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PREFACE

Information technology is an everyday means that is found in all walks of life today. This is also true
for almost all areas of agricultural management. The aim of this Journal is to improve scientific
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National
Development Plan Framework. The peer-reviewed journal is operating with international editorial and
advisory board supported by the EFITA (European Federation for Information Technology in
Agriculture Food and the Environment).
Agricultural informatics serves not only the development of the management systems of the industry
but also obtaining and publicising information on production, organisation and the market for the
producer.
Technologies into network based business systems built on co-operation will ensure up-to-date
production and supply in food-industry. The sector-level approach and the traceability of processed
agricultural products both require the application of up-to-date information technology by actors of
domestic and international markets alike.
This journal serves the publication as well as familiarization the results and findings of research,
development and application in the field of agricultural informatics to a wide public. It also wishes to
provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural
informatics. Opportunities for information technology are forever increasing, they are also becoming
more and more complex and their up-to-date knowledge and utilisation mean a serious competitive
advantage.
These are some of the most important reasons for bringing this journal to life. The journal
“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its
readers with the advantages of using the Internet and also to set up a forum for the introduction of their
application and improvement.
The editorial board of the journal consists of professionals engaged in dealing with informatics in
higher education, economists and staff from agricultural research institutions, who can only hope that
there will be a demand for submitting contributions to this journal and at the same time there will also
be interest shown toward its publications.
In this issue you can read valuable research papers comes from lecturers and co-authors of the “2017
EFITA/WCCA Congress”. The first 4 papers presented on the Congress. Thanks the authors for the
interesting and useful articles and Dr. Olivier Naud (Irstea) who gave help in editing process.

Prof. Dr. Miklós Herdon
Chair of the Editorial Board
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ABSTRACT
Precision agriculture is a set of methods based on spatial and timed information which
aims at making agricultural operations specific to local crop needs. This study was
conducted to contribute to precision spraying for trellised perennial crops such as
grapevine with a new method called Automata Modelling for Precision Spraying
(AMPS). AMPS is based on the timed automata formalism and the UppAal-CORA
model-checking tool with cost optimisation. It takes 2D ground-based LiDAR data of the
canopy as input and computes a command sequence for the sprayer that is optimized for a
cost criterion. AMPS was tested on LiDAR data from a vine row and with a hypothetical
sprayer model based on pneumatic technology and individual command for each spout.
The chosen cost criterion was the amount of product sprayed on the row. It was
demonstrated on the example that a significant proportion of phytosanitary product can be
saved. It was also shown that it is necessary to take into account spout control dynamics,
because the savings are inferior to the ideal case in which spout response would be
instantaneous.

1. Introduction
Precision agriculture has for origin the development, in recent decades, of localization and sensing
technologies by which site specific management can be implemented in the field, in order to optimize
a given criterion, e.g. economical or environmental benefit (Berk & al. 2016). Most recent
technologies like multispectral imagery and laser scanning, whether airborne or from the ground,
allow the acquisition of crop data with a large spatial resolution (Rosell et al., 2009 ; Hall et al., 2003).
On perennial crops such as grapevine, sensors can be used to quantify and map the density of
vegetation in the canopy. This specific and spatial information is an opportunity for automation
specialists to develop innovative and efficient methods for accurate spraying of phytosanitary
products. Such accurate spraying may contribute to reduce the quantities of chemicals sprayed while
maintaining yield and quality.
The research presented here is a contribution to the development of command methods for sprayers
in order to optimize spraying according to the vegetation, in the case of trellised crops such as
grapevine. In particular, considering the control dynamics of a sprayer, we investigate the possibility
to apply a previously determined map of pesticide dose and spraying configurations. Our contribution,
called Automata Modelling for Precision Spraying (AMPS), is based on the formalism of Timed
Automata (TA) and on the UppAal-CORA model-checking tool. Timed Automata, introduced by
(Alur and Dill, 1994), is a formalism used for the modelling of real-time discrete systems. This type of
representation, which is widely used for the specification of industrial automation, has also been
developed in research for agriculture or ecosystem management (Hélias et al., 2008; Largouet et al.,
2012; Scopélitis et al., 2007). UppAal is a tool designed to validate, through properties verification,
systems that can be modelled as networks of TA. The language used in UppAal extends the formalism
of TA by adding integer variables, structured data types, user defined functions, and channel
synchronization (Larsen et al., 1997). UppAal-CORA brings a cost optimisation feature on top of
model-checking (Berhmann et al, 2005).
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Several authors such as in (Gil et al., 2007) and (Pai et al., 2009) have developed automation
methods for sprayers. The evaluation is usually empirical: once the control has been designed and
implemented, it is tested and performances are analysed. On the contrary, the AMPS method is an
attempt to estimate performances to expect before developing an automated sprayer. The study is
based on the hypothesis that a pneumatic type sprayer would be equipped with individual control of
the spouts. Yet, AMPS was developed to offer adaptability to other spraying technologies. AMPS
considers two criteria: guarantee of sufficient crop protection on each vine plant, and overall reduction
of quantities at plot scale. The outline of the paper is as follows. Section 2 describes the characteristics
of the sprayer used in the work. Section 3 introduces Automata Modelling for Precision Spraying
method. In Section 4, AMPS is applied to real vine LiDAR data (Light Detection And Ranging) and
the control sequence obtained is compared, for the same vine case, with what would be obtained with
results observed with an unautomated sprayer.

2. Description of sprayer
The work is based on a hypothetical sprayer derived from classic pneumatic spraying technology
for grapevine and orchards. For the sake of simplicity, only “hand” shaped spout types are considered
here. A classic grapevine sprayer has two Hands: one Low (LH) and one High (HH). Usually, both are
used at the same time. To address precision agriculture, we suppose that our hypothetical sprayer can
switch on/off these hands independently and has a third Central Hand (CH), which can cover
approximately same crop height as LH and HH used together (figure 1). Each hand has the same flow
rate, which is half the nominal flow rate (the nominal flow is the one that is obtained when LH and
HH are used simultaneously).

Figure 1. Hypothetic automated pneumatic sprayer: layout of spouts (3 hand shaped spouts)

3. Description of the Automata Modelling for Precision Spraying method
This section presents the AMPS (Automata Modelling for Precision Spraying) method that we have
developed in order to support control design and address precision agriculture issues. This method
takes 2D ground-based LiDAR data of the canopy as input and computes, for a given sprayer with
individual control of spouts, a command sequence optimized for a cost criterion while ensuring a
sufficient protection on each vine plant. For the sake of simplicity and genericity, we will call here
after in the model each spout a “nozzle”. AMPS is based on 3 steps: (1) define a function “Precision
Sprayer Mapping (PSM)” that maps each vegetation state to the desired spraying configuration for this
state. (2) apply this mapping to localised vegetation state data, (3) compute and verify spraying control
using a model based on Timed Automata and on the UppAal-CORA model-checking tool, which has
an optimisation feature (Behrmann et al., 2005). In the following, each step is detailed.
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3.1. Step 1: Definition of the Precision Sprayer Mapping
The grapevine crop is organized in rows, and each row is considered as a list of successive crop
blocks of various lengths. Each crop block is considered homogeneous in its characteristics. The
height of a crop block is divided into 3 horizontal sections: Low (L) for the canopy height between h 1
and h 2 , High (H) for the canopy higher than h 3 and Middle (M) for the canopy height, between h 2 and
h 3 . The number of LiDAR beam interceptions in each section within a block is supposed
representative of foliage quantity and canopy porosity. Step1 of AMPS consists essentially in the static
definition of a function, the Precision Sprayer Mapping (PSM) which takes as input abstract
qualitative values derived from LiDAR raw data. For a given section L, M, H, 3 values can be
considered: 0 is for no vegetation, 1 is for some (a little of) vegetation, 2 is for a lot of vegetation.
These values are obtained from raw 2D LiDAR data according to thresholds. In this paper, thresholds
were calculated with reference to statistics for each vertical section and the total height of one vine
row. The threshold to discriminate between 1 and 2 was chosen as the median of the number of
LiDAR beam interceptions in the considered horizontal section. The thresholds for abstract value 0
were chosen specifically for each horizontal section: exactly 0 interception for L section, below 30
LiDAR interceptions for a 10 cm wide scan slice for M section, and below 15 LiDAR interceptions for
a 10 cm wide scan slice for H section. For the whole crop height T (Total T = L+M+H), only values 1
and 2 are considered, because the decision to consider a crop block as “missing vegetation” is taken
with regards to M section (see yellow box in Table 1). h 1 , h 2 and h 3 were respectively set to 0.3, 0.6
and 1.2m.
The PSM maps spraying configurations, i.e. the discrete set of commands that could be applied to
the sprayer, to each value of the quadruplet (T,H,M,L). This mapping can be defined using expert
knowledge. In this study, the PSM was produced using expertise based on testing actual sprayers on an
artificial vine bench (Naud et al, 2014). An extract of PSM is described in table1 showing 24 of the
2x3x3x3 possible combinations of (T,H,M,L).
Table 1. Example of PSM information
T-H-M-L

C best

C alt

T-H-M-L

C best

C alt

T-H-M-L

C best

C alt

xx0x

--

--

1110

HH

CH

2012

LH

LH&CH

1010

LH

HH

1111

CH

CH

2021

LH&CH

LH&HH

1011

LH

CH

1112

LH&CH

CH

2022

LH&CH

LH&HH

1012

LH

LH

1121

CH

LH&HH

2112

LH&CH

LH&CH

1021

LH

CH

1122

CH&HH

LH&CH

2121

LH&HH

LH&HH

1022

LH&CH LH&CH

1211

CH

CH&HH

2122

LH&CH

LH&CH

1212

LH&HH LH&CH

2221

CH&HH

CH&HH

2211

CH&HH

CH&HH

2222

LH&HH

LH&HH

2212

LH&HH

LH&CH

1221

CH

CH&HH

Two commands guaranteeing an effective crop protection were assigned to each vegetation block:
the preferred command (C best ) which sprays the best dose (neither too high nor too low) with the most
appropriate spraying configuration and the alternative command (C alt ) which provides a sufficient, yet
possibly higher than necessary, local dose. When no satisfactory alternative can be defined, C alt =C best .
7 spraying configurations were considered (naming based on the spouts used): LH, CH, LH&CH
(which means that Low and Central hand must be used together), HH, LH&HH, CH&HH and -- for
hands all switched off (missing vegetation: yellow boxes in Table 1). For example, if a vegetation
block has the characteristics T-H-M-L = (1010) (orange boxes in Table 1) then C best =LH and C alt =HH.
In this case, CH command needs to be avoided because products would be wasted on top and on
doi: 10.17700/jai.2017.8.3.392
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bottom of vegetation. In the figure 1, it can be seen that High and Low Hands have an angle which
makes LH spray on both L and M sections, and HH spray on both H and M sections. The results from
tests done on the artificial bench indicate that LH is the best command, and HH is an alternative. The
need for having two commands instead of only C best results from nozzles response time. Choosing a
unique local and ideal spraying configuration command for each block may not provide the optimal
spraying on the whole field due to transition times in opening and closing nozzles. Indeed, for
avoiding insufficient spraying, when spraying configuration is changed, any nozzle to be set ON needs
to be activated before any nozzle to be set OFF is deactivated. This can cause to spray more when
spraying configuration is changed too frequently. This effect of nozzles dynamics is precisely why a
computing framework is needed for a better control design. It is important to outline that in this
application of model-checking with optimisation, spraying enough product on each vine plant means
production safety (vine production point of view) and that quantities sprayed overall on the whole vine
plot should be optimised (environmental point of view).
3.2. Step 2: Description of the Vegetation Block Definition-algorithm
The step 2 (figure 2) consists in the processing of real LiDAR data to obtain C best , C alt and the
duration of each vegetation block for the studied row, considering the PSM detailed in step 1. These
LiDAR data consist in the scan of vine rows from a 2D LiDAR mounted on a tractor drived in vine
inter-rows such as presented in (Bastianelli et al. 2017). The tractor speed was 5 km.h-1. The type of
LiDAR used in this experiment was LMS 100. The data acquisition frequency was 50 Hz, the angular
scan range was 270° with a 0.5° resolution set up so as to scan vegetation on both sides as well as the
ground. The outline of step 2 algorithm for a vine row is as follows. At first, the row is sampled in 10
cm vegetation slices (1). For each slice and each horizontal section within a slice, the number of
LiDAR beam interceptions is counted (2). The criterion for assigning “missing vegetation” to a slice
is, according to PSM, T-H-M-L = xx0x (3). Then, adjacent missing vegetation slices are grouped
together into a single block (4). The resolution of 10 cm was chosen for the method in order to detect
missing vegetation with precision and be able to open and close nozzles at right timings in this case.
But it is not possible to consider such thin slices for control if they are not assembled, because at 1.4
m.s-1 speed (approx. 5 km.h-1 desired speed for sprayer), 10 cm represent 0.07s duration while opening
or closing nozzles requires 0.2s. Then, the vegetation between missing vegetation blocs is divided into
blocks of minimum length 0.5m. A new counting of LiDAR interceptions is made for these blocks and
the thresholding described in previous section is applied to obtain the T-H-M-L values (5). Adjacent
vegetation blocks with similar abstract values are grouped into a single block (6). For each block, C best
and C alt are computed using the PSM function (7). Finally, considering a fixed sprayer velocity along
the row, positions and distances (lengths of blocks) are converted to time points and durations which
are used in the model depicted in step 3.

