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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.

Prof. Dr. Miklós Herdon
Chair of the Editorial Board
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The devastating incidence of flavesence dorée on vineyards throughout the world
motivates for a better comprehension of this epidemic disease. In this study, we highlight
the characteristic spatial non-random distribution of flavescence dorée diseased plants on
a set of 7 vineyards from the Bordeaux region. First, we propose a simple statistical
framework using Monte-Carlo simulations in order to assess the randomness of the
disease repartition. Several statistics are considered such as the mean distance to the
nearest diseased neighbor or divergence (using Kullback-Leibler dissimilarity symmetric
variant) of the distance histogram to the average distance histogram of random
simulations. The performance of these statistics is first evaluated on a set of generated
repartitions at different randomness levels using ROC curves as a visual representation of
the risks associated with the test. Histogram comparison was found to be more effective
and robust for the detection of non-random configurations. The proposed algorithm is
then used on real data, showing significant aggregations patterns and edge effect on some
of the plots for flavesence dorée diseased plants but also uprooted plants.

Keywords:
Flavescence dorée, VineGrowing, Epidemics,
Geostastistics

1. Introduction
First reported in the French vineyards in the second half of the twentieth century (Caudwell 1957),
Flavescence dorée (FD) is a quarantine disease with huge consequences on the vine-growing
economy, including yield loss and degraded grape quality. It is caused by a phytoplasma vectored by
the leafhopper species Scaphoideus titanus, making it an epidemiologic disease whose threat stems
from fast propagation in the vineyard. Thus, insecticide treatment is mandatory in grapegrowing areas
where the disease is widespread. Vineyards contaminated at a rate superior than 20% are rogued to
stop the disease spreads. Affected vines show summer foliar symptoms depending on the cultivar,
including yellowing and leaf curving (in a similar fashion as Bois noir disease) but also delayed or
absent august hardening. Depending on the case, a short growth can also be observed during spring.
Susceptibility to the disease seems to be highly cultivar-dependent and symptoms may not be shown
with equal intensity (Caudwell 1990). FD was reported in most of the vinegrowing countries,
including Italia (Vidano 1964), Switzerland (Schaerer et al. 2007) and Spain (Rahola et al. 1997). In
France, FD is present in most vinegrowing areas, including the Bordeaux region (Bonfils & Schvester
1960), menacing vineyard durability. Knowledge and forecasting of the disease spread are closely
related to its spatio-temporal repartition. Thus, a regional surveillance system may include the analysis
of repartition data (collected from ground survey or from remotely-sensed data) to check for potential
small aggregated structures that might be problematic for the vineyard over the next years.
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In this work, we study the patterns associated with the FD presence in vineyards located in La
Brède, France, presenting various infection levels and various cultivar combinations, focusing here on
the spatial analysis of FD repartition in the end of summer 2016. For this purpose, expert ground
survey indicating the precise locations of symptomatic plants is considered as a basis for repartition
analysis. Another approach may be the use of Unmanned Aerial Vehicle (UAV) or satellite based
technologies coupled with image processing techniques, such as in (Albetis et al. 2017). However, an
automatic detection of symptomatic plants based on reddening or yellowing spots may lead to a large
amount of unreliable detections (false positives), due to the complex diversity of grapevine diseases.
Thus, in the following, we do not focus on this detection step and decide to use the expert map of
symptomatic plants to study the spatial pattern analysis of FD repartition in vineyards.
Usually, the goal of spatial and temporal analysis is to exhibit the presence of spatial structures in
the occurrences and propagation of symptomatic plants in a 2D space, which means the presence of
non-random patterns. These popular methods in ecology fields (Velazquez et al. 2016) can also be
applied to epidemics studies (Gatrell et al. 2009), due to the availability of field labeled data (position
of symptomatic plants) spatialized on a lattice grid or in a GIS system. Examples include the study of
disease patterns in tomato (Kawaguchi & Suenaga-Kanetani 2014) or mint (Johnson et al. 2006) fields.
More specifically, pattern analysis applied on FD datasets was conducted in previous studies.
A first description of FD incidence was reported in (Pearson et al. 1985). More recently, (Morone
et al. 2007) gathered 5 years of FD incidence in 7 severely affected vineyards in Piemonte, Italia,
describing the temporal infectivity and recovery rates of the disease. (Beanland et al. 2006) used
spatial analysis over an 8-year period and surveyed the abundance of leafhoppers using traps. Inspired
by the works of (Gray et al. 1986) and (Nelson 1995), their proposed methodology consists in a
statistical test based on the distance between two symptomatic plants, using random simulations in
order to empirically estimate the distribution of the statistic under the null hypothesis. Significant
clustering and nonrandom repartitions were reported in that study. Similarly, (Pavan et al. 2012)
observed on 4 vineyards monitored over a 5-year period a significant border effect in the occurrences
of the symptoms on some of the plots, using the nearest distance to an edge of the vineyard. On one
vineyard and 5 years of data, (Maggi et al. 2017) used nearest-neighbor but also quadrat based
statistics to show clustering behaviors on a multiscale level. The latter shows some similarity with
Ripley’s K function describing the spatial occurrences of a phenomenon in a given neighborhood
(Besag 1977). A measure of the year-to-year isotropicity was also achieved but symptomatic plants
seemed to progress in a non-isotropic way.
The first contribution of this paper is to adapt the nearest neighbor method, in a similar fashion as
Ripley’s K function, by considering the mean distance (rather than the number of occurrences)
between an infected plant and its neighbors at a specific scale. The second contribution is the proposal
of an empirical nonparametric method to detect non-random patterns. This latter is based on a
hypothesis test whose statistic is computed as the Kullback-Leibler divergence between distance
histograms. In the following, this statistic will be compared to two other ones based on distance
histograms. The paper is structured as follows. Section 2 presents the methodology and the different
statistics used. Section 3 presents the evaluation of the methods on generated non-random datasets.
Section 4 and 5 present the results on real FD data acquired during summer 2016. Finally some
conclusions and future works are drawn in Section 6.

2. Methodology
2.1. Principle of the randomness test
Similarly to the approach of (Beanland et al. 2006), randomness of the symptoms repartition is
constructed as a simple statistical test. The test hypothesis can then be written as:


H0: the spatial occurrences of the plants can be considered random.



H1: the spatial occurrences aren’t random.
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To test this hypothesis, nonparametric statistics are often used in order to highlight significant
clustering or dispersion patterns in the vineyard at different scales. In this paper, we follow a similar
approach. In the case of FD, clustering is the most probable expected phenomenon. H0 hypothesis
means symptom presence at a given spot is uniformly probable. Thus in order to simulate random
repartitions, we model each plant location in the vineyard as a random variable X with a Bernoulli
distribution. Given the proportion f of observed symptomatic plants in the real data, the distribution of
this random variable is given as:
Pr(𝑋 = 1) = 𝑓 , Pr(𝑋 = 0) = 1 − 𝑓 (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1)
where 1 corresponds to the values of symptomatic locations and 0 to the values of non-symptomatic
ones. It can be noted that, while the mean proportion of observed symptomatic plants per simulation
tends towards f for a large number of repetitions, the individual proportion varies for each experiment
(binomial distribution). In order to take into account the massive presence of missing plants in some of
the plots, random simulations were conducted only on non-missing plants when considering the FD
repartition.
Once the test statistic distribution has been estimated under the null hypothesis, the p-value of the
test can be computed. If the p-value is lower than the significance level α (e.g. 5%), the H0 hypothesis
is rejected, meaning the spatial repartition is likely to be not random. However, there is a risk of an
incorrect rejection of the null hypothesis (type I error or false positive) or an incorrect validation of the
null hypothesis (type II error or false negative), meaning every decision comes with a risk.
The proposed test statistics must account for the natural variability of random configurations in a
given scale and be sensitive to non-random patterns in the vineyards. Spatial structure is related to the
distance between diseased plants at different scales. This means computing the whole distance matrix
(full neighborhood) or only considering distances within a fixed radius (local neighborhood). This
distance matrix allows the construction of a distance histogram which can then be summarized using
two different statistics.
2.2. Statistic based on the mean distance to nearest-neighbor
The nearest-neighbor method (as used in (Maggi et al. 2017) and (Beanland et al. 2006)) reduces
the search radius to the nearest observed symptomatic plants. This is an indicator of small scale spatial
relationships between plants. Aggregated patterns (or positive spatial autocorrelation) will be
characterized by low nearest-neighbor distance while negative spatial autocorrelation means high
nearest-neighbor distance. Note that there is no radius for the nearest-neighbor method. To summarize,
this approach extracts the shortest pairwise distances between symptomatic plants and uses the mean
distance as a statistic, whose simple form can be written as:
∑ 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑖𝑟𝑤𝑖𝑠𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠
(𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2)
𝑛
where n is the number of observed symptomatic plants.
𝑆=

2.3. Statistic based on the mean distance to the neighbors in a radius
In order to obtain a better description, the mean distance to neighbors method uses a fixed radius to
threshold the distance histogram and thus is a generalization of the nearest-neighbor statistic by
considering a scale parameter. It can also be viewed as a variant of the Ripley’s K function as used in
(Maggi et al. 2017). Trends at larger scales (larger radius) can be encapsulated using the mean of that
thresholded histogram. Similarly, small mean distance in a neighborhood may indicate a clustered
structure in the dataset. Depending on the scale (radius), the significance of the test may vary,
indicating aggregation patterns at specific scales. In that case, the statistic can be written in a simple
form as:
𝑆=

∑(𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 < 𝑟𝑎𝑑𝑖𝑢𝑠)
(𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3)
𝑚
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where m is the number of pairs separated by a distance lower than the radius threshold.
𝑛(𝑛−1)

If we do not consider any threshold (i.e. infinite radius), m is equal to
since all the unique
2
pairwise distances are used for the computation. For all the other cases, m depends on the threshold
and on the actual symptom repartition. It is worth noting that Ripley’s K at a given radius is
proportional to m (Besag 1977).
2.4. Proposed histogram divergence statistic
However, when considering a mean distance value, information about the underlying distribution is
lost. For that reason, we propose a statistic which takes into account the whole distance histogram. A
measure of how far a given distance histogram is from an empirically estimated (again, using MonteCarlo runs) distance histogram is thus needed. This is achieved using the Kullback-Leibler (KL)
divergence (Kullback 1951) variant called Jensen-Shannon divergence (JSD) (Endres & Schindelin
2003). Given two continuous probability distribution p and q, the KL dissimilarity is computed as:

𝐷𝐾𝐿 (𝑞‖𝑝) = ∫ 𝑞(𝑥) log

𝑞(𝑥)
𝑑𝑥 (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4)
𝑝(𝑥)

By working with discrete probability distributions P and Q, the KL divergence can then naturally
be defined as:

𝐷𝐾𝐿 (𝑄‖𝑃) = ∑ 𝑄(𝑖) log
𝑖

𝑄(𝑖)
(𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5)
𝑃(𝑖)

Switching from continuous probability law to discrete histogram induces problematic cases where
histogram count may be null, meaning potential division by zero. To overcome this issue, we remove
𝑃+𝑄
zero values in the KL divergence computing. Using average distribution 𝑀 =
allows us to
2
compute the Jensen-Shannon divergence as:

𝐽𝑆𝐷(𝑄, 𝑃) =

𝐷𝐾𝐿 (𝑄‖𝑀) + 𝐷𝐾𝐿 (𝑃‖𝑀)
(𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4)
2

The JSD is similar to the standard KL but bears the advantage of being symmetric. Higher
divergence values indicate high departure from the random histogram, meaning a one-tailed test can be
set up using divergence histogram as the distribution under the null hypothesis. Similarly to the
Ripley’s function, results allow to check the CSR hypothesis at different sampling scales as illustrated
in Figure 1, in which the radius corresponds to the maximal distances for which two infected plants are
considered neighbors and thus are used to compute the statistic. Here, grey zone corresponds to the
acceptation zone of the H0 hypothesis (CSR).
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Figure 1. Schematic explanation of the repartition analysis at several distances using the JSD between
histograms as test statistic. (a) - Observed statistic (red curve) at a given radius can be compared to its
distribution (grey confidence envelop, 5% and 95% quantiles) under the null hypothesis in order to
confirm or reject it. (b) – Evolution of the related p-value, the dashed line represents the significance
level (here α = 5%).
In this paper, we use the euclidean distance as a measure of the distance between two plants. In the
following sections, the above mentioned methods will be compared to simulated non-random datasets,
then the one with the best performance will be applied on real datasets. All the experiments are
conducted using the programming language MATLAB (R2015b, The MathWorks Inc.).

3. Results
3.1. Results on generated datasets
In this section, we wish to evaluate how well each method performs on datasets with different
properties. An accurate method must be able to discriminate random repartitions from nonrandom
ones with minimal risk. The proposed methods are first applied on simple datasets with for example
distinctive aggregation (maximal positive autocorrelation on set 1 of Figure 2.a) and dispersion
patterns (maximum negative autocorrelation on set 2). The aim of this experiment is to evaluate the
potential of the proposed models to identify 10 non-random repartitions. Figure 2 presents the
evolution of the three test statistics on 10 user-created sets (Figure 2.a) for different radiuses. Using
the mean-distance (Figure 2.c) and the divergence statistic (Figure 2.d), all the datasets lead to the
reject of the H0 hypothesis for most radiuses using an alpha risk of 1%. The only exception here is set
number 2 with its uniform repartition. In that case, while the distribution can’t be considered random,
the mean-distance appears nearly identical as the ones computed for random datasets. Departure from
random sets can be clearly seen using the nearest-neighbor statistic (Figure 2.b, very high mean
distance to nearest neighbor) but also with the proposed histogram divergence statistic.
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Figure 2. (a) 10 simulated dataset with non CSR property (f=0.04, 50x50 grid) (b) - Mean nearestneighbor distance (unitless), (c) – Mean neighbors distance (unitless) and (d) - mean divergence
(unitless) observed on the 10 datasets. Red lines correspond to the empirical quantities observed for
random repartitions and different quantiles (potential H0 reject values for a corresponding α risk),
black lines correspond to the observed distances on the 10 datasets. For clarity, divergence axis is
presented on a log-scale.
Methods are then applied to generated datasets with different properties. The symptom frequency f
is considered here as the first critical parameter to take into account, the other one being the
’randomness level’ (called r) of the repartition. Randomness is however hard to quantify. To obtain a
quasi-continuous randomness level, we alter the uniformly equal random probability field under the
H0 hypothesis to generate intermediate states between total randomness and a fully determined state.
This is done by adding another random field using 2D Gaussian negative and positive spots of random
sizes and orientations. Examples of generated repartitions using this method are shown in Figure 3.
Symptom frequency f was chosen to fit the naturally observed disease and missing plants frequencies
(e.g. from 1% to 32% as illustrated in Figure 5). The r values were chosen using linearly sampled
values ranging from 0 (deterministic field) to 1 (unaltered uniform random field).

Figure 3. Examples of generated symptom repartitions for 2 frequencies (f) and 6 randomness
levels (r)
This approach can be used for different symptom frequencies and repeated (here, we use 500
repetitions per (f,r) couple to generate a wide array of repartitions) in order to obtain a set of simulated
nonrandom repartitions. We can now compare totally random sets with non-random sets in order to
assess the efficiency of the previously described methods.
In order to evaluate the discriminative ability of each method, we use ROC curves (Fawcett 2006),
a popular machine-learning visualization tool, applied on the p-value of the statistical test. In that case,
ROC curves serve as a visual illustration of the first and second order risks. For a given false alarm
rate (proportion of false decisions induced by the test reject), ROC curves allow to determine the
expected true alarm rate (proportion of true positives). The area under the curve (AUC) is also an
indicator (ranging from 0 to 1) of how well random repartitions are separated from non-random ones.
Figure 4 gives an illustration on the process behind the creation of ROC curves. Here values in red
indicate the p-values obtained from random datasets while p-values in blue correspond to the ones
obtained on non-random datasets. The best case means that it is possible to set a threshold to perfectly
doi: 10.17700/jai.2017.8.1.378
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separate random repartitions from non-random ones based on the computed p-values. In that case, the
AUC is equal to 1.

Figure 4. ROC curves generation methodology. AUC indicates how well non-random disease
repartitions can be separated from random repartitions when fixing a critical p-value threshold to the
test
Results on the generated datasets (f ranging from 0.01 to 0.32, r=10 randomness levels) can be
consulted in Figure 5. Total randomness column compares random repartitions with random
repartitions, thus all the ROC curves follow the y=x line. For almost every set of parameters, the
divergence statistic yields to the best AUC, meaning better ability to set apart random repartitions
from non-random ones and more sets with close-to-zero risk (AUC=1) when rejecting the H0
hypothesis. It also shows less sensitivity to the f parameter than the other two methods. As expected,
the nearest-neighbor method tends to perform poorly on repartitions with high disease occurrences. In
such case, the mean distance to the nearest diseased neighbor may be very low, and may lead in some
cases to random decision (AUC=0.5). The nearest-neighbor method seems to be nearly as effective as
the other methods if the local density of infected plants is not too high.

.
Figure 5. ROC curves computed for different (frequency, randomness) couples using nearest-neighbor
distance statistics (green curves), local mean-distance statistics (blue curves) and local divergence
statistics (red curves). Maximal radius was considered for this experiment
Since the proposed statistic based on the histogram divergence has shown the best performance on
these datasets, this method will be used in the following on real FD dataset acquired on La Brède test
site.
doi: 10.17700/jai.2017.8.1.378
Florian Rançon, Lionel Bombrun, Barna Keresztes, Christian Germain: Spatial pattern analysis of flavescence dorée
repartition in vineyards from the Bordeaux region

7

Journal of Agricultural Informatics (ISSN 2061-862X) 2017 Vol. 8, No. 2:1-11

4. Results on real flavescence dorée data
4.1. Studied vineyards and field campaign
Experiments were conducted in 7 vineyard plots near La Brède in the Bordeaux region (Figure 6).
In this region, FD occurrence was diminishing from 2012 to 2015 but it seemed on the rise since then.
Average plant density in the vineyards is about 2000ha-1. The vineyards exhibit various sizes,
orientations and cultivar combinations combined with FD outbreaks.

Figure 6. Geographic location of the 7 study (L1 to L7) vineyards in the La Brède municipality
(WGS 84 coordinates: -0° 31' 58.58",44° 41' 29.87"), Nouvelle Aquitaine region, France. Satellite
image: Google Earth.
The monitoring of FD symptoms was conducted during summer 2016, on September 8. The
presence of FD was evaluated using a protocolar grid indicating FD severity on a 4 levels scale (from
faint foliar symptoms to full foliar symptoms) and possible confusion risks with other diseases.
Photographs of the symptomatic plants were also taken in order to check later on for these confusions.
Figure 7 presents the result of the field campaign in a grid representation of the symptomatic and
missing plants in the 7 vineyards. Using aerial imagery, gridded symptomatic plants positions were
also georeferenced (relatively to the position of rows extrema observed on the aerial image) and
included in a GIS software (QGIS 2.16), allowing a more precise distance measurements between
symptomatic plants.

