Treatment was carried out for a
period of 24 weeks.

At the end of the experiment, animals
were anaethetised with a mixture of ketamine
and xylazine (1:3) at a 2ml/kg of the stock
solution.



Captopril was prepared in a similar
manner at a daily dosage of 15mg/kg/day.

A Spontaneously hypertensive Rat (SHR)
model was used along side its normotensive
counterpart Wistar Kyoto Rats (WKY) model.
Each of the two models was further divided
into 3 groups; Devil’s claw, captopril and
placebo.

Daily dosages of 100mg/kg/day for
Devil’s claw were given each animal in the
treatment group ad libitum.15mg/kg/day of
captopril

Placebo group was treated in a similar
manner excluding the drugs.

Placebo group was treated in a similar
manner excluding the drugs.

At the end of the experiment, animals
were anaesthetised with a mixture of
ketamine and xylazine (1:3) at 2ml/kg of the
stock solution.

At the end of the experiment, animals

N conrel
B Cantopr
- B~ procumbens

mmiHg

I Caoniral
B Caphoprl
B H. procumpens

SHR WEY

Figure 2. H procumbens and captoprl on TVEDP
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were anaesthetised with a mixture of
ketamine and xylazine (1:3) at 2ml/kg of the
stock solution.

Each animal was catheterised for direct
left ventricular systolic and left ventricular
end-diastolic pressure.

Radioimmunoassay was employed
using a commercial RIA kit to determine
plasma levels of Angiotensin Il in all the
groups.

Heart weight and body were recorded.

Total collagen was determined by
measurement of hydroxyproline levels
through  spectrophotometry  of  left

ventricular homogenate.
Statistical data were analysed using Student

T-test and presented as mean *SEM, taking
p<0.05 as significant.

IV.RESULTS
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Table 1: Collagen concentration by absorbance

Experimental | Control Captopril H. procumbens
groups
SHR (r=16) | 13.450+0202 |7.662=0.144"" 10.175£0.177"
WKY rats 9.997+0.220 | 7.606 = 0.0956 9.113 % 0.192™
(1=16)

V. DISCUSSION

The average left ventricular systolic and the
left ventricular end-diastolic pressure values
were significantly lowered in the treated groups
as compared to the control Figs 1 and 2.

However, the two treatments were not
significantly different from each other. The
high ventricular pressures are evidence of the
high filling pressures as vascular resistance
increases. The levels of the captopril treatment
were lower than those of the control. Given the
mode of action of the drug, this result is
expected

Although the Angll levels of H. procumbens
were significantly higher than those of the
captopril group, they were significantly lower
than those of the control. This could suggest
that part of the mechanism of H. procumbens
extract in counteracting myocardial fibrosis
may directly or indirectly involve Angiotensin
Il.

Although the effects of captopril in reducing
the heart to body weight ratios show a tendency
of being slightly higher than those of H.
procumbens, these differences were not
statistically significant.

The antifibrositic effects of H. procumbens
were further supported by the results from
collagen concentration which revealed lower
collagen content in the H. procumbens Table 1.
Angll has been associated with formation of
fibrous tissue resulting in collagen formation.1
Within the heart Angll stimulates cell growth,
hypertrophy, collagen accummulation and
subsequent heart failure (Chrysant, 1998)

VI. CONCLUSION
The results suggest that H. procumbens has

some antifibrositic effects that can prevent
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myocardial in

hypertension.
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ABSTRACT

Learning surgical skills is intensive and demanding and there is a need to invest in the utility of methods that
simplify or make it easier. The objective of this study is to find out whether there is a difference in the
satisfaction level and understanding between students taught using 3D-animations vs traditional teaching. This
is a randomised comparative study conducted at the university of Botswana over one-year period. Participants
were undergraduate medical students. They were randomly assigned to the 3D-animations group and traditional
teaching group. The animated procedures, pre- and post-tests and the survey were hosted on Moodle.
Independent-samples T-test was used to determine the significance of the difference in the understand levels of
the two groups. There were 45 fifth-year students who participated in 3 skills-illustrations and 45 third year
students who participated in 2 skills-illustrations, giving a total of 225 data points. 3D animations teaching was
associated with better understanding than traditional teaching (P< 0.001). Traditional teaching was given a
median rating of 5(Good) and mode of 4(Average) vs mode and median rating of 8(Excellent) for 3D
animations teaching on a scale of 1-10(worst — superb). However, the combination of the two teaching methods
was given a mode and median rating of 10(superb). All students recommended the adoption of the 3D
animations.Students have a better understanding and a higher satisfaction level when taught using 3D
animations. However, students considered using the two modalities in combination to be the best.

Keywords - 3D surgical skills animations, Computer simulated surgical illustrations, Multimedia surgical
skills illustrations, Three Dimensional surgical animations.

I. INTRODUCTION medical training and that this may appeal to the
Training of surgical procedures require teaching current generation of medical students. _
modalities which are elaborate and easy to _This research proposes that surgical skills
understand. The teaching modality should relay the illustrations using 3D animations availed on Moodle
details of the procedure in a way that closely pla_tformwould improve students’ understanding and

resembles real life scenarios anatomically. Motion satisfaction levels.

graphics in the form of 3D animations is potentially

such a modality. Such animations of surgical A. Background of Undergraduate Surgical Rotations
procedures can be availed to students through at Faculty of Medicine, University of Botswana
Learning management systems (LMS) such as

Moodle, to create a learner driven teaching platform. The faculty of medicine is a newly established
Moodle with its resources and activities (e.g. faculty which graduated its first cohort of
quizzes, survey, assignments, chats, gradebooks and undergraduate medical students in 2014. The
back-end database) would make surgical training, medical undergraduate program (MBBS) consists of
continuous assessment and student feedback more five years of training which are divided into two
effective. The end-product of such a design is an phases. Phase | curriculum is for covering
audio-visual virtual classroom of surgical procedure premedical sciences, followed by phase I
illustrations delivered to the student via Moodle. curriculum which is the clinical phase of
Once such a resource is developed and produced it undergraduate medical training. Phase | is covered
can be used over years without wear and tear during the first two years of training while phase Il
problems. It is the researcher’s opinion that low and is covered during the latter 3 years. Surgical
middle income countries need to harness the power specialty rotations occur during the phase Il
of organized Audio-visual virtual classrooms in curriculum. General surgery rotations occur in the
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third year (Surgery 1) and the fifth year of training
(Surgery 111). Teaching of surgical practical skills is
part of the curriculum and it is where the challenges
lie. We use plain models and text presentations as
our teaching aids for surgical skills teaching. We
currently do not have procedure-customised models
to illustrate principles and the details of each
procedure. Such models are expensive to acquire and
maintain. If acquired they ultimately need to be
replaced due to wear and tear during demonstrations.
The use of lectures and plain models devoid of
anatomical details to teach practical surgical skills is
referred to as traditional teaching methods in this
research. These challenges prompted the researchers
to propose 3D animation illustrations as an option
worth exploring. None of the departments in the
faculty of medicine use 3D animations as a teaching
method.

I1. METHODS

This is a one-year (May 2017-June 2018),
randomised comparative study which was conducted
at department of surgery, faculty of medicine,
university of Botswana. Participants (3rd and 5th
year students) voluntarily consented to participate.

They were randomly assigned to group A
(traditional teaching group) and B (3D-animations
teaching group). Traditional teaching method
involved teaching surgical skills using lectures and
demonstration on plain models; while 3Danimations
group watched illustrative videos produced from 3D
animations of the surgical skills. Five surgical skills
procedures, two from third year and three from fifth
year curriculum were selected.

We used 3D-animation software (3D Studio Max,
Maya and ZBrush 4R8) to create surgical skills
animations and adobe creative cloud package for
post-production processing to output the animations
as illustrative videos. These videos were hosted on a
Moodle platform of the university network and
access was controlled via logging in. Before any
intervention (traditional teaching and 3D animations
illustrations), students took a multiple choice pretest
and after intervention a post-test was taken. Students
also completed a survey in the form of feedback
questionnaire to assess level of their satisfaction.
The procedure animations, pre- & posttests and the
survey questionnaire were hosted on Moodle and
results captured on the back-end database.
Intercostal drain insertion, suprapubic catheter
insertion and central venous access were animated
for fifth year medical students and the two
procedures animated for third year students were
urethral  catheterization and nasogastric tube
insertion. Each procedure training occurred at a
different scheduled date with the sequence of
randomization, pretest, intervention, post-test and
survey repeated for each procedure. (Figure 1).
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A. Statistics

For both study groups the difference between the
post-test and pre-test score termed the impact score
was determined. The independent samples T-test
was used to determine the significance of the
difference between the impact scores of the two
groups. Descriptive statistics was used to describe
the survey feedback from the students. IBM SPSS
Statistics version 25 was used for data analysis.

TIMELINE
step1 [ | Traditional teaching || Randomisation to D J.immalmﬂs
group(A) || study groups ) | teaching group(B)
step2 B [ Pre-test (10mins) | Pre-test (10mins)
T ) E—
| Watch a video
step3 [ animation of the
skill (8 mins)
(Group A & 8 join s ¥ 2
step s [ ogither for c routine Post-test (10mins)

traditional teaching |

Tradition teaching '.n

Step 5/
session(60-90 mins) |
Group A

Step 6 | Post-test(10mins) |

Group &

L

Opinion survey questionnaire
completion on Moodle

Watch a video

Step 7| animation of the skill

Step Bj

Fig 1: The diagrammatic representation of the study
design

I11. RESULTS

Forty-five  third year medical students
participated in two procedures illustration giving 90
data points (45x2) and 45 fifth year medical students
participated in three procedure illustrations yielding
135 data points (45x3). The total data points at the
end of the study is 225 with 113 from the animation
group and 112 from the traditional teaching group.
This implies that there were 113 impact scores in the
animations group and 112 impact scores in the
traditional teaching wing. The pre- and post-test
were marked out of 10. The mean impact score in
the animation group was 3.1 and 15 in the
traditional teaching group. (Table 1).

Table 1: Descriptive statistics of the impact score for the
two study groups

Group Statistics

Std.