Figure 2. Step 2 block diagram
Vegetation Block Definition: Algorithm outline:
1. Sample the row in 10 cm vegetation slices.
2. For each slice, count the number of LiDAR beam interceptions in each section.
3. Detect missing vegetation slices.
4. Group adjacent missing vegetation slices.
5. Form vegetation blocks and proceed as in 2 for counting LiDAR beam interceptions.
6. Group adjacent vegetation blocks with similar characteristics.
doi: 10.17700/jai.2017.8.3.392
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7. Search for C best and C alt for each vegetation block.
8. Convert lengths of blocks to durations.
3.3. Step 3: The Timed Automata Model used
A model based on a network of Timed Automata was developed. It represents the behaviour of
each nozzle (nozzles automata), the selection of the command for the next block (anticipation
automaton), the displacement of the sprayer inside the row from block to block (displacement
automaton), the starting of spray in the row (row start automaton), and the opening and closing of
each nozzle according to chosen spraying configuration command (control nozzles automaton).
In the following, each automaton is explained and the synchronization between the automata is
described by the block diagram of Figure 3.
Row Start automaton: This automaton manages the startup phase. It sends two command events
"startAnticip" (to select a command for the first block) and "startBlock" (to start spraying at the first
block)."
Anticipation automaton: The role of this automaton is to select a command for the next block.
The two possible commands for each vegetation block are C best and C alt , as resulting from applying
step2 of AMPS to LiDAR data. After the choice of a command, the anticipation automaton sends the
event “finishAnticip”.
Displacement automaton: It represents the actual displacement of the sprayer. At first, it receives
the start synchronization event “startBlock” from the Row Start automaton. Then, it sends the
“newBlock” event to the Control Nozzles automaton at the end of each vegetation block. At the end of
a row, it sends the “endRow” event to the Control Nozzles automaton. The time the sprayer requires to
spray a whole block is calculated a priori during step 2, from the length of the block and the sprayer
speed.
Control Nozzles automaton: The role of this automaton is to control the nozzles. When it receives
a synchronization event “finishAnticip” from the Anticipation automaton, it calls the "control”
function. This function determines, from the selected command, which nozzles must be opened and
which ones must be closed for the next block. In order to secure the quantity of product sprayed in
each block, the nozzles selected for opening are opened 0.2s before the beginning of the block, and
conversely they are closed 0.2s after its end. Control Nozzles automaton sends the “onNozzle [i]”
event to open a nozzlei and “offNozzle [i]” to close it.
Nozzles automata: Each of these automaton has four states: OFF (initial state), ON,
TransitionOfOpen and TransitionOfClose. It receives the synchronization events “onNozzle” and
“offNozzle” to pass from a state to another. The nozzles response time (for opening or closing) is
supposed to be a fixed and known value (200ms in our example sprayer). In addition, this automaton
counts the quantity of sprayed product using the derivative function cost’. This function, implemented
in UppAal-CORA, represents the flow of product at any time. The higher the flow, the higher the cost
will be at the end.
The synchronization between automata is described by the following block diagram. In UppAal,
time constraints are expressed with integer values. In the model used in this paper, 1 clock unit
represents 0.1s.
Anticipation
automaton
Row start
automaton
Displacement
automaton

Control
Nozzles
automaton

onNozzle
offNozzle

Nozzles
automat

Figure 3. Step 3 block diagram
doi: 10.17700/jai.2017.8.3.392
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3.4. Step3: Computing the Control Sequence using UppAal-Cora
The model described above has been designed in order to be adaptable to a wide range of sprayer
types. It has been made with the UppAal-CORA tool. In the step 3 of the AMPS method, UppAalCORA model-checking is used to compute and verify the control sequence that matches the behavioral
constraints. Model-checking is done by checking properties on a model. Here, the model checking is
used to verify the following property: is there a control sequence that allows the sprayer to reach the
end of the row (while applying the control constraints specified in the model)? UppAal-CORA checks
this property and provides a trace with the lowest cost if such a control sequence exists: this is the
optimal control sequence. Because the derivate cost’ of the cost function specified in the model is the
flow rate, the calculated optimal cost is the minimal amount of product necessary to spray the
considered row.

4. Results & Discussion
In this section, we will assess the feasibility of applying the AMPS method for real vine LiDAR
data. We evaluate precision spraying possibilities while taking into account the dynamics of the
sprayer. The calculated control sequence will be compared to classical spraying without automation.
4.1. LiDAR data
As a benchmark, we consider one row of a vine plot in South of France planted with Chardonnay
which was scanned with a 2D LiDAR such as presented in (Bastianelli et al, 2017).
A part of the vegetation profile of the studied row is presented in Figure 4. The number of LiDAR
interceptions is rendered as grey level in this figure. This profile shows a lot of missing vegetation. For
example, the vegetation block framed by x=[5.8m:7.2m] and y=[0.5m:1.1m] is a missing
vegetation block (Yellow boxes in Figure 4). There are also many cases where the value 0 must be
assigned to the H section (area above 1.2 shown with orange colour).

Figure 4. Extract of studied vegetation profile
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4.2. Computation of spraying configuration commands map
As said previously, the AMPS step 2 consists in the processing of the LiDAR data to obtain C best ,
C alt and the duration of each vegetation block for the studied row. The studied row is 112 meters long
and the sprayer is supposed to move at 1.4 m.s-1. Applying the step 2 algorithm, a sequence of 161
blocks was computed, with 10 blocks that have no vegetation. The length of a block is expressed as a
function of the time needed to spray it. The smallest duration of a block is 0.4s and the longest is 1.4s.
71% of the blocks have the smallest duration. The duration of 8% of the blocks is greater than 1s. The
obtained map of control set points C best and C alt is given in Figure 5. To each type of control command
a colour is assigned: LH (bleu), CH (red), HH (green), LH&CH (magenta), LH&HH (cyan), CH&HH
(yellow) and -- (white) for hands all switched off. The command width is the duration of the block.

Figure 5. Output from step 2: Best and alternative commands in the studied row
From step 2 output, the optimal control sequence choosing between C best and C alt and minimizing the
spraying liquid quantity must be computed.
4.3. Computation of optimal control sequence
Using UppAal-CORA, queries provide for checking the existence of a control sequence matching
behavior constraints. When at least one such control sequence exists, UppAal-CORA can provide the
one with the lowest cost: optimal command. Figure 6 shows the optimal control sequence with the
lowest cost provided by UppAal-CORA. In this sequence, CH (red color) is the most frequent
command. It appears in 61 vegetation blocks. The LH&CH command (magenta) appears in 48
vegetation blocks. The CH&HH (yellow) command is present only twice.
It appears in the optimal solution that one hand is sufficient to spray 43% of the blocks, while a
classical sprayer would always use two hands. So, the AMPS method succeeds to apply a previously
determined map of pesticide dose and sprayer configuration commands considering the control
doi: 10.17700/jai.2017.8.3.392
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dynamics of a sprayer. Moreover, the method reduces the quantities of chemicals sprayed while
maintaining yield and quality. This result is more realistic than a static map with a unique spraying
configuration for each block. Often, in precision spraying, response time of nozzles is not taken into
account. The AMPS method provides a detailed analysis of dose reduction possibilities. These are
discussed in the sequel.

Figure 6. Computed Optimal Sequence
We will now compare this optimal command and two other possible ones with the classical
spraying method. Table 2 shows a comparative table of savings according to selected sequence of
commands. A classical sprayer uses the LH&HH hands configuration, which would result for the 161
blocks in spraying the nominal flow rate for 84,5 seconds (index A). Considering now the possibility
to separately and dynamically command nozzles, we could first consider the theoretical best control
sequence, applying a C best mapping without taking into account the sprayer dynamics (supposing then
instantaneous response). This sequence results in saving 28% compared to the nominal spray amount
(index B). But the dynamics of the sprayer is a mandatory constraint, and have to be considered. Then,
the real results of applying only C best commands leads to save only 14% of product (index C), while
applying a mix of C best and C alt commands depending on the optimal sequence provided by UppAalCORA (index D) allows to save in average 19% of this amount while maintaining sufficient local
protection. Thus, choosing a unique local ideal command for each block does not provide the optimal
spraying on the whole field due to transition times in opening and closing the nozzles. This is precisely
the practical problem addressed in this paper.

Index
A
B
C
D

Table 2. Comparative table of savings according to selected commands
(C&D computed with AMPS method).
Command
Savings
Classical spraying: LH & HH command for all blocks
0%
Theoretical best command on all blocks: C best on all blocks without
28%
considering sprayer dynamics.
Only best command on all blocks considering sprayer dynamics
14%
Optimal command considering sprayer dynamics
19%

As an explanatory example, let us consider two consecutive vegetation blocks such that the first has
the characteristics T-H-M-L = (1212) and the second has the characteristics T-H-M-L = (2021). For
the first block and using the PSM function, C best = LH&HH and C alt = LH&CH. For the second block,
C best = LH&CH and C alt = LH&HH. To compute the optimal sequence, uppaal cora selects C best for
the first block and C alt for the second. If C best was applied for both blocks, then CH should be activated
200 ms before the end of the first block, and HH should be activated 200 ms after the start of second
block, resulting in the unnecessary waste of some product.
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5. Conclusion
In this paper, we investigated how model-checking and timed automata can contribute to precision
agriculture, for the development of command methods in order to optimise accurate spraying
according to vegetation density. We have proposed the Automata Modelling for Precision Spraying
(AMPS) method that assesses the feasibility of applying a dose and spraying configuration map
considering the dynamics of a sprayer hand, and that computes the optimal control sequence thanks to
exhaustive command state space search. We show that the AMPS method is applicable to some real
vine LiDAR data. The obtained optimal control sequence indicates that reducing phytosanitary
products is possible while maintaining a sufficient protection on each plant. AMPS takes into account
the control dynamics of the used sprayer. If sprayer dynamics were not taken into account, then
potential savings on phytosanitary products would be overestimated. The main interest of AMPS
method is to estimate, before the development of a specific system, the gains that could be made with
an automatic multi-spouts sprayer.
The AMPS method is based on the timed automata formalism and the UppAal-CORA modelchecking tool. The UppAal-CORA model-checking tool presents some limitations. Only reachability
properties can be checked, liveness properties and deadlock property cannot be checked. In addition,
the available binary has been built only for 32 architectures which is limited to 4GB of RAM. The
complexity of deciding between two alternative commands for every block of a row is exponential
with regards to the number of blocks. To check the reachability property on the whole vine row, some
spatial decomposition has been needed. This spatial decomposition issue will be discussed in a future
paper.
The AMPS method may now be integrated in a graphic tool. This tool would take as input the
LiDAR data of grapevine plots and the characteristics of a sprayer and would provide as output the
optimal sequence of spraying configuration commands to be applied in the row. One other perspective
is to apply the method in a set of different plots with contrasting vegetation characteristics and analyse
the potential of automation for reducing quantities sprayed in various vineyards.
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ABSTRACT
Bemisia tabaci has two major biotypes: B and Q. Biotype identification is necessary for
whitefly control, since different biotypes have different pesticide resistance. However, slow
and expensive techniques are needed for accurate biotype classification. In this paper, we
propose a whitefly biotype identification scheme using an acoustic signature, and evaluate its
performance. The proposed scheme achieves biotype identification by three steps: signal
detection, frequency-domain matching, and classification of biotypes. We evaluated the
performance of the proposed scheme by processing actual whitefly sounds obtained in a
recording experiment, and calculated the accuracy of the classification.
Results showed the proposed biotype identification method achieved a correct detection rate
of 92% in Bemisia tabaci. This result suggests that the proposed scheme is a viable alternative
for biotype identification of whitefly.

1. Introduction
Whitefly (e.g., Bemisia tabaci and Trialeurodes vaporariorum) is a major pest insect commonly
found in greenhouse environments (Brown et al. 1995; Denholm et al. 1998). Once whitefly invade a
greenhouse environment, they quickly become distributed over the entire greenhouse, and immediately
attack a huge assortment of vegetables, causing millions in damage. Specifically, they transmit more
than 100 kinds of virus, in particular the tomato yellow leaf curl virus—one of the most damaging
pathogens of tomato, with losses up to 100% in commercial fruit production (Czosnek et al., 2001;
Jones, 2003; UC IPM, 2016a). Hence, control of whitefly is an urgent issue for increased crop yield.
Physical, chemical and biological methods have widely been proposed to control whitefly (Denholm
et al., 1998; UC IPM, 2016b), and a combination thereof is currently in actual use. In terms of chemical
control, species and biotypes of whitefly are important information for determining optimum pesticide,
since pesticide sensitivity is different according to whitefly species and biotypes (Horowitz et al., 2005;
Prabhaker et al., 2005). To determine species and biotypes of whitefly, appearance check using
microscope (Ma et al., 2007) and genetic testing (Ma et al., 2007) are employed, respectively.
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Focusing on biotype testing, however, is slow, high-cost and complicated, since whiteflies with
different biotypes have a similar appearance. Nevertheless, to the best of our knowledge, these schemes
[e.g. RAPD-PCR method, (Qiu et al. 2009)] are the only alternative for accurate determination, resulting
in decreased utilization of biotype testing.
We focus here on the acoustic communication of Bemisia tabaci, which are spread globally and cause
remarkable economical loss in many countries (De Barro et al. 2011; Perring 2001; Tay et al., 2012).
Bemisia tabaci have two major biotypes: Middle East-Asia minor 1 (B-biotype) (Bellows et al., 1994;
Lima et al 2000;) and Mediterranean (Q-biotype) (Perring 2001; Chu et al. 2006; Ueda and Brown 2006;
Boykin et al. 2007). Meanwhile, hybridization of the B- and Q-biotypes has not been reported, which
means that the whitefly reproduction and development process is closed within each biotype. It has been
reported that whiteflies make unique sounds before reproduction, and one study found that the acoustic
communication plays an important role in the mating process (Kanmiya 1996). Thus, one possibility is
that whitefly biotypes could be identified from the characteristics of their sound communication. It has
been reported that acoustic sounds of whiteflies vary depending on species (Kanmiya et al. 2011;
Kashima et al. 2016) and biotype (Nakabayashi et al. 2016). Hence, biotype identification of whitefly
could be achieved by acoustic means.
In this paper, we propose a scheme to identify Bemisia tabaci using acoustic signature, to provide
fast, reliable, and cost-effective biotype identification. More specifically, we design a signal-processing
method that can detect the sound of whitefly and determine its biotype automatically. The performance
of the proposed scheme is then evaluated by experiments. Section 2 presents an overview of the acoustics
sounds of Bemisia tabaci and their characteristics. Section 3 describes the biotype identification scheme
of Bemisia tabaci by acoustic signature. We evaluate the performance of the proposed scheme in
experiments in Section 4, and Section 5 contains our conclusions.