Figure 7. Grid view of the field notation campaign data. Gray pixels: Healthy Plants. Black pixels:
Missing plants, Pink pixels: FD symptomatic plants.
Most missing plants in the vineyards likely come from former uprooted FD symptomatic plants.
Vineyard L1 particularly bears the trace of previous epidemics, with a missing plant proportion
superior to 50%. On the other vineyards, it ranges from 20% to 40%. FD symptom occurrences vary
from one vineyard to another, ranging from 1% to 4% of the total sampled plants. Observed
proportions are summarized in Table 1, as well as a list of the cultivars present in the vineyard.
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Table 1 - Description of the 7 studied vineyards

Vineyard

L1

L2

L3

L4

Cultivars

CabernetSauvignon

Merlot,
Sémillon

Merlot,
Sauvignon
Blanc

CabernetSauvignon,
Merlot

Number of plants
Number of rows

3084
25

1222
15

Healthy plants
Missing plants
Flavescence dorée
Other diseases

25.3%
62.5%
2.4%
9.8%

65.7%
30.8%
2.8%
0.7%

1688
1448
22
12
Frequencies (f)
57.7%
52.7%
37.5%
39.6%
1%
2%
3.8%
5.7%

L5

L6

L7

Merlot,
Sémillon

CabernetSauvignon

CabernetSauvignon

1103
17

1652
43

1603
26

73.7%
19.9%
4.1%
2.3%

57.8%
38.3%
2%
1.9%

61.9%
25.4%
1.6%
11.1%

Figure 8 summarizes the main results obtained on this dataset. Several tests are performed on the 7
studied vineyards using the best-performing methods previously described. The first test involves
simple random hypothesis. It aims to determine if according to the spatial occurrences, the repartition
can be considered as random. It is applied to FD plants (Figure 8.a), but also on missing plants (Figure
8.b). The second test aims at determining if a border effect is present in the vineyard (Figure 8.d), i.e.
FD/missing plants are closer to the edges than in random repartitions. This is achieved using the
nearest-neighbor statistic method, which is preferred here since only the distance to the nearest border
is of interest. Eventually, we wish to know if a spatial relationship between FD symptoms locations
and missing-plants location exists. For that purpose, we construct a test based on the divergence
method, using the distance from FD affecting plants to missing plants, simulating both random
repartitions (using respective f values) for each Monte-Carlo run (Figure 8.c).

Figure 8. Test statistics (red curves and points) obtained on the La Brède dataset. Values falling
outside the grey confidence envelope (5% confidence) indicate H0 reject and non-random behaviors.
(a) to (c) test based on JSD (for varying threshold distances) while (d) considers the nearest-neighbor
distance and thus is conducted without any distance threshold.
When setting the significance risk α to 5%, all the vineyards reject the null hypothesis for the
missing plants repartition for small maximum distance (radius) indicating a nonrandom repartition, the
reject was however not significant at large scale for plots 1 and 4. FD repartition was found to be
nonrandom on plots 4 to 7, while plots 1 to 3 never reject the H0 hypothesis. Similar interpretations
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can be made for the edge effect test, featuring reject on 4 plots for FD repartition and all the 7 plots for
the missing plants repartition, which supports the results of (Pavan et al. 2012) and (Maggi et al. 2017)
on the observed edge effect in vineyards affected by FD. Tests considering the proximity of diseased
plants with missing plants (Figure 8.c) yield reject on most vineyards at small scale except for plots 2
and 3, leading to the confirmation that missing plants and FD diseased plants are spatially linked,
showing significant attraction patterns. The proximity with missing plants seems especially significant
on vineyard 4 and 5 in which nonrandom patterns can be observed at small and large scales, which
corroborates the visual observation of FD affected plants located nearby clusters of rogued out plants.

5. Discussion
While statistical non-parametric methods using Monte-Carlo simulations provide a flexible
framework for the repartition analysis, several potential pitfalls remain. Important missing plants
proportions are still an issue because they limit the potential number of possible locations for
simulated symptoms, meaning fewer combinations and blurrier frontier between random and nonrandom patterns. This is the case for vineyards with more than half of missing plants such as vineyard
number 1. Similarly, the joint presence of several cultivars in the vineyards calls for prudent
interpretations. This doesn’t apply to pure Cabernet Sauvignon plots such as 1, 6 and 7 but the other
exhibit mixed cultivars, whose susceptibility to the disease may be different. The presence of a
different cultivar on the border of the plot, such as in vineyard 5, may lead to the hypothesis reject
because symptomatic plants are more frequent near this border and thus the repartition may not appear
random. This study provides a repartition analysis tool which can be embedded into an epidemics
surveillance system. Prior steps to the analysis may include ground field notation or more innovative
tools such as satellite or UAV imagery, both used to obtain spatialized information about the disease
repartition. Symptomatic plants positions can then be analyzed in order to check for potential
threatening aggregations patterns, even for low FD prevalence.

6. Perspectives and conclusion
In this study, we have proposed a simple nonparametric statistical framework using a divergence
histogram statistic taking into account the distance histogram in a given radius. Results on generated
datasets indicate better separation between random repartitions and non-random ones using the
divergence method. Better generation of simulated repartitions may include the control over specific
aggregation patterns such as outbreak size or edge-effect. Applications on real FD data indicate
significant non-random aggregation patterns on some of the studied plots, as well as an edge effect and
a possible spatial correlation between missing plants and FD symptoms. This method could be applied
to the temporal study of FD propagation, using yearly datasets. Spatial pattern studies could also be
coupled with other exogenous variables such as spatial leafhopper abundance in the vineyard as in
(Pavan et al. 2012).
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ABSTRACT
Online applications and games are related to continuous innovation, technical and
technological advances in last decades. Our digital society based on technological
advancements, because changing consumer requirements need quick and new solutions in
the field of technology. We created an online farm simulation application which is called
Crownking. The program is based on PHP language and has a MySQL database. The
game has great similarity to real life because it has factors which can directly affect the
growth of the crops, such as weather, soil quality, soil maintain and the player’s
profession. Our main goal is help students in learning with the help of gamification, and,
moreover to introduce the agriculture to the young generation, and give some spirit about
farmer's life.

1. Introduction
Online gaming has an important role in everyday life, that's why there is a growing demand for
online solutions on the part of both the users and the consumers. The penetration rate of the internet is
higher than the television and mobile phone penetration rate. We can use it for news and information
collection, gaming, entertainment, messages, buying and as also to learn how to highlight the most
important ones (Bognár, 2009). The online applications and games are related to continuous
innovation, technical and technological advances in last decades. Our digital society based on
technological advancements, because the changing consumer requirements need quick and new
solutions in the field of technology (Ráthonyi et al., 2016). It is well known that information value and
quantity is changed a lot over the recent decades. Actually our society is called information society.
The idea of information society was noted first in 1960 in Japan (Z. Karvalics, 2007). During the first
note of the idea of the information society has several other political dimensions, so its significance
has increased, and actually that is why the concept covers society highly related to the quality and
quantity of information (Botos et al., 2015). The information requirements related to the data-centered
society. These data can be stored in database and proper databases lead to data warehouse. With the
help of data-transformation, and data mining we are able to get great visualized and highly informative
information. The gamification is an innovative and impressive methodology to motivate students and
help their learning process and comprehends. Although gamification presents good results in
education, effective use of this method is still a neglected area of research (Martí-Parreño et al., 2016).
So the methods of online learning are more and more popular, and therefore play an increasingly
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important role in nowadaystoday. Thus we have created an online farm simulation application,
Crownking. The program is based on PHP language and has a MySQL database. Our main purpose is
to help students in learning with the help of gamification, and moreover to introduce the agriculture to
the young generation, and give some spirit about farmer's life.
Gamification
One definition of gamification is “The use of game design elements and game mechanics in nongame contexts in order to engage people and solve problems” (Su and Cheng, 2015). In the other way
(Clark et al., 2011) suggest an increasing interest in the use of gamification in education to improve
students’ engagement and learning outcomes. McGonigal, 2011 has stated that the game elements and
the nature of games themselves are motivating. Therefore, applying the idea of game to the education
may increase students’ motivation to learn (Hanus & Fox, 2015).
We can talk about a less widespread phenomenon in Hungary and it's important to clarify the
meaning of the word itself. The gamification is made up of two words: the Game, like playing and
Fication like to change into something or do something. Some companies use it to be a kind of gamebased design appearance or advertise themselves, so they use it as a marketing tool. It is more and
more fashionable and it has become increasingly common method in recent years, but has also
appeared in education after the millennium. It allows the teacher to teach even through a virtual world,
or examining or share learning materials with their students. It is a great opportunity to provide a
common way of learning sessions in small groups through the development of individual problemsolving skills, depending on their direction of development (Pataki, 2016). The competition, progress
and success of the experience can be really motivating factors even in higher education. It is important
that the players themselves can form opinions about issues raised during the play and receive problem
solving help if necessary (Martí-Parreño et al., 2016). The concept itself is not yet proven, it can only
be delimited depending on the application. So more of them call the design concept and gameplay in
this way, which aims at the students' motivation and help them to achieve their goals.
It is interesting that there is a separate section within the gamification of "science", which is aimed
at psychology of the game, learn so many things from simple game tasks. The gamification allows us
to measure including the player's motivation, personality of the player's strategy, decision-making, etc.
It is applied including Nike and Starbucks, but these companies have only marketing and applied
advertisement (Iosup & Epema, 2014). Literature review also reveals that the use of games elements in
education has been applied across all levels of education from primary schools (Su and Cheng (2015)
to secondary education (Giannakos, 2013), and higher education (Dib &Adamo-Villani, 2014).
Similar applications
The game-based education after the year 2010 is projected a big step forward compared to previous
years. Deterding et al., have studied and formed a scientific definition for gamification. In their article
they emphasize the use of the elements of the game is not a game environment (Deterding et al.,
2011).
Prior to the development, research has done after a similar-themed web applications, or similar
content search. We have examined several running applications on the market such as Farmerama,
FarmVille and also an older PC software, SimFarm. We concluded that a similar application do not
exist neither on the market nor in education, although the Simfarm in the early 90s has been used for
championships as economical management application with a supplied moderator CD. Then we began
the design and development of a commercial application.

2. Material and method
For the game development we used programming languages and technologies enabling the
application to be widely available on the Internet as a Web page. We used the following programming
languages: PHP on server side, client-side JavaScript, HTML and CSS are responsible for displaying,
and MySQL as database. This application as a web page is available to anyone and do not need to
download by the user and therefore it is completely platform independent (Lengyel et al. 2016).
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The website has developed in object oriented PHP. PHP is one of the most widely used and fastest
server-side programming languages. The PHP itself is a scripting language used in one of the oldest
and thus are well-known, regularly developed and maintained software languages. Since we wanted to
develop it relatively quickly we used a framework, the Zend Framework 2 (ZF). The ZF is an objectoriented PHP based open source framework, which is related to the Model View Controller (MVC)
logic (Pope, 2009). The essence of MVC that it separates data sets from user content (Figure 1.) and
associate with the so-called controller when each page is loaded (Burbeck, 1987).
Thanks to the modular design of ZF the parts of the game can be separate and reused as well, which
greatly facilitates the further development.

Figure 1. The logic of MVC planning
Source: (BUX, 2015)
The website has been designed to avoid having the browser window refresh, thus the application is
compare to a full-fledged program. In addition to it, thanks to this solution the load times are reduced
to about a quarter. AJAX (Asynchronous Javascript and XML) was used for allowing communication
between the browser and the server in the background.

3. Results
After nearly two years of work, the application was published on the internet in 2016 as
Koronakirály (Crownking). The software has modules that help learning during playing, and a quiz
module to increase knowledge. It is important to mention that we managed to create an application
that can be used to increase professional knowledge, and also in academic competitions in a fun and
entertaining way (Várallyai et al. 2016). The game is available for free. It is going to be available for
public from autumn 2017.An optimized version is also going to be available for mobile phones. At the
moment, the educational advancements for each profession and the regional weather modules are
under development.
Reality mapping with algorithms
The game has a huge similarity to real life because it has factors which can directly affect the
growth of the crops, such as weather, soil quality, soil maintain and the player’s profession. Every
factor has a multiplier value that will be used to multiply the average crop amount (the average
national harvested crop amount for each crop), when a crop, forest, etc. is ready.
Weather
The weather was modeled using the data over the past hundred years in Debrecen, Hungary. We
have created an average from hot and rainy days with the help of an algorithm, we have randomized
the days and inserted them into a database. The different types of weather which can be found in the
game are: regular, sunny and rainy. Unfortunately, the game’s weather does not contain temperature
and humidity, due to the lack of data. A weather change occurs in every thirty minutes. The weather
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changing algorithm works by first selecting the last weather from the database, and then inserting it
into a table of days that have already passed. After every change the algorithm checks if the previous
four weathers are the same. If they are the same, it creates a weather disaster that will be assigned to
every active (crop growing) soil. These disasters modify the harvested crops yield at various
percentages. These percentages are selected randomly from 25, 50, 75 and 100 to simulate the impact
of drought or flooding. Currently, the weather changes occur nationally, but the next version will
account for regional changes.
Soil Maintenance
After the planting there are many services available in the game for the soil. The use of services
like soil works and crop protection increases the yield of harvested crops which can be exchanged for
money or gold. To be able to use the services the player should own the machines that have been
allocated to the services and also should have enough experience points. If the player does not satisfy
any of the previously mentioned factors, the service will not be available. In addition, each service is
only available for a period. For example, the soil works is only available for the first 20% of the total
growing time for that crop, while spraying is only available until the first 60% of the growing time.
This feature was created to simulate a real-life scenario in when the player forgets to carry out a task at
the right time. Yet, this is not a limitation factor for the yield of crops, as a standard yield of crops will
grow without the use of these extra services. These services are only available to enhance the yield of
crops. Each service is only usable once per growing cycle. The algorithm for this use similar method
as the disaster, by adding positive multipliers with a small difference and allocating them to the soil.
Professions
Since there several profession available, every profession has its own multiplier, which is checked
at every harvest or collection by the harvesting algorithm. If the algorithm detects that the player
planted a crop which is not related to the player’s specialty, it reduce the profession’s multiplier as
negative value. However, if the player grows a crop that is related to their profession, it will multiply
positively. This method guarantees the difference between the professions and simulates the
professional knowledge of the player. When comparing a beekeeper and a gardener, the gardener is
more likely to grow more fruits on actual land in comparison to the beekeeper, since the gardener has
more knowledge about fruits than the beekeeper. Similarly, the beekeeper is produce more honey than
the gardener. This is reflective of how things work in real life hence because the algorithm sets this
difference with the aid of multipliers.
Golden crown, growing areas
The word “Crown” can be found in the title of the game. Hungarians use “crown” as a measure of
the quality of the soil. This soil measure system has also been integrated into the game. There are 18
different types of land which can be found in the game ranging from forests to greenhouses. Each type
has multipliers allocated to them, which are negative if the quality of soil is bad and positive if the
quality of soil is good. For example, in the county of Hajdú-Bihar a high golden crowned soil has a
better growth rate, in comparison to soils in Heves county with inferior quality. There is another factor
that modifies the crop amount of a soil. The planting method allocates a multiplier to every single
newly planted crop, which is active until the crop is not collected/harvested by the player. This
multiplier can be any value between -0.03 to 0.03. This is to ensure that a certain piece of soil does
not always have the same crop yield, like in real life. With this algorithm, we are simulating the
different areas.
Ingredient processing
From the harvested crops, many different products can be made. Every product can be created from
multiple types of crops, as well as from other products. These products are defined in the database, to
be able to create infinite types, with different compositions. As a result in every version update, more
products can be added to the game. These processes are categorized for the ease of use. A process can
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be selected when the player has the required ingredient, enough currency and experience points. When
the process has ended, the final product can be collected and if the requirements are met the process
can be applied again. The final product can be sold with a higher value than the total value of the
ingredients.
Beekeeping
Beekeeping is a novel feature to this game as it does not exist in any other farming games. The
player can choose from two types of bees; simple bees and gold bees. Since there are different species
of bees which vary in strength and productivity, the gold bees generate twice the amount of honey as a
simple bees. The bees are plant-specific and only produce honey when placed onto specific plants.
After an hour, the bees and the honey can be collected. However, the plant where the bees are placed
on cannot be harvested while the bees are producing honey. If the bees are retrieved before the process
ends, very little or zero honey will be produced. The bees start collecting the honey only from the
second quarter of the growing time, and also simulate the plant’s blossoming.
A brief presentation about the application
In this section, we briefly review the farm simulation application, which got the name Koronakirály
(Crownking). First of all, we write a few words about the name choice. We have chosen a name that is
connected to Hungary and related to agriculture and also easy to remember. Then we chose the domain
name Koronakirály (Crownking), because the word „aranykorona” (GoldenCrown) from the
Hungarian soil rating was appropriate for us. In the application, there are three difficulty levels and
five chosen profession which are the following: forestry, plant production, horticulture, beekeeping
and lifestock breeding.
The modules designed to related and also close to each other as shown in Figure 2. We start with
number one on the top left corner. First, we can see yellow threads on the wheat bags, which show the
user's experience points, and the stars contain the levels that limit the number of sections (county).
Under this part we can find the money module, which contains cash and gold. Number two indicates
the weather module. The weather algorithm contains the last three weather states, and the actual
weather condition in the green frame. Number three is a module series: combination the number of
bees and machines, and finally the game statistics. First, we highlight, that only the beekeeper owns
700 bees. For other professions 200 bees are available. The machine module processes, the tractor,
treatment and the machinery equipments needed for outstanding planting and harvest. The next part is
the statistics, where the users can look up their stock, money, experience points (XP) and also the crop
prices in daily and monthly periods. So this part assists in user-evaluating by decisions of users, like
they had good or bad sales. At the end of the line, we can find the exit icon and the system time.
Number four shows the services which are able to make products using crops. At the bottom of the
figure, we can see the stock of crops and products. Here are those plants, which have already been
produced and also we can sell and buy herein later. The sixth part is the mission module. It contains
the profession specific missions, where the user may have to offer crops in exchange for various
rewards. Last but not least, the seventh module is a map of the different parts, counties and regions of
Hungary. The map shows the different growing areas: foil tents, orchards, forests and soils where the
user can do yield. It is important that in this section, the landscape design was considered both in a
graphical sense and keeping an eye on the cultivation techniques, so we can grow plants specific to the
given land, thus providing a more realistic feeling.
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Figure 2. The “Koronakirály” application user interface
1, Experience, levels and money 2, Weather 3, Bees, machines and statistics 4, Services 5, Stock of crops and products
6, Missions 7, Map