STUDY GROUP N Mean Deviation
IMPACT_SCORES 3D ANIMATION GROUP 113 3.1062 1.85820
TRADITIOMAL TEACHING 112 1.5174 1.69250

GROUP

Levene’s test for equality of variance confirmed
that the two study groups were similar and
homogenous enough to have their means of the
impact score compared meaningfully. (Table 2) To



determine whether the difference in the mean impact 150
scores of the two study groups is significant, we

used the independents samples T-test statistic. The

findings are that the animations group has a 100
significantly higher impact scores than the
traditional teaching group t (223) = 6.701, P< 0.001,
(M = 3.11; Control M = 1.51). (Table 2). This =
implies that students taught using 3D animations
have a better understanding than those taught using
traditional teaching method.
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Table 2: Independent samples T-test of impact scores of
the two groups
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Independent Samples Test Fig 4: Medical students’ rating of the combination of the
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At the end of each session a survey was conducted
to get feedback from the participants as well as
Fig 2: Medical students’ evaluation of the traditional determine their satisfaction levels with the two

teaching method teaching modalities. Students were asked to rate 3D
animation and traditional teaching methods on a
Linkert scale of 1-10 representing (worst —superb).
Students gave traditional teaching method a median
rating of 5(Good) and mode of 4(Average) vs
median and mode of 8(Excellent) for 3D animations
teaching method as shown on figure 2 and 3.
However, students gave the combination of the two
teaching methods a median rating and mode of
10(superb). (Figure 4)

Students were asked to choose their best method
of teaching among traditional teaching alone,
s animations teaching method alone and combination
§ : of the two teaching methods. No student chose
= traditional teaching alone and 12 times they chose
3D animations methods alone. However, 213 times
they chose the combination of the two teaching
modalities as their best way of teaching. (Figure 5)

Students were asked to choose as their
recommendation level for the adoption of 3D
animations teaching method from the following
options: not recommend, not sure, recommend and
highly recommend. No student opted for not

RANKING TRADITIONAL TEACHING METHOD

COUNT

m
e
=]
=
o
-1
<

RANKING ANIMATION TEACHING METHOD
Fig 3: Medical students’ rating of Animations teaching
method
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recommend or not sure. On 15 counts students
recommended the adoption of 3D animations
teaching method and on 210 counts student highly
recommended its adoption. (Figure 6)

250
200
£ 150
— ]
8
n
100 240
50
: o o
NOT NOT SURE RECOMMEND HIGHLY
RECOMMEND RECOMMEND

RECOMMENDATION LEVEL FOR H]Equ:i'lggﬂ OF 3D ANIMATIONS TEACHING

Fig 6: Recommendation levels for the adoption of
animations teaching method

IV. DISCUSSION

Motion graphics in the form of 3D animations
with its visual cues draw more attention and is a
good teaching tool with a potential role in surgical
skills training [1-9]. The literature suggests that there
is significant knowledge gain, shorter learning time,
and higher satisfactions levels when students are
taught using 3D animations vs traditional teaching
methods [1,2,4-6]. This is consistent with the
findings in our study in which the improvement in
the test score (impact score) was statistically
significant in the 3D animations group than in the
traditional teaching group (p < 0.001). The aspect of
shorter learning time was also evident in our study in
which the longest animation video was 8 minutes in
contrast to the traditional teaching method which
reached a maximum duration of 90 minutes. This
translates to students having a better understanding
and satisfactions levels as well as saving 91% of
their learning time when taught wusing 3D
animations. 3D animation has also been used to
enhance and annotate real surgical videos via
postproduction processing of the surgical videos [9].
Hence this 3D animations annotation technique
defines another dimension of 3D animation’s utility
in surgical skills training. Few studies have found no
difference in understanding levels of candidates who
had 3D animations teaching vs traditional method
teaching [10,11]. The design of some of this studies
may not best explain the impact of the teaching
methods in that they did not have a pre- and post-
intervention tests to measure an intervention
attributable impact score [10]. The latter design
seeks to isolate the baseline existing knowledge
before intervention from the post intervention
acquired new knowledge. Our study design sought to
eliminate this confounding factor in the results by
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using an impact score as a measure of understanding
level. Few studies however found no statistically
significant difference in test scores after accounting
for baseline/pre-test scores (P = 0.33) [11].

The medical students rated each of the teaching
methods on a scale of 1-10(worst - superb) and they
gave traditional teaching method a median rating of
5(Good) and mode of 4(Average) vs median and
mode rating of 8(Excellent) for 3D animations
teaching method. All students recommended the
adoption of 3D animations as a teaching method.
The higher satisfaction level with 3D animations
teaching method was expressed similarly in other
studies [12,13,14,15]. In one study, the difference in
students’ understanding levels from either of the
groups were not statistically significant, however
students expressed higher satisfaction levels with 3D
animations teaching method regardless [11]. This
may suggest that students preferred 3D animations
for other reasons and not necessarily that it improves
their understanding levels. There may be more to it
than questions we are asking.

In our study, students were further asked to choose
their best teaching method from three options:
traditional teaching alone, 3D animations alone or a
combination of the two teaching methods. On
213/225 counts students choose the combination of
the two teaching methods as their best choice of
teaching method as opposed to 12/225 for 3D
animations method alone. None of them choose
traditional teaching method alone. This suggest that
although student preferred 3D animations teaching
over traditional teaching method, there is something
they would not want to loose from the traditional
teaching method that is not found on the 3D
animations teaching method. Unfortunately, in our
survey design we did not ask the students to give
reasons for their choices hence we missed the
opportunity to find out the reason for their choices.
These findings suggest that 3D animations should
augment and not replace traditional teaching
methods, a finding reflected in a number of studies
[12,13,15].

Other studies measured knowledge retention and
improvement in skills development and found no
statistically significant difference between students
taught using either of the two teaching methods [14]
while other studies found to the contrary. [15] These
questions were not part of our study hence were not
addressed.

V. CONCLUSION

Students have a better understanding level and a
higher satisfaction level when taught using 3D
animations vs the traditional teaching method.
However, students considered using the two
modalities in combination to be the best way of
teaching. To help or inform how the augmentation of
the two teaching modalities should be structured for



a higher efficacy, a further study would be required
to find out why students unanimously preferred
teaching using a combination of the two teaching
methods. The cost effectiveness assessment and
ultimately validation of this teaching tool are
milestones to be achieved.
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Abstract

Flood recession farming locally known as molapo farming is an important livelihood activity for resource poor and vulnerable
riparian farming communities around the Okavango Delta. A good understanding of the weed species composition and diversity in
molapo farming is a pre-requisite for development of effective weed management strategies. Furthermore, it could help us
understand the ecology and potential threats of status of weeds in seasonal floodplains used as molapo farming areas. The study was
conducted in molapo farming areas in the villages of Shorobe, Makalamabedi and around Lake Ngami to determine the weed
species composition and diversity in molapo farming. A total of 36 fields were randomly selected by Microsoft excel random
number generator.Vegetation sampling was done using gradient oriented transects laid parallel to each other and spaced 20 m apart
from the lower to upper gradient in each molapo field. Weed species composition and diversity were then recorded in 1m? quadrats
placed along each transect at 10 m interval. The number of quadrats placed depended on the area of the fields. To determine weeds
species community composition, hierarchical cluster analysis was performed using Sorensen distance measure with flexible beta
linkage (B = -0.25). Indicator values for the weeds species were derived from indicator species analysis. Multi response permutation
procedure was used to test for the hypothesis of no significant difference between the groups of species communities. These
procedures were carried out in PC-ORD. Kruskal-Wallis test was used to test for statistically significant difference in species
diversity and evenness between the weed species communities. A total of 101 weeds species were enumerated and belonged to 24
different families. Weeds species communities determined were Cynodon dactylon-Bulbostylis hispidula, Sida cordifolia-
Corchorus tridens, Glinus oppositifolius-Heliotropium ovalifolium and Sida alba-abutilon angulatum. Pairwise comparison
suggested that there was a statistically significant difference between the species communities (p< 0.001) with a stronger separation
between Cynodon dactylon-Bulbostylis hispidula and Sida cordifolia-Corchorus tridens communities. There was no significant
difference in Shannon’s diversity index (p> 0.05) between the weed species communities. The distribution of species (species
evenness) across the communities was statistically significant (p< 0.05). Sida alba-abutilon angulatum community recorded the
highest median value (Md = 0.767) while Cynodon dactylon-Bulbostylis hispidula community recorded the lowest median value
(Md= 0.507) in comparison to other weed species communities. Flood recession farming fields were dominated by common weed
species which are also troublesome in dryland arable farming. Therefore weed control methods that are not detrimental to the delta
ecosystem through practices like conservation agriculture should be encouraged among the famers of this smallholder subsistence
farming practice.

Keywords
Community Composition, Diversity, Molapo farming, Weed species.
1991; Richter et al 2010).

In Botswana, flood recession farming, locally
1. Introduction called molapo farming is mostly practiced along the
fringes of the Okavango Delta (Figure 1). It is an
important land use and livelihood activity for the
rural poor and vulnerable riparian communities that
reside around the Okavango Delta (Motsumi et al
2012). Flooding in the Delta enhances ecosystem
services by supplying water and nutrients to support
the rich biodiversity (Ellery et al. 2003) and
household livelihoods in the Delta (Motsholapheko
et al. 2011). More importantly, annual flooding
naturally provides moisture and fertilise molapo
farms and as water starts to retreat in October
farmers start to plough and plant  crops
(Oosterbaan et al. 1987). Due to these favourable
environments, crops tend to produce better yields
compared with  dryland farming. For instance,
sorghum grain yield ranges from 1,800 to 2,900 kg

Flood recession farming is practiced around the
world where there are lakes, flood plains or
wetlands. In this farming system, crops are planted
in seasonally flooded floodplains or river banks
following receding water. Flood recession farming is
practiced in countries such as China and Malaysia
(Juraimi 2011), the Philippines (De Datta 1979),
Cambodia (Fox 1999) and Brazil (Shorr, 2000). In
Africa it is an old practice that dates back to at least
5000 years in the case of Egypt’s Nile valley
(Scudder 1991; Richter et al. 2010). Because of this
historical tradition, there is rich knowledge of
floodplain farming in West Africa especially along
the Niger, Sokoto, Rima, Senegal Rivers, the Sudd
Swamps of the Sudan, the Omo Valley in Ethiopia,

Tana River in Kenya, Rufiji River in Tanzania, the ha"L in molapo farming, whereas; under dry-land it
Zambezi and Lufira rivers in Zaire (Barrow, 1999). could be as low as 121 kg ha-1 (Bendsen 2002;
Furthermore, the presence of early-maturing and Arntzen 2005).

drought-resistant varieties of millet and sorghum Despite its potential to increase crop
suggests that  flood-recession cultivation was productivity, molapo farming has some challenges.
historically widespread on the continent (Scudder The challenges mainly associated with molapo
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farming are its reliance on flood duration and
inundated area. During years of high floods molapo
fields remain inundated for a long time and thus not
allow farmers to cultivate their crops (Oosterbaan et
al. 1987). Conversely, low floods may not inundate
molapo fields resulting in them being too dry for
cultivation of crops (Molefe et al. 2014). For
instance, high and prolonged floods made molapo
farming impossible in a period from 1974 to 1978
in the Xhwaa and Shorobe areas (Oosterbaan et al.
1987) and similarly in 2010 the Gomoti floods were
so high that most molapo farms remained inundated
throughout the planting season of 2010-11 and crop
cultivation was impossible (Mmopelwa et al
2011). On the other hand, Shorobe showed a
dramatic decrease in hectarage (area farmed) in
2010/2011 because much of the potential farming
areas remained inundated for the entire farming
season (Molefe et al. 2014). Low flooding can also
have an impact on the total hactrage farmed in
molapo farming. For example, in Xhobe as floods
decreases, farming hectrage also decreases while in
Shorobe molapo fields increase in low flood phase
(Molefe at al. 2014).