2. Acoustic sound of Bemisia tabaci
In this section, we present an overview of an acoustic monitoring system that can record the acoustic
communication signals of Bemisia tabaci (B-biotype and Q-biotype) as naturally as possible
(Nakabayashi 2015), and examine the differences in recorded sounds (Nakabayashi 2016) in 2.1 and
2.2, respectively.
2.1. Acoustic monitoring system of Bemisia tabaci
Whitefly makes unique sounds before reproduction, and it has been found that acoustic
communication plays an important role in the mating process (Kanmiya 1996). However, the sound of
whitefly is very faint, and therefore difficult to observe (Kanmiya [1996] amplified the sound of whitefly
using a thin resonance film). To monitor the sound of whitefly as naturally as possible (i.e., without the
effect of the film), we designed an acoustic monitoring system (Figure 1). As shown in the figure, an
insect-breeding box (SPL-310077, SPL Life Sciences) and a highly sensitive microphone (Type4955,
B&K) were placed inside a full anechoic chamber. About 20–40 whiteflies were put in the box with a
cucumber plant, with the cucumber plant leaf arranged close to the through-hole of the box. This was
because the microphone was inserted into the box via the through-hole, and whitefly is often found in
thick crowds on the undersides of leaves. Hence, it was expected that whiteflies would stay near the
microphone, resulting in successful recording of their natural sound. The recorded sound was amplified
with a conditioning amplifier (Type2690, B&K), and then stored to a PC via an analog-to- digital (AD) converter (USB-6221, National Instruments). The sensitivity of this monitoring system (microphone,
preamplifier, and signal-conditioning amplifier system) was set at 10 V/Pa. With this monitoring system,
recording experiments to obtain the sounds of Bemisia tabaci B- and Q-biotypes were performed for 6
h. The number of whiteflies in each recording experiment was as follows: about 40 in the B-biotype
experiment, and about 20 in the Q-biotype experiment. From these recordings, 1,500 and 1,000 sound
samples were obtained for the B-biotype and Q-biotype, respectively.
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2.2. Overview of acoustic sound of Bemisia tabaci and their characteristics
Figure 2 shows the time- and frequency-domains of recorded sounds of Bemisia tabaci B-biotype
and Q-biotype obtained from experiments. The time-domain of the recorded sounds [B-biotype: Figure
2(a-1) and Q-biotype: Figure 2(b-1)] revealed that the duration of the sounds was about 0.5 s regardless
of biotype. However, for the frequency-domain of sounds [B-biotype: Figure 2(a-2) and Q-biotype:
Figure 2(b-2)], it was found that the power spectrum shape of the B- and Q-biotypes were different.
Specifically, the power spectrum shape of the (B-biotype) whitefly sound had two peaks at over 300 Hz
and under 250 Hz, while the (Q-biotype) spreads were mainly under 300 Hz. Figure 3 shows the
maximum, minimum, average and standard deviation of frequency peaks of 3,734 or 5,151 sound
samples for each biotype. The results indicate that the power spectrum shape of whitefly sound would
be a reliable characteristic for the identification of biotype.

Figure 1. Whitefly acoustic monitoring system
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Figure 2. Recorded sound in the time-domain (a-1): B-biotype and (b-1): Q-biotype; and, recorded
sound in the frequency-domain (a-2): B-biotype and (b-2): Q-biotype

Figure 3. Maximum, minimum, average (circle) and standard deviation of frequency peaks

3. Biotype identification scheme of Bemisia tabaci by acoustic signature
Figure 4 shows a block diagram of the scheme for biotype identification of Bemisia tabaci proposed
in this paper. The proposed scheme is divided into two steps: recording, and signal processing. The
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recording step is the same as in our previous study, as shown in Figure 1. The signal processing step
consists of three sub-steps; signal detection, frequency-domain matching, and classification of biotype.
The details of each sub-step are described in subsections 3.1 and 3.2.
3.1. Automatic detection of whitefly sound
Figure 5 contains a schema that outlines the signal-processing procedure for automatic detection of
whitefly sound. The detector first applies a bandpass-filter on the recorded sound [Figure 5(a)]. It then
finds an index where the amplitude of the bandpass-filtered signal exceeds the threshold [Figure 5(b)].
After removing the duplicated index, the detector finally samples a specific 0.5-s section that
corresponds to whitefly sound [Figure 5(c)].
In the bandpass-filtering process, a bandpass-filter (BPF) of 150-450 (Hz) is applied. Figure 6(a)
shows the bandpass-filtered signal of the B-biotype. An index is then created where the power of the
bandpass-filtered signal exceeds the threshold [Figure 6(b)]. As shown in this figure, the created index
does not correspond to the whitefly sound one-to-one, because there are multiple index elements during
a single whitefly sound duration. Hence, index elements whose neighbor difference is within 0.4 s are
treated as duplicate records, and duplicates are removed [Figure 6(c)]. Finally, 0.5 s of sound (triggered
0.1 s before each index) is sampled and output as detected whitefly sound [Figure 6(d)].
In this detection process, the value of the threshold determines the performance. Figure 7 shows a
relationship between the threshold (0 dB: background noise power) and the number of indexes [blue:
index of sound (SUCCESS); red: false alarm (FAIL)] obtained from 5 min of recorded sound. As shown
in this figure, it was found that threshold of 20 dB was sufficient to obtain a maximum number of sound
indexes in both the B- and Q-biotypes. Hence, the threshold of 20 dB was used. In addition, the number
of false alarms increased as the threshold decreased; however, the number of duplicate indexes increased
more than the number of false alarms. Hence, the number of false alarms decreased with decreasing
threshold after duplication removal.

Figure 4. Block diagram of biotype identification scheme for Bemisia tabaci
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Figure 5. Signal processing for automatic detection of whitefly sound

Figure 6. Example of signal processing: (a) bandpass-filtered signal; (b) index that exceeds the
threshold; (c) duplicate-removed index; and (d) sampled whitefly sound
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Figure 7. A Relationship between threshold and number of indexes [Blue: Index of sound
(SUCCESS); Red: False alarm (FAIL)]
3.2. Frequency-domain matching for biotype identification
Figure 8 presents a schema detailing the signal-processing approach for biotype identification of
whitefly. The identifier first converts the detected whitefly sound in the time domain into the frequency
domain by calculating a fast Fourier transform (FFT) [Figure 8(a)]. In this paper, the parameters of the
FFT calculation are as follows: the sound sampling frequency is 40 kHz, and duration is 0.5 s, therefore
sample size is 20,000 samples, and the window function is a rectangular window. The identifier then
compares the detected whitefly sound with the known whitefly sound (template) of the B- and Qbiotypes by calculating a spectrographic cross correlation, and outputs the correlation value [Figure
8(b)]. Finally, the identifier identifies the biotype of the whitefly by analyzing a set of correlation values
[Figure 8(c)].
Figures 9 and 10 are examples of the detected B-biotype and Q-biotype whitefly sounds, and template
sounds in the frequency domain, respectively. As shown in these figures, both the power spectrum shape
and template of detected (B-biotype) whitefly sound spreads mainly over 300 Hz. On the other hand,
both the power spectrum shape and template of detected (Q-biotype) whitefly sound spreads mainly
under 300 Hz. Hence, the identifier calculates two correlation values, cB and cQ [cB/cQ: correlation value
of the detected whitefly sound and that of template (B/Q-biotype) at 150-450 (Hz)], and stores them as
CB and CQ, respectively. Finally, the identifier compares the mean value of CB and CQ, and judges that
the detected whitefly sound belongs to the biotype whose template returns the larger correlation value.
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Figure 8. Signal processing for biotype identification of whitefly

Figure 9. Examples of the detected whitefly sound: (a) B-biotype, and (b) Q-biotype

Figure 10. Template sounds in the frequency domain: (a) B-biotype, and (b) Q-biotype
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4. Experiments and discussion
The performance of the proposed scheme was evaluated in experiments. The whitefly sound
recording was performed using the acoustic monitoring system described in Section 2, and the
monitoring and simultaneous biotype identification was performed by software (LabVIEW, National
Instruments and MATLAB) on a personal computer (Figure 1).
Prior to the experiment, the template sounds shown in Figure 10 were prepared. Specifically, Bbiotype and Q-biotype sounds were recorded for 5 min, and 50 sound blocks of 0.5 s were obtained
manually for each biotype. Sound templates for the B- and Q-biotypes were then calculated by averaging
the power spectrum of each sound block.
The experiment was performed for 280 min for each biotype, and biotype identification was
performed every 5 min. Figure 11 shows an example of the distribution of a correlation value set, CB
and CQ. The horizontal axis shows relative correlation value [correlation value divided by
max(CB∪CQ)], and the vertical axis indicates the frequency (the number of cases in each bin). As shown
in this figure, it is clear that the two distributions were separated. Hence, if a suitable threshold were set,
biotype identification of Bemisia tabaci using acoustic signatures would be successful. Figure 12 shows
the distribution of mean(CB) and mean(CQ), plotted over 280 min, every 5 min. As shown in this figure,
when the threshold was 0.41, the biotype identifications of Bemisia tabaci were achieved with a correct
detection rate of 92% (206/224). This result reveals that the proposed scheme sometimes fails to identify
a biotype correctly. This was due to the lack of detected sound. Figure 13 shows the number of detected
sounds during the experiment. As may be seen in the figure, biotype identification failed when the
number of sounds detected was small. This was because the whitefly had silent periods during the
experiment (Nakabayashi 2015); hence, sound detection and processing period would need to be
adjusted adaptively by referring the number of detected sounds to improve identification performance.

Figure 11. Examples of distribution of correlation value set, CB (Red) and CQ (Blue)

doi: 10.17700/jai.2017.8.3.391
19
Hiroki Nakabayashi, Koichi Mizutani, Tadashi Ebihara, Naoto Wakatsuki, Hiroyuki Uga, Kenji Kubota, Masahisa Ishii: Biotype
identification of Bemisia tabaci by acoustical method

Journal of Agricultural Informatics (ISSN 2061-862X) 2017 Vol. 8, No. 3:11-22

Figure 12. Distribution of mean(CB) and mean(CQ) obtained through the experiment (circle: failure
point of biotype identification)

Figure 13. Number of detected sounds during the experiment (circle: failure point of biotype
identification)
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5. Conclusions
The objective of this paper was to develop a biotype identification system for Bemisia tabaci, to
enable fast, reliable, and cost-effective biotype testing. To achieve this, a signal-processing method for
automatic detection and classification of whitefly biotypes was proposed and designed. Performance of
the proposed scheme was evaluated in an experiment. The experiment was performed for 280 min for
each biotype, and biotype identification was performed every 5 min. Experimental results showed that
biotype identification of Bemisia tabaci could be achieved with a correct detection rate of 92%. The
obtained results suggest that the proposed scheme is a viable alternative for biotype testing of whitefly.
Our future work will seek to improve the identification performance of this proposed scheme by
adjusting sound detection and processing period by adaptively referring the number of detected sounds.
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ABSTRACT
In this paper, we present an optimized Machine Learning (ML) algorithm for predicting
land suitability for crop (sorghum) production, given soil properties information. We
set-up experiments using Parallel Random Forest (PRF), Linear Regression (LR),
Linear Discriminant Analysis (LDA), KNN, Gaussian Naïve Bayesian (GNB) and
Support Vector Machine (SVM). Experiments were evaluated using 10 cross fold
validation. We observed that, parallel random forest had a better accuracy of 0.96 and
time of execution of 1.7 sec. Agriculture is the main stream of food security. Kenya
relies on agriculture to feed its population. Land evaluation gives potential of land use,
in this case for crop production. In the Department of Soil Survey in Kenya Agriculture
and Livestock Research Organization (KALRO) and other soil research organizations,
land evaluation is done manually, is stressful, takes a long time and is prone to human
errors. This research outcomes can save time and improve accuracy in land evaluation
process. We can also be able to predict land suitability for crop production from soil
properties information without intervention of a soil scientist expert. Therefore,
agricultural stakeholders will be able to efficiently make informed decisions for optimal
crop production and soil management.

1. Introduction
One of the anchor pillars of Kenya's Vision 2030 is agriculture. Agriculture is an important sector
in Kenya for economic growth and safe food supply (Government of Kenya 2007). Almost a quarter of
Kenya Gross Domestic Product is from agriculture. Kenya sets aside a significant amount of money
each year in agriculture through the state Department of Agriculture (in Ministry of Agriculture
Livestock and Fisheries) whose mandate is: to promote and facilitate production of food and
agricultural raw materials to enhance safe food supply and incomes, build capacity of agro-based
(Ministry of Agriculture, Fisheries and Livestock 2016).
Due to low yields, change in farming practices and other factors, land evaluation has become an
important practice for agricultural stakeholders. Land evaluation is the assessment of use potential of
land. Land evaluation involves the analysis and interpretation of climate, vegetation, soil, socioeconomic and other aspects of land such as crop land use requirements. Land evaluation predicts
expected suitability of land use (e.g. crop production) for each land mapping unit. Ideally,
representative soil profiles (land mapping units) are sampled horizontally and depth. The soil
samples are then taken to the laboratory where the soil physical and chemical compositions are
analyzed to determine the land qualities (e.g. soil water holding capacity, rooting depth, salinity
hazard and oxygen availability). Besides the land qualities, economic factors (e.g. cost of inputs,
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price of benefits, and net returns) and climate (e.g. temperature and rainfall) characteristics are
determined and rated against a scheme.
Thereafter, crop requirements are matched against the rated scheme to determining the suitability
of a crop. According to Food Organization Authority (FAO) of the United Nations, suitability of a
land mapping unit is categorized as either S1 (highly suitable), S2 (moderately suitable), S3
(marginally suitable) or NS (unsuitable). With this land evaluation information, farmers gain
knowledge of what crops to grow in a particular piece of land, this leads to better crop yields as well
as acquiring skills for sustainable land/soil management (Food and Agriculture Organization 1976).
Sorghum is a significant crop in improving food security in Kenyan (Ogeto, Cheruiyot, Mshenga
& Onyari 2013). It is a drought tolerant crop; it can grow well in Arid and Semi Arid Lands (ASAL)
in Kenya. ASAL make up-to 83% of Kenya (Dietz, Foeken, Soeters & Klaver 2014). Sorghum
production is increasing because of the increased demand by industries (e.g. East African Breweries)
and the market (Ogeto, Cheruiyot, Mshenga & Onyari 2013).
Machine Learning (ML) is a discipline in computer science that emerged from the field of
artificial intelligence. ML is concerned with developing computer programs that automatically learn
and improve with experience. To build an intelligent machine, it should learn from and adapt to the
environment it learns in (Mitchell 1997). This research we compare performance of PRF, LR, LDA,
KNN, GNB and SVM. Experiments show that PRF had a better performance in predicting land
suitability given unseen soil profile data. This research can be adopted to improve efficiency of land
evaluation process for crop production and soil management. In this paper, Section 2 gives related
works, Section 3 covers methodology, Section 4 presents results and discussion and Section 5 gives
conclusion.