Source: Own figure, 2017

Database schema
The modular design itself means that the components (modules) operate independently of each
other and are thus able to stand alone with the help of the common control unit. Each plugin is
globally available for all modules. Below is a brief description of the modules (Figure 3).
Application - Applikáció
This is a main module that is first uploaded when someone opens a web page. In this module there
is a main screen and a cron. Cron is a background task manager that runs programs at certain intervals.
This is a module to map a map around them after logging in the modules. When someone opens
www.koronakiraly.hu and is not logged in, the module will disable the login / registration screen. If
you are already signed in, you will be redirected to the Map module.
Bee -Méh
This is responsible for bees because in this module you can buy and sell bees. When you click on a
map to collect bees, the module performs the calculations and modifies the number of bees.
Bottombar -Alsó csík
This is a module in a frame for Plant and Product Modules. The module itself does not include any
impressions and JavaScript. Use activities for Plant / Product Warehouse Management.
Chart -Statisztika
The module is responsible for the appearance of in-game statistics. In this module, you can view
stock, price, empirical point, money, and level changes. The module's Nick Downie Chart.js function
is built.
Plant -Növény
The module controls crop production. This module can be used to plant or harvest / harvest plants
to be produced / produced. Each plant and the bottom strip fog should appear. The module uses a
CropStock to handle the stock, while the Money and XP plugins are being harvested.
doi: 10.17700/jai.2017.8.1.373
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Game -Játék
This module is passive compared to the active parts known so far. Since there is not a single
multiplayer game in parallel, so this gadget is just so used to sign up everyone in the first gameplay. If
more gameplay is created then this module will determine which player it belongs to.
Machine -Gép
This module is responsible for transmitting and receiving machines and for the Plant Module that
this gadget is asked if the player has the right machine for the plant. The existence of machines for soil
care belongs to this part.
Map -Térkép
This is one of the most important modules as it sees the user after entering. The module chunks and
then categorizes (prepares counties) Map and categories of Hungary will put the already available
areas at predefined points. When a player's level of experience and money is sufficient, the module
offers the player to select a new county. The module connects the Plant and Bee modules with the map
of Hungary. The green bar around the map that shows you whether there is any production. Rostyslav
Bryzgunov was created using the jquery-circle-progress plugin.
Products -Termékek
The module contains products made from plants. It is possible to determine infinite quantities and
varieties of plants, so that several basic products can come up in the future. These products can be
produced in the Service module. The module uses a ProductStock plugin to manage the stock and the
Money plugin at the sale and purchase transaction.
Quest - Küldetés
You can pick up missions and execute quests in the "Quests" window on the right side of the game.
The mission is usually the production of a sufficient amount of a plant or product. Upon completion, a
module removes a product / plant from a stock store and adds the reward money / gold to the existing
one. To do this, you use a CropStock / ProductStock, Money and XP plugins. The mission has a
deadline that will block users for a week.
Question - Kérdések
Each player gets an opportunity once a day to answer a question related to your profession.
Questions are a good answer and there are several options to choose from. If a player responds well to
a question, he or she will receive a money or a gold reward. The Question module uses the money and
XP modules to credit the reward.
Service - Szervíz
On the left side of the screen are the service categories that are categorized. Each category can be
one or more service to create products. This production is made from one or more plants and / or
products within a given time if the player has enough money / gold and his experience point. For
warehouse management, CropStock and ProductStock plugins use the module as well as money and
experience points for Money and XP plugins.
Study -Tanulás
The module is not yet fully completed so it is not yet available on the game (BuiltV3). The plugin
will be responsible for learning. Each player will have the opportunity to learn more professions. To
do this they must reach at least sixth level. You can then hire a job as a subject, which you should take
a short 20-25 exam a week later. If an exam succeeds, then a profession can be considered as learned
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Figure 3. Database schema, plugins and modules
Source: Own figure, 2017

4. Conclusions of tests and possibilities
In this section we compare our application to other farm simulators, and agri-management
applications. We mention the importance of user feedback and effectiveness briefly, as we discuss
possibilities for further development of our application. During testing, the application was developed
on the basis of a total 30 user reviews. This solution took place in two rounds. The first testing goal
was correcting modules, and produce user-friendly interface. The second purpose of testing was the
elimination of minor errors. The total testing time is spent about ~20,000 hours. The practical test
location will be Gammar Schools and High Schools in Debrecen for the third testing.

Comparison
Table 1 shows a comparison of the application we encountered, based on defined criterias.
Considering the nature of the application, it can be said that with the exception of SimFarm, these
applications are mostly arcade games. Our application has a more realistic look, feel and elements. As
for the programming language, we should know that Flash script language stands out from the other
languages as it provides a more realistic motion in games. The “Koronakirály” application was written
in PHP language so that is why it is a dynamic webpage. The gameplay is linear but also contains parts
like missions. In terms of commerce, simple production and sales are present in other applications. As
opposed to this, our solution contains prices and possibilities of processing that vary based on trade
and offers. For this reason, the entire agro-business is carried out. The weather algorithm was included
in SimFarm and “Koronakirály” applications during the reviewed period of time, however, only our
solution was based on the actual trends.
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Table 1. Comparison with similar applications
SimFarm

Farmerama

FarmVille

Koronakirály

Application nature

Arcade /Realistic

Arcade

Arcade

Realistic/Arcade

Program language

Flash

Flash

Flash

PHP/JavaScript

Gameplay

Linear

Linear

Linear

Linear

Commerce

Yield and sales

Yield and sales

Yield and sales

Agribusiness

Prices

Constant

Constant

Constant

Variable

Weather

Variable

ø

ø

Variable

Source: Own table, 2017
User feedback
We carried out two tests in recent years at the campus of University of Debrecen – Faculty of
Economics and Business involving nearly 30 participants and a half year in total gaming time. During
testing, the modules got more functionalities and were further developed based on user feedbacks as
well as announcements made on the basic bug fixes. The next test will take place in vocational schools
this spring. We can say that we have received positive feedback on the overall functionality, but many
look forward the mobile version of the application.
Opportunities
Our conclusions determine the future duties as the application is under constant development. After
testing and receiving the results we have drawn the conclusions. The gamification is not generally
known in many countries and neither in our region so that is the reason why it is not used frequently in
education. The “Koronakirály” application may help this situation, mostly in higher education in
Hungary. However, there has been little discussion on the topic in the Hungarian scientific literature
so we had to use international trends. In our opinion, this application can easily become a tool for
competitions in higher education and vocational schools alike, because it includes some modules that
can help students in learning. Nevertheless, the quiz module can reward the players, and it can equip
them with higher level of professional skills. The possibility of further education is another realistic
element that can help to reduce the trade gap, so it can give a more complete picture of the domestic
relations for the users. In addition, a useable professional literature and knowledge can be acquired
with this application.
Suggested modules:
 Credit module completion
 Investigation player strategies
 Data mining
 Mobile optimization
 Commodities expansion
 Study competition adaptation
Our suggested modules are based on user feedbacks, because they showed a clear direction for
further development. That is why we are going to develop the economy line of the application, which
contains complex modules like: total credit system, commodities and it may become a simple
economy simulation software in the future.
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ABSTRACT
Globally, agriculture makes use of 70% of all water withdrawn from aquifers, streams and
lakes. Agriculture accounts for 22% of freshwater abstraction in Europe, outnumbered
only by freshwater abstraction for cooling in energy production (45%). In the light of the
real need to practically improve the environmental performance of irrigation systems and
prevent the misuse of water, the ENORASIS project was established aimed to develop an
intelligent, integrated Decision Support System (ENORASIS Service Platform and
Components) for environmentally optimized and thus, sustainable irrigation management
to be used by farmers and water management organizations. To achieve so, the
ENORASIS project developed and integrated a bouquet of advanced technologies,
methodologies and models in the fields of: (i) weather prediction systems that exploit
satellite observations; (ii) irrigation optimization techniques and (iii) smart irrigation
systems; and (iv) wireless sensor networks (functioning with solar energy) as key
enabling technology for field measurements and monitoring conditions.
The system was tested in 5 pilot locations in Poland, Serbia, Cyprus and Turkey,
providing large savings in water use as comparted to other irrigation practices while not
compromising crop yields. The highest savings were observed in raspberry and potato
plantations in Poland, reaching 90% and 59% respectively.

1. Introduction
Agriculture is an essential driving force in the management of water use (EEA, n.d.). In European
Union, agricultural water demands vary depending on climatic conditions and its relevance to
irrigation in agriculture. In southern Europe, however, agriculture uses more than half of the total
national abstractions, rising to more than 80% in some countries (EEA, 2010). According to Aus der
Beek et al. (2010), European water demand is higher in countries surrounding the Mediterranean Sea,
especially Turkey, Spain, and Italy, which account for about 55% of the total irrigated land in Europe.
Agriculture wastes 60% or 1,500 trillion liters of the 2,500 trillion liters of water it uses each year,
which represents the 70% of the planets accessible freshwater. One of the main culprits are the
inefficient water irrigation systems (Stockle, 2001).
According to Stockle (2001), inappropriate management of water irrigation systems poses a huge
burden to farmers and has a dramatic influence on the environmental impact of irrigated agriculture.
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Inefficient irrigation systems can lead to exacerbation of the effects of salinity due to excess irrigation
and poor drainage, disturbances of the underground aquifers, water pollution and soil degradation
(ww.panda.org, n.d.). On the other hand, water management authorities face lack of a charging –
billing system that responds to farmers’ needs, while charging procedures are time and money
consuming, and inefficient in their application [WFD at www.ec.europa.eu, n.d.].
In this light, ENORASIS aims to develop an intelligent Decision Support System for
environmentally optimized and, thus, sustainable irrigation management by farmers and water
management organizations. The system will facilitate farmers to optimize the use of irrigation water,
while it will provide water authorities intelligent tools to forecast and manage irrigation water
resources, and charge farmers on a fair way.
In the following paragraphs, a more detailed description of the problem of inefficient irrigation is
presented, followed by the elaboration of ENORASIS components, namely the Wireless Sensor
Networks (WSN), the ENORASIS Meteorological Analysis Tool, the Irrigation Plan System, and the
different system’s interfaces. Analysis and relevant simulation are provided for verification purposes,
while conclusions make an evaluation of ENORASIS solution according to the verification results.

2. Related Work
In recent years, the application of ICT technologies in precision agriculture has attracted the
interest of different stakeholders of the field. Various new ICT technologies have been developed,
while several existing ones have been applied in precision irrigation management.
Regarding the deployment of Wireless Sensor Networks for measuring soil moisture, it is mainly
performed either directly or via water balance calculations (Vellidis et al., 2007). The first approach,
although easy to deploy, suffers from locality of measurements, whereas the real situation around the
plant root is typically much more heterogeneous. This drives the need for sensor array that could
successfully capture the variable soil moisture nature for the price of increased cost of the sensing part.
In the second approach, the resulting measurements are not as accurate as direct soil moisture
measurement methods. Besides the mainstream approaches described above, a number of other
possibilities for soil moisture estimation are developed or are currently under investigation.
Satellite products useful for irrigation management also exist and concern the water cycle, and
hydrology and meteorology disciplines. The LSA SAF (landsat.meteo.pl, n.d.) product provides daily
snow coverage and evapotranspiration field over Europe, while EUMETSAT (www.eutemsat.int, n.d.)
calculates the surface soil moisture index, wind and cloud information. Moreover, EUMETSAT
provides rain rate in mm/h, and gives vertical profiles of air temperature, humidity and surface
temperature.
Regarding GIS technologies – a basic component of the ENORASIS system – no specific
application for irrigation management has been detected. However, there are several products related
to precision agriculture which offer tools to monitor the water use in order to improve land / crop
performance. Most GIS vendors offer complete software platforms that can be used in precision
agriculture. For example ESRI (www.esri.com, n.d.) - one of the leading GIS vendor worldwide offers the ArcGIS platform which includes ArcGIS Server for central geospatial data management and
data distribution using web services, ArcGIS Desktop for data analysis and visualization, and ArcPAD
for data capture in the field. Use of these software offers many tools for spatial analysis, modeling and
visualization but requires high user expertise since these software are designed to serve general GIS
needs. Similar GIS platforms are available from MapInfo (www.mapinfo.com, n.d.) or Intergraph
(www.intergraph.com, n.d.).
Except from individual components, various research projects dealt with the deployment of a
complete system for the environmental optimization of irrigation management. The WaterBee project
(waterbee.iris.cat, n.d.) developed an irrigation management system that takes advantage of
technological advances in wireless networking, environmental sensors and improvements in crop
modelling. The HydroSense project (www.hydrosense.org, n.d.), aimed to improve the water, fertilizer
and pesticide use efficiency of cotton crop by employing principles of site-specific management (or
doi: 10.17700/jai.2017.8.1.375
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precision agriculture) and advanced technologies in proximal remote sensing. Moreover, the
SIRRIMED project (www.sirrimed.org, n.d.) addressed issues related to sustainable use of water in
Mediterranean irrigated agricultural systems, with the overall aim of optimizing irrigation water use at
farm, irrigation district and watershed scales.
However, in existing implemented systems information on weather is delivered by weather stations
and predictions are based on historical data rather than prediction models using satellite images. This
approach lacks in cost effectiveness and geographical coverage as it requires the installation of an
adequate number of weather stations in the field in order to produce reliable data. ENORASIS will use
Weather Research & Forecasting (WRF) prediction model - that for the purpose of the project - will be
set up with multiple grids of different spatial resolution.
Moreover, although some relevant irrigation systems share partially common interest and
objectives with those of ENORASIS, they either fail to incorporate the water management
organization perspective at an operational level, or focus on models rather than integrated solutions
with market uptake potentials. On the contrary, ENORASIS explores for the very first time the
irrigation optimization issue across the whole value chain of irrigation, addressing the needs and
motives of all stakeholders under a single and market applicable operational system.

3. The irrigation problem
As stated in the introduction, agriculture consumes the largest amount of water globally,
accounting for the 70% of the total consumption (UN, 2003), while in most European countries the
respective figures range between 30% and 60%. Specifically, irrigation is a significant environmental
challenge as it is addressed in the EU Common Agricultural Policy (CAP) (CAP at ec.europa.eu, n.d.).
According to Dougherty and Hall (1995), irrigation schemes can pose various threats on the
environment depending on the method adopted and the stage of implementation. Salinization,
alkalization and soil acidification may result from the water and chemical leaching to the subsoil,
while water resources may be depleted (www.icid.org, n.d.) due to the excessive inefficient irrigation.
Local biodiversity and ecosystems may also be affected from the resulting environmental degradation
(Daugherty and Hall, 1995).
Except from the abovementioned environmental stressors, farmers have to deal with the low levels
of crop production which, in their turn, lead to additional use of irrigation water and increase the net
water price (Stockle, 2001). Successively, farmers are facing enormous irrigation costs, and, being
supported by no irrigation management tool, they may encounter the threat of cuts in their subsidies
according to the regulations of the EU Cross Compliance Scheme (Cross Compliance at ec.europa.eu,
n.d.).
Regarding irrigation water pricing, the EU Water Framework Directive (WFD at ec.europa.eu, n.d.)
proposes that “adequate water pricing acts as an incentive for the sustainable use of water resources”,
thus Member States should ensure that water charges reflect the true cost of the water demand.
However, there is lack of a charging-billing system that aids water providers to respond to farmers’
needs (Cornish et al, 2004), something that may arise conflicts between providers and customers
(farmers). All the above make difficult the forecast and management of irrigation water resources by
the water providers, who may deviate from the regulations of the EU Water Framework Directive (“to
promote sustainable water usage & environmental protection; mitigate the effects of floods &
droughts”) (EU 200/60/EC, 2000).

4. The ENORASIS solution
The ENORASIS system aims to motivate farmers to optimize the use of irrigation water, and it will
also provide water management authorities with intelligent tools to effectively forecast and manage
irrigation water resources, cover irrigation demand and charge farmers on the bases of an intelligent
system of motives and incentives that exploits irrigation demand side fluctuations. To achieve so,
ENORASIS will develop and integrate a bouquet of advanced technologies, methodologies and
models in the fields of: (i) weather prediction systems that exploit satellite observations; (ii) irrigation
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optimization techniques and (iii) wireless sensor networks (functioning with solar energy) as key
enabling technology for field measurements and monitoring conditions. Such an intelligent irrigation
management and charging system is expected to have a major impact towards the adoption of more
sustainable irrigation water management practices in agriculture and thus, increased environmental
protection and costs savings for all stakeholders involved in agricultural economy.
4.1. Wireless Sensor Networks
Wireless Sensor Network (WSN) is a crucial part in precision agriculture and hence for the
ENORASIS project. WSN is network of spatially distributed nodes that monitor environmental
conditions and pass that data to remote central location. There is a lot of different WSN manufacturer
and variety of products.
The ENORASIS is a WSN independent system which works with any Sensor Observation Service
(SOS) compatible WSN. As a proof of concept the ENORASIS use two different types of WSN. One
is “classic” multi hop network with several nodes and one main sink (base) which collects and send
the data, made by Rainvent (www.reinvent.com, n.d.). Such a network is installed in Poland and
Turkey. The second one is developed by BioSense Center – University of Novi Sad
(www.biosensecenter.com, n.d.). It is a network of independent nods - every node sends the data
separately using its own GPRS modem and that network is installed in Cyprus and Serbia.
Everything else is the same for both kind of WSN. They measure the soil moisture and the
meteorological data (air temperature, air humidity, wind speed, precipitation etc.) and send them
hourly to SOS server via middleware.
Middleware is server maintained by equipment manufacturer with its own database and/or GUI,
which is capable to communicate with WSN in both directions. One direction is used to collect the
measured data and the other to send the commands to the WSN to open/close valves in order to control
entire irrigation process. The open/close commands and current valve status are sent/get using
RESTful API HTTP methods. The digital flow meters are also part of the system so user can know the
exact amount of water for irrigation. All collected data are sent to istSOS
(www.sourceforge.net/projects/istsos/, n.d.) server using Python (www.pythin.org, n.d.) script.
In other to prolong the lifetime of WSN all actuator nodes (connected to valves) and nodes with
GPRS modules are equipped with solar panels and bigger batteries. Using this approach on pilot sites
all equipment runs for two years (project is still on-going) without any intervention.
4.2. ENORASIS Meteorological Analysis Tool
Accurate and reliable atmospheric ensemble forecasts are necessary for hydrologic predictions and
risk-based management of water resources. Their utility in decision making in water management has
been demonstrated in many studies during the last decade (Demargne et al, 2014).
In view of providing to the users with uncertainty-quantified forecasts, several atmospheric
predictions centers make their ensemble weather forecasts available in the last two years. These
ensembles consist of several perturbation forecasts covering the globe at coarse resolution; however,
they are generally biased in the 1st and higher moments, unconditionally and conditionally on
magnitude, season, storm type and other attributes (Buizza et al., 2005).
In the context of operational irrigation forecasting in ENORASIS, high resolution (2 km) ensemble
meteorological simulations are produced over four selected pilot areas across Europe, spanning
different climatological conditions and crops types. The implemented convection-allowing resolution
does not require parameterizations, resulting in a better representation of the spatial and temporal
statistical properties of convective precipitation than coarser models. In addition, higher resolution
should lead to greater ensemble spread as smaller scales of motion are resolved (Clark and Gallus,
2009).
Recently, one year of simulations has been fulfilled and the comprehensive evaluation of the
meteorological ensemble has started (Kioutsioukis et al., 2014). This ongoing procedure will evaluate
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the forecast quality of many continuous variables of hydrologic importance (e.g. temperature,
precipitation) at specific point locations across Europe. Once the statistical quality of the observedforecasted sample will allow, the analysis will be conditioned on seasonality, magnitude and synoptic
conditions. The ultimate goal of verification will be the development of a calibrated bias correction
scheme for the raw forecasts.
Forecast verification and statistical calibration are necessary steps in meteorological ensembles.
This continuous process requires a long dataset to adequately cover the whole distribution range of the
predicted variables, including extreme events (Ebert et al., 2013). After the second year of data
collection the WRF calibration was further improved. WRF was able to dynamically downscale global
forecast data into finer resolutions in space and time for hydro-meteorological applications such as the
irrigation management. Its skill was sensitive to the geographical location and physical configuration,
driven by the variable relative importance of evapotranspiration and rainfall (Kioutsioukis et al.,
2016).