Figure 1: Molapo farming areas (green) in the
Okavango Delta. Adopted from VanderPost (2009).

Seasonal flooding of molapo fields does not only
promote crop growth but other plants also proliferate
under this favourable environment. Weedy species
in particular, grow vigorously in the nutrient rich
floodplain soils and are difficult to weed. As a result
molapo farming might have positive impact on weed
species composition and diversity. Weeds exhaust
scarce resources essential for crop growth and
present challenges to crop production (Sardan et al.
2017). they compete with crops for resources such
as light, nutrients and water (Horvath et al. 2018).
Also, weeds directly influence crop productivity
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through costs of labour, equipment and herbicides
(van der Meulen and Chauhan 2017). Therefore,
weedy conditions due to ineffective control
practices, crop yield losses due to weeds surpass that
of animal pests (arthropods, nematodes, rodents,
birds, slugs, and snails), pathogens (fungi and
bacteria), and viruses (Oerke 2006). Competition
between crops and weeds for limited resources is
responsible for reduction in crop biomass and grain
yield (Knezevic et al. 2001; Horvath et al. 2018). As
a result, high weed density and biomass result in
intense competition with crops and subsequently, a
significant reduction in crop yields (Blackshaw et al.
2002; Kristensen et al. 2008). For example, in small-
holder farming, yield losses in maize (Zea mays L.)
can be up to 99% (Fanadzo 2007).

Despite the threat of weeds to molapo farming,
no studies have been done on this theme. Previous
vegetation studies (Robertson et al. 2001; Capon
2005; Tsheboeng et al. 2014) which were limited to
seasonal floodplains demonstrated that flooding is
one of the drivers of species composition and
diversity. There is however, limited information
about species composition and diversity in molapo
farming. Such information is essential to develop a
sound weed management plan for molapo farmers.
Therefore, the present study was conducted to
determine the weed species composition and
diversity in molapo farming in the Okavango Delta.
This will yield valuable information necessary for
the development of sound weed management
program.

2. Materials and Methods

2.1 Study Sites

The study was conducted in the villages of
Shorobe, Makalamabedi and Lake Ngami (Fig.2). The
sites were chosen for their contrasting flooding
patterns. Shorobe is located in the eastern end of the
Okavango Delta and its administrative boundary is
1,078 km2 and lies 30 km east of Maun in Ngamiland
District. It has a human population of 1,031 (Statistics
Botswana 2011). Molapo fields are located in the
northwest of the village and are inundated by
Santantadibe and Gomoti Rivers and by backflow
from Thamalakane River. Normally this area
experiences the peak flood between August and
September. By end of October the flood begins to
recede. On the other hand, Lake Ngami occupies the
northeast part of shallow sedimentary basin bounded
to the southeast by a low escarpment of Karoo and
Ghanzi Formation rocks along an extension of the
Kunyere Fault (Reeves 1978). The maximum flood
peak is usually experienced on average in October. It
is situated 100 km South West of Maun. The lake is
surrounded by Toteng, Sehithwa, Bodibeng and
Bothatogo villages. The human population for these



villages are 902, 2 748, 778 and 555 respectively
(Statistics Botswana 2011). Finally, Makalamabedi
lies 83 km South East of Maun along the Boteti
River. The Boteti River is an ephemeral water way
which gets its flood waters from the Okavango delta
through  the Thamalakane River. It flows
southeasterly and discharges into Lake Xau. The
veterinary cordon fence that cuts through the village
divides the village into two districts. Makalamabedi
on the western side of the cordon fence lies on the
Ngamiland District with a human population of 1,010
while the Eastern side of the fence lies on the Central
district with a human population of 1,674 (Statistics
Botswana 2011).
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Figure 2: Map of the Okavango delta showing the study
sites of Shorobe, Makalamabedi and Lake Ngami.

2.2 Selection of study sites (Molapo fields)

Field visits were conducted to identify molapo
fields at the different study sites. This was done to
seek consent from farmers and gather information on
the tillage and cropping history, number of years the
field has been subjected to cultivation, flooding
pattern, method of cultivation and type of crops
planted over the years. Simple random sampling
(SRS) was then carried out using a random number
generator in MS Excel to draw 3 fields from each
strata or cultivation frequency. A total of 12 fields per
study site were selected with an overall total of 36
molapo fields (Fig. 3).
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Figure 3. A map showing distribution of sampled molapo
fields at Shorobe, Makalamabedi and Lake Ngami.

2.3 Vegetation Sampling

Vegetation was surveyed at the three sites from
March to the end of April 2016, when most plants
were in flowering for easy identification. Since fields
have a small hectarage a 50 m tape measure was used
as a line transect in each field. The line transects were
laid parallel to each other and spaced 20 m apart
(Morgan 1998) from the lower to upper gradient in
each molapo field. Weed species composition and
abundance were then recorded in 1m? quadrats placed
along each transect at 10 m interval (Morgan 1998).
Placement of transect and quadrats was through the
modified stratified sampling adopted from Gillison
and Brewer (1985) using gradient oriented transects.
Since molapo fields have small hectrage and
irregularly shape, the number of quadrats surveyed
differed from one site to the other. For instance, 93
quadrats were surveyed at Shorobe, 86 at
Makalamabedi and 74 at Lake Ngami. In each
quadrat, all species were identified and the number of
individuals was counted (without accounting for
vegetative reproduction). Unidentified plants were
mounted, pressed and taken to Peter Smith University
of Botswana Herbarium (PSUB) for identification.
The plant species were identified to species level
using the nomenclature followed by Germishuizen
and Meyer (2007).

3. Data Analysis

Agglomerative hierarchical cluster analysis was
used to group species. It was performed using
measure with flexible beta linkage; p = -0.25 in PC-



ORD 6 software (McCune and Mefford, 2011). This
was done by Clustering groups of species based on
the number of times they occur with each other in the
field quadrat data. Indicator Species Analysis
(Dufrene & Legendre, 1997) was used to calculate
indicator values for species in groups determined
from cluster analysis. Each group was named using
the weed species with the highest indicator value and
a significant p-value (p < 0.05). Multi response
permutation procedure (MRPP) was used in testing
the hypothesis of no difference between the groups of
species communities in molapo farming using the
Sorensen distance measure. The test statistic T was
calculated as: T= (Jobserved - oJexpected) /
s.devoexpected). This determines the separation
between weed species communities, with more
negative values indicating stronger separation. Within
group homogeneity is determined by the effect size or
chance-corrected within group agreement A=1-
(oobserved/oexpected). A =1 when all items are
identical ~ within  groups (8=0), A=0 when
heterogeneity within groups equals expectation by
chance, A<0 with more heterogeneity within groups
than expected by chance. Kruskal-Wallis test was
then wused to test for statistically significant
differences in species diversity between the species
communities and test the hypothesis that the
distribution of species evenness is the same across the
species communities.

4. Results
4.1 Number of weed species

A total of 101 weeds species were enumerated in
the entire flood recession area (Table 1). These
species belonged to 24 different families. The family
with the most species was Poaceae (Table 1). It
constituted 25 different species with density of
8064.82 individuals per hectare. This was followed
by the family Fabaceae comprising of 17 species with
species density of 1576.38 species per hectare.
Malvaceae had 9 species, while Cyperaceae had 8
species. Convolvulaceae and Amaranthaceae families
had 6 species in each. Majority of the families
enumerated had less than five species. Five (5)
species belonged to Asteraceae family. Tiliaceae and
Rubiaceae families had 3 species each. Only 2 species
were recorded in the Sterculiaceae, Solanaceae,
Polygonaceae and Molluginaceae families. Eleven
(112) families recorded 1 species in each.

4.2 Indicator Species Analysis

The number of weed species communities was
determined at 4 divisions where the p-value (p < .05)
was minimised (Fig. 4). The main weed species
communities identified were Cynodon dactylon-
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Bulbostylis  hispidula Sida cordifolia-Corchorus
tridens, Glinus oppositifolius-Heliotropium
ovalifolium and Sida alba-Abitulon angulatum (Fig.
5).

Table 1: Families of species showing the number of species
in each family and density of individual species.

Family Individual g;fjire
spp/Family (ha )
Poaceae 25 8064.82
fabaceae 17 1576.38
Malvaceae 9 15999.12
Cyperaceas 8 16279.64
Convolvulaceae 6 9005.27
Amaranthaceae 6 810.28
Asteraceae 5 7438.74
tiliaceae 3 22147.56
Rubiaceae 3 3188.41
Sterculiaceae 2 79.05
Solanaceae 2 118.58
Polygonaceae 2 237.16
Molluginaceas 2 4743.08
Verbenaceae 1 8063.24
Portulacaceae 1 1146.24
Nyctaginaceae 1 197.63
Onagraceae 1 118.58
Gisekiaceae 1 6561.27
Lamiaceae 1 553.34
Euphorbiaceae 1 39.53
Cucurbitaceae 1 355.73
Boraginaceae 1 14782.61
Campanulaceas 1 390.53
Aizoaceae 1 158.10
Total 101 121703.9
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Figure 4. Determination of number of ecologically
meaningful clusters for weedy species classification.
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Figure 5: Non-Metric Multidimensional Scaling (NMS)
depictions of the 4 weed species communities of the flood
recession farming areas in the Okavango.

4.3 Description of the different weed species
communities

(i) Cynodon
community

dactylon-  Bulbostylis  hispidula

This community was composed of 30 species and
was dominated by Cynodon dactylon (L) Pers and
Bulbostylis hispidula (Vahl.) (Table 2). It was also
defined by Acanthospermum hispidum DC.,
Triumfetta pentandra A.Rich, Nidorella resedifolia
DC. and Phylla nodiflora (L.). It was mostly
characterised by herbaceous plants and few species
from the Poaceae family. It had an average species
density of 9293.8 per hectare. Species evenness for
this community was 0.53and it also recorded
Shannon’s Diversity index of 1.15 (Table 3).

(if) Sida cordifolia-Corchorus tridens weed species
community

This community recorded a total of 28 species,
dominated by Sida cordifolia L. and Corchorus
tridens L (Table 4). This community was also
represented by Ipomea sinensis (Desr.), Digitaria
debilis (Desf.), Ipomea coptica (L.)Roem. & Schult.
and Hibiscus cannabinus L. The mean species
evenness for this community was 0.65 with a
Shannon Diversity index of 1.18 (Table 3).

(iii) Glinus oppositifolius -Heliotropium ovalifolium
weed species community

A total of 29 species were identified in this
community (Table 5). It was dominated by Glinus
oppositifolius  (L.) Aug. DC. and Heliotropium
ovalifolium Forssk. This community was also
characterised by Cyperus esculentus L., Fimbristylis
dichotoma (L.) Vahl, Cyperus latifolius Poir.,
Pavonia senegalensis Cav. and Alternanthera
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sessilis (L.) DC. These species are tolerant to high
moisture content. It was observed that this community
occurs mainly in uncropped fields which normally get
inundated during flooding. The evenness and
Shannon Diversity index were 0.63 and 1.18
respectively (Table 3).