2. Related Works
Anitha and Acharjya (2017) studies aimed at predicting crops to be grown in Vellore District.
They came up with a hybridizing of rough set on fuzzy approximation space and ANN. The rough set
on fuzzy approximation space was to get almost equivalence classes where attribute values are not
qualitative. The classified information was the taken to ANN algorithm for training, prediction and
testing. They used a dataset collected from Krishi Vigyan Kendra of Vellore District between 2007
and 2014. The dataset contained 2193 objects with 15 attributes. They used 26 soil attributes: soil
pH, moisture, organic matter, availability of nitrogen, availability of phosphorus, availability of
potassium, water pH, calcium, nitrate, magnesium, selenium rainfall, copper, zinc, manganese and
iron. The dataset was divided into 55% training and 45% testing data and validated by N-folds crossvalidation. The experiments were developed in R language. The average Mean Square Error (MSE)
was 0.2436 and Accuracy of 93.2% (Anitha & Acharyjya 2017).
Fereydoon et al. (2014) developed an SVM – Two Class Model for land suitability analysis for
wheat production in Kouhin region in Iran. They used 22 soil representative soil profiles
information, each soil profile having 10 features: climatic (precipitation, temperature), topographic
(relief and slope) and soil-related (texture, CaCO3, Organic Carbon, coarse fragment, pH, Gypsum).
They implemented a Two Class SVM model on a non-linear class boundaries i.e. non-linear
mapping of input vector into a high dimensional feature space. They used MATLAB 8.2 software to
design and test the SVM model. They randomized the dataset and split it into training (80%) and test
(20%). In performance evaluation, they got an RMSE of 3.72 and R2 of 0.84 (Fereydoon et al. 2014).
Land suitability classification using a large number of parameters is time consuming and costly.
With this research problem Hamzeh et al. (2016) presented a combination of feature selection (best
search, random search and genetic search methods) and fuzzy-analytical hierarchical process (AHP)
methods to improve selection of important features from a large number of parameters. On feature
selection, random search performed slightly better than genetic search methods and best search. They
found that soil texture, wetness, salinity and alkalinity were the most effective parameters for
determining land suitability classification for the cultivation of barely in the Shavur Plain,
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southwest Iran. The report showed that soil salinity and alkalinity, soil wetness, CaCO3, gypsum,
pH, soil texture, soil depth and topography were the most important soil properties to consider for
cultivating barley in the study area (Hamzeh et al. 2016).
Mokarram et al. (2015) used AI and ML to automate the land suitability classification for
growing wheat. They used a dataset with data collected from Shavur plain, northern of Khuzestan
province, southwest of Iran. The dataset had the following attributes: topography (Primary slope,
Secondly slope and Micro relief), salinity and alkalinity (EC and ESP), wetness (Groundwater
depthand Coroma depth), soil texture, CaCO3, soil depth, Gypsum and pH (H2O). Land suitability
classes were classified as highly suitable (more than 75%), moderately suitable (50%-75%),
marginally suitable (25%-50%) and not suitable (less than 25%). Mokarram et al. (2015)
implemented Bagging, AdaBoost and RotForest algorithms and evaluated the performance of their
experiments using 632+ bootstrap and 10-fold cross validation. Their results classified 26% of the
land being moderately suitable, 25% being marginally suitable and 49% being not suitable.
Moreover, they found that RotBoost algorithm had a better accuracy than Single Tree, Rotation
Forest, AdaBoost, Bagging algorithms in predicting land suitability class. RotBoost recorded 99%
and 85% accuracy score for bootstrap and cross validation respectively (Mokarram, Hamzeh,
Aminzadeh & Zarei 2015).
Dahikar and Rode (2014) demonstrated the use of ANN in predicting crop suitability from soil
attributes. The attributes include: type of soil, pH, nitrogen, phosphate, potassium, organic carbon,
sulphur, manganese, copper, calcium, magnesium, iron, depth, temperature, rainfall, humidity. They
set up the experiments in MatLab (Dahikar & Rode 2014). However, performance results were not
given in the papers. The researchers acknowledge the potential of using ANN in predicting crop
suitability from soil data collected from rural district.
Elsheikh et al. (2013) presented ALSE, which was an intelligent system for assessing land
suitability for different crops (e.g. mango, banana, papaya, citrus, and guava) in tropical and
subtropical regions based on geo-environmental factors. ALSE supported GIS capabilities on the
digital map of an area with FAO-SYS framework model. It also had some necessary modifications to
suit the local environmental conditions for land evaluation, and the support of expert knowledge.
ALSE had the capability to identify crop-specific conditions and systematically computes the spatial
and temporal data with maximum potential. This would help land planners to make complex
decisions within a short period taking into account sustainability of a crop. Test dataset was collected
from agricultural land in Terengganu, West Malaysia. Some of the attributes they used were: rainfall,
soil attributes (nutrient availability, rooting conditions, nutrient retention, soil workability and
oxygen soil drainage class) and topology (Elsheikh et al. 2013).
Manuel et al. (2014) evaluated 179 classifiers. They were implemented in Weka, Matlab, R (with
and without the caret package) C and other relevant classifiers. PRF turned out to be the best
classifier when implemented in R which achieved 94.1% accuracy. Followed by SVM with Gaussian
and polynomial kernels which achieved 92.3% accuracy. Different learning algorithms had different
performance levels on change in dimensionality (Manuel et al. 2014).
Rich and Alexandru (2006) did an empirical evaluation of supervised learning on high dimension
data. They evaluated their experiments using: accuracy, area under the curve, and squared error.
They also studied the effect of increasing dimensionality using SVM (LaSVM kernel and RBF
kernels using stochastic gradient descent), ANN, Logistics Regression and Nave Bayes. They found
that RF had the best performance, followed by ANN, then boosted trees, and lastly SVMs (Rich and
Alexandru, 2006).
From the above literature, we see diverse applications of statistical and ML techniques in land
suitability for better crop production: ANN, AdaBoost, SVM, fuzzy logic and PCA. Nevertheless,
other researchers compared performance of algorithms. For example, Manuel et al. (2014) evaluated
179 classifiers including: discriminant analysis, multiple adaptive regression splines, Bayesian, ruledoi: 10.17700/jai.2017.8.3.390
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based classifier, boosting, neural networks, bagging, stacking, Random Forest (RF) (Breiman 2001),
SVM, decision trees, generalized linear models, logistic and multinomial regression, nearest
neighbours, partial least squares and principal component regression. PRF turned out to have the best
accuracy of 94.1% (Manuel, Eva & Senen 2014). Liua et al. (2013) did a comparison of back
propagation neural network, SVM and RF for investigating electronic tongue (E-tongue) data
processing. RF had a better performance of 99.07% (Liua, Wangb, Wanga & Li 2013). Palmer et al.
(2007) implemented RF, Partial-Least-Squares regression and ANN to develop QSPR models for
predicting aqueous solubility. RF had a better prediction accuracy (Palmer, O'Boyle, Glen &
Mitchell 2007). Jia et al. (2013) researched on predicting β-hairpin motifs in proteins. They applied
RF and SVM. RF had a better accuracy of 83.3% and Matthews correlation coefficient of 5-fold
cross-validation of 0.59 (Jia, Hu & Sun 2013). Dong et al. (2016) found that RF outperformed SVM
in a framework for eye state estimation with various feature sets in terms of time consumption (Dong,
Zhang, Yue & Hu 2016). We see that PRF is a potential algorithm in optimizing land suitability for
Sorghum production, from soil properties dataset.

3. Methodology
We set up experiments of PRF for predicting land suitability from soil datasets. We further
compared of PRF predictability with other algorithms, namely, LR, LDA, KNN, GNB and SVM.
3.1.

How Parallel Random Forest Works

RF is an ensemble ML algorithm. Ensembles use the divide-and-conquer approach when learning
from a dataset. Growing ensembles of trees (by generating random vectors for each tree) and letting
them vote for the most popular class has resulted to significant improvements in classification
accuracy. RF applies a random split of each node in the tree from possible best splits. RF also does a
random selection of a subset of features to use to grow each tree. RF generates new training sets by
randomizing the outputs in the original training set or generating training set from a random set of
weights on examples in the training set. The randomness minimizes correlation while maintaining
strength. The main principle behind ensemble is that they use a group of weak learners to form a
strong learner. The generalization error of a forest of tree classifiers depends on the strength of the
individual trees in the forest and the correlation between them (Breiman 2001). PRF is a version of
RF which distributes computations of decision trees on multi-core architectures (Kulkarni & Sinha
2013).
3.2.

Datasets and Experiments

This study identified eight features that can be used in land evaluation for Sorghum production.
These features were: drainage, annual rainfall, rooting depth, salinity hazard (ECE), sodicity hazard
(ESP), moisture holding capacity (MHC), slope and mean annual temperate. In land evaluation
suitability for crop production, soil scientists consider crop requirements, land qualities rating
schemes and soil properties information when evaluating the optimal soils for crop production. This
research considered soil properties data from reports archived in KALRO. This data was selectively
collected from Tsavo, Muhoroni, Bura East, Machakos, Olenkasoria, Sagana, Bura West, Kericho,
Makuyu,Busia, Nakuru, Kiboko, Amboseli, Taveta, Kwale, Kapenguria, Kindaruma, and Chuka
areas between 1977 to 1996.
We developed a Land Evaluation Software (LES). We followed the rapid prototyping procedures
of software development using Microsoft Visual Studio 2013. Figure 1 is an interface of the LES.
The following were functions of the LES:
a) Import dataset in the system from CSV files. The data include: crop requirements, soil
rating criteria and soil properties data.
b) Analyse soil dataset to give land suitability using minimum principle. Soil limiting factors
are also given.
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c) Export analysed data to CSV file for users to make informed decisions on soil management
and crop production.
In LES, the user customizes crop requirements in a csv file. The Import Data Crop Req. button
allows the user to browse the file system, select the crops requirements csv file which will be loaded
in the Crop Requirements data grid. Import Data (Soil Data) button loads soils data to be analysed
from a csv file. After the crop requirements and the soil dataset is loaded as show in Figure 1, the use
clicks the Analyse Suitability button. This button initiates analysis of the soil dataset as per the
following land evaluation procedures (Food and Agriculture Organization 1976):
(i)

An appropriate soil quality/feature is matched to a soil rating scheme to get r.

(ii)

r is then matched to crop requirement, to get land suitability, s

(iii) An evaluated LMU have several properties. If all the properties are evaluated in steps (i)
and (ii) above, they will give us S={s1,…,sn}, where n = number of soil properties.
(iv) Therefore, the overall land suitability is the minimum value, s_min, in the set S, as shown
in equation 1

(v)

(1) 𝑠𝑠_𝑚𝑚𝑖𝑖𝑛𝑛 = min{𝑠𝑠1, … , 𝑠𝑠𝑛𝑛}

Soil limiting factors for each land mapping unit are recorded. Soil limiting factors are the
soil properties that have recorded low suitability as per steps (i), (ii) and (iii).

The overall land suitability and limiting factors for each LMU are displayed in Overall Suitability
and Limiting columns respectively in the Soil Analysis data grid in LES. Note that in this research,
we did not consider soil fertility aspects in land evaluation. The steps (i) to (iv) described above are:
done manually, time consuming, stressful and prone to human error, however, LES is accurate and
fast. The output of this evaluation can be used by soil scientists to advise farmers on the land
potential. Knowing the soil limiting factors assist soil scientists’ advice of the appropriate chemicals
or fertilizers to be added in the soil, to improve crop production thus improving soil management.
LES can be adopted for land evaluation for crop production and soil management. LES can also be
upgrade to store and management soil data and information for research purposes. Ultimately, farmer
would be able to get timely and accurate results for optimal crop production. In general, LES is a
resourceful software
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Figure 1. Land Evaluation Systems interface
In ML algorithms, after pre-treatment of the dataset in LES and exporting to csv file using the
Export To CSV File button, the overall suitability is taken as the label while the soil properties are
taken as the features. In ML, the exported dataset was split to a ratio of 7 to 3, that is, training and
test set respectively. We trained, tested and measured predictability of PRF, LR, LDA, KNN, GNB
and SVM. The ML algorithm performance was measured by 10 cross fold validations. We
prototyped our experiments in Python 3.5 running on a computer with Intel Core i3-2365M
@1.40GHz with 4GB RAM.

4. Results and Discussion

We visualized the distribution of soil features population as show in Figures 2 and 3. The horizontal
axis in Figure 2 indicates levels of features in the soil while the vertical axis indicates the population.
In Figure 3, vertical axis indicates the levels of features in the soil. Comparing Figure 2 and 3, we only
see moisture holding capacity distribution can fit a gaussian distribution. The other features do not
show a gaussian distribution. This can guide us in choosing an appropriate ML algorithm e.g GNB for
gaussian distributed features. In Figures 2, we also see rooting depth, salinity hazard, slope and
sodicity hazard populations highly skewed to the lower values. Same as in Figure 3, we see the interquartile ranges and upper whiskers flattened to the lower populations as the far flanked levels marked
as outliers. In Figure 2, we see the median being same as the lower quartile. This is because there were
many values drainage recorded at 3.0. This brought the median down.
In the soil dataset, we had 4 land suitability classes: highly, moderately, marginally and unsuitable.
We trained, tested and measure performance of different algorithms: RF, LR, LDA, KNN, GNB and
SVM ML algorithms. 10 cross validation was used in measuring performance of the ML algorithms.
Results are shown in Table 1 and Figure 4.
Table 1 and Figure 4 shows 10 cross fold validation results. We see different ML algorithms adopting
differently in the soil dataset. RF adopts quite well while SVM adopted quite poorly compared to the
other ML algorithms. RF has a better accuracy (0.90 accuracy on 10 cross fold validation) and lower
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standard deviation (0.13). This means RF correctly identified 90% of the unseen data correctly and a
low variation from the mean of 0.13. In Figure 4, RF median is close to the upper bond quartile range
and close to the upper whisker. This mean accuracy values in the upper median were quite high and
had a low variation. Low standard deviation also shows that RF has stable results.

Figure 2. Bar graphs of population distribution concentration levels of different soil features in the
dataset.