4.3. Irrigation Plan System
Computer based Decision Support Systems in agriculture (aDSS) refers to applications or
subsystems that helps farmers or advisors to make decisions in farm management based on data and
models. aDSS can support tactical farm management (improving the sequencing or scheduling of
resources to increase returns, reducing risk) or strategic farm management (deciding on the portfolio of
enterprises undertaken) (Matthews et al., 2008). aDSS is typically a model, data and knowledge-driven
DSS. For aDSS the emphasis is on support, since people make decisions and software at best only
assists. aDSS is not about automated control. The systems element of aDSS (in contrast to the term
decision support tools) recognises that aDSS is not only a stand-alone software tool but also data,
knowledge and facilities to communicate or interpret the aDSS outputs.
Matthews et al. (2008) described aDSS history from phases of unbelief (late 1960s), euphoria and
disappointment (in the 1970s), to phase of maturity with realistic expectations of the technology, or
abandonment that began with web and mobile technology (beginning in the mid-1990s).
Looking on the agricultural practice, the use of agricultural DSSs by managers of farms or advisors
is relatively low. One of the main reasons of that situation is that management practice of family farm
is different than scientific approach (McCOwn, 2002). On the other hand, many of existed systems
were created with not sufficient participation of potential users and they are not practical in use or
there was not mutual understanding when aDSS can be used. Still scepticism is about the balance of
costs and benefits in case of set up for needed to use aDSS for field sensors or weather data.
According to McCown (2002) the future of the DSS and related ISs holds promise in four
directions:
•

a “small” tool aiding farmers’ tactical decisions;

•

a versatile simulator as a consultant’s tool;

•

a versatile simulator as the core of facilitated “learning laboratory”;

•
a formal framework that supports regulatory objectives in constraining and documenting
farming practice.
The DSS in terms of land irrigation is based upon several definitions:
Plot – basic areal unit of the farm derived through land zoning process, consisting of combination
of soil and crop. Slope should be also considered as it shapes the soil water balance, generating
superficial outflow and water loss.
Base Station – provides information on real weather and soil conditions within irrigation plots and
the whole farm.
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User Database – contains properties of users: characteristics of irrigation plots (crop, soil, slope)
within their farm as well as some general information on the zone and farm level, including
economical info and irrigation system details.
DSS – calculates current plant water deficit (water stress) for particular plant phenological
(development) stage for each land zone (uniform crop-soil conditions) basing upon measured soil
moisture data while the expected water deficit for following days is calculated basing upon weather
forecast. The deficit is necessary for the system in order to estimate the plant water demand that covers
the current deficit in following day’s irrigation. The deficit is the physical information about the soilplant-water conditions. To calculate the amount of water necessary to cover the demand using
particular irrigation system a system-specific watering ratio should be used within DSS. Additionally
economical consideration can be made. The output of the DSS is recommendations summarized into
an Irrigation Plan for each Parcel with two options:
1. Minimalization of soil/plant water deficit
2. Optimization of farm yield/income
The plan may provide a summary information on the water demand for the whole farm. A DSS is
designed to actually suggest solutions, not addressing the realization of the irrigation drivers and
design.
The point of consideration are mobile irrigation systems, as the recommendations within the
Irrigation Plan should take into consideration specific needs: time to move and set up the equipment,
higher thresholds to perform irrigation, as it won’t be feasible to irrigate small amount of water with
these systems.
The general idea of the DSS is based on assumption that actual meteorological data from closest
meteorological station are adequate to real local data on the farm. Precipitation could vary essentially
so we could suppose that effective precipitation assessed by comparison of soil moisture changes for
neighboring days is better than the one from meteorological station.
4.4. System Interfaces
The ENORASIS application uses a restful API which exposes the most important functionalities
and modules to the outer world via restful web services. Using this layer, any user/mechanism on the
web can retrieve data or provide data to the ENORASIS platform suite though a secure mechanism
based on BasicAuth. An additional purpose of this layer was to accommodate the request for a
services oriented architecture (SOA), which exposes any of the subsystem information to the rest of
the world once the platform is available on the web. All communication between the different parts
that the application had to integrate with, were held through the API. In particular:
a) WRF – Daily a script calculates the WRF prediction and then holds an HTTP call to the
ENORASIS server, in order to pass those values
b) Wireless Sensor Network – Almost every 5 minutes, various servers collecting data from the
fields perform HTTP calls following the SOS standard, to update the ENORASIS server with the latest
sensor measurements
c) Charging billing systems – Scripts that run daily communicate with the ENORASIS server via
the rest API, to sync economic factors with popular ERP systems
d) Any other system – Any other system that needs to communicate with ENORASIS needs to
use the restful API in order to update or query the ENORASIS database
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Figure 1. The API is responsible for ENORASIS interfaces to the outside world

5. Simulation and Experimentation
The DSS system was designed to be able to compute irrigation plan even with absence of certain
input data, e.g. missing soil moisture sensors, which can get destroyed or corrupted in the field.
The testing of the DSS systems was performed in two stages: testbed environment and real-live
implementation on pilot sites.
Testbed testing phase was based upon a Visual Basic code, run within MSExcell on two archive
datasets: archive data form Pulawy region for time period 1970-2000; data recorded by ENORASIS
system throughout 2013 season on pilot site in Poland. Testbed testing revealed several gaps and bugs.
After necessary improvements of the code a detailed comparison of DSS behavior under different
configurations of input data (Table 1) was tested.
Table 1. Cases for system testing scenarios

Case symbol Waether Forecast (WRF) Soil
Moisture
Sensor
(SMS)
A1
x
x
A2
x
x
A3
x
A4
x
A5
x
A6
x
A7
x
A8

Automatic Rain gauge
Weather
only
Staton
(AWS)
x

x
x
x
x

The test results indicated very good homogeneity of soil moisture (Fig. 2) estimated with different
sets of input data, especially for moderate soil moisture values. In extreme drought conditions,
especially in one case recorded in July 2013, the systems tended to overestimate (A3) the measured
(scenarios A1, A2, A6, A7) soil moisture levels. In other cases the differences were at the same levels.
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Figure 2. The distribution of soil moisture modelled with different system setups
Moreover, the results for potential evapotranspiration (Fig. 3) estimated with the use of automatic
weather stations (scenario A8 plus A1, A4, A6) and WRF (A5 plus A2, A3) shown similar variability
of evapotranspiration. However WRF estimations indicated in general lower amplitudes of changes
than measured data.

Figure 3. Modelled ET0 for various system setups. (WRF-based, non-AWS scenarios: A2,A3,A5blue)
Figure 4 presents the four pilot implementations that aim to demonstrate, validate and assess the
ENORASIS solution within an adequate spectrum of pilot settings and real-life cases. ENORASIS
pilots cover two cultivation periods (the second one with the full ENORASIS platform), involve six
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crop types in three different climate regimes (North Central Europe-Poland, South Central EuropeSerbia and Mediterranean-Turkey and Cyprus) and within the context of three different operational
settings / approaches (research farms, production farms and water management organisations).

Figure 4. Locations of ENORASIS pilot sites.
The results from pilot implementation of the fully operational system in 2014 show high savings in
water in the cultivating of potato and raspberries in Poland as well as cotton in Turkey (table 2). Maize
indicated savings on the level of 44 and 48 m3*Mg-1 (m3/t) of yield in Turkey and Poland respectively.
Table 2. Water consumption per unit yield (m3*Mg-1)
Practise as usual (A) ENORASIS DSS (B) Difference (B-A)
Specification
m3*Mg-1
m3*Mg-1
m3*Mg-1 % A
POLAND
Maize
205,0
157,0
- 48
-23,4
Potato
71,1
29,5
- 41,6
-58,5
Early raspberry
140,5
14,0
- 126,5
-90,0
Late raspberry
310,2
215,0
- 95,2
-30,7
TURKEY
Maize
254,9
210,8
- 44,1
-17,3
Cotton
620,7
493,0
- 127,7
-20,6
SERBIA
Apple
17,2
13,1
- 4,0
-23,3
Cherry
90,8
71,4
- 19,4
-21,4
CYPRUS*
Grapefruit
220,7
205,3
- 15,4
-7,0

6. Conclusions
The ENORASIS solution integrates weather prediction systems that exploit satellite observations,
irrigation optimization techniques, smart irrigation systems, and wireless sensor networks to optimize
the sustainable use of irrigation water. ENORASIS is foreseen to help farmers to optimize the use of
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water, as well as water management organizations to forecast irrigation water resources, and charge
fairly their customers (farmers).
The experiments aimed at testing the system performance and algorithms revealed savings in water
use for irrigation achieved even during a relatively wet vegetation season (2014): starting from 7% for
grapefruit in Cyprus to 90% in case of Early raspberry and 59% of potato in Poland. Low values for
grapefruit in Cyprus may originate potentially from the Heisenberg’s rule as we could not prevent the
farmer from being suggested by the system advise.
The ENORASIS platform is expected to have positive environmental, social, economic, as well as
scientific and technological impact, as water management organizations and farmers will plan the
water consumption of agricultural processes better, so as to ensure that irrigation needs will not exceed
the capacity of water resources beyond safety levels.
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ABSTRACT
Mobile phone can reduce the transaction cost resulted in increasing the farm productivity.
This paper mainly focuses on identifying the factors affecting the use of mobile phone by
the farmers and determining the extent of use of mobile phone by the farmers in receiving
information on vegetable cultivation. The study was carried out at three villages under
Mymensingh sub- district of Mymensingh district in Bangladesh. Seventy farmers were
interviewed using structured questionnaire. Appropriate scales were used in order to
measure the concerned variables. Both descriptive and inferential statistics were used to
analyze the collected data. The majority (70 %) of the vegetable farmers were low user of
mobile phone compared to 30 percent were medium user. None of them was found under
high mobile phone user. Vegetable farmers’ characteristics such as education and social
participation had significant positive relationships with their use of mobile phone while
age and farming experience had significant relationships with negative trend. Among
them age alone explained 33.1 per cent of the variations to mobile phone usage was
confirmed by the step-wise multiple regression model. However, age and social
participation were the influential factors affecting the use of mobile phone by the farmers.
Lack of mobile servicing centre, expensiveness and electricity problem were the major
constraints that cause hindrance to the use of mobile phone in receiving information on
vegetables cultivation. Government should take initiatives to ensure proper electricity
supply in village area and provide subsidy to easily purchase of mobile phone by the
farmers. Besides, field extension agents should encourage and assist the farmers to use
mobile phone in receiving information on vegetable cultivation.

1. Introduction
As an agrarian country, the Government of Bangladesh always gives extra importance to
agriculture sector of the country. Agriculture comprises almost 80 percent people’s involvement
contributing 15.5 percent of the GDP (BBS, 2014). About 70 percent of the total population lives in
the rural areas, 62 percent of them directly and others are indirectly engaged in a wide range of
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agricultural activities (BBS, 2012). Therefore, socioeconomic improvement of the rural areas mostly
depended on increasing farm productivity. But, like most of the developing countries, farming in
Bangladesh is still not well organized because of poverty and scarcities of resources such as income,
lack of farmers’ need based policy and supports (Gerber, 2008). Besides, agricultural production can
only be increased if appropriate technologies are used by the farmers who are the primary unit of
adoption of improved practices. An increased agricultural production can play as an development
engine for rural people that might have also contributed to economic development of the country. In
connection to this, adoption of modern technologies by the farmers is essential. Where, technology is
the “relationship between inputs and outputs” (Foster & Rosenzweig, 2010) and in agriculture inputs
refer to improved cultivars (seeds), fertilizers and pesticides, whereas output refers to the agricultural
production. Information of adequate quality is a necessary condition for improvement of all areas of
agriculture (Mao, 2013). Information Communication Technology (ICT) could be one of helping
solution to transfer information on new technologies, which depend on Information Technology (IT)
infrastructure and network communications (Awuor et al., 2013). Improved information services
through telecommunication technology have been proven to have a positive impact on rural incomes.
In Peru, It was observed that per capita farm income was increased by 13 percent due to usage of
mobile phone technology (Chong et al., 2005). Access to public telephones and especially individual
mobile phones improves agricultural productivity, increases market access and expands marketing
options for rural producers (Jansen et al., 2006). Donner distinguishes between different livelihood
functions of mobile phones, including mediated agricultural extension, market information systems,
virtual markets, financial services and direct livelihood support (Donner, 2008). Mobile applications
can promote agricultural and rural development, including better access to extension services; better
market links and distribution networks; and better access to finance, including credit, insurance and
payment methods (Qiang, 2011). The role of mobile phones in supporting access to information about
agricultural technologies and extension services is immense (Aker, 2011). Mobile phone technology
has provided opportunities for increasing productivity and reducing socioeconomic inequalities in
Bangladesh (Islam and Gronlund, 2011).
In recent years, the mobile industry in Bangladesh has dramatically developed both at urban and
rural area. Bangladesh has 131.376 million mobile phone subscribers at the end of June, 2016 which is
very high for a developing lower income country like Bangladesh. The Mobile Phone subscribers by
the end of June, 2016 are shown in Table 1.
Table 1. Mobile phone operators and users in Bangladesh (up to June, 2016)
Operator
Subscriber (In Millions)
Grameen Phone Ltd. (GP)
56.909
Banglalink Digital Communications Limited
31.941
RobiAxiata Limited (Robi)
27.442
Airtel Bangladesh Limited (Air tel)
9.892
Pacific Bangladesh Telecom Limited (City cell)
0.702
Teletalk Bangladesh Ltd. (Tele talk)
4.490
Total
131.376
Source: BTRC, 2016

The majority of rural people especially farmers are now using mobile phones. The cheaper call rate
and easy network availability influences the low earning farming community to use mobile phones for
different agricultural information. Mobile phones have made the farmers aware about the modern
technologies, weather forecasting, present market price information, which reduces the hiking of
intermediaries in market value chain. The uses of mobile phones among farmers have played positive
impact in their income and productivity. Farmers can communicate with the buyers before travelling
and sell their product in good price (Fafchamps and Hill, 2005) and they can also communicate
directly and sell their products over phone call. In this context they save their money, time and energy
(Muto and Yamano, 2011; Lee and Bellemare, 2013). We can say that, mobile phones affected all
stages of the farming cycle, including preparations, farming, harvesting and post-harvesting (Furuholt
and Matotay, 2011). The move to mobile phone based information system is a natural and potentially
more beneficial as mobile phone use reduce search time and cost for information as well as
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information asymmetries (Overa, 2006). So, use of the mobile by the farmers may be the potential one
for farm productivity. Several studies found that mobile phones reduced transportation costs where
trips for social and business purposes were substituted with phone calls (Overa, 2006;
Balasubramanian, 2010; Boadi, 2007; Frempong, et. al., 2007; Samuel, et el., 2005; Sife et al., 2010)
which is beneficial for easily perishable crops like vegetables having less storage and market facilities
(Kameswari et al., 2011). However, for better marketing of vegetable ensuring the bargaining
capability of vegetable growers, they need to be connected with a greater ICT network specially the
mobile based communication network for increasing their access to need based information on time
(Jensen, 2007). But, very limited information about the factors affecting the mobile phone usage by
the farmers in receiving agricultural information on vegetable cultivation was available. Hence, this
study focuses the following objectives to accomplish its purpose: i) to determine the extent of use of
mobile phone by the farmers in receiving information on vegetable cultivation, ii) to explore the
influencing factors on the use of mobile phone in receiving information and iii) to identify the
problems faced by the farmers in communicating through mobile phone in receiving information on
vegetable cultivation.