(iv) Sida alba - Abitulon angulatum weed species
community

This community consisted of 15 species dominated
by Sida alba L. and Abitulon angulatum (Guill&Perr)
Mast (Table 6). Other species defining this
community  were  Xanthium  strumarium L.,
Chenopodia carinatum R.Br., Eclipta prostrata (L.)
and Chamaecrista biensis (Steyaert) Lock. It recorded
the highest species evenness of 0.72. The Shannon
Diversity index was 1.16 (Table 3).

4.4 Multi Response Permutation Procedure for weed
species communities

A pairwise comparison between the weed species
communities was performed using MRPP. The effect
size or chance- corrected within group agreement A:
was 0.09061782 based on observed delta: 1.4068533
and expected delta: 1.5470429. The significance of
delta: < 0.001. The group comparisons show the
negative T —statistic and the effect size of A< 1 (Table
7). From the results, it may be concluded that there
was a statistically significant difference between the
four (4) community groups. However there was a
stronger separation between Cynodon dactylon
Bulbostylis hispidula and Sida cordifolia —Corchorus
tridens 9 communities. Sida cordifolia -Corchorus
tridens and Sida alba-Abitulon  angulatum
communities were more closer together than other
communities.

4.4 Equitability index and Shannon Diversity index

Since the data did not meet the assumptions of
One- Way ANOVA, Kruskal-Wallis was used to test
for statistically significant difference in species
diversity between the weed species communities.
There was no statistically significant difference in
Shannon’s diversity index, X2 (3, N = 253) = 0.794, p
> 0.05. The Shannon’s Diversity index is the same
across all the 4 communities (Fig. 6).
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Figure 6: Graphical representation of the Independent
samples test showing Shannon’s Diversity indices across
the 4 communities. Cyndac - Bulhis = Cynodon dactylon-

Bulbostylis hispidula, Sidcor-Cortri = Sida cordifolia-

Corchorus tridens, Sidalb-Abiang = Sida alba-Abitulon

angulatum and Gliopp-Helova = Glinus oppositifolius -
Heliotropium ovalifolium

On the other hand, there was a statistically
significant difference in species equitability index
(species evenness) across the 4 communities
(Cynodon dactylon-Bulbostylis hispidula: n = 56,
Sida cordifolia-Corchorus tridens: n= 96, Glinus
oppositifolius-Heliotropium ovalifolium: n =80, Sida
alba-Abitulon angulatum: n = 21), X2 (3, N = 253) =
21.341, p = 0.001. The hypothesis that the distribution
of species evenness is the same across the species
communities was thus rejected. Sida alba-Abitulon
angulatum community recorded the highest median
value (Md = 0.767) while Cynodon dactylon-
Bulbostylis hispidula recorded the least median value

(Md = 0.507) than all them communities. Sida
cordifolia-Corchorus tridens and Glinus
oppositifolius-Heliotropium  ovalifolium  recorded

median values of 0.637 and 0.644 respectively. A
pairwise comparison was done to determine the
groups that differ using the Independent samples
median test (Fig. 7).

1.007 o -_— T
0.80

0.601

0.40-] L

,.
1

Evenness_e*H/S

T T T
Cyndac-Bulhis Sidcor-Cortri Gliopp-Helova Sidalb-Abiang

Communities

Figure 7: Graphical representation of the Independent-
Sample Median Test showing species evenness across the 4
communities. Cyndac - Bulhis = Cynodon dactylon-
Bulbostylis hispidula, Sidcor-Cortri = Sida cordifolia-
Corchorus tridens, Sidalb-Abiang = Sida alba-Abitulon
angulatum and Gliopp-Helova = Glinus oppositifolius -
Heliotropium ovalifolium.
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5. Discussion

A total of 101 weed species belonging to 25
different families was enumerated over the entire
study area. Poaceae family recorded the highest
number of individual species followed by the
Fabaceae which recorded a total of 17 individual
species. It was observed that despite having very few
individual species, the Tillaceae family has the
highest average species density per hectare followed
by the Cyperaceae family. The Tillaceae family
constituted of Corchorus tridens, C. asplinifolius and
C.olitorius. Of the three, it was observed that
Corchorus tridens was highly abundant and found in
almost all the fields across the different sites. The
abundance of C. tridens can be partly explained by its
tolerance to low moisture availability (Dzerefos et al.
1995). In molapo farming where moisture is not a
limiting factor, C. tridens grow vigorously and
dominate. Additionally, this species is traditional used
as a vegetable and that partly accounts for its
dominance as farmers might have deliberately planted
it to harvest it as a vegetable. Cyperaceae had the
second highest average species density. Most
members of this family are predominantly found in
the sedge lands in the Okavango delta.

Similarly, Murray-Hudson (2011) reported that in
the sedgeland of the Boro-Xudum distributary of the
Okavango Delta, Cyperus sphaerospermus and
Cyperus articulatus were found to be indicator
species. It therefore qualifies that most species in this
family tolerate flooding conditions. Since molapo
fields are mainly located along and within the flood
plains, it may explain the seemingly abundance of the
species in the Cyperaceae family. Most species in this
family seem not to tolerate soil tillage except
Bulbostylis hispidula which was found mainly in
cultivated fields which flood occasionally while most
of the species were observed to be abundant in
uncropped fields.

Weed species in molapo farming were classified
into four communities. These were Sida cordifolia-
Corchorus tridens, Sida Alba-Abitulon angulatum,
Glinus oppositifolius-Heliotropium ovalifolium and
Cynodon dactylon- Bulbostylis hispidula. In this
classification, it was observed that Cynodon dactylon-
Bulbostylis hispidula community colonized molapo
fields that were situated on the upper flood plain zone.
Some species in this community were previously
reported by Tsheboeng et al. (2014) who observed
that Cynodon dactylon, Nidorella resedifolia and
Cyperus longus existed together in tertiary flooding
zone in the Okavango Delta. Similarly, Murray-
Hudson et al. (2014a) reported that N. resedofolia was
one of the dominant species where flooding was more
frequent in Boro-Xudum, Okavango Delta. The Sida
cordifolia-Corchorus tridens community constituted



Table 2. Cynodon dactylon-Bulbostylis hispidula community composition in flood recession farming in the Okavango Delta.

Indicator Total number Density
Species Value p-value of ndividuals  (ha %) Famuly
Cynodon dactylon (L) Pers 50.0+2.68 0.0002 3319 131186 Poaceae
Bulbostylis hispidula (Vahl) 289+2.74 0.0004 645 254941 Cyperaceae
Acanthospermum hispidum DC. 21.3+£2.70 0.0024 515 203557 Asteraceae
Triumfetta penfandra A Rach 20.0+2.83 0.0054 486 19209.5 Malvaceae
Nidorella resedifolia DC. 12.5+1.82 0.0024 155 612648 Asteraceae
Phylla nodiflora (L.) 12.4+£1.98 0.0046 204 806224 verbenaceae
Kyliinga erecta Schumach. 7.1+1 41 0.0242 274 10830 Cyperaceae
Kohautia subverticillata (K Schum.) 62+174 0.0516 18 711.46 Rubiaceae
Cyperus longus L. 56199 0.1328 765 30237.2 Cyperaceae
Spermacoce senensis (Klotzsch) 36124 0.1372 7 276.68 Rubiaceae
Vernonia glabra (Steetz) Vatke 36+1.24 0.1372 2 79.05 Asteraceae
Eragrostis sarmentosa (Thunb.) 3.6+1.28 0.1648 167 6600.79 Poaceae
Gomphrena celesiodes Mart. 35+136 0.193 20 790.51 Amaranthaceae

Table 3: Number of individual species found in each community, the average species density for each community and their
diversity indices.

Species
C - Number of Dpecl.es Ew Shannon’s
OfmLTEs individuals ensity VERIESS  Diversity (H)
(ha )
Cfl'ﬁodon {IlaCf:".'.er?’I - B‘h'.lrbOSEj.-‘h'S }ff.&'pfﬂlﬂﬁﬁ' 30 9293 775 053320025 1.1461+0038
Sida cordifolia — Corchorus tridens 28 8465.557 0.645+0.017 1.179=0.047
Glinus appositifolius — Heliofropium ovalifolium 29 3365.126 063720021 1.180=0.042
Sida alba — Abitulon angulatum 15 4579.709 0.720=0.041 1.161=0.126

Table 4. Sida cordifolia -Corchorus tridens community composition in flood recession farming in the Okavango Delta. Spl is
unidentified weed species.

Total )
Species Indicator Value p-value number of D(;; 5_11? Family
mdrviduals
Sida cordifolia L. 37.2+£345 00004 1573 621739  Malvaceae
Corchorus tridens L. 354+3.43 0.0026 1648 651383 Tiliaceae
Ipomea sinensis (Dest.) 272+£3.15 0.003 832 328854  Convolvulaceae
Digitaria debilis (Desf.) 23.6£2.77 0.002 438 173123 Poaceae
Ipomea coptica (L.)Roem. & Schult. 15.2+3.04 0.064 519 205138  Convolvulaceae
Hibiscus cannabinus L. 144 +£3.26 0.1236 325 128459 Malvaceae
Spl 11.8+2.29 00154 61 2411.07
Indigofera flavicans Baker. 954252 0.0642 143 5652.17  Fabaceae
Panicum coloratum L. T.7£2.06 0.0652 223 881423 Poaceae
Chloris virgata Sw. 3.1+£1.36 02068 10 395.26 Poaceae
weed species that have also been reported in dryland (Parsons and Cuthbertson, 2001) while Corchorus
farming by Phillips (1991) and Abdullahi (2006). tridens is a drought tolerant species with affinity to
This was evident since Sida cordifolia was found cultivated land (Dzerefos et al, 1995). Other members
principally on disturbed lighter soils, and occurring as of this community such as Chloris virgata and
a weed in cultivated fields and degraded pastures Ipomea coptica have been reported in other studies as
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Table 5: Glinus oppositifolius — Heliotropium ovalifolium community composition in flood recession farming areas in the
Okavango Delta.

Total number  Density

Species Indicator Value  p-value of individuals (ha %) Fammly
Glinus oppositifolius(L.)) Aug DC. 262 £2.15 0.0002 114 4505.93 Molluginaceae
Heliotropium ovalifolium Forssk. 180305 0.0218 374 14782.6  Boraginaceae
Fimbristylis dichotoma (L) Vahl 13.8£2.02 0.004 101 399209  Cyperaceae
Cyperus esculentus L. 150£2.17 0.0044 1039 3675.89 Cyperaceae
Cyperus latifolius Poir. 13.6+2.08 0.0058 82 324111 Cyperaceae
Pavonia senegalensis Cav. 122+2 14 0.0074 174 687747  Malvaceae
Alternanthera sessilis (L.) DC. 11.2+1.96 0.0072 40 1581.03 Amaranthaceae
Cyperus articulatus L. 7.8=x194 0.0406 346 136759 Cyperaceae
Partulaca oleracea L. 38+136 0.1266 29 1146.25 Portulacaceae
Echinochloa jubata Stapf. 38136 0.1284 30 1185.77  Poaceae
Kohautia virgata(Willd.) Bremek 37+1.79 02278 217 8577.08  Rubiaceae
Echinochloa colona (L.) Link 32+1.70 03037 61 241107  Poaceae

Table 6: Sida alba — Abitulon angulatum community composition in flood recession farming areas in the Okavango Delta.