Figure 3. Box plot of population distribution in different soil features in the dataset.
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Figure 4. Distribution of accuracy in different machine learning algorithms applied on the soil dataset
Table 1. Cross validation acuracy and standard deviation of different ML algorithms
Algorithm

10 Cross Validation Accuracy

Standard Deviation

LR

0.56

0.16

LDA

0.53

0.16

KNN

0.44

0.08

Gaussian NB

0.63

0.15

SVM

0.34

0.14

RF

0.90

0.13

Results in Table 2 show serial and parallel RF. Accuracy was calculated using Equation 2. We see
parallel RF runs 1.2 times faster than serial RF. Parallel runs faster because it utilizes multiple CPUs
while serial RF runs on one CPU. More CPU increases processing capability of the computer by
distributing processes across the CPUs making processes run faster (Rajaraman and Siva 2016).
Moreover, accuracy does not change in parallelized and serial RF. Meaning increasing CPUs did not
interfear with accuracy of RF.
Table 2. Comparing serial and parallel RF
Algorithm
Parallel RF
Serial RF

Accuracy Time (sec)
0.96
1.7
0.96
2.1

(2) 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑦𝑦, 𝑦𝑦�) =

1

𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

No. of CPUs
4
1

𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −1

) ∑𝑖𝑖=0

1 − (𝑦𝑦� = 𝑦𝑦𝑖𝑖 )
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5. Conclusion
Land evaluation for crop production provides useful information to stakeholders in the
agricultural sector to improve crop yield and soil management. In the Department of Soil Survey in
KALRO and other soil research organizations, land evaluation is done manually, is slow and is prone
to human errors. We developed LES that accurately and timely analyzed and labeled soil properties
datasets. LES also indicated limiting factors/features in a set of soil properties; with this knowledge,
soil scientists are in a better position to advise the appropriate chemical(s) or fertilizer(s) to add to
improve crop production, thus improving soil management. Nonetheless, LES provided us with pretreated labeled datasets that enabled us use PRF algorithm to predict land suitability for sorghum
production from soil properties datasets. We evaluated the PRF experiments with actual datasets and
recorded an accuracy and time of executing PRF of 0.96 and 1.7 sec respectively. PRF made
accurate predictions without the involvement of a soil scientist human expert. Fertility can also be
considered in land suitability evaluation by considering fertility aspects of soil profile information.
In conclusion, LES can manage soil information while PRF can optimize prediction of land
suitability for crop production from soil information. This will ultimately improve land evaluation
process and provide agricultural stakeholders with appropriate information to improve soil
management and enhance crop production.
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ABSTRACT
The agricultural system experienced a strong abandonment of agroforestry in the 20th
century, with agroforestry today taking place only on a few million ha in Europe. One of
the aims of the AgroFE (Agroforestry Training in Europe) and the Agrof-MM
(Agroforestry – Training – Mediterranean and Mountain Erasmus+) European projects is
to build a knowledge databank to assist educational development and to provide experts
and farmers with agroforestry knowledge. The KDB (Knowledge DataBank) is based on
different professional vocabulary, metadata and thesaurus systems to build the content
structure and help the users in their searches. A new tool will improve the knowledge
management of agroforestry. The Agrof-MM project is creating an agroforestry thesaurus.
The paper describes the knowledge databank system prototype for Agroforestry training
and education. The knowledge databank is a component of the project training system. It
aims to gather and share a set of documents and resources that partners, learners and
public users can access in different forms: mono document objects and composite
materials.

1. Introduction
The agricultural system experienced a strong abandonment of agroforestry in the 20th century, with
agroforestry today taking place only on a few million ha in Europe. (Nair, 2005). In recent years,
scientific research, the development of structures and the results of experiments by select professionals
has gained recognition of agroforestry and family farming (Lengyel et al., 2016) on national and
European levels. Additionally, experimental courses in agroforestry have been launched in several
countries, albeit on a small scale, as resources, trainers and available skills are scarce. Fortunately, ICT
tools are being continuously developed, so there are tools and methods for e-learning and ecollaboration available for use in the improvement of agroforesty education (Bustos et al., 2007;
Herdon and Lengyel, 2013; Herdon and Rózsa, 2012; Szilágyi et al., 2016; Botos, 2012). The main
objectives of the development of such tools are to synthesise needs and expectations, based on the
current training methods, present training methodologies and present training practices, as well as to
set up a common framework to 1) build an innovative training system (contextualized, modularized
trainings, use of ICT, with the participation of professionals (Jamnadass et al., 2014)), 2) create a
technical collaborative support for the implementation of the project with communication tools
(information of partners and promotion) and 3) provide access to the resources and training services
during and after the project (knowledge databank, interactive services) (Ibanez et al., 2013).
Collaborative Working Environment (CWE) can be perceived as the tools, technologies, services and
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environments supporting individual persons in their working tasks to become more creative,
innovative and productive (Gunn, 2010) involving the direct or indirect interaction (collaboration)
with other individuals, groups or organizations (Collaboration@Work, 2005; Ibanez et al., 2013).
Collaborative platforms provide sophisticated upper middleware services, which means that it requires
a person-aware distributed collaboration environment (Gregorio et al., 2015). It is based on system
integration of Web Services, Semantic Web, CSCW (Computer-Supported Cooperative Work), utilitylike computing and connectivity (grid or alike), sensor and wireless technologies (beyond 3G, 4G),
advanced network services (e.g. IPv6), knowledge and content management, and WFMS (WorkFlow
Management System) based on peer-to-peer design principles to enable radically new collaborative
environments. These can provide the support and operations required for complex virtualized working
environments. Tasks include development of tools for sharing resources, knowledge/resources
discovery, service composition and CSCW tools (including multi-conferencing) to ensure stable,
dependable collaborative applications.

2. Objectives
Supporting the agroforestry development (training on different levels (Mbow et al., 2014; Gold et
al., 2015), extension activities, farming) in Europe, one important aim of the AgroFE (http://agrofe.eu)
and the Agrof-MM (http://agrofmm.eu) European projects is to build a knowledge databank to help
supply the stakeholders with agroforestry knowledge. A knowledge base or knowledge bank is a
special kind of database (Glick, 2013) for knowledge management. A knowledge base is an
information repository that provides the means for information to be collected, organized, shared,
searched and utilized. It can be either machine-readable or intended for human use. Behind a
Knowledge DataBank (KDB), there is, minimally, a back-end which is based on a special DBMS. Due
to the high level of enrichment, a KDB is more than a documentary base or a document management
system.
The knowledge management (KM) is used to describe the creation of knowledge repositories,
improvement of knowledge access and sharing as well as communication through collaboration,
enhancing the knowledge environment and managing knowledge as an asset for the project partners
and the public. The central element of the KM is the KDB. In order to build and use the KDB,
knowledge engineering is needed. To organize and store the knowledge (represented in different
content and forms: e.g., documents, videos, photos), it is necessary to classify them by using
knowledge representation technologies. The Dublin-Core (Weibel, 2005; Lubas et al., 2013), LOM
(Learning Object metadata), Technical metadata and the Agroforestry thesaurus are used in the project
(Castro-García and López-Morteo, 2013; Manouselis et al., 2010).
One crucial part of the development is to define the AgroF-thesauri in every detail, because the
words in this vocabulary link to different objects (e.g., document, lecture, presentation, videos) in the
KDB. This thesauri system has been developed by a working group in the project using ontology.
Unfortunately, the AGROVOC Multilingual agricultural thesaurus and other systems do not contain
terms for agroforestry in detail (Rajbhandari and Keizer, 2012).

3. Requirements, functional features
About Knowledge: in the projects, we consider that the “Knowledge” is made of the “digital” parts
of the explicit and tacit knowledge related to the Agroforestry domain. The KDB contains the
knowledge representation. KDB is the tool of capitalization and ICT are the support of the
implementation and uses of the KDB. Knowledge is collective, it does not exist without human beings
and the KDB is very partial.
Some important requirements and characteristics of our KDB are the followings:
• Storing elements of knowledge, sources of technical and professional information in relation
to the domain;
• Making professional experiences accessible to learners, students, farmers in training,
experiences under the form of document, reports, video, evidence and keynotes;
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•
•
•
•

Allowing the diffusion of knowledge in the form of apprenticeship modules, together or linked
to education and training platform;
To be one of the support tools of the collaborative and interactive work in the project,
especially as a means to help the production of professional targeted knowledge;
Bringing agroforestry knowledge content and bridging the other related KDBs (agronomy,
agro ecology, environment, water, organic farming) and agroforestry sources;
In mid-term, for the “public part” of the KDB, making this knowledge accessible to the public,
in respect to intellectual property.

4. Results
4.1. The developed system
The knowledge database has been developed to be used as tools and training resources and will
also integrate with existing and future training resources. Collaborative and dissemination platforms
were created such as an official web site (http://agrofmm.eu/index.php/en/), twitter
(https://twitter.com/AgrofMM) a video-conference system and Facebook page have been registered
and maintained (https://www.facebook.com/AgrofMMEU/), a mailing list and a Moodle training
portal for project documentation (http://moodle.agrofmm.eu/) and as a Learning Management System
(LMS) (Detterbeck and Sciangule, 2017). In the context of the AgroFE project, the technologies of
information and communication, (ICT) include four components: 1) the collaborative tools (CMS –
Collaborative Management System); 2) the Knowledge DataBank (KDB) based on RUBEDO (a
developer system https://www.rubedo-project.org/en/), the MONGODB (a non-relational database
handling system) and an Elastics Search engine, 3) Editorial chain and 4) E-learning platform for
training and archiving. The KDB is to enable the sharing, access and consultation in the use of certain
resources for training (Figure 1).

Figure 1. The integrated service and knowledge base system architecture (The concept created by
Charles Burriel)
The knowledge databank is a component of the project training system. It aims to gather and share
a set of documents, resources that partners can use and which learners and public users can access. The
project focuses on the newest innovative ICT solutions and trends. The knowledge databank enables
access to, sharing of and consultation on the resources for training. These resources are in different
forms: Mono document object (like a photo, a text, a diagram) and Composite materials (for example a
html web page with images, a pdf file with pictures and diagrams, a video clip with images and sounds
...).
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The knowledge databank is based on the RUBEDO system developed in PHP. RUBEDO is built on
different components: a database management software (DBMS), NoSQL, MONGODB (Abbes and
Gargouri, 2016); the user interface uses the Elasticsearch search engine (https://www.rubedoproject.org/en/). The RUBEDO system transforms the digital experience of users, bringing answers to
the current web challenges:
• real time personalization;
• multi-sites;
• mobility;
• performance.
The RUBEDO platform (Webtales, 2017) brings the advanced functions of content management
together with the power of e-commerce, all being based on Big Data.
The system includes tools to design the appropriate pages for the users. These pages can be seen by
users on the FrontOffice part in the different kind of browser program. The visitors, learners and
trainers can access the KDB content on the http://kdb.agrofmm.eu URL without further specification.
The language of the user interface can be changed by clicking on the language button and by selecting
the appropriate language, (i.e., French, English, Hungarian) from the pull-down menu. The page is
redisplayed in the selected language. Details about access, consultation and research are provided in
the pages of Welcome and Oveview menus. The general menu which contains Trainings, Resources,
Content types and Search tool are on every page. The KDB contains different media type files which
the Digital Assets Manager module of the RUBEDO.
The objective of the KDB is to collect, store and share certain resources for training helping the
trainers, advisors, learners and farmers in their tasks. These resources are in different forms:
• Mono document object, like a photo, a text or a diagram.
• Composite materials, for example an html web page with images, “pdf” files with pictures and
diagrams, video clips, sounds files, etc.
During the project, these documents are identified, selected, proposed by partners and included into
the KDB for the evaluation of their potential use in training, by one or more partners. A fact sheet
originally written by the proposer often accompanies and completes this document.
The KDB is based on different professional vocabulary, metadata and thesaurus system that are
used for building the content structure and helping the users in searching. A new tool will improve
knowledge management of agroforestry. The Agrof-MM project is creating an agroforestry thesaurus.
This thesaurus is a glossary which will include all terminology related to agroforestry, such as
agroforesters, agroecology, soil protection, as well as the relationships between these terms and others.
Currently under development by scientists, teachers and agroforestry experts, the glossary will be in
the language of each partner country.
4.2. Access: Taxonomy and Enrichment
For designers and developers, the design and developments associated with the management and
use of the KDB covers four dimensions: the “professional domain” dimension composed of
Vocabulary, Thesaurus, Taxonomy of agroforestry; the “training” dimension here dealt with the
question of the enrichment of documents; the “usage” dimension, with its 2 components: access based
on enrichment and the user interface, the “users” dimension, which links the first 3 dimensions,
mentioned before.
Easier access and pathway into KDB content: the object-documents are enrichment. In relation to
KDB access, different modes and levels of enrichment have been or will be developed and
implemented. The search tool can be accessed as Front Office interface, one example of the searching
resultcan be seen on Figure 2. The system can be used by searhing with taxonomy based terms and/or
by using expression with full text search. On the Figure 2 on the search field the “agroforestry and
burriel” search experession and on the left hand side different taxonomy attribute can be seen. The
users can select one or more of them and the taxomomy system gives possibilities to offer more
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thesaurus system. For example Dublin Core, Learning Object Metadata and Agroforestry terms will
appear for selection.

Figure 2. The Elasticsearch in the Front Office programme (Screenshot of KDB search tool)
Four access levels, A1, A2, ... have been identified and different enrichment modalities E1, E2, ...
were successively developed.
1) A1: internal identification of the object, the document representing the knowledge, starts with
the file name plus internal identifier (key, UID…), admin management under the system
associated with the DBMS Mongo dB; A1 => E1: only for access-management by the
administrators, only “system” enrichment.
2) A2: “simple” access-consultation, by keywords resulting from the indexing by the Elasticsearch
full text engine of the RUBEDO platform; A2 => E2: “technical” enrichment by indexing
engine, incomplete taking into account the types of objects (Photo, documents, video, …) that
can be consulted, consequently, considered as insufficient.
3) A3: First level of human enrichment (E3a and E3b) for access to documents / objects: additions
of keywords. This level of enrichment allows us to complete the information (metadata) of
objects like photos, graphics.
Two evaluated solutions:
- E3a: Added metadata and synonyms in the document, like metadata of a scientific
article that lists keywords at the end of the summary on page 1 of the article;
- E3b: Association of the document entered into the KDB with 4 taxonomies (Domain,
DC – Dublin Core, LOM – Learning Object Metadata, TECH – Technical Metadata)
usually allows sophisticated query development. However, the Domain taxonomy was
“primary”, simplified in the v2 because there is no Vocabulary-Thesaurus-Taxonomy
(VTT) for Agroforestry, either in France or at the European level (Figure 3). Figure 4
and Figure 5 shows the taxonomy management in the Back Office of the KDB system.
4) A4: As part of the development of the KDB v3, the A3 process is redesigned, simplified / redeveloped and a new educational enrichment will be implemented. It is in the conception phase
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at the time this abstract is being written. The A3 level of v3 integrates the development of a
VTT based on the work of specialists.
- E4a takes over the E3a process, with comparative assessment of on-line direct typing
and offline input;
- E4b will rely on only 2 taxonomies, VTT and LOM.
- E4c, Educational enrichment; It will include a description of the document's
components (URLs linking components), descriptors of the document's component(s),
compatible with taxonomy Domain and LOM.
Consequently, the development of a VTT is part of the work of KDB version 3.