2. Methodology
2.1 Study Area
The study was conducted at three villages of Mymensingh sub-district under Mymensingh district
in Bangladesh. These three villages were purposively selected because of being newly accredited lands
locally known as char area where vegetables are cultivated extensively. Mymensingh is the newest
division of Bangladesh. It is one of the major vegetable growing areas of the country. Evidence of
agro based researches is almost absent in this localities having poor transportation system was also the
reason behind the chosen this area for this research.
2.2 Population and Sampling
Vegetable farmers of study area who were cultivated vegetables at least 0.1 hectare of land as well
as use mobile phone as a communication media were considered as population of the study. The total
numbers of the vegetable farmers using mobile phone in the study area were 280. Using the simple
random selection method, 70 farmers were selected (25% of the population) as sample of the study
assuming that this sample may be representing the whole vegetable growers of the study area.
2.3 Data Collection Technique
Both qualitative and quantitative means of data collection procedures were used in the study. Data
were collected through the pre-tested questionnaire by face-to-face interview procedure during 1 April
to 1 May, 2016. The interviews, lasting about one to two hours for each farmer, focused on the
determination of extent of mobile phone use by the vegetable farmers. Cross-check interviews were
conducted with Sub-Assistant Agriculture Officer (SAAO) and relevant non-government organization
(NGO) workers. Data from questionnaire interviews were coded and entered into SPSS software
package for analysis.
2.4 Measurement of Variables
There may be a lot of characters that can be considered for the study. But the variables were
selected based on the consultation of experts and relevant personnel working in the study area and
related issues. Age, level of formal education, family size, farm size, annual family income, farming
experience, social participation, credit received and knowledge on vegetable cultivation were selected
as the explanatory variables of the study. Use of mobile phone by the farmers in receiving information
through mobile phone calls on vegetable cultivation was the focus variable of the study. The use of
mobile phone was measured with four point rating scale weighing 1, 2, 3, 4 for Seldom (1 time/
month), Occasionally (2-3 times/ month), Frequently (4-5 times/ month) and Regularly (6-7 times/
month) respectively. Eleven sources related to vegetable cultivation were considered to measure the
extent of mobile phone use. These information sources are: progressive farmers, union agricultural
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information centre, pesticide dealer, seed dealer, fertilizer dealer, Sub-Assistant Agriculture Officer,
Agricultural Extension officer, Upazila Agriculture Officer, NGO worker, Businessmen and mobile
operator agricultural help desk. The study observed farmers use of mobile phone for getting vegetable
cultivation related information from these sources. So, total possible score could ranges from 11 to 44,
where ‘11’ indicated lowest user and ‘44’ indicates highest user of mobile phone in receiving
information on vegetable cultivation. According to the possible score, the farmers were categorized
into three groups considering equal score in each group i.e. Low usage group (up to score 22),
moderate usage group (score 23 to 33) and high usage group (score above 33).
To identify the factors associated with the use of mobile phone for getting information on vegetable
cultivation, coefficient of correlation and step-wise multiple regressions were used. The problems
(mentioned in Table 7) faced by the farmers in using mobile phone were identified during pre-testing
the questionnaire. Initially, twelve problems were included in the questionnaire. However, after
analyzing the pre-tested questionnaire, nine possible problems were selected. A four point rating scale
weighing 0, 1, 2, and 3 for not at all, low, moderate and high respectively was used to explore the
extent of problems faced in using mobile phone. The possible scores of the respondent ranged from 0
to 27 where ‘0’ indicates the respondent had no problem and ‘27’ indicate his highest problem.
According to the possible score, the farmers were categorized into three group considering equal score
in each group i.e. Low problem (up to score 9), medium problem (score 10 to 18) and high problem
(score above 18).
For better understanding of the extent of problems faced, Computed Problem confrontation Score
(CPCS) was developed to make rank order the problems by the following formula.
PCS= Ph x 3 + Pm x 2 + Pl x 1 + Pn x 0

(1)

Where,
PCS= Problem confrontation Score
Ph= Number of farmers indicating high problem
Pm= Number of farmers indicating moderate problem
Pl= Number of farmers indicating low problem
Pn= Number of farmers indicating no problem at all

3. Results and Discussions
3.1 Use of Mobile Phone by the Farmers in Receiving Information on Vegetable Cultivation
The results indicated in the Table 2 and explained that majority of the respondents (70 per cent) fell
into low use of mobile phone category and rest thirty per cent fell into moderate use category (Figure
1). While none of farmers were found under the categorized to high use of mobile phone group.
Though the use of mobile phone is increasing with each passing day, farmers in the study area have
not properly utilized mobile phone for getting information on vegetable cultivation purposes. This may
be because of most of the farmers were found in the study area are the old aged, low rate of literacy,
low communication exposure, less trust on information sources etc. Besides, lack of technical
knowledge may be another important reason of getting lower usage of mobile phone by the farmers in
the study area. There were some studies also indicated that similarities exist between the patterns of
mobile phone use by the farmers. Furthermore, mobile phone uses by this group to access market
information seems to be very low (Ashraf, et al., 2005; De Silva, 2008). Farmers might use the mobile
phone other purposes than the agricultural information like communicating with relatives or
emergency medical or other problems.
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Table 2. Distribution of respondents according to their overall use of mobile phone
Farmer’s Categories
No.
Percent
Mean
(scores)
Low usage (up to 22)
49
70
Use of mobile phone
21.19
Moderate usage (23-33)
21
30
Characteristics

High usage (above 33)
Total

0

0

70

100

Standard
deviation
2.683

Source: Field Data, 2016

3.2. Relationship between the Selected Characteristics of the Vegetable Farmers and Their Use
of Mobile Phone in Receiving Information on Vegetable Cultivation
To examine the relationships of each of the selected characteristics of vegetable farmers and their
overall use of mobile phone in receiving information, a Pearson’s product moment coefficient of
correlation analysis was used. The results of the correlation analysis between the concerned variables
have been presented in Table 3.
Table 3. Correlation between selected characteristics of vegetable farmers and their use of mobile phone in
receiving information on vegetable cultivation (N=70)
Explanatory variables (selected
Correlation coefficient (r) with
Focus variable
characteristics)
68 d.f.
Age
-.575**
Education
.391**
Family size
-.205
Farm size
.092
Use of mobile phone by the
Annual income
.092
farmers in receiving information
Social participation
.511**
on vegetable cultivation
Farming experience
-.511**
Credit received
.126
Knowledge on vegetable cultivation
-.054
** Significant at 0.01 level of probability (table value 0.325 with 68 df)

The results show (Table 3) that only age, level of formal education, social participation and
farming experience were found significantly correlated at 1% level of probability with the focus
variable. Among the four, age and farming experience were found negatively significant with the
focus variable. It is indicated that both increases farmers’ age and farming experience, the tendency to
use mobile phone for getting vegetable cultivation related information decreases significantly. It is
quite obvious that old person are more traditional in nature and they believe in their customary system
of cultivation. Studies also showed that young ( Richardson, et al., 2000) and middle aged people are
more prone to mobile phone usage while as the age goes beyond 50, mobile phone usage remains far
behind (Islam and Gronlund, 2011; Jain and Hundal, 2007). Besides, experienced farmers do not want
to change their usual farming practices and they also have ample knowledge on the cultivation
procedure. This makes the farmers less interested in seeking information.
The illiteracy is a cause of using any ICT among farmers because famers could not contact with
related officers and department and get information about market price, weather or pesticides even
farmers was not knowledgeable about use of mobile phone to contact with their family and friends due
to illiteracy (Samuel, et al., 2005; Musa, 2008). Education makes people more curious about new
things and educated person always want to improve the existing condition. More educated people are
better able to learn and use new technology (DiMaggio and Cohen, 2003). So, with the increase in
educational level, farmers want to know more advance information about cultivation. It makes them
seeing more information and increases the use of mobile phone for the same purpose. Social
participation is another aspect that makes people curious about many new things. In a rural context,
Jain and Hundal find that the rural people had been found more influenced by the neighbor’s usage
(Jain and Hundal, 2007). Rural people tend to influence by their peer groups. The social influence or
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influence by the peer group is stronger than individual characteristics in adoption of any technology
(Kargin and Basoglu, 2007). When farmers participate in different social programs and visit their peer
groups they come into know more on cultivation practices. This encourage them seeking information
over the mobile phone as it is the easiest as well as quickest medium to get information.
3.3 Econometric Estimation on Identifying the Factors Affecting the Use of Mobile Phone by the
Farmers
A step-wise multiple regression analysis was employed to identify the determinants of the use of
mobile phone in receiving information on vegetables cultivation. The stepwise multiple regression
analysis (Table 4) indicates that out of four explanatory variables (those showed significant
relationship in correlation analysis) only two variables finally entered into the model and contributions
of these variables (age of the respondents and social participation) which accounted for 41.1 per cent
(adjusted R2 = 0.641 and F- values, p>.01) of the total variation in the use of mobile phone for getting
vegetable cultivation related information.
Table 4. Step-wise multiple regression analysis showing contribution of the selected characteristics to the use of
mobile phone
Variables
Variance
Coefficient of
Multiple
Change
Significant
entered in the
explained
F-value t-value
2
2
determination
R
in R
level
model
(%)
0.575
0.331
0.331
33.1
0.000
33.645
-5.800
Age
Social
participation

0.641

0.411

0.080

8.0

0.004

23.413

3.025

The first variable to enter the step-wise multiple regressions was the age of the respondents which
solely had the highest contribution of 33.1 percent in predicting the influence on mobile phone usage.
It indicates that age of the respondents mainly regulates the use of mobile for getting information.
Having a negative t-value suggests that age influences the mobile phone usage reversely while the age
increases, use of mobile phone decreases significantly. It is very much understandable that mobile
phone is a high technical device and old people do not understand how to use it properly. Besides, it
requires technical knowledge to operate it comparing to the young people who found it quite easy to
use, mobile phone use is rather difficult for the old village people who have less formal education and
low exposure to technologies. They also like to stick to the traditional living and keep distance to
different up to dated technologies.
The other variable to enter the step-wise multiple regressions was the social participation which
had contribution of 8.0 per cent in predicting the influence on mobile phone usage. This variable has
positive influences, which means that an increase in social participation will increase the use of mobile
phone. Being members of a society, farmers have a tendency to be influence by their social values,
system, customs etc. When people see other in the society getting benefit from using mobile phone, it
will encourage them to use mobile phone for their own purposes. Even the medium aged or old people
will like to learn the use of mobile phone if he gets exposure of the benefit of using it seeing their peer
groups. So, the farmers who participate more in different social activities encouraged them to use
mobile phone more in receiving information on vegetable cultivation. For more accuracy, an equation
can be formed from the stepwise multiple regression analysis showing the level of contribution of the
two factors of age and social participation. Rashid and Khan were conducted similar study,
subsequently found the similar results (Rashid et al., 2016; Khan, 2016).
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Table 5. Step-wise multiple regression model showing coefficients of dependent variable with the contributing
characters
Standardized
Unstandardized Coefficients
Coefficients
Model
T
Sig.
B
Std. Error
Beta
1
(Constant)
29.742
1.499
19.847
.000
Age of the Respondent
-.217
.037
-.575
-5.800
.000
2
(Constant)
21.086
3.193
6.605
.000
Age of the Respondent
-.164
.040
-.434
-4.140
.000
Social Participation
.552
.182
.317
3.025
.004
Dependent Variable: Use of Mobile Phone in Vegetable Cultivation

The following predicted equation (i) was developed using the results found in the Table 5.
Mobile phone usage by the vegetable farmers = 21.086- 0.164 (Age) + 0.552 (Social participation)
(2)
The equation shows the probability of mobile phone usage by the farmers in receiving information.
The contributing factors age and social participation will have influence on the usage as much as
shown in the equation such as if social participation increases by one unit the mobile phone usage
score will increase by 0.552 while age of the farmers increases one year, the mobile phone usage by
the farmers will be decreased by 0.164. Besides, Standardized coefficient beta values shows that age
of the respondents (-0.434) contributes more than the social participation (0.317) to the use of mobile
phone for farm information. So we can say that if the social participation and communication of the
farmers increase it is quite possible that farmers will be more interested in getting farm related
information using mobile phones. Besides we should emphasis more on motivating the aged farmers
as they are more involved in farming yet unwilling to use mobile phones. So we have to give more
efforts to encourage the aged farmers than the young farmers to use mobile phones for agricultural
purposes.
3.4 Problems Faced in Using Mobile Phone by the Farmers
The problem confrontation score of the farmers ranged from 10 to 19 against the possible range of
0 to 27 with an average of 14.11 and standard deviation of 1.975. Table 6 suggests that most of the
farmers faced medium problems (97.1 per cent) in using mobile phone while only 2.9% farmers faced
high problems. But, none of them belongs to low problems. This means that mobile phone use is not
so problematic mainly because the cheap call rate, locally and easily repairable and easily available
network of different mobile phone operators. Moreover, GOs and NGOs provide good service to
mobile phone users at local level resulting no severs problems faced by the farmers.
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Possible
range
0 - 27

Table 6. Categories of problems faced by the farmers in using mobile phone
Farmers
Observe
Categories
Mean
Range
No.
%
Low problem (up to 9)
0
0.00
10 - 19
14.11
Medium problem (10 to 18)
68
97.1
High problem (above 18)
02
2.9
Total
70
100.0

SD
1.975

However, problem score for each statement was calculated by using problem confrontation score
formula as stated earlier and it has been arranged in rank order according to their high problem and
placed in Table 7.
Table 7. Problems of using mobile phone by the vegetable farmers with rank order
Number of respondents indicating constraints
Problems

PCS

Rank
order

High

Moderate

Low

Not at
all

Lack of servicing center

38

32

0

0

178

1

Expensive mobile set

15

47

8

0

147

2

Electricity problem

19

30

21

0

138

3

High cost of repairing

8

48

14

0

134

4

Mobile phone operating problem

9

31

27

3

116

5

7

28

35

0

112

6

0

33

35

2

101

7

0

31

36

3

98

8

0

5

30

35

40

9

Short length of battery
Charge
Network problem
Technical problem of
Phone
Unexpected calls

The results in the Table 7 revealed that among nine selected problem items lack of servicing centre
ranked first followed by expensiveness and electricity problem of the mobile phone.
Lack of service centre was the severe problem and got ranked first while it makes difficult for the
user to repair or check if the face any problem using the mobile phone. Most of the servicing centers
were located at the city and far from the rural area, moreover poor communication hindrances the
reaping of the mobile phone. As the people of the villages have less technological advancement they
easily face complications in using mobile phone. Expensive mobile set got second ranked while
electricity problem was the third problems faced as respond by the farmers. Mobile phone needs to be
charged using electricity. But the inadequate electricity supply may hinder the use of mobile phone for
the farmers. So, using an electronic device is very difficult for the village people. As most of the
village people fall in the low earning group, buying a mobile phone set is sometime seems as a luxury
to them. Therefore, they face problems to take their daily foodstuff. So, buying a mobile phone set
terms as an expensive expenditure for them. Therefore, government may be providing subsidy to the
farmers especially vegetables farmers for buying mobile phone. Besides, there is no significant
difference between problem of third and fourth, fifth and sixth and even problems of seventh and eight
based on the problems confrontation scores but of course having bit differences. On the other hand,
unexpected call was the least problem faced by the farmers which may not be a big trouble for
vegetables cultivation so far.
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4. Conclusion and recommendations
The use of mobile phone in receiving information on vegetable cultivation was not satisfactory in
the study area. Rather the use of mobile phone was very low in receiving agricultural information.
This may be due to traditional mind set up of the farmers which restricts them using the new improved
technologies like mobile phone. Besides, adequate electricity supply, lower farming experienced, low
rate of literacy, low communication exposure, lack of technical knowledge etc. may be other important
reasons of getting lower usage of mobile phone by the farmers in the study area. Farmers’
characteristics such as education and social participation had significant and positive relationships
with their use of mobile phone while age and farming experience had significant and negative
relationships. Among them age and social participation explained 41.1 per cent of the variations to
mobile phone usage was confirmed by the step-wise multiple regression model. Lack of mobile
servicing centre, costly and electricity problem were the major constraints that cause hindrance to the
use of mobile phone in receiving information on vegetables cultivation. Increased use of mobile phone
can be ensured better solution to pest attack, proper marketing and earning more from the existing
facilities. Therefore, Government should take initiatives to ensure proper electricity supply in village
area and provide subsidy to easily purchase of mobile phone by the farmers. Bedsides, government
field level extension agents for instance Sub-Assistant Agricultural Officer (SAAO) should encourage
and assist the farmers to use mobile phone in not only receiving but also sending information on
vegetable cultivation.
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ABSTRACT
Information is power only when used and applied. Farm Management Information
Systems in agriculture have evolved from simple farm recordkeeping into sophisticated
and complex systems to support production management. African agriculture is largely
traditional and practised by smallholders and pastoralists, predominantly rain-fed, has
low-yielding production, and lacks access to critical information, market facilitation, and
financial intermediation services. The role that Information Communication
Technologies (ICT) can play in addressing these challenges is increasing. Mobile
technology, on the other hand, is increasingly being adopted as the technology of choice
for delivery of ICT services and solutions. New applications present an opportunity like
no other to revolutionize life for farmers. The mobile is not only a communication tool,
in future, it will be an important agricultural tool for the farmers. Most mobile
applications focus on improving agriculture and have a wide range of functions, such as
providing market information, increasing access to extension services, and facilitating
market links. For extension workers, it is an additional tool in their kit in the technology
transfer. For scientists, it acts as a readily available reference on demand and for students
in agriculture, it acts as a learning tool. Mobile application for pest and disease
management of crops is an application that allows farmers to identify pests and diseases
using their mobile phones and provides remedial measures is the latest addition to using
modern digital tools to benefit smallholder farmers. Ethiopia is the largest wheat
producer in Sub-Saharan Africa. Wheat is the 4th important cereal crop in the country.
Although Ethiopia is the largest wheat producer in Sub-Saharan Africa, it is reliant on
foreign wheat imports to satisfy its annual domestic demand. Considering its importance,
and also in recent years the crop was affected by rust disease and incurred significant
economic loss, wheat crop was selected for this pilot study. Keeping this in to
consideration, the mobile application namely, m-WHEAT, was developed, as a pests and
diseases diagnostic tool for major pests and diseases of Wheat crop in Ethiopia. The
application is developed using android with the help of Extensible Markup Language
(XML) for encoding documents in machine-readable form and includes java
development tools. The XML based user interface with Java programming in Android
SDK is developed to present pests and diseases of wheat and its control measures.