Total

Species m‘?:;?:r p-value .mnjnl?er of [zhe:s:;} Family
individuals

Sida alba L. 808+3.15 0.0002 515 203557  Malvaceae
Abitulon angulatum(Guill&Perr) Mast 47.7 £2.60 0.0002 510 20158.1  Malvaceae
Xanthiwm strumarium L. 283+ 388 0.0038 202 7984.19 Asteraceas
Chenopeadia carinatum R.Br1. 19.0+142 0.0002 13 513.83 Amaranthaceae
Eclipta prostrata (L.) 17.3+3.13 0.0136 67 264822  Asteraceae
Chamaecrista biensis (Steyaert) Lock. 13.5£2.06 0.003 55 217391 Fabaceae
Hibiscus trionum L. 91x165 0014 12 474 31 Malvaceae
Amaranthus hybridus L. 8.6+2.15 0.035 38 150198  Amaranthaceae
Digitaria eriantha Steud. 79+177 0.0212 11 43478 Poaceae
Indigofera tinctoria L. 75 £240 0.1156 46 181818  Fabaceae

Table 7: A Multi Response Permutation Procedure (MRPP) pairwise comparison for the species communities. Cyndac - Bulhis
= Cynodon dactylon- Bulbostylis hispidula, Sidcor-Cortri = Sida cordifolia-Corchorus tridens, Sidalb-Abiang = Sida alba-
Abitulon angulatum and Gliopp-Helova = Glinus oppositifolius - Heliotropium ovalifolium

Groups Compared T A P

Cyndac-Bulhis vs. Sidcor-Cortri -38.6297913 0.071374 0.001
Cyndac- Bullis vs. Gliopp - Helova -34.7072352 0.0659926 0.001
Cyndac - Bulhis vs. Sidalb-Abiang -20.8766535 0.0887329 0.001
Sidcor-Cortri vs. Gliopp - Helova -35.3593382 0.0470391 0.001
Sidcor-Cortr1 vs. Sidalb-Abiang -19.6246419 0.0481293 0.001
Gliopp - Helova vs. Sidalb-Abiang -20.4255302 0.0505249 0.001

part of dry floodplain grassland which is mostly
rainsustained in the Okavango Delta (Murray-Hudson
etal. 2011).

In the other community, Cynodon dactylon was
reported to mostly dominate areas that flood
infrequently in the Okavango Delta (Ellery and Mc
Carthy 1998; Murray-Hudson 2014a &Tsheboeng et
al 2014), while Bulbostylis hispidula was found to be
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intolerant to flooding and grows well on free draining
sandy soils (Phillips, 1992). Similarly, it was one of
the characteristic species of the community associated
with silt-clay and intermediate sand content in Savuti-
Mababe- Linyanti ecosystem (Sianga and Fynn,
2017). This might explain why there was great
separation between Sida cordifolia-Corchorus tridens
community and Cynodon dactylon- Bulbostylis



hispidula community since they prefer different
habitats. The Cynodon dactylon-Bulbostylis hispidula
community comprised of weed species like
Acanthospermum hispidum which is a noxious weed
in Botswana (Phillips, 1992) and infests mostly fields
under dryland farming. However, in seasonal flood
plains where molapo farming is practiced, it was
found in abundance in fields that flood occasionally
and located on the upper gradient of the floodplain.
The co-existence of dryland weeds species with
species that commonly colonise damp sandy areas
like Kyllinga erecta, the water channels and drying-
out areas of the floodplains like Cyperus longus and
Vernonia glabra, might be due to the location of
molapo fields. Some molapo fields are located
transversely to flood plains which make these fields
to be partially flooded. Furthermore, when flooding
fails to inundate molapo fields, they are then
cultivated as dryland due to lack of residual moisture.
For instance, most fields in Shorobe and
Makalamabedi were not inundated for a considerable
length of time while some were partially flooded. As
such, these fields were mostly cultivated as dryland
farming than flood recession farming. This might
have led to colonisation of these molapo fields by
weeds that are normally associated with dry land
farming.

In the Sida alba-Abitulon angulatum community,
Indigofera tinctoria was found in abundance in
uncropped fields and localised in Lake Ngami than
Shorobe and Makalamabedi suggesting that this
species prefers habitats that have clay soils but not
heavily waterlogged. Such conditions were observed
to be prevailing in molapo fields located around Lake
Ngami. Similarly Xanthium strumarium is a species
of disturbed areas and waste ground which also
favours wet areas and heavier soils (Phillips, 1991).
This might explain its presence in this community.

6. Conclusion

This study has revealed the most abundant and
trouble-some weed species in flood recession farming
in the Okavango Delta. Presence of common dryland
farming weeds like Cynodon dactylon, Sida cordifolia
and Corchorus tridens in the delta ecosystem may
pose a potential threat to its ecological functions.
However, Corchorus tridens was found to be more
tolerant to cultivated land than other troublesome
weeds and also tolerated by farmers may be due to its
beneficial use. But Cynodon dactylon which is a
rhizomatous grass and has a potential to colonise vast
areas of the floodplains has proved very difficult to
eradicate by any tillage method which might be of
great concern to farmers. This could lead to
temptations  of  using  herbicides  thereby
compromising ecological integrity of the wetlands.
Such information underpins development of sound
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weed management strategies. The study has also
demonstrated variations in the weed communities
with different sites. Therefore it is recommended that
future studies should take in consideration
hydrological characteristics (flood frequency and
duration) when describing the composition of weed
species in flood recession farming.
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Abstract

Healthcare service delivery in developing countries faces a number of barriers such as shortage of healthcare workers, shortage of ambulances as
well as inaccessible terrains due to poor road infrastructure. These situations often results in unnecessary deaths, for example as a result of
ambulances taking a prolonged time to arrive at a scene requiring emergency medical intervention. Recent literature has documented the use of
drones in addressing some of the challenges associated with the delivery of healthcare services. Drones are commonly known as unmanned aerial
vehicles (UAVs). Alternative terms include Unmanned Aircraft (UA), Remotely Operated Aircraft (ROA), Remotely Piloted Vehicle (RPV) and
Remotely Piloted Aircraft (RPA). Published literature on drone-aided healthcare services, has mostly been on the use of drones in the delivery as
well as pick up of medication or medical equipment. There is lack of adequate literature on the feasibility of implementing drone-aided healthcare
service delivery in developing countries, as most of the published work is from developed countries. The overall objective of this study is
therefore to evaluate the feasibility of using drones for healthcare service delivery in Botswana. Face-to-face structured interviews were conducted
with purposively selected stakeholders in Botswana. The interview guide used had open ended questions and was developed with the overall
objective of the study in mind. Thematic analysis of the interview transcripts involved the use of an iterative approach as well as NVivo 11
software. Participants identified opportunities in Botswana for drone-aided healthcare service delivery in areas such as emergency medical services
and general medical services. Limited legislation on the use of drones in Botswana as well lack of an organized physical address system, are some
of the barriers identified by participants on the use of drones for healthcare service delivery in Botswana. This study illustrates only
preliminary results as not all of the participants indicated in the methods section had been contacted prior to conclusion of this article.
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l. Introduction

Healthcare service delivery in developing countries
faces a number of challenges, such as shortage of
healthcare workers, as well as inaccessible terrains due
to poor road infrastructure. In Uganda not only was
shortage of healthcare workers documented, but also
inequity of their distribution [1]. Documented poor
access to treatment in developing countries has in some
cases, resulted in people dying from infections for
which treatments or  prophylaxis should be available
readily [2]. Botswana’s healthcare sector, like in many
other developing countries also faces similar challenges.
A study by Seitio-Kgokgwe et al [3], noted that some of
the challenges faced by healthcare service delivery in
Botswana include; disparities in the distribution of
healthcare facilities creating inequities in access, poor
supply of medicines as well as general shortage of staff.
Botswana is also currently facing a burden of increase
in the rates non-communicable diseases [4]. The
affected chronically ill patients mostly in rural
Botswana hence face a challenge of having to
frequently visit medical institutions for routine check-
ups or medicine refills. Those who cannot afford the
associated cost, usually end up defaulting

and in most cases resulting in severe complications and
increased costs to the healthcare sector in attending to
such complications.

Nevertheless, the advent of innovative technology tools,
present opportunities to augment the current challenges.

Emergency Response, Telemedicine, Developing Economies, Botswana

An example innovative technology tool is a drone. The use
of drones has become widespread, offering an alternative
way of gathering and sharing information as well as
delivery of products and various services [5]. Drones are
commonly known as unmanned aerial vehicles (UAVS).
Alternative terms include Unmanned Aircraft (UA),
Remotely Operated Aircraft (ROA), Remotely Piloted
Vehicle (RPV) and Remotely Piloted Aircraft (RPA)
[6]. Recent literature has documented the use of drones in
addressing some of the challenges associated with the
delivery of healthcare products and services. Drones
applications in healthcare has been reported in delivery of;
medicine, defibrillators, blood samples and vaccine
medications [7].

In the Netherlands, prototype ambulance drones have
demonstrated delivery of defibrillators. In this instance, a
paramedic in the control room was able to instruct a lay
person assisting the patient via a livestream webcam on
the drone [8]. Another milestone was achieved in Malawi
when a custom made drone called EcoSoar was designed
at the Unmanned Systems Lab to be fabricated and
operated locally for remote medicine delivery and remote
sensing purposes [9]. The Low-cost drone built by
University students and delivers medicine over 19 km
radius [9]. In Rwanda, small packages attached to
parachutes consisting of blood, plasma, and coagulants
were delivered by drones to hospitals across rural western

3’Rwanda, helping to cut waiting times from hours to



minutes [10]. The use of drone technology in
healthcare can be valuable in improving healthcare
provision in SADC countries such as Botswana. Even
though feasibility studies on the use of drones for
healthcare service delivery have been conducted in
some African countries [9-11], none have been carried
out in Botswana. Hence the overall objective of this
study is to evaluate the feasibility of drones for
healthcare product delivery in the context of Botswana.

1. Methods

Face-to-face structured interviews were conducted
with purposively selected stakeholders, perceived as
having a role in the implementation of drone
healthcare delivery services in Botswana. An
interview guide with open ended questions was used.
The interview guide was developed with the overall
objective of the study in mind. A total of 12
stakeholders were selected to participate and these
were; Central Medical Stores (1), private and public
emergency  medical  service  providers  (5),
superintendents of healthcare facilities (3), Civil
Aviation Authority of Botswana (1), Ministry of
Health-clinical services (1) as well as Ministry of
Health-health informatics unit (1). The interviews
were then transcribed and thematic analysis of
transcripts done using an iterative approach as well as
NVivo 11 software. Ethical approval for the study was
obtained from the Botswana Ministry of Health. All
participants were given a written informed consent
prior to participating in the study.