Figure 3. The levels of the thesaurus system for the Agrof-MM KDB (Develeoped by one of the
Agrof-MM working group and composed by Jean-Michel Escurat)

Figure 4. The Taxonomy definition in Rubedo system (Taxonomy management function in the KDB Screenshot)
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Figure 5. Assign the taxonomies (LOM, DC, TECH) to the image in the Rubedo system (KDB
Back Office screenshot)

5. Evaluation - validation - conclusion and perspectives
The validation process of the KDB v3 will involve the participation of all potential users. The
opinion of computer scientists and ergonomists will also be enquired as well as opinion from the
public. These evaluations will guide the evolution of the KDB, the extension of uses the knowledge
database, the integration of the documentary base(s) for professional purposes or the extension to other
fields associated with agroforestry, biodiversity for example.
The knowledge database (knowledge data bank) is a new innovative solution for harvesting, storing
and delivering contents in agroforestry. It was used in different training programs with positive
feedback. The knowledge database will serve the Agrof-MM partners in the next years.

Acknowledgements
This publication was supported by EU Leonardo Innovations Transfer ‘Agroforesterie Formation
en Europe – AgroFE’ Ref. Number: 2013-1-FR1-LEO05-48937 project and EU Erasmus +
Programme Key Action 2: Strategic Partnership. ‘Agroforestry – Training – Mediterranean and
Mountain’ Ref. Number: 2015-1-FR01-KA202-015181 project.

References
Abbes H., Gargouri F. 2016. Big Data Integration: A MongoDB Database and Modular Ontologies based
Approach, Procedia Computer Science, Volume 96, p. 446-455. https://doi.org/10.1016/j.procs.2016.08.099
Botos Sz. 2012. Broadband development: a case study in a rural micro-region. SEFBIS Journal 2012 (7) p. 5665.
Bustos E.S., F.S. Zazueta, H. B. Howard. 2007. Rapid prototyping of learning objects and their implemetation
using ontology editor. In Conference on Agricultural Economics, Rural Development and Informatics, pp. 59-60.
Debrecen, Hungary.
Castro-García L., López-Morteo G. 2013 An international analysis of the extensions to the IEEE LOMv1.0
metadata standard, Computer Standards & Interfaces, 35(6) p. 567-581. https://doi.org/10.1016/j.csi.2013.04.006

doi: 10.17700/jai.2017.8.3.393
39
Charles Burriel, Miklós Herdon, János Tamás, László Várallyai: Knowledge databank and repository service for agroforestry

Journal of Agricultural Informatics (ISSN 2061-862X) 2017 Vol. 8, No. 3:33-40

Collaboration@Work. 2005. The 2005 Report on new working environments and practices. Luxembourg: Office
for Official Publications of the European Communities, 2005 ISBN 92-894-9283-X. 2005.
Detterbeck K., Sciangula M. 2017. Chapter 12 - Innovation Through Collaboration: Using an Open-Source
Learning Management System to Enhance Library Instruction and Student Learning, Distributed Learning, pp.
221-238. https://doi.org/10.1016/B978-0-08-100598-9.00012-X
Glick J. 2013. Chapter 8 - Ontologies and Databases – Knowledge Engineering for Materials Informatics.
Informatics for Materials Science and Engineering, pp 147-187. https://doi.org/10.1016/B978-0-12-3943996.00008-4
Gold M., Cernusca M. and Hall M. (Eds.) 2015. Training Manual for Applied Agroforestry Practices. The Center
for Agroforestry. University of Missouri. http://www.centerforagroforestry.org/pubs/training/
Gregorio, N., Herbohn, J., Harrison, S. and Smith C. 2015. A systems approach to improving the quality of tree
seedlings for agroforestry, tree farming and reforestation in the Philippines. Land Use Policy, (47), p. 29-41.
https://doi.org/10.1016/j.landusepol.2015.03.009
Gunn C. (2010) Sustainability factors for e-learning initiatives. Research in Learning Technology, 18 (2), p. 89–
103. https://doi.org/10.1080/09687769.2010.492848
Herdon M. and P. Lengyel. 2013. Building and Using Knowledge Repositories for Agriculture: An Innovation
Case Study. In: EFITA WCCA CIGR 2013 Conference: Sustainable Agriculture through ICT innovation, pp.
180-187. Torino, Italy.
Herdon M. and T. Rózsa. 2012. Knowledge dissemination on innovative information technologies in agriculture.
Journal of Ecoagritourism 8:(1), pp. 301-306.
Ibanez M.B., Rueda J.G., Maroto D. and Kloos C.D. 2013. Collaborative learning in multi-user virtual
environments. Journal of Network and Computer Applications, 36:(6), pp. 1566-1576.
https://doi.org/10.1016/j.jnca.2012.12.027
Jamnadass, R., Langford, K., Anjarwalla, P. and Mithöfer D. 2014. Public–Private Partnerships in Agroforestry.
International Journal of Educational Development 16(1), p. 544-564. https://doi.org/10.1016/B978-0-444-525123.00026-7
Lengyel P., Pancsira J., Balogh P., Oláh J., Füzesi I. 2017. Social network analysis of international scientific
collaboration on family farming research. Journal of Agricultural Informatics 8:(2) pp. 71-79.
Lubas R.L.; Jackson A.S.; Schneider I. 2013. Using Dublin Core: With information from the Dublin Core
Metadata Initiative, The Metadata Manual A Practical Workbook, p.45-65. https://doi.org/10.1016/B978-184334-729-3.50003-0
Manouselis N., Najjar J., Kastrantas K., Salokhe G., Stracke C.M.,Duval E. 2010. Metadata interoperability in
agricultural learning repositories: An analysis, Computers and Electronics in Agriculture, 70(2) p. 302-320.
https://doi.org/10.1016/j.compag.2009.07.007
Mbow, C., van Noordwijk, M., Prabhu, R. and Simons T. 2014. Knowledge gaps and research needs concerning
agroforestry's contribution to Sustainable Development Goals in Africa. Current Opinion in Environmental
Sustainability. (6), p. 162-170. https://doi.org/10.1016/j.cosust.2013.11.030
Nair, P.K.R. 2005 Agroforestry. Encyclopedia of Soils in the Environment. p. 35-44.
Rajbhandari S., Keizer J. 2012. The AGROVOC Concept Scheme – A Walkthrough, Journal of Integrative
Agriculture, Volume 11(5) p. 694-699. https://doi.org/10.1016/S2095-3119(12)60058-6
Szilágyi R., Lengyel P., Füzesi I. 2016. ICT in Agriculture in Aspect of Regional Differences. Journal of
Ecoagritourism 32:(1) pp. 30-34.
Webtales. 2017. http://www.rubedo-project.org/en/homepage/rubedo-dream-team (15.05.2017).
Weibel S.L. 2005. The Dublin Core Metadata Element Set ISSN: 1041-5653, World Spatial Metadata Standards,
p. 493-513.

doi: 10.17700/jai.2017.8.3.393
40
Charles Burriel, Miklós Herdon, János Tamás, László Várallyai: Knowledge databank and repository service for agroforestry

Journal of Agricultural Informatics (ISSN 2061-862X) 2017 Vol. 8, No. 3:41-49

Hungarian Association of Agricultural Informatics
European Federation for Information Technology in
Agriculture, Food and the Environment

Journal of Agricultural Informatics. Vol. 8, No. 3
journal.magisz.org

Multimedia database development for innovative application about fish fauna
for inland water ecosystem management
Konstandinos Panitsidis 1, Zacharoula Andreopoulou 2, Antonios Kokkinakis 3
INFO
Received 25 Sept 2017
Accepted 4 Nov 2017
Available on-line 21 Nov 2017
Responsible Editor: M. Herdon
Keywords:
Databases, Multimedia system,
Decision support system, Fresh
water fish fauna, Inland water,
Wetlands management, Inland
water ecosystem

ABSTRACT
This paper describes the development of an innovative application with a multimedia
database, concerning the management of fresh water fish fauna in the inland water
ecosystems of Greece. This database is a baseline for keeping descriptive information
of fresh water fish fauna and bibliographic spread reports. The database has provision
for both descriptive and geographic mapping (GIS). The sources of the data used for the
database population were from a) The Red Book of Endangered Animals of Greece b)
IUCN (International Union for Conservation of Nature and c) Ministry of Environment
& Energy (Study 6: Supervision and Evaluation of the Conservation status of fish
species of Community interest in Greece). A detailed description will be made for the
development of the stages of the database (Conceptual - Logical - Physical Design).
The database management system was developed in Microsoft Access and in pgAdmin,
which is an open source administration and development platform for PostgreSQL. In
addition, we will mention the filling of the database and the Entity - Relationship
Model. The database due to its structure and data it will be able to provide answers to
hypothetical scenarios to the application that will use it. Furthermore, the aim of this
project is to construct a database that will provide ichthyologic and environmental data.
The main advantage is the compatibility with various software platforms and that it can
be easily expanded.

1. Introduction
Inland fish fauna, like all taxonomic groups of fauna, directly related to the environment in which
they live and are part of its history. Their study (recognition, recording, spreading, morphology,
anatomy, biochemistry, ecology etc.) is a key task for specialists, but the state of their environment,
the threats they face and their management in general requires the involvement of state actors, as well
as every sensitive citizen and civil society (Legakis & Maragou 2009). Water is an important natural
resource, necessary for the human survival as well as for all living organisms. Ecosystems provide
major functions to humans. However, in the 21st century the health of freshwater system is in crisis
caused by excessive human development, which has led to a global environmental degradation. The
inland waters ecosystems have been characterized as systems of high biodiversity, because they
include 2.4% of all known species, although they occupy 0.8% of the land area and represent 0.3% of
all water planet. The inland water crisis seems to be the most important problem and must be solved
(McAllister et al. 1997). E-governance deals with sensitive information, such as social services and
environmental scientific data as the fishery data that should not be available to third party private forKonstandinos Panitsidis
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profit businesses. Within that framework, the governance and management of inland waters
ecosystems constitute an important factor towards an “environmentally aware” society. Inland waters
have always been acknowledge as a key nutrition resource for people living around lakes, rivers and
other inshore water bodies. Additionally, the intense necessity for fresh water in inlands is constantly
growing and imposes more pressure to relative practiced activities, usually in conflict uses
(Kokkinakis & Andreopoulou 2011; Andreopoulou et al. 2011). The development of computer
science, in recent years, has made information one of the most important assets. Particularly in
organizing and handling large amounts of environmental information, databases are effective tools in
the wider context of environmental governance (Andreopoulou 2000; Andreopoulou 2007).
Furthermore, the aim of this project is to construct an RDBMS database that will provide multiple and
various ichthyology and environmental data.
1.1. RedBook
The goal of the Red Data Book of Endangered Animals in Greece was to record the conservation
status of species of Greek fauna, to distinguish endangered species and to identify, as far as possible,
the main threats and the most necessary measures for protection and conservation of these species. The
species evaluation and development for the animals of Greece based on the system established by
IUCN (International Union for Conservation of Nature). It is a process of assessing and documenting
the status of species, ending in their hierarchical classification, in order to identify those species that
are most at risk of extinction in their natural environment and to promote the need to protect them.
However, Red Books is more than just a list of names and related risk categories, it is a rich source of
data for the species being evaluated (Legakis & Maragou 2009).
1.2. IUCN
The IUCN Red List of Threatened Species (also known as the IUCN Red List or Red Data List),
founded in 1964, is the world's most comprehensive inventory of the global conservation status of
biological species. The International Union for Conservation of Nature (IUCN) is the world's main
authority on the conservation status of species. A series of Regional Red Lists produced by countries
or organizations, which assess the risk of extinction to species within a political management unit. The
IUCN Red List is set upon precise criteria to evaluate the extinction risk of thousands of species and
subspecies.
These criteria are relevant to all species and all regions of the world. The aim is to convey the
urgency of conservation issues to the public and policy makers, as well as help the international
community to try to reduce species extinction. The IUCN Red List of Threatened Species does not just
focus on threatened species, it considers the status of all species across an increasing number of
taxonomic groups. In the past, there has unfortunately been no formal reporting process to capture all
the Least Concern assessments; hence the list of Least Concern species on the IUCN Red List is not
comprehensive (IUCN 2017).
1.3. Monitoring of the habitat types and species of Community interest in Greece
The monitoring of the habitat types and species of Community interest in Greece (NATURA 2000
and national area) takes place in response to the obligations arising from Directives 92/43 / EEC and
2009/147 / EC (known today 79/409 / EEC) The monitoring program is implemented on two main
axes. In the areas of the NATURA 2000 network, outside the competence of existing Protected Areas
Management Bodies (FACS) and in the areas of the national area outside the NATURA 2000 network,
outside the competence of existing FABs. The conservation and assessment program for conservation
status is also relevant for these areas, but at a different (coarser) level than Natura 2000 sites (Sites of
Community Importance and Special Protection Areas).
Surveillance and assessment of conservation status are implement for species and types of habitats
throughout the national area, as the assessment of the conservation status of species and habitats at
national level and the preparation of the National Reports for the 2007-2012 season requires
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supervision not only within, but also outside the Natura 2000 sites (Ministry of Environment, Energy
and Climate Change 2017).
1.4. Databases
Database is a collection of data organized to serve multiple applications at the same time as
logically or verbally logged in a single storage medium allowing them to handle efficiently and
managed by one or more users at the same time (Andreopoulou 2008; Andreopoulou 2009). It is easy
to understand that the larger the volume data is the use of the database is necessary. As a result, there
is an increase in productivity and a reduction in waiting time (Andreopoulou 2000; Andreopoulou
2009). Each user can access and use the same data for different purposes even at the same time
(Andreopoulou et al. 2004; Andreopoulou 2008). The organization of data in a database gives the
program data independence, prevents redundancy, has greater data coherence, improves data sharing,
increases productivity, improves data accessibility and reduces maintenance and management of the
program, especially when a DBMS database is used (Andreopoulou & Kokkinakis 2009).