1. Introduction
Information is data that is accurate and timely, specific and organised for a purpose, presented within
a context that gives it meaning and relevance and can lead to an increase in understanding and decrease
in uncertainty (http://www.businessdictionary.com/definition/information.html ). Information is
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valuable because it can affect behaviour, a decision or an outcome. Information is power only when
used and applied (Boon 1992; Martin 1984; Paez-Urdaneta 1989) effectively.
Knowledge management includes knowledge sharing, exchanging, and dissemination as elements.
The main purpose of knowledge management is to transform information and intellectual assets into
enduring value (Metcalfe 2005). The basic idea is to propel the development by using the wealth of
information for the benefit of community.
There is a wide, and probably growing, gap between the scale of the problems we face and the scale
of the solutions on offer. New methods for advancing social innovation are relevant in every sector
especially in fields where new possibilities (such as mobile technologies and open source methods) are
not being adequately exploited. Farm Management Information Systems (FMIS) in agriculture have
evolved from simple farm recordkeeping into sophisticated and complex systems to support production
management (Fountas et al. 2015).
African agriculture is largely traditional and practised by smallholders and pastoralists. This type of
agriculture is predominantly rain-fed, has low-yielding production, and lacks access to critical
information, market facilitation, and financial intermediation services. Information and Communication
Technologies (ICTs) can help poor people improve their lives. They have the potential to reduce poverty,
deliver basic education, improve agricultural outputs, increase access to healthcare information and
improve
incomes
(http://www.rgs.org/NR/rdonlyres/27A6CB1E-5AAE-4B8C-A42CFBFD6569A20C/0/ICTsAtechnologicalfix.pdf ). The role that ICT can play in addressing these
challenges is increasing as personal ICT devices – such as mobile phones are becoming more widely
available. ICT, when embedded in broader stakeholder systems, can bring economic development and
growth as it can help bridge critical knowledge gaps. Mobile technology, on the other hand, is
increasingly being adopted as the technology of choice for delivery of ICT services and solutions (Enock
et al. 2012).
New applications present an opportunity like no other to revolutionize life for farmers. The mobile
is not only a communication tool, in future, it will be an important agricultural tool for the farmers. Most
mobile applications focus on improving agriculture and have a wide range of functions, such as
providing market information, increasing access to extension services, and facilitating market links. For
extension workers, it is an additional tool in their kit in the technology transfer. For scientists, it acts as
a readily available reference on demand and for students in agriculture, it acts as a learning tool. The
end users should find the applications easy to use and the technology should be cheap, available, reliable
and can be run offline when necessary.
"Sub-Saharan Africa is currently undergoing a mobile digital revolution with consumers, networks
and even media companies wakening up the possibilities of 3G and 4G technology," said Fredrik
Jejdling, sub-Saharan Africa head of Swedish tech company Ericsson. In five years, the research
predicts, voice call traffic in Sub-Saharan Africa will double and there will be an explosion in mobile
data, with usage growing 20 times between 2013 and 2019, twice the anticipated global expansion
(Ericsson Mobility Report 2014).
Mobile subscriptions in sub-Saharan Africa is predicted to rise, to about 1030m and smart phone
subscriptions 800m by 2022 (Ericsson Mobility Report 2016). It is estimated that three in four mobile
subscriptions will be internet inclusive by 2022. The growth is attributed to the rise of social media,
content-rich applications and video content accessed from a new range of smartphones costing less than
$50 (£30) (Ericsson Mobility Report 2014). Access to mobile broadband in Sub-Saharan Africa has
been rising steadily, with a current penetration rate of around 35 percent. Affordability is also driving
the increase in mobile broadband uptake in Sub-Saharan Africa. Alongside declining data prices, which
is stimulating traffic, there is an increase in the accessibility of smartphones due to lower prices as a
result of subsidies and access to purchase plans (Ericsson Mobility Report 2016).
The mobile has had a unique impact on Africa because of its relative lack of physical connectivity
and access to reliable electricity. The report says that 70% of users in the countries it researched browse
the web on mobile devices, compared with just 6% who use desktop computers. "Mobile users in the
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region have shown a preference for using their device for a variety of activities that are normally
performed on laptops or desktops" (Ericsson Mobility Report 2014).
Tele-density is rapidly increasing, as shown by the ITU ‘s ICT Development Index (IDI) (ITU 2010).
Mobile penetration in rural areas is also growing strongly (ITU, 2010). In some African countries, more
people have access to a mobile phone than to clean water, a bank account or even electricity. Mobile
phones are now being used as a platform to provide access to the internet, to applications, and to
government services. Africa is still at the beginning of its growth curve and, to date, most ICT
applications have been pilot programmes. Now is the time for rigorous evaluation, replication and
scaling up of best practice (Enock et al. 2012).
From its use in farming to banking, mobile technology is changing many lives in Africa - fast. Nearly
two-thirds (65%) of households in 23 countries in sub-Saharan Africa had at least one mobile phone in
2013, with median growth of 27% since 2008 and median annual growth of 5%. In 2013, 80% of urban
households had at least one mobile phone, compared with 63% of rural households that have at least one
mobile phone. This is a change from six years ago when 63% of urban households had at least one
mobile and 43% of rural households did. In Ethiopia, the percentage of households with at least one
mobile phone in 2013 was 64% (http://www.gallup.com/poll/168797/africa-continues-goingmobile.aspx ).
As quoted by Enock et al. (2012), Africa was once an ICT laggard, but is now becoming an ICT
leader. In virtually every area of ICT – mobile, broadband, international bandwidth, PC penetration –
Africa is closing the gap with the rest of the world and in some areas, like mobile financial services, it
is setting the pace. According to David (2014), Africa's claim to be the "mobile continent" is even
stronger than previously thought, with researchers predicting internet use on mobile phones will increase
20-fold in the next five years – double the rate of growth in the rest of the world.
(https://www.theguardian.com/world/2014/jun/05/internet-use-mobile-phones-africa-predictedincrease-20-fold )
The Africa Scan provides an overview of ICT solutions in the agricultural sector in Africa: DrumNetusing ICT to bring together multiple stakeholders in Kenya, Sissili Vala Kori in Burkina Faso, Kilimo
Salama-index-based agriculture insurance on agricultural inputs in Kenya, Liber- using ICT to improve
forest governance in Liberia, MXit-in South Africa, and MedAfrica as a mobile application providing
basic information about health and medicine, reducing the need for travel and the pressure on doctors.
"Affordable access to mobile broadband is not a luxury, but a necessity in regions such as sub-Saharan
Africa." Deloitte and GSMA research states that a 10% increase in mobile penetration in developing
economies is likely to increase productivity by 4.2% (Deloitte 2014).
1.1 Problem Statement
Over the past 50 years, crop yields have grown at very different rates around the world as quoted by
Syngenta Foundation (2011) (Annexure-1). The information and skills gap constrains the adoption of
available technologies and management practices. As a result, most smallholder farming systems are
much less productive and profitable than they could be (Syngenta Foundation 2011).
Limited access to education and basic crop information kept many farmers locked in a cycle of low
productivity and poverty. In general, lack of awareness among traditional farmers contributes to the low
level of adoption of agricultural-production technology. It seems that the extent to which information
users in developing communities are able to handle information (i.e., the extent to which they use
information) will also determine the usefulness of information as a development resource.
Although information is recognised as an important development resource and it is acknowledged
that an absence of information may impede development (Boon 1992; Camble 1994), little has been
done in the field of agricultural extension to determine the use of information among the farmers
especially in the field of plant protection in Ethiopia through mobile phone.
A push towards higher productivity will require an information-based decision-making agricultural
system. Farmers must get information at the right time and at less cost. Information asymmetry is an
important contributor to overall transaction costs (De Silva & Ratnadiwakara, 2008). Mobile
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applications are committed to create an end to end information symmetry consisting all the stakeholders,
to ensure real time flow of customized information. It will help to reduce the inefficiency in the sector.
In India, mobile applications are taking advantage of the high mobile penetration to help farmers
improve their bottom lines. Jayalaxmi Agro Tech created an application to equip illiterate farmers with
crop-specific information using audio-visual tools. Mandi Trades lists government crop price updates,
important information for farmers in remote villages; RainbowAgri connects local buyers and sellers;
and mPower Social offers simple veterinary advice for cattle owners.
Studies found ―mobile phones do have a multi-dimensional positive impact on sustainable poverty
reduction and identified accessibility as the main challenge in harnessing the full potential (Bhavnani et
al. 2008). More critical political economists (Leye 2009) contest the assumption that technologies are
autonomous forces or independent variables causing change in every domain of human life.
Poverty is a multidimensional phenomenon, and lack of access to information and communication
can exacerbate its causes. They see ICT not as an end in itself but as an important enabler. The strategic
application of ICT to the agricultural industry, the largest economic sector in most African countries,
offers the best opportunity for economic growth and poverty alleviation on the continent. Food security
is paramount for the survival of individuals, families and ultimately nations, yet Africa’s agriculture
sector has been in decline over the past 40 years. Poor farmers have largely remained poor with 73 per
cent of the people living in rural areas subsisting on less than a dollar a day.
The Ethiopian economy is mostly based on agriculture, with industry and services slightly increasing
recently. The country’s Gross Domestic Product (GDP) is US$54 798 million in 2014 with an annual
growth of around 10 percent since 2004, placing Ethiopia among the fastest growing non-oil producing
economies in Africa. Agriculture accounts for 42 percent of GDP in 2014 and about 85 percent of
exports earnings in 2010. It also employs 83 percent of the active population (MoA 2011). Agriculture
is primarily rainfed and thus highly dependent on rainfall. Smallholders dominate the sector and the land
holding is increasingly fragmented. In 2015, there were 15.6 million agricultural households with an
average
farm
size
of
0.95
ha
(CSA
2015).
(http://www.fao.org/nr/water/aquastat/countries_regions/ETH/ )
Pests and diseases in plants cause major production and economic losses in agricultural industry
worldwide. Information on crop health and disease detection can facilitate the control of diseases
through proper management strategies such as vector control through pesticide applications, fungicide
applications, and disease-specific chemical applications; and can improve productivity (Sindhuja et al.
2010). Disease diagnosis based on the detection of early symptoms is a usual threshold taken into
account for integrated pest management strategies. Early phytosanitary treatment minimizes yield losses
and increases the efficacy and efficiency of the treatments (Alexander et al. 2017). Mobile application
for pest and disease management of crops is an application that allows farmers to identify pests and
diseases using their mobile phones and provides remedial measures is the latest addition to using modern
digital tools to benefit smallholder farmers (http://www.icrisat.org/mobile-app-for-pest-and-diseasemanagement-of-crops/ ).
The mobile diagnostic tool was developed to identify pests and diseases of wheat crops in Ethiopia
as a pilot study. Ethiopia is the largest wheat producer in Sub-Saharan Africa and has a favourable wheat
growing climatic environment. Predominantly grown by subsistence farmers under rain-fed conditions,
wheat is the 4th important cereal crop in the country. Although Ethiopia is the largest wheat producer in
Sub-Saharan Africa, it is reliant on foreign wheat imports to satisfy its annual domestic demand.
Therefore, the Ethiopian government through the Agricultural Growth Program is active in efforts to
improve the production and productivity of wheat to increase domestic supply
(http://ethioagp.org/wheat-3/ ). Considering its importance, and also in recent years the crop was
affected by rust disease and incurred significant economic loss (www.fao.org/emergencies/fao-inaction/stories/stories-detail/en/c/451063/ ), wheat crop was selected for this pilot study. Keeping this in
to consideration, the mobile application namely, m-WHEAT, was developed, as a pests and diseases
diagnostic tool for major pests and diseases of Wheat crop in Ethiopia.
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2. Methodology
The database on pests and diseases of wheat was created by the research team. The data were obtained
from Ambo Plant Protection Centre, Ambo, the District Agricultural Office at Ambo and Ambo Farm
Service Centre. Also, data pertaining to the symptoms of pests and diseases were accessed and obtained
from various web sites (Abraham 2008; Abraham 2009; Alem et al. 2015; Marco 2014 & Prescott et al.
1986). The relevancy of this database was checked by the scientists in Ambo Plant Protection Centre
and experts in the District Agriculture Office besides the careful examination for its validity by the
research team.
The database was categorised into: Name of the pest/disease, name of the pathogen (in the case of
disease), symptoms (with description and photographs) and pest/disease management. The database was
created in English, Amharic and Oromifaa. The application works both in online as well as in offline.
2.1. Design and Implementation
2.1.1 Requirement Specification
The application is developed using android with the help of Extensible Markup Language (XML) for
encoding documents in machine-readable form and includes java development tools. All the
environmental setup for the application development is as follows:
One of the greatest strengths of the Android platform is that it leverages the Java programming
language. The Android SDK does not quite offer everything available to the standard Java Runtime
Environment (JRE,) but it supports a very significant fraction of it. The Java platform has supported
many different ways to work with XML for quite some time, and most of Java's XML-related APIs are
fully supported on Android. For example, Java's Simple API for XML (SAX) and the Document Object
Model (DOM) are both available on Android. Both of these APIs have been part of Java technology for
many years. The newer Streaming API for XML (StAX) is not available in Android. However, Android
provides a functionally equivalent library. Finally, the Java XML Binding API is also not available in
Android. This API could surely be implemented in Android.
2.1.2 Design Approach
The XML based user interface with Java programming in Android SDK is developed to present pests
and diseases of wheat and its control measures. The scheme of operation is as sketched in the dataflow
diagram. The end user can use this application offline and feedback can be sent to admin by online.
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2.1.3 Flow Chart

3. Results and Discussion
The developed mobile application contains the following sequence of pages. Upon clicking the icon
(Figure 2), the splash screen will be displayed (Figure 3). It contains the name of the application and the
languages in which this application is available. The next screen displays the languages and the
individual is prompted to select the language option (Figure 4). The application is available in English,
Amharic and Oromifaa.
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Figure 2. Icon

Figure 4. Language option

Figure 3. Splash Screen

Figure 5. Drop Menu

Upon selecting the language option, the next screen will be displayed which has the drop menu
(Figure 5). The items available in the drop menu are: disease, pest, about us, share to others, send email
and close. Upon selecting the diseases from the drop menu, the major diseases of wheat in Ethiopia will
be shown (Figure 6). Upon clicking the selected disease, the next screen with the details of the disease
symptoms and disease management will appear. This page includes photographs and description of
disease (Figure 7).
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Figure 6. List of Diseases

Figure 8. List of Pests

Figure 7. Description of Disease

Figure 9. Description of Pest

The drop menu has also an option to select the pests of wheat crop. Upon selecting the pest of wheat
crop from drop menu, the list of pests of wheat crop will be displayed (Figure 8). The details of the
symptoms and pest management will be displayed upon selecting the pest (Figure 9).
AgriApp (version 2.1.3, 2017) is an android based mobile application providing information on crop
production and crop protection, available in Kannada, English, Hindi, Telugu, Tamil and Marathi
languages (https://play.google.com/store/apps/details?id=com.criyagen ). Agrobase (version 1.0.7,
2017) includes database of pests, weeds, and diseases catalogue and all registered pesticides and
herbicides (https://play.google.com/store/apps/details?id=lt.farmis.apps.farmiscatalog ). MyCrop
Wheat (version 1.0.16, 2016) includes a diagnostic tool, variety selector, economic risk analysis, crop
monitoring tips and an integrated PestFax reporting tool.
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These applications are not specific to Ethiopia. The information on pests and diseases of wheat crop
provided in the mobile application, ‘m-Wheat’ is very specific to Ethiopia. Also, the application is
available in Amharic, the official language of Ethiopia and Oromifaa (the language of major region in
Ethiopia). The farmers/extension workers can report any new pest or disease appeared in the field using
the option of ‘send E-mail’. They can attach the photographs of the pest/disease and its symptoms.

4. Conclusion and Recommendations
The pests and diseases mobile diagnostic tool developed will be very much useful for researchers,
extension workers, students and farmers. Based on the experiences gained from this study, it is proposed
to scale-up this application covering major crops in Ethiopia. Also, it is proposed to develop a mobile
application for the production practices for major crops in Ethiopia.

5. Acknowledgements
Our team wish to thank Dr. Belay Habtegebriel, Plant Protection Researcher, Ambo Plant Protection
Research Centre, Ambo, Plant Pathology Division of Ambo Plant Protection Centre, Agricultural
experts in the Ambo District Agricultural Office and Ambo Farm Service Centre for their valuable help
in this project by providing data on pests and diseases of wheat crop.

References
Abraham, T. (ed.). 2008. ‘Increasing Crop Production through Improved Plant Protection – Volume I’, Plant
Protection Society of Ethiopia (PPSE), 19-22 December 2006. Addis Ababa, Ethiopia. PPSE and EIAR, Addis
Ababa, Ethiopia. p.598. ISBN 978-99944-53-28-3.
Abraham, T. (ed.). 2009. ‘Increasing Crop Production Through Improved Plant Protection - Volume II’, Plant
Protection Society of Ethiopia (PPSE). PPSE and EIAR, Addis Ababa, Ethiopia. p.542. ISBN 978-99944-53-443.
Alem, G., Girmay, T., Girmay, G.S. & D. Legesse. 2015. ‘Best Fit Practice Manual for Wheat in Tigray Region,
Ethiopia’, CASCAPE Best Fit Manual Number BFM_MU_2015_1, Mekelle University, Mekelle, Ethiopia.
http://creativecommons.org/licenses/by/4.0/.
Alexander, J., Artzai, P., Aitor Alvarez-Gila, Jone, E., Sergio Rodriguez-Vaamonde, Ana D. N., & A. OrtizBarredo. 2017. ‘Automatic plant disease diagnosis using mobile capture devices, applied on a wheat use case’,
Computers
and
Electronics
in
Agriculture,
138,
(1),
pp.
200-209.
doi
=
https://doi.org/10.1016/j.compag.2017.04.013.
Bhavnani, A., Won-Wai, C., Rowena, Janakiram, Subramaniam, & S. Peter. 2008. ‘The role of mobile phones in
sustainable rural poverty reduction’, Washington, DC: World Bank.
http://documents.worldbank.org/curated/en/644271468315541419/The-role-of-mobile-phones-in-sustainablerural-poverty-reduction.
Boon, J.A. 1992. ‘Information and development: some reasons for failure’, Information Society, 8(3), pp.227-241.
http://dx.doi.org/10.1080/01972243.1992.9960122.
Camble, E. 1994. ‘The information environment of rural development workers in Borno State, Nigeria’, African
Journal of Library Archives and Information Science, 4, (2), pp.99-106.
http://dx.doi.org/10.1080/01972243.1992.9960122.
CSA. 2015. ‘Key findings of the 2014/2015 (2007 E.C.) Agricultural sample surveys’, Central Statistical Agency,
Addis Ababa. www.csa.gov.et/index.php/survey-report/category/176-eth-agss-2015?...470...2015.
David, S. 2014. ‘Internet use on mobile phones in Africa predicted to increase 20-fold’, First published on
Thursday 5 June 2014 17.58 BST https://www.theguardian.com/world/2014/jun/05/internet-use-mobile-phonesafrica-predicted-increase-20-fold.
de Silva, H. and D. Ratnadiwakara. 2008. 'Using ICT to reduce transaction costs in agriculture through better
communication: A case-study from Sri Lanka', mimeo, 20. http://www.lirneasia.net/
Deloitte (2014). The Future of Telecoms in Africa: The “blueprint for the brave”. http://deloitteblog.co.za/wpcontent/uploads/2014/02/Deloitte-article-The-future-of-telecoms-in-Africa.pdf
Enock, Y., Tim K., Naomi, H. and C. Blackman (2012) “eTransform Africa: The Transformational Use of ICTs
in Africa.” http://www.etransformafrica.org.
doi: 10.17700/jai.2017.8.1.380
52
Paul Mansingh, J., Velmurugan, L., Dejene Techane Shenkuta, Debella Deressa Bayissa: Pests and disease diagnostic mobile
tool “m-wheat” for wheat crop in ethiopia