By the time of writing this report, not all the
participants had been reached. Only 1 emergency
medical service provider, a hospital superintendent as
well as Civil Aviation Authority of Botswana had been
interviewed.

I11.  Results
Thematic analysis of interviews conducted, identified
two themes relating to possible barriers associated with
the use of drones in Botswana for healthcare service
delivery. These themes were of governance and
stakeholder concerns (Table 1).

Table 1: Possible Barriers Associated with Use of Drones in
Botswana for Healthcare Service Delivery

Governance Stakeholder Concerns

e Limited legislation on e Lack of human resources
drone use to

e Drones generally rely on operate drones
Global Positioning e Limited public awareness
System (GPS) and sensitization on
coordinates and that is drones and possible use
not yet fully matured in cases (Generally
Botswana perceived as toys)

e Limited political e Use of dronesin
awareness on benefits of Botswana currently
drone use limited to taking pictures

e  Erratic physical address in weddings and recording
system videos in concerts.

Governance captured various subthemes that the
interviewees believed were barriers at national level
associated with the use of Drones for healthcare service
delivery in Botswana. Stakeholder concerns encapsulated
subthemes of barriers concerned with members of the
public or communities (e.g. business community) with
regards to the use of drones in Botswana for healthcare
service delivery.

Despite the outlined stakeholder concerns, all interviewees
indicated a positive attitude towards the use of drones in
healthcare service delivery, including rescue missions
among others as indicated by opportunities outlined in
(Table 2). Such opportunities were categorized under
emergency medical services as well as general medical
services.

Table 2: Opportunities for healthcare drone use in Botswana

Emergency General Perceived benefits
medical services medical

services
Delivery of Delivery of Reduced operational
defibrillators to a medicationto | cost since drones are
site of emergency | patients cheaper

Search and rescue | Transport of Quick turnaround

operations blood test resulting in early
samples diagnosis of
Providing real- diseases
time video feed
froman Better patient
emergency site outcomes
Employment

opportunity (those
who operate, sell
and buy drone)

To ensure efficient operation and non-misuse of
drones, CAAB enforces a set of regulations as outlined
in Table 3.

Table 3: Requirements for the Operation of RPAs for both

Type of Line of Max. Max. Max. Takeoff
Operations Sight Speed Altitude Weigh t
(Knm/Hr) (FT (MTOW)
AGL) (Kg)
Private and | Visual
commercial | line of 166 400 20
Sight/

Private and Commercial use (CAAB, 2016)

Additional requirements for drone operation in Botswana
include; 1.The RPA shall not be flown unless the
Operator is present, 2.The Operator will at all times
maintain visual line-of-sight (VLOS) with the RPA or
beyond visual line of sight (BVLOS) under special
*%pproval,



3. RPA will be flown below 400 ft AGL at all times
and no further than 500m from the Operator at the
controls of the RPA or beyond visual line of sight
under special approval, Additional requirements for
drone operation in Botswana include; 1.The RPA
shall not be flown unless the Operator is present,
2.The Operator will at all times maintain visual line-
of-sight (VLOS) with the RPA or beyond visual line
of sight (BVLOS) under special approval, 3. RPA
will be flown below 400 ft AGL at all times and no
further than 500m from the Operator at the controls
of the RPA or beyond visual line of sight under
special approval, 4. The Operator may make use of a
Visual Observer (VO), 5. The Operator or the VO
may not fly more than one RPA at any one time, 6.
The RPA registered in Botswana is not permitted to
cross International Boundaries and 7. No person shall
operate an RPA unless they have in their possession
the certificate issued by the Authority for each RPA
in operation and the user manual for the RPA [12].

V. Discussion

Incidences on abuse of drone use have been
documented in literature [13]. The civil aviation
authority of Botswana has also noted safety, security
and privacy concerns for both government and public
interests, relating to the use of remotely piloted
aircraft (RPA) [12]. As such, there is need for
legislation in Botswana that governs drone use. The
document outlining requirements for operation and
certification of drones for both Private and
Commercial use [12], is a step in the right direction
for the country but needs to be completed by a more
rigorous piece of legislation so as to promote
feasibility of drone use in Botswana. Indeed, one
respondent noted that the “legislation needs to be
there to prevent instances involving misuse of drones
or calling them for emergency medical intervention as
a prank”. On the other hand, Some of the
requirements outlined in the requirements for
operation and certification of drones for both Private
and Commercial use [12], could potentially enforce
further  constraints  especially in  healthcare
applications where response time is crucial, that is,
speeds faster than the 166Km/hour could be
preferable. Other restrictions such as where the drone
can land and flying route could also bring additional
response challenges to healthcare emergencies and
rescue missions. Some of the interviewees also noted
limited political awareness on benefits of drone use as
a concern. Such limited political awareness on drone
use, can be a possible contributing factor to
inadequate legislation in Botswana concerning drone
use. Wackwitz and Boedecker, highlighted collision
with manned or unmanned aircrafts, buildings and
power lines as some safety hazards associated with
the use of drones [14]. In Botswana where power
lines and telecommunication lines are overhead as
opposed to being underground, collision of drones

’[7] Judy E.

with such is an impending challenge. Presence of an

organized physical address system as well as an
environment with a mature use of the Global Positioning
System (GPS) can positively promote the use of drone
delivery services, unfortunately such as environment is
non-existent in the context of Botswana as highlighted
by the interviewees (Table
1). Botswana Post in its newsletter, has previously
confirmed presence of a deficient national address system
[15].With regards to stakeholder concerns, Table 1
illustrates that barriers to drone use may be as a result of
limited awareness of drones and their use as well as lack of
trained human resources with the capacity to operate
drones.

V. Conclusion

This study illustrates only preliminary results as not all of
the participants indicated in the methods section had been
contacted prior to conclusion of this article. Only some of
the relevant stakeholders present in Gaborone had been
interviewed. Further consultation and insight from all the
relevant ~ stakeholders will  provide a more
comprehensive assessment on the feasibility of
drone use for healthcare service delivery in
Botswana.
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Abstract

There is limited understanding on macrofauna food preference for survival in most cropping systems
where both organic and inorganic resources are utilised. A study was conducted during the 2015/16
season to determine the influence of different quality organic and inorganic nutrient resources on
macrofaunal abundance and diversity under high rainfall (> 800 mm yr!) at Domboshawa Training
Centre in Zimbabwe. Calliandra calothyrsus, Crotalaria juncea, cattle manure, maize stover and
Pinus patula sawdust were applied to a maize crop at low (1.2 t C ha*) and high 4.0 (t C ha) rates,
and a control with no addition of organic input was included. Treatments received basal phosphorus,
potassium and sulphur fertilizer at 16.0, 14.7 and 4.6 kg ha, respectively at planting, plus or minus
mineral nitrogen at 120 kg N ha* under a split plot design. Macrofauna were sampled using monoliths
to 0.30 m depth fortnightly from early February to mid-May. Fauna richness was quantified using
Shannon Wienner (H') indices. Redundancy analysis and Monte Carlo permutation test were used to
determine the relationship between macrofauna abundance and environmental variables. Application
of organic resources at low rate increased community diversity by selectively stimulating macrofauna
appearance and persistence. Earthworm, wireworm and termite abundance were significantly affected
by both treatment and time. Millipede, white grub, spider, locust and medium black ant abundances
were significantly affected by time. Selectively, macrofauna increased or decreased in abundance or
appeared earlier or appeared later in the season or were totally suppressed under high rate or
following application of mineral nitrogen fertilizer. Diversity increase following nitrogen application
was related to quantity and quality of the resource. Mineral nitrogen was identified as the most
influential variable affecting macrofauna abundance. Application of medium to high quality organic
resources stimulated macrofaunal activity to improve community diversity.

Keywords: Abundance, diversity, macrofauna, monocropping, maize, N responses, organic
resources

during forest clearing and field preparation has
Introduction also been linked to reduction of species
Natural systems with diverse tree cover have richness in Eastern Amazonia and parts of
high diversity of soil macrofauna that promote Sub-Saharan Africa (SSA) [5, 6]. In addition,
a sustainable soil ecosystem [1]. Maintenance most agricultural farming systems are driven
of habitant within an undisturbed environment by the need to meet human, livestock and
and supply of required resources are key industry requirements thus intensifying at the
factors ensuring macrofauna community expense of macrofauna needs [7, 8]. Lack of
diversity. However, the need for food, feed knowledge coupled with application of high
and fibre has forced humans to open up inorganic fertilizers rates, use of herbicides
woodlands and forests in order to meet their plus clean weeding are some of the promoted
demands. The resultant transformation of intensification  strategies leading to soil
landscapes due to deforestation often affects degradation. Over time such degraded fields
soil  macrofaunal community  structures are abandoned due to low yields emanating
through destruction of nests, modification of from nutrient mining, organic matter depletion
microclimate and removal of food substrates and reduced macrofauna diversity [9, 10, 11].
from the mixed tree species [2, 3]. Macrofauna Given the pivotal role played by soil
will be deprived of shading effect, moisture macrofauna in decomposition, soil structure
and nutrients from root and leaf decomposition improvement and nutrient cycling [12] there is

beneath the canopy [4] Moreo\/er’ use of fire need to find farming innovations which build
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diversity while ensuring food/feed and raw
materials security from the fields.

Farmers in Sub-Saharan Africa (SSA) utilize a
wide range of locally available nutrient
resources such as animal manure, leaf litter,
compost and crop residues for crop
production. In the majority of cases, these
organic nutrient resources vary in quantity and
quality [13], which often limit associated
benefits to crops while the benefits to
macrofauna remain unknown. Despite such a
discouraging situation in terms of resource
availability, household food security is
important which therefore requires fitting
innovations which consider farmer situation.
There is increasing interest in employing
technological packages such as integrated soil
fertility management (ISFM) and conservation
agriculture  (CA) to foster sustainable
agricultural production. According to [14]
ISFM is hinged on the combined utilization of
different pillars of innovations such as organic
plus inorganic fertilizers, improved germplasm
and systematic legume based rotations basing
on farmer endowment and production
circumstances. On the other hand, CA is
premised on three key pillars of minimum soil
disturbance, maintaining a permanent soil
cover and crop diversification to achieve
sustainable productivity [15]. Both innovations
are aimed at increasing productivity
simultaneously conserving farm resources
depending on farmer’s primary objective and
endowment. Apart from focusing on crop
yields, building physical and chemical aspects
of soils, building biosphere conditions for
macrofauna survival is also critical. There is
little information available on macrofauna
dynamics within monocropping systems as
most researchers focused on crop Vyield,
physical and chemical aspect of soil in most
studies.