2. Methodology
The initial stage of the effort to create the multimedia database started with a reasonable sequence
of steps - stages that had the expected outcome. Those steps were data collection, use of internet
material, digitalization, image processing, text translations, and geographic data processing. The
sources of the data used for the database population were from a) The Red Book of Endangered
Animals of Greece b) IUCN - International Union for Conservation of Nature c) Ministry of
Environment & Energy, Study 6: Supervision and Evaluation of the Conservation status of fish species
of Community interest in Greece and d) Fishbase.
REASEARCH

•
•
•
•

•

Sources

RED BOOK
IUCN
FISHBASE
Ministry of Environment Energy and
Climate Change

GEO Data

Ministry of
Environment
Energy and Climate
Change (Range
distribution)

•
•

Descriptive

RED BOOK
IUCN

Multimedia Data

•

FishBase (Images)

DATABASE

Figure 1. Database data types
The main goal in designing database is to store the data in such way that it can be used for a wide
range of applications while at the same time it is possible for users to achieve interactive process in the
form of queries between the “user” and the “computer” (Andreopoulou 2006; Andreopoulou et al.
2007; Andreopoulou 2008; Andreopoulou & Kokkinakis 2009). Furthermore, we aim for various users
to have the opportunity to use the data avoiding the development of complicated programs. Microsoft
Access is one of the most popular and powerful programs for designing, creating, editing and
managing relational databases. Other similar applications are dBase, FoxPro and Paradox (Goultidis
2004).
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The entity-relationship model (ERM) that is currently used to design the database, was proposed by
Peter Chen (1976). The method was used in the first stage of database design to map terms and
relationships to one area of interest. The outcome was an entity - relationship diagram (ERD) that is
containing a standardized and symbolic way of the entire information that is stored in the database,
and the way that the portions of the information is linked together.
SPECIES
Descriptive data from Red
Book and IUCN
(ex. Ecology, Threats, Red
List and IUCN Categories
GEO_DATA
Range and Distriburion
DATABASE

TABLES
MULTIMEDIA_DATA
FIshBase Images

DSS_DATA
Model Data to initialize Red
List Category & Criteria

Figure 2. Database organization
The above actions included the following tasks: a) the conceptual schema of the multimedia
database according to the object-oriented data model, as supported by the class diagram and b) the
logical design of the database, based on conceptual schema, according to the relational data model.
The database management system was developed in Microsoft Access and in pgAdmin, which is an
open source administration and development platform for PostgreSQL.
2.1. Conceptual Schema
According to the entity - relationship model (ERM), at this stage, each type of the descriptive data
are represented as one entity. At the conceptual schema design, identify candidate keys and primary
keys for each entity or association. In a second phase, we determined the relationships between
entities. Relationships are a conceptual link between two or more types of entities.

Figure 3. Conceptual Schema
•

1-1 (one-to-one). Assigns an entity of a type with at most or just an entity of another type.

•

1-N (one-to-many). An entity of one type is associated with none, one or more snapshots of
another type.

•

N-N (many-to-many). Matching one instance of one type with one, no or multiple
snapshots of the other type.
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2.2. Logical design
Logical design concerns the process of rationally designing the structure of the base panels in a
way that is flexible and efficient in its use. In the relational database model, the basic principle of
designing is to group the fields of entity types, and to create tables for entity and correlation types as
defined in the relationship entity model. The logical design stage includes the following steps:
a) Conversion of the conceptual model into a logical model
b) Transformation of the data structure into a different type so that it is easier to be managed by the
Database Management System (DBMS).
•

Creating tables - relations

•

Normalization of the tables.

•

Definition of the integrity constraints.

2.3. Physical design
At this stage, the data storage structures in database files that are designed to support optimal data
access. In the physical design, databases were adjusted to the database management system (DBMS)
to improve performance. Databases are dynamic and they are able to upgrade and integrate new data.
Finally, at physical design, we define that portion of the base that will be visible to each user. This
mainly applies to extended databases with complex design and large number of users.

3. Results
Although this paper describes the process of the database construction, it was a necessity to
contribute a research in order to evaluate which data are appropriate for the researchers in order to
draw useful conclusion for inland water management. The results of the above process were the
creation of a multimedia database about fish fauna in inland water of Greece consisting of a
descriptive data segment and comprising data entities and their attributes. The multimedia database
has 42 Tables, 66 Geographical files, 127 Species, 509 References, and 3367 Range Distribution
Records. These species, due to their limited geographical spread, are vulnerable and as a result some
natural populations have disappeared while others are in threat directly or indirectly (Economidis
1991).
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Figure 4. Table example

Figure 5. Query example
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Figure 6. Database relationships
The data, which fulfill the multimedia database, and they mentioned above in the previous section,
are organized in tables so they are manageable in order to create multi-criteria queries about:
•

Descriptive ichthyology data according to both Red Book and IUCN (Figure 7)

•

References of species (Figure 8)

•

Range distribution of species (Figure 9)

Figure 7. Result of descriptive organized Species Data

Figure 8. Result Species X Reference
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Figure 9. Result Species X Range

4. Discussion
The structure of the organized data can effectively assist in decision making on rational
environmental management when based on secure, correct and reliable data (Andreopoulou et al.
2004; Andreopoulou et al. 2007; Andreopoulou 2009; Andreopoulou & Kokkinakis 2014). This
multimedia database is a multi-user database, i.e. many users can use the same data for the same or for
different applications at the same time (data sharing) and this is particularly successful in the
environmental and biological sciences with data logging flora and fauna (Andreopoulou et al. 2004;
Andreopoulou, et al. 2007; Andreopoulou & Kokkinakis 2009; Andreopoulou & Kokkinakis 2014).
Moreover, this database can operate as a repository of the effective organization, promotion and
utilization of environmental data, particularly in the area of sensitive inland water ecosystems
(Kirkenidis et al. 2011). The database due to its structure and data it will be able to provide answers to
hypothetical scenarios to the application that will use it in order to achieve the best form of
intervention. The main advantages of the database are the compatibility with various software
platforms and that it can be easily expanded in the future. Finally, the database will work as data
organized repository in a user-friendly decision support system tool for environmental projects and
reference for research institutes, authorities and organizations dealing with environmental issues and
fishery management on similar wetlands or inland water ecosystems
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ABSTRACT
Social media are contemporary digital communication means comprising various tools
that allow interaction among people and information exchange worldwide. Its active
users have reached around 3 billion globally as at April, 2017. Since agricultural
extension service delivery is primarily a communication process, proper integration of
social media is necessary. However, owing to the conducted researches so far the present
paper was centred on making an overview of the current perspective of social media and
agricultural extension service delivery. Evidences obtained revealed that there are many
social media platforms being used in agricultural extension service delivery worldwide
with Facebook having highest popularity (64.7%). Most of the agricultural stakeholders
using social media are versatile users (33.5%) who usually visit only to find information
(75.7%). Many challenges are currently faced in using social media for agricultural
extension service delivery; viz. illiteracy, shortage of infrastructure, limited participation,
non-institutionalisation, lack of quality control, lack of adequate yardstick for measuring
impact and need for gender sensitive approach. In general, social media is gradually
appreciated in agricultural extension service delivery, but faced with challenges. Thus,
the necessity to put structures in place and required efforts by all stakeholders to ensure
good use of its benefits.

1. Introduction
Social media are a contemporary channel of digital communication that is composed of various
evolving tools for discussion, interaction and sharing of information among people. These digital tools
include among others Facebook, Twitter, Farmbook, WhatsApp, ResearchGate. Merriam-Webster
(2015) defines social media as forms of electronic communication through which users can create online
communities to share information, ideas, personal messages and other content. Terry (2009) and, Kaplan
and Haenlein (2010) stated, basically social media comprise of digital technologies that facilitate
communication of user generated content through continuous interaction. To sum it up, Suchiradipta &
Saravanan (2016) defined social media as web based tools of electronic communication that allow users
to interact, create, share, retrieve and exchange information and ideas in any form (text, pictures, video,
etc.) that can be discussed upon, archived and used by anyone in virtual communities and networks.
In the present time, it is no longer a news that social media continues to generate wide acceptance in
the society, regardless of age and location, especially among youth who are easily swept by appealing
trends. In this vein, Adler and Kwon (2002), Bargh (2004) &, Banmeke and Oose (2012) all reported in
a similar way that social media tools are becoming widely accepted in Africa, largely by the youth,
although Africa seems to be less technologically advanced. History recorded that social media has been
the fastest adopted media technology so far. According to Kuria (2014) social media has revolutionized
communication whereby it has managed to surpass traditional gatekeepers in the traditional media; that
is editors and other decision makers who set the agenda. Nevertheless, social media has not overthrown
traditional media, but is complementing it in agenda setting. Traditional media has been the main
1
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medium for companies to reach their audiences and there has been a great deal of control which is
avoided on social media. Social media is dominated by user generated content and is an evolutionary
stimulus because users not organisations or the traditional news media now control the creation and
distribution of information. Given the traditional or old media geographic and feedback limitations,
Kuria (2014) further stressed that social media has allowed for the crossing of boundaries whereby
people of different geographical regions locally and internationally have been able to exchange ideas on
various forums. This has allowed for necessary conversations to take place.
However, it is not devoid of disadvantages. For example, social media did not only give new meaning
to communication, interaction and culture, but led to several social movements and revolutions. These
include 2009-2010 revolutions in some Arab countries of the Middle East. Additionally, due to its high
level of unregulated nature, information could be false sometimes. Harley (2013) reported that large
unregulated system of social media platforms can account for blowout of both false information and
rumours. It can also detach a farmer, extension worker or any other professional in the line, rather than
facilitate salient physical interactions which are indispensable for proper networking and ultimate
development.
In the agricultural sector, there is growing rate of social media usage amongst stakeholders. Sokoya
et al. (2012) opined that there is climbing increase in the utilization of social media among agricultural
researchers, professionals and others stakeholders in the agricultural sector. Social media have ensured
quick delivery and response to information between the receiver and sender. An effective way of
ensuring successful delivery and sustainability of a viable agricultural extension subsector. In the words
of Mukhtar et al. (2015), social media has fostered a fast platform for information dissemination and
interactive contact; rivalled by none in this time. The degree of social media penetration is obviously
growing faster that imagined, couple with the level of technology advancements that continue to bring
world at everyone’s finger tips and make information accessible without having to go through hiccups
of travelling and delays. Stanley (2013) expressed that it is staggering to believe that in little as two short
decades, the evolution of the internet and social media has taken place right before our very eyes.
Therefore, since extension deals with audience (farmers centrally) to effect positive social change social
media present a great opportunity.
In essence, social media has changed the way we communicate, read, search, think, talk, watch,
listen, and sometimes start a revolution – be it political and or social. Social media is more about
sociology and psychology of communication than about technology (Saravanan & Suchiradipta, 2014).
Hence, having what Baumüller (2010) termed as “ballooning” population in the social media, which
skyrockets with each passing day and reported to have reached around 3 billion active users as at April
2017 (Figure 1) is an enticing opportunity worth exploring in agricultural extension service delivery.

Figure 1. Active Social Media Users
Source: Hootsuite, 2017
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The evolution of social media and the rate at which it penetrates public space is certainly something that
cannot be ignored. This is because if only that the entirety of World Wide Web could come in 1991 and
social media in just two decades (precisely 1997), and make such huge coverage and impact, then
agricultural extension service delivery should not be left behind in integrating and making good use of
the social media. Since, nobody knows what happens in the next two decades or few moments, how
archaic our present communication media would have become in the near future? And how difficult it
would be to integrate such media in agricultural extension service delivery having left the gap of not
integrating social media today? All these and many more stress the importance of social media use in
agricultural extension service delivery. Moreover, extension was primarily built on the premise of aiding
change through communication and service delivery. In line with the current circumstance and
aforementioned needs, the present paper was aimed at addressing the following objectives:
1) To identify some commonly used social media platforms in agricultural extension service delivery
and their respective pages;
2) To highlight the state of social media use in agricultural extension service delivery; and
3) To appraise the challenges in the use of social media for agricultural extension service delivery.

2. Methodology
This paper exclusively worked on secondary data, hence a review. Therefore, the methodology
adopted was narrative textual case study method (NTCS). NTCS is a social science research method
that intensively employs the information, data and academic materials made available and by
information communication technology facilities such as intranet, internet, world wide web, online
databases, e-libraries etc. (Adli & Leijon, 2007 as cited in Barau & Afrad, 2017). The method do also
uses relevant opinions from people and other traditional methods of social research. In the preparation
process, significant number of books, journals, reports and publications were consulted. Various
websites were perused to source information. Vital contributions from experts also guided the
preparation in no small measure.