Journal of Agricultural Informatics (ISSN 2061-862X) 2017 Vol. 8, No. 2:44-54

Ericsson Mobilty Report (2014). Sub-Saharan Africa, Ericsson, Stockholm, Sweden.
https://www.ericsson.com/res/docs/2014/emr-june2014-regional-appendices-ssa.pdf.
Ericsson Mobilty Report (2016). Sub-Saharan Africa, Ericsson, Stockholm, Sweden.
https://www.ericsson.com/assets/local/mobility-report/documents/2016/ericsson-mobility-report-november2016-rssa.pdf
Fountas, S., Carli, G., Sørensen, C.G., Tsiropoulos, Z., Cavalaris, C., Vatsanidou, A., Liakos, B., Canavari, M.,
Wiebensohn, J. & Tisserye, B. 2015. ‘Farm management information systems: Current situation and future
perspectives’, Computers and Electronics in Agriculture, 115, pp. 40–50.
https://doi.org/10.1016/j.compag.2015.05.011
ITU. 2010.’ Measuring the Information Society’, International Telecommunication Union, Geneva, Switzerland.
ISBN 92-61-13111-5
Leye, V. 2009. 'Information and Communication Technologies for Development: A Critical Perspective', Global
Governance, 15, (1), pp. 29-35. http://www.jstor.org/stable/27800736
Marco, Q. 2014. ‘Wheat Technology Implementation Manual’, Ethiopian Agricultural Transformation Agency,
Addis Ababa. https://agriknowledge.org/downloads/41687h449
Martin, W.J. 1984. ‘The potential for community information services in a developing country’, IFLA Journal,
10(4), pp. 385-392. https://doi.org/10.1177/034003528401000408
Metcalfe, A.S. (ed.). 2005. ‘Knowledge Management and Higher Education: A Critical Analysis’, (Online).
Inform.Sci.Publ. http://site.ebrary.com/lib/aucario/Doc?id=10084481&ppg=14
MoA. 2011. ‘Small-scale irrigation situation analysis and capacity needs assessment’, Ministry of Agriculture,
Addis Ababa, Ethiopia. http://www.moa.gov.et/documents/93073/147337/Bamboo+shoots/e49851bb-87414425-971b-0908bcef8b49?version=1.1
Paez-Urdaneta, I. 1989. ‘Information in the Third World’, International Library Review, 21(2), pp. 177-191.
http://dx.doi.org/10.1016/0020-7837(89)90006-X
Prescott, J.M., P.A. Burnett, E.E. Saari, J.Ransom, J. Bowman, W. de Milliano, R.P. Singh & G. Bekele. 1986.
‘Wheat Diseases and Pests- a guide for field identification’, International Maize and Wheat Improvement Center,
Mexico, D.F., Mexico. http://rusttracker.cimmyt.org/wpcontent/uploads/2011/11/CIMMYT_Wheat_Diseases_Pests_ID_GUide.pdf
Sindhuja, S., Ashish, M., Reza, E. & C. Davis. 2010. ‘A review of advanced techniques for detecting plant
diseases’, Computers and Electronics in Agriculture, 72, (1), pp. 1–13.
http://dx.doi.org/10.1016/j.compag.2010.02.007
Syngenta Foundation. 2011. ‘Mobile Applications in Agriculture’, Basel, Switzerland.
https://pdfs.semanticscholar.org/c579/b4d800bb866eba834425cafef8204c5c3873.pdf

doi: 10.17700/jai.2017.8.1.380
53
Paul Mansingh, J., Velmurugan, L., Dejene Techane Shenkuta, Debella Deressa Bayissa: Pests and disease diagnostic mobile
tool “m-wheat” for wheat crop in ethiopia

Journal of Agricultural Informatics (ISSN 2061-862X) 2017 Vol. 8, No. 2:44-54

Annexure 1

Source: Quoted by Syngenta Foundation (2011)
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1.

ABSTRACT
The growing food demand and decreasing size of the rural areas require striving for
optimal results of production. To achieve this, we can use decision support systems. The
critical point of the application is the availability of proper quantity and quality data set.
The data source can be developed using a statistical database, using a database created
by conventional management application and the measurement databases, created by data
acquisition systems. The use of this systems can be helpful, if constant data is required
about measurable factors which can influence the result directly or indirectly. As the
result of this paper, a modular data acquisition system is developed, which consists of six
modules, including the control module, user interface module, sensor modules, external
device controller module, communication module and wireless module. The modular
system is considered to maintain cost effectivity and response to the application needs.
To support the mentioned system, a desktop application, a web application, and a
measurement database is also developed. The desktop application is able to manage the
system and provide data query or visualized data. The test of the system is performed in
a small greenhouse environment. The experience, gained during this test helped to form
further development opportunities.

Introduction

If we analyze a process, we’ll most likely meet with junctions in an algorithmic sense during the
implementation. In this case, to achieve the optimal advancement and result, decision-making is
required. The availability of the data, influencing the result directly or indirectly are playing an important
role in assisting of the decision-making process. The data can be used from multiple data sources, like
a statistical database, a database created with conventional management applications and collected by
data acquisition systems. In this paper, we will address the opportunities provided by the mentioned
systems in conjunction with the third option. The goal is to meet the data requirements of the
management and to provide data continuously for automated in-system decisions. The data acquisition
is accomplished by a sensor network and IoT (Internet of Things) devices. A sensor network on a
conceptual level is an established connection and data transfer between autonomous data acquisition
systems, while the IoT gives additional task to the individual devices on the network. The IoT conception
includes addition to the sensor network related to the applications. These can be used by the user to
analyze the dataset. In this paper, we will present a data acquisition system which is specialized for
agricultural processes. Because of the modular design, the device can be specialized to meet most
application requirements.

2.

Literature Review

In the literature review the first topic to examine is about sensor networks and IoT devices, which
cover the presentation of technical developments and practical applications. After that, we continue the
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compilation with complex data acquisition and automation systems for agricultural processes according
to the topic of the paper.
IoT and sensor networks
Like in many cases, the sensor networks were first used by military. During the event of Distributes
Sensor Nets Workshop in 1978, organized by DARPA, they searched the solution to challenges like
networking, signal processing techniques and distributed algorithms. The collaboration between
Rockwell Science Center and University of California has introduced early concepts for wireless
integrated sensor networks (WINS). One of the most significant results of the project was the LWIM
data collection system, which was completed in 1996, containing several sensors, interfaces, digital
signal processors, radio controllers and microcontrollers within an integrated circuit (DargiePoellabauer, 2010). In addition to it, the basics of the IoT concept were also outlined, which was
then referred to as small computers that would have a network connection (Thysen, 2000). It is a
great advantage that they will be able to remotely monitor the processes without the physical
presence of the examiner (Gurovich - Saggé, 2005).
To coordinate the further development, basic criteria have been determined, which include energy
saving, coverage, diversity of connection options, scalability, expandability and security (Oteafy –
Hassnein, 2014). To achieve the scalability, a radical method was used. The specialized networking
protocols and increased computing power led to the development of multi-hop architecture next to the
single-hop architecture, which represents a progress in terms of scalability, operating range and parallel
computing (Mittag et al., 2009). In the case of a multi-hop architecture, the elements of two systems
may meet and overlap each other's measuring ranges. Because they are active devices, they are able to
detect each other's presence, and in a unified protocol, they can provide useful tasks such as cluster
routing, node localization, or time synchronization (Youssef et al., 2009). The connection options can
be associated with data transfer and data protocol. The former can usually be described by standards,
which may be 802.11, 802.15.1 and 802.15.4 depending on the IEEE standard. Their range is able to
cover from 10 meters to 100 meters as well as their operating time, ranging from minutes to years. The
802.15.4 standard, called ZigBee, was specialized mainly for sensor networks. The applied frequency
varies between 868 MHz, 915 MHz and 2,4 GHz (Soharby et al., 2007).
Sensor network communication mechanisms can be divided into layers, like traditional networks.
The difference is that in our case, we can describe the entire structure with a three-dimensional cubicle.
One dimension describes the management protocols, while the other describes the communication
protocols. The former includes power management, mobility and task management functions, while the
latter consists of communication, transport, network, data connection, and physical layers from up to
bottom (Soharby et al., 2007). Of course, this is a formal definition, some of which can be altered to
achieve the suitable result. The network layer has an important function of routing. Because a sensor
network contains more individual systems, it is necessary to optimize the connection to achieve secure
operation and share computing load. The routing protocols can be sorted to chain and tree structure
(Mohemed et al., 2016).
The ideas about sensor network and IoT devices are questioning the usability of TCP/IP protocol,
therefore urging the use of the Information Centric Networking (ICT), which could replace the current
host-centric thinking. At present, there is no standard protocol that would be widely used in
communication between the devices. They also outline the idea of synergies between networks. At
present, there is no standard protocol that would by widely used in communication between devices. In
this case, the protocol is a unified language which can be interpreted by all devices on the network. Our
opinion is, that the technology will become complete, when all device can transfer data with the another,
thus extending the measuring range (Oteafy – Hassnein, 2014).
Data acquisition in agriculture
Agriculture is a basic necessity for the production of basic foodstuffs. Nowadays, we need to do
everything we can do to maintain and improve productivity through the growing population, climate
change and the decline in agricultural land use. Similar aspiration is the collection and application of
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process-related data (Dener - Bosanciogu, 2015). Various tools and procedures allow us to perform
operations such as yield monitoring, yield mapping, locally variable nutrient application and plant
protection, topography, salt content mapping, or using self-controlled systems (Dargie-Poellabauer,
2010). Data collection systems for agricultural processes need to meet several specific criteria, such as
the measurement of major parameters of weather, plant and soil, the control of diversified field, the
differentiation and consideration of the diversity of crops in the examined area, the provision of unequal
nutrient and liquid retention based of measured values, to consider the different needs of plants and to
use a forward-looking approach instead of reactive thinking (Rehman et al., 2011).
Among the wide range of application areas, we would like to describe some practical applications
with a few examples. The main purpose of the systems in the field is to optimize the processes of
irrigation, nutrient replenishment, pest control, and gardening applications by data collection (Rehman
et al., 2014). In field applications, we distinguish mobile and fixed solutions. The foregoing can be, for
example, the use of a sensor network with a farm machinery or with a separate robot. A good example
of a farm machinery is an experiment to transform the mechanics, hydraulics and electronics of a
compact tractor. This allows the machine to operate autonomously. In addition, a self-control sprayer
with multiple reservoirs was also developed to carry out local plant protection (Gonzalez-de-Sotoa et
al., 2015). Beside the conversation of conventional equipment, we can find custom-built, self-propelled
systems that are usually developed in form of data collector robots. Their range of applications can be
measured on a wide scale depending on the sensors they are using and controlled devices. For similar
devices, automated control and location change is almost a basic requirement, complemented by data
collection and control functions. There are also several possibilities for fixed sensor networks. In animal
husbandry, we encountered with them most commonly in cattle farms to investigate the behavior and
productivity of the animals and to determine the chances of developing certain diseases such as mastitis
(Chen et al., 2014). Using a Japanese development, it is possible to detect cattle estrus. The device is
basically a mobile sensor network. The conventional method needs the presence of a trained person,
while using the probe to measure conductance, temperature, and motion allow the determine estrus in a
simple way. In order to achieve the correct result, patterns were determined using reference data, which
can be compared with the current data to perceive estrus. Creating a pattern helps reduce noise caused
by data distortion. To measure and digitize the resistance, KS103J2 thermometer and an Analog Devices
ADXL362 accelerometer, was integrated into a specialized printed circuit (Andersson et al., 2016).
Using a simple device, we are able to detect lameness, which is useful in case of large livestock. During
an experiment, four strain gauge sensors were incorporated into the base of the milking machine, which
used to measure typical behavior during milking. Unique identification was achieved using RFID
enabled ear tags. The measurements were done at a frequency of 200 Hz and included the weight of the
legs and the number of kicks. Measurements can be used to identify the injury and the need for action
efficiently and quickly (Pastell et al., 2008).
We can also encounter field-based applications with local sensor networks, which is also shown in
the following experiment. During the experiment, different types of sensors have been placed on the
examined land, considering the needs and cost efficiency. The measurements carried out by the
instruments concerned mainly the data on soil temperature, soil moisture and humidity. There are three
main types that are most likely to differ in range, measurement interval, and operating time. The main
issue was to carry out experiments on routing protocols and to determine the operating time of the tools
using the different protocols (Maurya - Jain, 2016). The functions of the devices used in the field also
differs. Some systems are supplemented with applications that allow to send reminders about nutrient
replenishment, weed control, growth monitoring, irrigation plan, preliminary profit calculation, check
for damage, water demand calculations and system self-test in case of matching the input data with the
knowledge base (Mohanraj et al., 2016). Some devices also have the ability to determine the nitrogen
content of the soil, helping nutrient management. During the experiment, 2 randomly placed data
collectors were used, equipped with 5 sensors. The main question was the design and optimization of
the system in terms of cost and accuracy. By means of the devices, the average nitrogen content in the
area was found to be 95% confidence interval, which is a significant advantage over conventional
methods (Shaw et al., 2016), although the number of sensors obviously does not reach the efficiency of
the data set provided by higher resolution devices.
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Greenhouses, as explained in more detail below, are a very good test option for similar systems
through the closed design. In the case of a greenhouse control experiment, because of the closed system
both external and internal data should be measured. This includes temperature, humidity, luminous
intensity, wind speed and wind direction. Using inputs, we have the option of controlling external
systems, thus maintaining the appropriate environmental parameters for cultivation. To accomplish this
experiment, the authors used CY3271 wireless module (Chaudhary et al., 2011). The applied sensors
and controllers have a significant influence on functionality, so they could expand the presentation with
the possibilities outlined by another experiment. The experiment demonstrates the main factors that need
to be supervised and controlled in a greenhouse to achieve the optimal environment and the right result.
Factors can be divided into four main categories, including interfering factors, control variables and
controlled variables. Disturbing factors include external temperature, external radiation, wind speed,
wind direction, humidity, external CO2 concentration, temperature, temperature of the enclosure,
temperature of the plant and the surface temperature of the soil. Control variables, influencing
environmental parameters include ventilation, heating, shading, fogging and CO 2 injection. By these
factors, they create controlled variables such as air temperature, photosynthetic active radiation, CO2
concentration and humidity (Sagrado et al., 2015). As the number of sensors increases, there is a need
for spatial data collection and additional information about its usage. In an experiment related to this,
temperature and humidity data were measured at several points in a greenhouse, examining its spatial
distribution and change. Using the data, a decision support system was created, which is able to
determine the ventilation requirement by taking into account the spatial data. The main purpose of the
development was to achieve integrated pest control. The system used the relationship between pest
spreading and climatic conditions. The spatial data collection distinguishes the upper and lower
vegetation in vertical directions, at which point the temperature and humidity data are shown to be
significant. The decision support system attempted to determine the nature of the intervention so that
the expected result would provide adequate climatic parameters for the entire area of the greenhouse
(Aiello et al., 2017). In connection with automated irrigation, it is worth mentioning an experiment in
which the connection between the data, provided by the sensor network and the irrigation control has
been supplemented by a neural network. During the experiment, a measuring sensor network was
developed, capable of collecting data on growth activity and environmental parameters, a decision
support mechanism capable of reconciling the measurement data with commands for control and a
machine learning process that precisely determines the current state of the plant. In addition, a set of
tools has been developed to facilitate application and visualization of measurements. The hardware is a
modular, purpose-built design. The applied sensors include soil moisture and temperature sensors
(Goumopoulos et al., 2014).
Machine vision is very well applied in the greenhouse by environmental conditions. In order to
support this, we will continue the overview with a system that automatically analyzes the quality
parameters of the cucumber. The image processing algorithm of the experiment determines the
parameters necessary for controlling environmental factors and nutrient supply in a multi-stage manner.
The experiment used an inverse model to determine the parameters. The first step in the process was the
calibration of the camera followed by the recording and the correction of the recordings. After that, the
images were preprocessed and segmented (using Otsu method). The separated parts were determined by
detail enhancement to specify the vegetation's coverage and the length and breadth of the leaf. To
prepare the inverse model, the next step was to manually measure the stem height, width, leaves, and
crops. Subsequently, it was possible to validate and apply the model within the greenhouse (Sun et al.,
2016).
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Big Data
Once we have the data set provided by the measurements, it is clear that we need to obtain
information that is available using the system. The Big Data concept has been previously identified by
data mining, which is a method to use mathematical algorithms, to extract commercially useful
information from the data set. The data sets generated by mobile technology and the social media grew
larger until finally the conventional methods could not handle the data volume. At that time, the
application of the methods collected under the Big Data concept became essential. The relational
databases that have been helping business processes are combined with radical NoSQL open source
hybrid database solutions. In addition, they are able to pass user-defined filtering of large data sets by
high computing power through cloud computing technologies. The aggregate results of the process and
the technological innovation are called Big Data (Manoochehri, 2014).
There may be a question about what Big Data can perform. We have tried again to orientate the
direction to agricultural processes, based on this we are examining several areas. Continuous
uncertainty, inadequate knowledge of biological systems, and randomization of processes make it
difficult to make decision-making in agriculture, which can be enhanced with the provided information
obtained from measured data (Thysen, 2000). In case of crop production, sensors and controllers have
been discussed, but the data collected using them does not provide specific information to the user. The
concept of Big Data will be complete when the data receives from several sources and can be aggregated,
then forwarded to multiple users. The data source comes not just from a user, but also from the service
providers. Due to the diversity of resources, data integration is important for building relationships
between systems. Applications for data analysis include FieldView Pro, Encirca Yield Nitrogen
Management, R7 Tool and Simplot Smart Farm, which are specifically designed to assist crop
production (Dyer, 2015).
Big Data is available in the form of service because of the data requirements and the required
computing power. These include the use of software as a service (SaaS), the use of infrastructure as a
service (IaaS), the use of platform as a service (PaaS) and the use of data as a service (DaaS). In case of
application of the data, their storage can be performed in private clouds, public clouds, and hybrid clouds
(Kevorchian - Gavrilescu, 2015). All services are able to measure and manage risk factors on a different
level and in a manner, the used method always depends on the particular situation.
Another question beyond the analysis could be the visualization of the data. The data sets created by
the systems are difficult to interpret, and the analysis of the patterns, differences and similarities can not
be achieved efficiently without visualization. An effective solution would be to create a coherent
framework that allows to display location and time-specific data. The main components of the system
is under consideration, which include a heterogeneous sensor network, optimized for agricultural
purposes, a standardized communication infrastructure between sensor controllers, an internet
application, a web based geoinformation infrastructure, cartographic display rules, associated modeling
tools, and agricultural knowledge base and data warehouse (Kubicek et al., 2013).