Given that more researchers are advocating for
use of ISFM and CA technologies to build,
maintain soil fertility and ensure food security,
understanding the benefits of both innovations
on macrofauna diversity is critical. In addition,
the influence of organic  resources
management, application rate and quality on
macrofauna under both monocropping and
ISFM systems need to be understood. The
influence of plant and tree species in
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manipulating macrofauna resulting from
difference quality biomass inputs has been
highlighted in grasslands and plantations [1, 7,
16]. However, the impact of different quality
organic resources used by smallholder farmers
on macrofauna abundance remains unknown.
Most macrofaunal studies provide snapshot
scenarios on abundances [17, 18, 19] without
showing the changes within the entire season.
Little work has been directed towards
understanding macrofauna changes during the
growing season following application of
different quality organic amendments to soil.
Therefore, we hypothesized that co-application
of inorganic fertilizers and different quality
organic resources create a unigue environment
promoting or hindering abundance and
diversity of macrofauna resulting from the
supply of food over time. We further
hypothesize that increasing the application rate
of the organic resources will amplify
habitation  environment for macrofauna
survival or suppression. The main objective of
the study therefore was to determine the
influence of repeated co-application of
different quality organic and inorganic nutrient
resources on macrofauna species abundance,
diversity and community structure under
maize monocropping system.

Material and methods
Study site

The study was based on a long-term
experiment established under the project
‘Managing soil organic matter for improved
nutrient use efficiency on smallholder farms in
Zimbabwe (NUESOM)’ [20] and builds on
further studies conducted thereafter [21, 22].
Such an experiment has not been established
anywhere in the past and taking this
opportunity will provide more information for
farmers who rely on local resources for crop
production. The UZ-SOFECSA trial was
established at Domboshawa Training Centre
during the 2002/03 season. Domboshawa,
approximately 30 km northeast of Harare
(17736'S; 3108 'E; 1542 ma.s.1.), is in natural
region (NR) Il (sub-humid) and receives > 800
mm of rainfall annually. The trial is planted
with dryland maize in summer and left fallow
during the winter season.



Experimental design and treatments

Five organic resources namely calliandra
(Calliandra calothyrsus), sunnhemp
(Crotalaria juncea), cattle manure, maize (Zea
mays) stover and pine (Pinus patula) sawdust
were applied in early December at application
rate of 1.2 and 4.0 t C ha! as the main plots
(12 m x 6 m) in a randomized complete block
design with three blocks [23]. The main plots
were further split into two treatments (6 m x 6
m), one with and the other without, inorganic
N fertilizer addition. Using PKS fertilizer
(32% P,0s:16% K.O: 5% S), basal
phosphorus, potassium and sulphur were
applied at 16.0, 14.7 and 4.6 kg ha'
correspondingly for all 66 plots. Maize was the
test crop and inorganic nitrogen in the form of
ammonium nitrate (34% N) was applied in
three splits to attain 120 kg N ha. The first
30% split was applied at 2 weeks after crop
emergence (WAE) followed by 40% at 6
WAE and the last 30% at 9 WAE (Figure 1).
No herbicides were applied as weeds were
manually controlled.

Macrofauna sampling and processing

Initial sampling for macrofauna was around
mid-season period in February (2016) and
subsequent samples were collected every two
weeks thereafter until mid-May (Figure 1). To
determine the diversity and abundance of
macrofauna, two randomly selected soil
monoliths were taken from each treatment
within 2-4 m of each other using metallic
monolith (0.20 m length x 0.20 m width x 0.30
m depths) [24]. Monolith was driven into the
soil using a nylon hammer to a depth of 0.30
m. The soil was then removed from the
monolith, macrofauna and pupae were n hand
sorted and counted. Unidentified macrofauna
were placed in small glass bottles with 70%
alcohol [25] for further identification by an
entomologist.

Thirty macrofauna were identified during the
2015/16 rainfall season which could be
grouped into fourteen orders. The orders
included Achatinoidea, Araneae, Coleoptera,
Diptera,  Geophilomorpha, = Hymenoptera,
Isoptera, Lepidoptera, Metastigmata-Ixodida,
Ordanata, Orthoptera,  Spirobolida and
Phylum. The dominant macrofauna were
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Coleoptera such as wireworm, white grub,
weevil and beetles followed by Hymenoptera
(e.g. ant, wasp and lacewing earwig and bees)
and Lepidoptera (e.g. stock borer, cut worm
and dust surface beetle). Identified macrofauna

included carnivorous, organotrophs,
polyphagous, pollinators and pest. Other
macrofauna were beneficial macrofauna

looking for mating grounds with suitable
microclimate. Litter-transporters included ant
and termite while ecosystem engineers
included earthworm and millipede (Table 1).
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Figure 1. Rainfall distribution during 2015/16
season at Domboshawa (total = 807 mm). (Major
events are indicated by arrows while macrofauna
sampling event by X which corresponded to 58, 72,
86,100, 114, 128 and 158 days after incorporation).




Table 1. Macrofauna identified at the UZ-

SOFECSA long-term  experiment  during
2015/16 season at Domboshawa in Zimbabwe.
Order Common name | Survival
strategy
Achatinoidea Snail Herbivorous
Araneae Spider Carnivorous
Coleoptera Fuller rose | Herbivorous
weevil
Coleoptera White grub Organotrophs or
polyphagous
Coleoptera Lady bird Carnivorous
Coleoptera White  fringed | Feeds on root
beetle larvae system
Coleoptera Ground beetle, | Pest
Shinning fungus
beetle, Rove
beetle and
Wireworm
Diptera Housefly Carnivorous
Geophilomorpha Centipede Organotrophs or
carnivorous
Hymenoptera Bee Pollinator
Hymenoptera Ant, Wasp and | Carnivorous
Lacewing
earwig
Isoptera Termite Pest or
Organotrophs
Lepidoptera Moth pupa N/A
Lepidoptera Stock borer, Cut | Pest
worm and Dust
surface beetle
Metastigmata=Ixo | Tick Parasite
dida
Neuroptera Lacewing Carnivorous
earwig and Ant
lion
Odanata Praying mantis Carnivorous
Orthoptera Locust and | Pest
Cricket
Phyllum Earthworm Organotrophs
Spirobolida or | Millipede Organotrophs
Julida

Data analyses

Data was analysed by using PAST and
GENSTAT statistical package (GENSTAT,
2005). Analysis of variance was used to
separate treatment and time effects on species
population, taxa and diversity index. Species
population data was transformed first before
species evenness and richness was calculated
to determine species diversity. Species
diversity was calculated using a number of
indices including Shannon Wienner index
(Schloss et al., 2009). The following Shannon
index formula was used:
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5
H'= P log p,

T =

Where H’ is Shannon Wienner diversity index,
S is the number of individual species in the
community (richness), pi is be the proportion
of S made up of the i species that is pi = N;
INwta, Where N is the individuals of species i
(macrofauna per m?) and Nyw is the total
number of individuals (macrofauna per m?).
All mean comparisons were considered at P
<0.05 significance. Canoco 4.5 was used for
multivariate  analysis to establish the
relationships among macrofauna, many
environment factors and management inputs
[28]. The data was subjected to gradient
analysis which then identified Redundancy
analysis (RDA) as the appropriate technique to
use. Then Monte Carlo permutation test was
used to identify the variables explaining the
result from the RDA analysis.

Results

3.1 The effects of organic resource type and
quantity on macrofauna abundance

Organic resource types and time significantly
influenced abundance of  earthworm,
wireworm and termite. Millipede, white grub,
spider, locust and medium black ant
abundance was significantly  (P<0.001)
affected by time. All macrofauna abundance
fluctuated within season. Two general peaks
was observed for earthworm abundance under
both low and high rate treatments (Figure 2a &
2c). At 86 DAI, low rate manure had the
highest earthworm abundance (33/ m?)
followed by sawdust which had 20 earthworm
/m?. At 128 DAI low rate sawdust had the
highest earthworm abundance (50/ m?). At 86
DA plots receiving high rate of maize stover,
sawdust, Crotalaria and manure had higher
earthworm abundance (20-33 /m?) than
Calliandra (12/ m?) and control (4/ m?). At
128 DAI high rate Calliandra and maize
stover had the highest earthworm >70 /m?
(Figure 2c). Increasing the application rate of
maize stover ensured higher earthworm
abundance at 72 DAI while increasing sawdust
quantity significantly reduced earthworm
abundance from 50 earthworm /m? to 8
earthworm /m? at 128 DAI.



A maximum of 12 wireworm/ m? was
observed under low rate Crotalaria at 86 DAI.
Increasing the application rate of manure led
to an early wireworm peak (16 / m?) 72 DAI
which was significantly higher than under low
rate manure. Increasing the application rate of
maize stover stimulated wireworm at 86 DAI.
However, increasing the rate of Calliandra
caused total wireworm disappearance.
Furthermore, increasing the rate of Crotalaria
caused partial suppression of wireworm until
128 DAI. No wireworm was observed in the
control throughout the growing season (Figure
3a & c¢). Low rate maize stover attained two
peaks at 86 DAI with 1325 termite /m? and at
114 DAI with 6250 termite /m? Termite
persisted under low rate Calliandra attaining
seasonal peak of 1279 termite /m? at 100 DAI.
Increasing the application rate of organics
produced two peaks at 72 and 100 DAI.
Increasing the application rate of Calliandra,
Crotalaria and maize stover suppressed
termite abundance at most sampling point
during the season. Apart from the control, high
rate maize stover attained the higher termite
abundance (5417 termite /m?) than Calliandra
(1325 termite /m?) and other treatments
(Figure 4a & c) at 72 DAL

Millipede abundance under both low and high
rate treatments was < 10 millipede /m? except
under high rate Calliandra at 58 DAI. Low
rate maize stover attained highest millipede
abundance (8 millipede /m?) 72 DAI while
only 4 millipede /m? were noted in the control.
Low rate of Crotalaria and manure had no
millipede throughout the growing season,
while Calliandra and sawdust only supported
4 millipede /m? at 86 DAI with rest of the
season having none. Increasing the application
rate of Crotalaria totally suppressed millipede
while increasing manure rate stimulated
millipede appearance at 72 DAI only.
Furthermore, increasing the rate of Calliandra
stimulated the appearance of 13 millipede /m?
at 58 DAI followed by total suppression until
the end of the season (Figure 5a & c).White
grub abundance was >5 white grub /m? across
all low rate treatments at 86 DAI the peak
point except for Crotalaria. Low rate
Crotalaria had the highest white grub (20
white grub /m?) abundance 58 DAI which
gradually decreased to nil at 86 DAI and
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resurging between 100-114 DAI with 4 white
grub /m2. Thereafter white grub was total
suppressed onward under the same treatment.
From 86 to 100 DAI Calliandra had highest
white grub abundance (20 white grub /m?) than
other treatments. The control was only able to
sustain a maximum of 8 white grub/ m? at 86
and 128 DAI. Increasing the rate of Calliandra
reduced the abundance and caused the partial
disappearance of white grub from 72 DAI
onwards. However, increasing the application
rate of maize stover, manure and sawdust
stimulated persistence of white grub (Figure 6a
& c).Across all low rate treatments spider was
absent at 58 and 128 DAI. Spider was most
prevalent under low rate maize stover where
two peaks was observed at 72 and 86 DAI
both having 4 spider /m?. Low rate Crotalaria
attained peak spider abundance 58 DAI while
low rate manure’s peak was at 114 DAI both
having 4 spider /m?. Peak spider abundance
under the control was observed 72 DAI with 4
spider /m? and 128 DAI with 8 spider /m?.
Increasing the application rate of Calliandra
improved spider persistence while spider
become prominent at the end of the growing
season under Crotalaria and maize stover.
However, increasing the application rate of
manure caused the total spider disappearance.
High rate maize stover supported 20 spider /m?
followed by Crotalaria with 8 spider /m? and
lastly Calliandra with 4 spider /m? at 128 DAI
(not shown).