3. Review of Major Findings and Discussion
Findings and their logical discussions are presented below in order of the objectives of the present
study:

3.1. Social Media Platforms Used in Agricultural Extension Service Delivery and Their
Respective Pages
Utilising different social media platforms in delivering agricultural extension services provides both
quick delivery and wider coverage in addition to enabling stakeholders’ interaction and knowledge
sharing. Social media platforms such as Facebook, YouTube, Blogs, Wikis and Podcasts offer enormous
potential to extensionists for reaching their audience, but then, the principles of suitability of message
content and needs of the audience must be observed for successful delivery (Kinsley, 2010; Gharis et
al., 2014).
A search on agricultural extension service delivery on YouTube as at 8 July, 2017 shows 888 results
with thousands of views collectively. Talk more of Twitter and Facebook that are more accessed than
the former. The diversity and numerical day-by-day increase of these social media platforms
demonstrates interest, desire for valuable information and need to further strengthen efforts in order to
the close proximity of knowledge to end users, extensionists, researchers and other stakeholders.
Valsamidis et al. (2013) opined that for research and extension organizations, social media provides
opportunity for opinion mining to understand farmers’ concerns, their problems and opinions, and
evaluation of their attitudes towards agricultural aspects. There are also social media platforms that are
centred on creating a peer network from researchers, academicians and other professionals of which
relevant stakeholders in agricultural extension service delivery are part of. These include Academia.edu,
LinkedIn and ResearchGate. Suchiradipta & Saravanan (2016) stated that LinkedIn, Academia.edu and
ResearchGate have more users from researchers, academicians and other professionals to create a peer
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network. Be that as it may, Tables 1, 2, 3 and 4 present some other important social media platforms
used in agricultural extension service delivery:
Table 1. Facebook social media platforms
Media/Page
Livestock Information and Marketing Centre
(https://www.facebook.com/groups/Livestock.TN/)
Mkulima Young (Young Farmer)
(https://www.facebook.com/mkulima.young)
Turmeric Farmers’ Association of India
(https://www.facebook.com/turmeric.farmers)
National Ecological Producers Association(APNE)
(https://www.facebook.com/anpe.peru)
Krishi Vigyan Kendra, Namakkal
(https://www.facebook.com/krishi.namakkal)
Agricultural Extension in South Asia (AESA)
(https://www.facebook.com/ groups/428431183848161/)
Global Forum for Rural Advisory Services (GFRAS)
(https://www.facebook.com/groups/gfras/)
Vivasayam Karkkalam (Let us Learn Agriculture)
(https://www.facebook.com/groups/madhualan)
Source: Saravanan & Suchiradipta, 2014

Location/Region
India
Kenya
India
Peru
India
South Asia
Global
India

Table 2. Twitter social media platforms
Media/Page
AgChat (https://twitter.com/agchat)

Location/Region
USA, UK, Australia, New Zealand,
Ireland
Agriculture Proud (https://twitter.com/AgProud)
USA
Young Farmers (https://twitter.com/F4YFKenya)
Kenya
USDA (https://twitter.com/USDA)
USA
INGENAES (https://twitter.com/INGENAES)
Global
eXtension4U (https://twitter.com/eXtension4U)
USA
MEAS (https://twitter.com/MEAS_extension)
Global
GFRAS (https://twitter.com/infogfras)
Global
e-Agriculture (https://twitter.com/e_agriculture)
Global
Source: Suchiradipta & Saravanan, 2016
Table 3. Blog social media platforms
Media/Page
Gate to Plate Blog (Michele Payn-Knoper)
(http://www.causematters.com/blog/)
Ecoagriculturist (Oluwabunmi Ajilore)
(https://ecoagriculturist.wordpress.com/)
The Unconventional Farmer (Gil Carandang and Patrick
Gentry) (http://theunconventionalfarmer.com/flog/)
AGRF Blog (African Green Revolution Forum)
(http://www.agrforum.com/blog/)
Agricultural entrepreneurship (Penn State Extension)
(http://farmbusiness.blogspot.in/)
TNAU Agritech Portal blog (Tamil Nadu Agricultural
University) (http://tnauagritechportal.blogspot.in/)
Farmingselfie (http://farmingselfie.com/)
Source: Suchiradipta & Saravanan, 2016

Location/Region
USA
Nigeria
Global
Africa
USA
India
Global
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Table 4. You tube and Souncloud social media platforms
Media/Page
Location/Region
Farming First
Global
(https://www.youtube.com/user/FarmingFirst/)
CGIAR Research Program on Climate Change,
Global
Agriculture and Food Security (CCAFS)
(https://www.youtube.com/user/CCAFS)
IFADTV (https://www.youtube.com/user/IFADTV/)
Global
Farmers Weekly Video (https://www.youtube.com/user/
UK
FarmersWeeklyVideo/)
Farm Radio International
Global
Source: Saravanan & Suchiradipta, 2014; and Suchiradipta & Saravanan, 2016
The various highlighted social media platforms and their respective pages in the tables shown the
variety of opportunities explored by the extension service providers to communicate with audience;
members and non-members as well. In fact, social media provides room for assessing opinion of the
audience which would in turn enhance the efficiency of extension service delivery.

3.2. Highlights on the state of social media use in agricultural extension service delivery
The strides made by social media in the present day agvocacy is no doubt worthy of giving attention
by professionals, especially those in the work of agricultural extension service delivery. Because,
communication is their key central role. Duggan & Brennen (2012) reported that social media is a key
means of communication and outreach in the present day, with 67 percent of online adults using social
networking sites and 83 percent of 18-29 year olds using social media in the USA. This evidence of
report stresses how social media occupies a vital position in our day-to-day life.
Democratization of information, communication and knowledge management are the basic
philosophy of social media as opined by Saravanan et al. (2015). Hence, social media fit very suitably
in agricultural extension service delivery; though requires incorporating basic principles of quality
extension service delivery. Be that as it may, it is just as important to look at the perception of extension
workers on using social media in agricultural extension service delivery. This gives initial basis for
design and delivery of services to audience through any type of social media platform. In a related study
by Newbury et al. (2014), extension educators in New York State of USA revealed that social media
has potential benefit for usage in agricultural extension service delivery on various parameters the study
took into consideration (Figure 2).
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Figure 2. Perceived benefits of using social media in extension education
Source: Newbury et al. (2014)
Of the parameters put on a scale of one, none was less than 0.5 with speed of communication as high
as 0.9, indicating a positive perception of social media utilisation potential in agricultural extension
service delivery.

Percentage of the

As regards preferences of the social media platforms by stakeholders in Agricultural Extension and
Advisory Services (AEAS), a global survey conducted by Suchiradipta & Saravanan (2016) reported
that in spite of the high number of respondents using social media platforms (99 %), only 51.10 percent
of them was member in / follower of any Agricultural Extension and Advisory Service
pages / accounts / handles. Similarly, Facebook was acknowledged to be the most preferred social media
in agricultural extension, probably due to cost effectiveness and simplicity of operation (Figure 3).

Figure 3. Social media platform user preference
Source: Suchiradipta and Saravanan (2016)
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Also, based on the types of social media platform users by Alarcon-del-amo et al. (2011) in terms of
sharing information and communicating with others on a regular basis viz. introverts (only update profile
and mostly communicate through private messaging), novel users (update profile, actively seek out
information, spend time tagging photos, log in between 1-5 hours a week), versatile users (update
profile, send public and private messages, shares links, comment on discussion threads, mostly in social
media for professional activities) and expert communicators (log in several times a day, actively engaged
in all social media / networking activities, stay updated and interact very frequently both professionally
and personally), the global study by Suchiradipta and Saravanan (2016) revealed that a substantial
number of the respondents identified themselves as versatile users (33.5 %) followed by expert
communicators (28.1 %), and novel users, while introverts tied at 19.2 percent (see figure 4).

Types of Social Media
U

Also, based on the types of social media platform users by Alarcon-del-amo et al. (2011) in terms of
sharing information and communicating with others on a regular basis viz. introverts (update profile and
mostly communicate through private messaging), novel users (update profile, actively seek out
information, spend time tagging photos, log in between 1-5 hours a week), versatile users (update
profile, send public and private messages, share links, comment on discussion threads, mostly in social
media for professional activities) and expert (log in several times a day, actively engaged in all social
media / networking activities, stay updated and interact very frequently both professionally and
personally), the global study by Suchiradipta & Saravanan (2016) revealed that a substantial number of
the respondents identified themselves as versatile users (33.5 %) followed by expert communicators
(28.1 %), and novel users, while introverts tied at 19.2 percent (Figure 4).

Figure 4. Types of social media users
Source: Suchiradipta and Saravanan (2016)
The types of social media platforms users in agricultural extension service delivery highlights the
state of social media in extension service delivery with respect to the stakeholders, and emphasizes the
kind of targeted audience and the needs needed to be addressed.
Despite the current globally reported average satisfactory level of social media platforms’
membership/followership by the stakeholders in agricultural extension service delivery, 1001-10,000
clients (25.1% and highest) are reached (Suchiradipta and Saravanan, 2016). On the use of social media
for agricultural information purpose, stakeholders mostly either share or find information rather than
discuss, suggest or promote a technology (innovation). An evidence to this is presented in Figure 5.
The types of social media platforms users in agricultural extension service delivery highlights the
state of social media in extension service delivery with respect to the stakeholders, and emphasizes the
kind of targeted audience and the needs needed to be addressed.
Despite the current globally reported average satisfactory level of social media platforms’
membership/followership by the stakeholders in agricultural extension service delivery, 1001-10,000
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Purpose of Social Media
Use

clients (25.1% and highest) are reached (Suchiradipta and Saravanan, 2016). On the use of social media
for agricultural information purpose, stakeholders mostly either share or find information rather than
discuss, suggest or promote a technology (innovation). An evidence to this is presented in Figure 5.

Figure 5. Use of social media for agricultural information purpose
Source: Suchiradipta & Saravanan (2016)
On the other hand, stakeholders (mostly farmers, extensionists, NGOs, business men and
administrators amongst others) look for a variety of information on social media. A study conducted by
Kuria (2014) in Kenyan community of lower Kabete under Kiambu County reported that audience
(farmers) usually seek different forms of agricultural information on social media (Table 5).
Table 5. Kinds of information sought by audience in lower Kabete, Kiambu county Kenya
Information Sought
Mean
Standard Deviation
Technological information
3.701
0.9431
Educational and training information
3.913
0.5423
Business and trade information
3.176
0.8612
Government agricultural policies and plans
3.113
1.0617
Weather condition and Environmental information
3.363
1.2610
Variety of seeds
2.984
0.9745
Agrochemicals
3.853
0.6734
Credit facilities, source, terms and conditions
2.152
1.0080
Market trend, price, and stock available
2.357
0.6834
Source: Kuria, 2014
In essence, the time and place have come for social media in this information age and that agricultural
extension service delivery is gradually blending into the trend.

3.3. Challenges in the use of social media for agricultural extension service delivery
Social media offers tremendous opportunity to explore in agricultural extension service delivery.
Nonetheless, its usage and effective integration into the extension system poses a number of challenges.
In a position paper of Global Forum for Rural Advisory Services (GFRAS) tagged the “New
Extensionist” Sulaiman & Davis (2012) expressed that extension and advisory services is faced with
new and complex challenges which need new capacities to effectively deal with them. Among these
challenges are how to properly integrate and make good utilisation of social media. In consonance with
that, a number of researches that include Kipkurgat et al. 2016, Kuria, 2014 and Suchiradipta &
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Saravanan (2016) discussed several challenges in the use of social media for agricultural extension
service delivery.
Hence, an appraisal of the global challenges is presented below:
Relative cost for Access: This concerns the relative cost compared to outcome. Large number of
farmers are subsistent with little to incur data cost for accessing social media. This farmers are
commonly found in Africa and Asia (mostly developing countries). In addition, there’s high internet
cost at internet café. These ultimately present challenge to social media use in agricultural extension
service. Andres & Woodard (2013) indicated that high internet cost restricts the use of multimedia like
images and videos as they consume much more data than text.
Lack of Infrastructure: Poor electricity supply and internet connectivity infrastructures are part of
the key challenges to social media use in agricultural extension service delivery, most affected are rural
communities in developing countries. ITU (2015) reported that internet penetration was only 9.6 per
cent in less developed countries due limited internet facilities and unreliable supply of electricity.
Illiteracy: Stakeholders in agricultural extension service delivery especially farmers and extension
workers are less educated, and to use social media one requires both educational and technical literacy.
In a study by Thomas & Laseinde (2015) they reported that extension workers require training on basic
skills in the use of social media.
Lack of Quality Control: Free nature of social media in terms of comments and creation of content
is something that extension service cannot compromise. Worse even is the today’s cybercrime
perpetration, because of the delicate nature of information usually handled. Thus, information shared,
especially by organizations need to be controlled for effectiveness and uphold of reputation. One of the
possible ways to achieve that was put forward by Baena (2015) where she stated that in order to keep
the organization’s reputation high, there is a real need of a full time moderator who makes sure that
information shared are reliable, up-to-date, and in focus with organisation’s aim. Equally important,
skilled human resource is necessary to maintain social media interactions, privacy concerns and
conflicting perceptions. Fuess (2011) reported that irrelevant posts, privacy concerns, stakeholders’
conflicting perceptions and lack of capacity in using social media act as deterrents to using social media
in extension service program delivery.
Limited Participation: It has been acknowledged severally that most of the social media users on
agriculture related pages and platforms are passive with a few that are active. This shows low interaction
which limits knowledge sharing and the scope of the information shared in reaching maximum audience
globally.
Non-institutionalisation: Social media is yet to get the required institutionalisation at several
organisational levels. Many institutions have not attached the importance of it in public or even private
spheres. But, the relevant role that can be played by social media in agricultural extension service
delivery cannot be overemphasized. Olakulen (2015) opined that extension services would be more
effective and efficient if social media can be streamlined in its operations.
Lack of Adequate Yardstick for Impact Measurement: As at present, monitoring, and assessing
the quality and worth of information shared on social media are unsatisfactory for extension service
delivery. The available mechanisms are only friends, followers, mentions, number of visitors, likes,
conversation index, and number of sharing of shared content. In agricultural extension service delivery,
assessing and monitoring are paramount for evaluation and planning.
Need for Gender Sensitive Approach: As a result of cultural and societal limitations on women,
integration of social media into agricultural extension service delivery needs to take into account gender
sensitive approach in order to cater for all regardless of advantage or otherwise. For that reason,
designing policy and approaches towards that is a challenge to overcome.
Satisfying Heterogeneous Users: Audience in extension service delivery determine the message
and method to be used in delivery of agricultural information/technology. This audience usually cut
across young, adult, old, men, women, rural and urban. Likewise, social media users targeted.
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Consequently, the openness of social media point out a challenge in fulfilling the extension needs of
different social media users.

4. Conclusions and Recommendations
Based on the major findings and their relevant discussion the following conclusion and
recommendations have been drawn:

4.1. Conclusion
 Social media are electronic communication tools that allow users to interact, create, share,
retrieve and exchange information and ideas in any form that can be discussed upon, archived
and used by virtual communities and networks.
 There are numerous social media platforms used in agricultural extension service delivery
worldwide, with Facebook having highest popularity and penetration.
 Although, stakeholders have positive perception on social media use in agricultural extension
service delivery, majority are passive participant.
 There are a number of new and complex challenges at personal, institutional, infrastructural and
security levels in the use of social media for agricultural extension service delivery.
4.2. Recommendations
 Given the low level of subsistence farmers’ literacy and passive or limited participation of
stakeholders at institutional level, governments and other service providers need to strengthen
capacities for proper integration of social media in agricultural extension service delivery. This
will go a long way to facilitate further and effective use of social media in agricultural extension
service delivery.
 Organisations and change agents need to dedicate human resource for maintenance of quality
control and, message accuracy and suitability, respectively. Likewise, ensure gender inclusion
in service provision. This widens the scope of usage and adoption.
 Availability of infrastructure and access to internet facilities should be enhanced by
governments and other service providers so as to enable proper utilisation of social media for
agricultural extension service delivery, especially by the extension workers and farmers.
 There’s the need to advance technology more by developing a tool/yardstick of measuring the
impact of agricultural extension service delivery through social media. These technologies

would certainly enable and expedite monitoring and evaluation, which are an integral
part of agricultural extension service delivery.
 Also, there is the need for further research on social media use at farmers’ field level.
These explores areas that require added streamlining efforts to suit the socioeconomic
conditions of farmers.
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