3.2 The effects of nitrogen application on
macrofauna abundance

Application of mineral nitrogen (N) to low rate
treatments except for Crotalaria reduced
abundance of earthworm to be < 10 /m?
throughout the season. Application of N
significantly reduced earthworm population
from 20-33 to 4 /m? under low rate manure and
sawdust 86 DAL Similarly, earthworm
vanished completely from 50 /m? under low
rate sawdust 128 DAI following N addition
(Figure 2b). Application of N led to partial
suppression of earthworm under low rate
Crotalaria, high rate Crotalaria, high rate
maize stover and control. Under low rate
Crotalaria earthworm resurged 128 DAI to
attain a peak of 16 earthworm / m? and under
high rate maize stover they resurged 100 DAI



to attain a peak of 37 earthworm/ m? following
application of N. Application of N
significantly reduced earthworm abundance
from >75 /m? to < 5 /m? 128 DAI under high
rate treatment of Crotalaria and maize stover.
Addition of N to high rate Calliandra led to
total earthworm  disappearance  (Figure
2d).Mineral N prompted the disappearance of
wireworm under low rate treatments of
Calliandra, maize stover, sawdust and under
high rate Calliandra and sawdust. There was
partial wireworm suppression under both low
and high rate manure following N addition.
However, N addition stimulated wireworm
appearance under high rate Crotalaria 58 DAI
and under high rate maize stover 158 DAL
Addition of N to low rate manure increased
wireworm persistence. Application of N under
the control stimulated 4 wireworm /m? to be
observed at 86 and 128 DAI (Figure 3b & d)
while termite population was reduced
(Figurede). In addition, N application to all
low rate treatments reduced termite abundance
to below 712 /m?. Addition of nitrogen to high
rate maize stover significantly reduced termite
abundance from 5500 to O /m? at 72 DAI.
However, N application to high rate sawdust
increased termite abundance from 58 to 688
/m2at 114 DAI (Figure 4b & d).

Application of N led to disappearance of
millipede under the control, low rate maize
stover, low rate sawdust and high rate sawdust.
Nitrogen application to low rate Calliandra
partially suppressed millipede until 100 DAI
when 4 millipede /m? were observed.
Following application of N, millipede only
appeared 114 DAI under high rate Crotalaria
attaining 4 millipede /m? (Figure 5b & d).
Nitrogen addition to low rate Calliandra led to
disappearance of white grub. Application of N
prompted partial suppression under low rate
maize stover as white grub only appeared
earlier between 72-86 DAI and later at 128
DAI. Under high rate treatments of Crotalaria,
maize stover and manure white grub
suppression was from 114 DAI onwards. On
the other hand application of N to low rate
Crotalaria, low rate manure, high rate
Crotalaria and high rate Calliandra increased
white grub persistence (Figure 6b & d).
Nitrogen application to low rate treatments of
Calliandra, Crotalaria and sawdust increased
spider abundance to 8, 4 and 4 spider /m?
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correspondingly at 128 DAI. Adding N to
control led to total disappearance of spider
while under low rate maize stover spider only
appeared at 58 DAI (not shown).

Using Redundancy analysis (RDA) biplot,
application of mineral nitrogen was the most
influential variable affecting macrofauna
abundance followed by resource total N >
application rate of the organics > polyphenols
and the least factor being lignin content of the
organic resource. A total of twenty clusters
were produced on the RDA biplot. Earthworm,
termite, wireworm and centipede were similar
and were all negatively correlated to total
nitrogen in organic resources. Termite was
negatively correlated to applied mineral
nitrogen. However, spider abundance was
positively correlated to organic resources total
nitrogen. White grub and medium black ant
were similar in behaviour (in same cluster) and
were negatively correlated to resources
application rate, polyphenols and lignin
content. On the other hand, millipede and
locust were in the same cluster and were
positively  correlated  application  rate,
polyphenols and lignin content. Amongst the
five environmental variables the Monte Carlo
permutation test indicated that N topdressing
had significant (P < 0.05) influence on
macrofauna abundance (Figure 7).
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Figure 4. Changes in abundance of termite at
Domboshawa during 2015/16 rainfall season.
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Figure 7. Redundancy analysis ordination biplot of
60 sites which are classified as 20 treatments which
are classified as combination of different organic
and inorganic nutrient resources. Vectors represent
different macrofauna and explanatory variables.
Macrofauna (Ear = earthworm, Ter = termite, Wir
= wireworm, Cpd= centipede, Wgr = white grub,
Mba = medium black ant, Mil = millipede, Lst =
locust, Spd = spider). External variable (Tpddrng =
mineral nitrogen application, N = total N in organic

amendment, Apprat= application rate, Pphl
=polyphenol content, Lig = Lignin content).
3.3 Macrofauna  diversity  following

combined application of organic resources
and inorganic nutrients.

Application of different organic resources and
time had a significant effect on diversity and
evenness of the community. At 58 DAI the
highest diversity was observed under low rate
manure treatment (H'= 4.54) which was
significantly higher than other low rate
treatments. Increasing the application rate of
organics increased diversity significantly
under Calliandra (H' 4.01 to 4.29) and
Crotalaria (H' 3.89 to 4.39). Application of N
to low rate treatments significantly increased
diversity under Calliandra and Crotalaria
while a significant decrease was noted under
manure. At 72 DAI low rate manure and
Crotalaria attained highest diversity than other
treatments. During the same period increasing
maize stover biomass significantly reduced
diversity (H' 4.19 to 3.19). Addition of N to
control, high rate treatments of maize stover
and sawdust significantly increased diversity.
However, increasing maize stover to 4 t ha'

drng
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following N application significantly reduced
diversity (H' 4.47 to 3.90). At 86 DAI,
addition of N significantly increased diversity
under high rate maize stover (H' 3.90 to 4.55)
and high rate sawdust (H' 3.99 to 4.51). At 100
DAI there was a correlation between biomass
increase and  diversity increase  under
Calliandra only. Addition of N increased
diversity under low Calliandra while it
decreased diversity under low Crotalaria only
(Table 3). Increasing Calliandra biomass
significantly increased diversity (H' 3.51 to
4.57) at 128 DAI. Application of N to low rate
maize stover significantly increased diversity
at 114 DAI. Addition of N to low rate
Calliandra significantly increased diversity
(H' 3.51 to 4.42) at 128 DAI. Between 58 and
72 DAI, there was an increase in diversity
under 1.2 t C ha! Crotalaria, 1.2 t C ha'
manure, 4 t C ha? Calliandra with nitrogen
and 4 t C ha'Crotalaria with nitrogen.

However, during that transition period
diversity also decreased under low rate
Calliandra with nitrogen, 4 t C ha'

Calliandra, 4 t C ha! maize stover and the
control. At 86 DAI both high rate maize stover
(with or without nitrogen) and high rate
Calliandra showed an increase in diversity
while low rate manure and sawdust attained
lower diversities. There was general decrease
in diversity from 86 to 100 DAI under the
control, 4 t C ha Crotalaria (with or without
nitrogen), 1.2 t C ha* Calliandra and 1.2 t C
hal Crotalaria with nitrogen. However, the
transition from 128 to 158 DAI showed
significant increase in diversity across most
treatments (Table 3).



Table 3. Shannon Wiener diversity indices for
macrofauna under different treatments over time
during 2015/6 rainfall season at Domboshawa.

Sampling time (Days after incorporation)
Treatment 58 72 86 | 100 | 114 | 128 | 158 | Lsd
1.2t Cal 401 | 408 | 407 | 3.89 | 434 | 351 | 485 | 0.11
1.2tCal+ N 456 | 434 | 434 | 463 | 445 | 442 | 484 | 0.11
1.2t Crot 3.89 | 453 | 455 | 470 | 455 | 429 | 490 | 0.11
1.2tCrot+ N | 444 | 456 | 458 | 422 | 476 | 458 | 478 | 0.11
1.2t Mas 426 | 419 | 419 | 461 | 3.79 | 452 | 487 | 0.11
1.2t Mas + N 450 | 447 | 426 | 459 | 482 | 468 | 487 | 0.11
1.2t Man 454 | 466 | 436 | 456 | 429 | 458 | 487 | 0.11
12tMan+N | 418 | 445 | 465 | 469 | 471 | 445 | 485 | 0.11
1.2t Swd 418 | 411 | 409 | 472 | 418 | 440 | 484 | 0.11
1.2tSwd+N | 451 | 448 | 4.08 | 473 | 4.65 | 437 | 490 | 0.11
4t Cal 429 | 392 | 432 | 469 | 452 | 457 | 480 | 0.11
4t Cal+ N 391 | 457 | 450 | 447 | 479 | 456 | 476 | 0.11
4t Crot 439 | 450 | 463 | 391 | 464 | 464 | 448 | 0.11
4t Crot + N 417 | 457 | 447 | 428 | 474 | 470 | 485 | 0.11
4t Mas 419 | 319 | 390 | 468 | 476 | 453 | 482 | 0.11
4t Mas + N 3.68 | 390 | 455 | 447 | 474 | 472 | 477 | 0.11
4t Man 442 | 455 | 432 | 453 | 463 | 465 | 479 | 0.11
4t Man + N 444 | 446 | 457 | 455 | 476 | 459 | 482 | 0.11
4t Swd 415 | 399 | 3.99 | 424 | 467 | 440 | 485 | 0.11
4t Swd + N 455 | 454 | 451 | 463 | 422 | 391 | 483 | 0.11
Ctl 428 | 3.71 | 469 | 428 | 477 | 433 | 444 | 0.11
Ctl+N 453 | 447 | 466 | 415 | 473 | 453 | 4.86 | 0.11
Lsd 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27
Treatments are abbreviated as follows: Cal=Calliandra,

Crot=Crotalaria, Mas=Maize stover, Man= Manure, Swd= Saw
dust, Ctl= Control

Discussion

4.1 Macrofauna

response

resource application

to

organic

Macrofauna stimulation following addition of
organic resources indicates the critical role
played by organic resources in creating
habitable conditions for macrofauna survival
even at low application rate. According to
[29], degraded soils have low diversity and
biomass of fauna which typify resource poor
farmer’s fields. The absences of wireworm in
the control also provide evidence of organic
resource importance for macrofauna which
support our hypothesis that organic resource
supply necessary food for survival. The
importance of organic inputs on faunal
population and order diversity was also
obs