3.

Material and Methods

In this chapter, we will talk about the hardware, including the controllers and other active components
which are used during the experiments, also about the additional devices, which can be integrated to the
system for further enhancements. In addition, the applied developer programs will be mentioned, which
have helped the development process. To choose the proper controller we should consider reliability,
sufficient performance, compatibility, but also cost efficiency. During the previous experiment, Atmel
AVR and ARM microcontrollers were used in most cases and because of the positive experience, we
have tried to use the same devices during this experiment. Because the need of continuous performance
improvements the SAM3X8E microcontroller with ARM architecture was used mainly which can be
presented with its specifications. In case of modules with lower computation needs, ATmega 2560
microcontroller was used based on AVR architecture. To achieve optimal performance, Atmel Studio
development software was used to develop the code for the microcontrollers. The Atmel Studio provides
native language support for the microcontrollers designed by them, which gives better performance,
better optimization and more options compared to the Arduino SDK, which used previously. The
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mentioned microcontrollers are also used by Arduino developer boards (Mega and Due), which were
useful during the first tests, since they can also be programmed using the mentioned developer
environment by interfacing a software. The sensors, used during the experiments were purchased earlier,
before designing the experiment. The main goal was to design a modular system with interchangeable
sensors, which implies that the data types which the connected sensors can provide are irrelevant. During
the experiment, several sensors were used, including the DHT22 temperature and humidity sensor,
BMP085 barometric and temperature sensor, and for analogue measurements a photocell, soil moisture
sensor and rain sensor.

4.

Results

As result, a modular data acquisition system and its software environment was developed. The
designing process required the development of both hardware and software. The system can be separated
into two main parts. The first part is the data acquisition system which consists of six hardware modules
and the six applications, used by the mentioned hardware. The second part is located on the host
computer and optionally on the server, which contains the desktop management application, the web
application, including the user interface and the data interface. This part also includes the measurement
database which used to establish connection between the mentioned systems. During the designing
process, we have considered the earlier experience and the construction of similar systems can be found
in the literature. Accordingly, the most important goal was to develop modular design which can be
specialized based on expectations and can be repaired effectively if necessary, thus allowing us to reduce
the cost and time. The design allows in addition parallel operation execution which allows to the system
faster operation execution, what leads to make more measurements almost simultaneously.
Hardware developing
The hardware is a permanent structure, based on this, great attention should be paid during the
designing process, because an issue can be lead to the redesign and remanufacturing of the whole system.
At first, we must specify the functions, because the system must perform to achieve the specified goal.
Thereafter groups must be formed based on the functions which can be performed parallel without data
dependency. During the process, economic aspects should be considered, because an underused, over
engineered module leads to significant additional costs while building a large system.

Figure 1. The schematic structure of the modules (Own source)
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The current system consists of six modules (Figure 1.). The control module is located at the top level
of the hierarchy with the task of the managing and scheduling of the subsystems, establishing the
communication and translating the data protocol. Additional tasks include the storing of the settings and
the system time. The user interface module, as the name indicates, establishes the connection between
the user and the system, using the interface, which contains a graphical display, buttons, indicator LEDs and a piezo speaker. The user usually meets with this interface while managing and using the system.
The sensor modules are performing the control and measurement using the connected sensors, launched
by the control module with a specified instruction. The communication module performs the forwarding
of the measurement data and the errors using Ethernet or GSM (GPRS) connection, also provides an
opportunity to save the data to an SD card. The external device controller module has a task of
controlling external devices located outside of the system, using relays and digital IO ports. The wireless
modules can be used to establish a connection between the controller module and a sensor module using
a transceiver with 2,4 GHz frequency, without the need of reprogramming.
Every module consists of a separate hardware construction, therefore the complexity of the individual
modules is moderate. The PCB used by the modules was designed using Autodesk Eagle PCB software.
The control module and the sensor modules uses an Atmel SAM3X8E, based on ARM architecture,
while the further modules use an Atmel ATmega 2560 based on AVR architecture. The control module
and the sensor modules are connected using CAN connection, which provides secure connection and
the opportunity to use daisy chain connectivity. The further modules are connected to the control module
using I2C (Inter-Integrated Circuit) interface. The microcontroller, based on ARM architecture was
considered because of the internal CAN controller and greater computing power, while the
microcontroller uses the AVR architecture turned out as a cost-effective solution to perform subfunctions with lower calculation needs.
The controller module uses unified connection interface (Figure 2.) to connect the further modules
to the system. The RJ-45 socket and the used UTP cable provides an 8-wire connection which is
sufficient for the task to be provided, including power and data wires. The used pinout is influenced by
the existing PoE (Power over Ethernet) standards. The connection interface includes the CAN and I2C
lanes to provide all the accessible connection methods for the system.

Figure 2. The connector used by the modules (Own source)
The controller module contains in addition to the SAM3X8E microcontroller, a DS1307 real time
clock, an Atmel AT24C64 EEPROM with a capacity of 64 Kbyte and other components that support
the proper operation. The power supply is located on the controller module as well which can supply
5V and 3.3V operating voltage. The main interface located on the controller module contains a level
shifter in addition to the mentioned RJ-45 connectors. To establish the connection between the ARM
and AVR architecture microcontroller, there is a need for level shifting. The microcontroller using AVR
architecture uses 5V, while the microcontroller using ARM architecture uses 3.3V logic voltage,
accordingly a bidirectional level shifter was used. For the proper feedback about the module status, three
LED was used in green, yellow and red color, which can indicate normal, measuring, and error status.
The sensor modules also contain a SAM3X8E microcontroller and another unified connection
interface similar to the connectors can be found on every module to establish the connection with the
controller module but instead of the CAN interface, one-wired digital and analog lanes are implemented
next to the I2C in order to adopt the standards of the sensors. To use a sensor with the mentioned
interface, every device needs to be modified. In this case, a small PCB were needed to add the RJ-45
header and the applied pinout to the sensors. The user interface module uses an ATmega 2560
microcontroller. In addition to the unified connector it is equipped with a graphical display, 5
pushbuttons, a potentiometer, a piezo beeper and a three state LED status light, in the same way
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mentioned earlier. The communication module uses a ATmega 2560 microcontroller in addition to a
Ethernet and a SIM 900 GSM controllers. An SD card slot is also provided with the use of a level shifter.

Figure 3. Visualization of the modules (Own source)
The enclosures are designed with an 3D application considering the PCB size, connectivity and
limited weather resistance, which varies depending on the module (Figure 3.). The current version uses
simple electrical enclosures, but the designed version would be 3D printed in the presence of an
appropriate device to realize them.
Software developing
During the development of the software running on the modules, we tried to achieve mobility, which
allows to reuse specified parts of the software while running it on a microcontroller with the same
architecture. Accordingly, three levels of software layer were defined, which are the base software,
located on the lowest layer, the device specific software on the middle layer, while the task specific
software is located on the highest level. The base software allows to control the base functions of the
microcontroller. The device specific software helps us to utilize the sensors and accessories, connected
to the systems via special protocols. The task specific software describes the working algorithm with
the use of the lower level software, mentioned before.
The software can be described most efficient with the simplified algorithm used by the controller
module. The first step after the start-up is to initialize the system. As the second step, a test measure is
carried out sequentially by the sensor modules, started by the control module. After the initialization
process, the system enters to a measurement cycle which repeats after the specified sample time. The
measured data is forwarded to the communication module, which uploads the data to the database and
saves it to the connected SD card. At last, the data is forwarded to the external controller module, which
compare the measurement with the specified and demanded interval. If difference is detected, the
external device controller module can control devices using digital IO ports and relays to maintain the
optimal condition.
Database
An SQL based database was developed to ensure the proper system operation. The goal was to store
the measurement data and the occurring errors, executed or sensed by the system and to meet the user’s
data requirements with the opportunity to execute queries with the desktop application, developed for
this system. The database can be separated into two major parts. The first part is permanently structured,
which stores the mentioned data. This part also stores the description about the hierarchy between the
components. The second part of the database can be personalized to meet the application requirements.
The database was developed and visualized (Figure 4.) using the MySQL Workbench software.
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Figure 3. Database structure (Own source)
After the normalization, the database is consisting of 11 tables. The “ControllerModules” table,
“SensorModules” table and the “Sensors” table are connected via switchboards. We can see, that the
“SensorModules” and “Sensors” table contain X, Y and Z attribute as well, representing a location data,
which can be used for 3D data visualization, location based slicing and data queries. Location based
data analysis is useful if analyzing a process which is sensitive for environmental parameters and its
changes. A simple example can be a greenhouse or storage environment and the effect on objects in it.
The tables containing data about the controller module, sensor modules and sensors are also storing the
basic description about the corresponding device and information about the hierarchical construction.
The “Measurements” table contains the data measured by the system, uploaded by the communication
module and converted by the data interface software module. The “Sensor_ID” attribute determines the
used sensor, data type and location. To store the measurements, a 7 digits long variable is used with 2
decimal places which are sufficient for the most circumstances. The timestamp is stored as an attribute
as well, which is provided by the systems real time clock. The “Errors” table contains the perceived
failures during the operation. The table contains the corresponding ID for the sensor or device, a
timestamp and the error identification number. To store the description of the interpretable errors, a
separate table is needed. The descriptions are device specific, but in cases of sensors without internal
controller, a timeout information can be determined as an error. The “StoredQueries” table contains the
saved SQL commands, provided by the desktop application. It’s an independent table, which
demonstrates the need of the dynamically changing part of the database.
Data interface and web application
To upload a data to the database, the communication module uses its GSM or Ethernet controller.
The communication module is connected to the database via a data interface web application, which
receives, identifies, separates, converts and inserts the mentioned data to the corresponding table. In
case of data uploading, the script receives three variables, from which the first determines a function
(measurement data or error data), the second determines the ID of the corresponding sensor, while the
third contains the measurement itself. The values are received as ASCII characters. The need of
conversion is defined by the ID of the sensor.
The web application has an interface, which is available to the user to follow the measurement results
(front end). It gives the possibility to run queries with parameters and check the result in table form
which can be arranged by columns and merged. There is an opportunity to create simple data
visualization using line charts as well. The errors are also viewed with the corresponding sub menu. The
web application can be accessed with various devices, including mobile phones with the usage of
responsive design. A login system is also applied which focuses on data security. An appropriate login
name and password combination requires to access the application.
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Desktop application
To support the remote management of the system, a desktop based application was developed using
C# programming language. The goal was to achieve an interface to manage the connected control
modules and sensor modules, achieve parameterized data queries with base statistic and datavisualization possibilities, manage the measurement database and give access to the system using direct
control protocol and the UART interface. On the main screen, we can see the average, minimum and
maximum values calculated from the data from the last measurement session and the quantity of the
used data. In addition, we can use a workbook, which can be used to log the main tasks and the
corresponding timestamps. The workbook can be saved after the session for further analysis. If the main
screen is active (Figure5.), the database control is carried out every minute for reliable operation.

Figure 4. The main screen of the desktop application (Own source)
The function can be accessed using the menu bar, located on the top of the main window, while the
main functions can be accessed from the quick access bar as well. We can see a short description about
the function while hovering the pointer above the corresponding button or menu bar. The software is
developed originally for greenhouse monitoring but this version is modified to achieve multifunctional
usage.
The “Management of the sensors” function (Figure 6.) can be used to add, remove a sensor from the
database, or modify its settings and description. While using it for add a sensor, data about the sensor
type, connected sensor module and optionally its location data is needed for the proper implementation.
Before the execution, the software validates the given data. After successful validation, the software
asks the user about the confirmation. If the validation can’t be done because of the incorrect given data,
the software notifies the user using an error message and highlight the corresponding data to help the
problem solution. If modify or removal of an existing sensor is needed, the user can identify the required
sensor using two methods in the same submenu. We can search the sensor using the control module ID
(or name), sensor module ID (or name) and finally the sensor ID. The ID can be searched with a function,
which can apply restrictions based on the given data to accelerate the identification. The second method
is to use the location data assigned to the sensor using X, Y and Z coordinates. In this case, multiple
sensor can be found in a specific place, so the user receives the result in table form which the specified
sensor can be selected. While using both methods, the usable values are narrowing with every step to
prevent a wrong match. The submenu which can be used for the management of the sensor modules has
the same structure as presented before.
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Figure 5. The submenu to manage connected sensors (Own source)
In the “Sensor measurements” submenu we can display the data sets created by the system (Figure
7.). To use the function, a query must be made, which can be performed by specify the ID of the control
module and the required data type or by specify the ID of the sensor. After the query, we’re able to
narrow the data set using time intervals. If the specified interval contains no data, the user will be warned
about the error. In a case of successful query a basic statistic is calculated including the average,
minimum and maximum values and the data quantity. The data can be accessed using a data table and
in case of a sensor level query, using a line chart. The mentioned data set and chart can be exported
using the corresponding function in XML and PNG format.

Figure 6. Measurements submenu (Own source)
In the “Device control” submenu the user is able to send serial commands to the device. To achieve
the function, a direct cable (or optionally Bluetooth) connection is needed with the host computer. The
software send a command of 0b00000001 command with the default 9600 baud connection speed to the
device. As the device receives the data, an interrupt is performed and the devices enters in listening
mode. With the same method given by the specified protocol, but using a 0b00000010 command we’re
able to give commands about the sensor measurements to a specific sensor. In this case, the second
command should be the corresponding sensor ID while the third should be the instruction. The user can
use the mentioned methods using the GUI without the need of knowing the protocol, of course.
The “SQL queries” submenu is can be used for advanced queries. The user can create and execute
unique queries after which the result can be seen in table view. The result can be exported in TXT or
XLS format for further analysis. If the user specifies a command which is intended to modify or delete
a data, the software gives a warning message to prevent data loss. After a successful query, the command
can be saved with a specified name to assist the further use.
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Using the “Settings” submenu, we’re able to modify basic settings. The settings are presented in tab
form. The “Basic” tab contains the user name, the need of workbook and the database refresh time. The
“Database” tab contains the related settings about the host, database name, username, password and the
used port number. Using a submenu, we can test the database connection manually and perform the
creating of the database structure which can be used in a case of new database server. The “Defaults”
tab contains the default filenames of the XML files, charts and workbooks, which are complemented
with the current timestamp during the saving process. It contains the default saving and opening path as
well. The “External devices” tab contains the settings about the connection between the host computer
and the data acquisition system. It includes the port number and the used baud rate. The port selection
is narrowed to the currently accessible ports to assist the user with the correct values. Before exiting, the
software checks if any changes are made. In this case, the software request confirmation from the user.
After successful modification, the new settings are saved in an XML file and the fact about the
modification is showed in the workbook.
Before exiting, the software offers the opportunity to save the workbook to follow the sessions. The
role of the workbook will be greater with the growing feature set.
System functions
The main function of the system is the data acquisition and controlling capability. The data
acquisition can be performed using time specific and location specific approach. The latter is
implemented with the support of the coordinates stored in the measurement database. Every module has
its defined task and function. The system summarizing these functions is capable of measuring data
types based on the sensor capability, send the measurement data to the network in two ways, or store it
on an SD card, visualize the data directly on a screen, drive external components with IO ports or relay
based on thresholds, operate wirelessly with one channel, handle errors, provide the opportunity to the
user to manage the database, perform queries, use data visualization via the desktop or web application.
Testing methods
The test consists of three part, which were built stepwise. The first step was to make sure that the
functions are operating correctly. To perform this step, breadboard components and Arduino
development board was used, while testing the individual functions (like timers, bus drivers, sensor
connections, etc.) used by the system. The second step was an experiment with the full system assembled
and connected, to test the cooperation of the subsystems. The third step is to examine the practical
operation in each test environment. There are more plans according to system analysis, but in this paper,
we’ll concentrate on data acquisition in green house environment. The experiment was made in a
greenhouse with 3 m3 inner space. 15 sensors and 3 additional devices was used which could provide
26 individual data per measurement cycle. We can distinguish between internal and external sensors.
The external sensors can be used to determine the environment data which influences the internal
parameters during ventilation. The external sensors could provide data about temperature, humidity, air
pressure, luminous intensity and rain intensity. The internal sensors in addition could provide
temperature measurements in 6 points, humidity measurements in 5 points, luminous intensity
measurements in 2 points (using 4 sensors with different sensitivity), soil moisture measurements and
air pressure measurements. The external device controller module was connected to a water pump which
could intervene if the soil moisture were below the accepted value. The number and quality of the used
equipment is determined by previous purchase and no specific purpose of use has been considered
during the tests. During the short test, nearly 2,000 records were measured per data type.
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Figure 7. Temperature and humidity measurement data for a day (Own source)
The presented chart (Figure 8.) shows the temperature and humidity measurements for one day. The
sampling frequency was 1 minute, which is unchanged throughout the experiment. The sensor data,
labelled “Temperature 6.” and “Humidity 6.” located outside of the greenhouse, which can be seen by
the interpretation of the values. The data labelled “Temperature” is a control value which measured with
a high precision device located near to the sensor which is responsible for collecting the data labelled
“Temperature 3.” and “Humidity 3.”. The mentioned device is a Bosch BMP085 type sensor. Because
of the temporal usage, typical for the testing period, the system was built without fastening which led to
missing data in the time series dataset due to connection issues caused by wind and other motions.

Figure 8. Luminous intensity measurement data for a day (Own source)
As mentioned before, the luminous intensity was measured using photocells, which turned out as an
inadequate method (Figure 9.). The plan was to use the ADC (analog to digital converter) to perform a
conversion to an interval of 0 to 1023 and use it as relative value, which was practicable, but the
measurements weren’t changed always linearly with the observed light intensity. We can see using the
chart, that the sensor with higher sensitivity (Luminous intensity 2. and 3.) is not able to produce values
in the midrange of the useable conversion interval. If we analyze the data, we can identify, that the
photocells have a restricted useable measurement range and it can’t take advantage of the high-resolution
ADC.
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Figure 9. Barometric pressure measurement data for a day (Own source)
The mentioned BMP085 sensor is capable of measure barometric pressure, which can be seen by the
chart above (Figure 10.). We can notice a jump in the dataset before the middle, which caused by an
offline status while performing maintenance. The next step in the project will be the analysis of the data
and the determination of optimal measurement frequency in terms of time and spatial resolution. In
addition, the threshold using by the external device controller module will be modified to adopt the longterm statistics, what will be analyzed in case of an appropriate amount of data.

5.

Conclusion

The specific application areas of the systems represent a very wide spectrum, which includes the
possibility of everyday use as well as professional use. In the literature review, we presented the basics
of similar systems, their technological standard and their application possibilities based on a few
examples. In accordance with our own experience and the experience provided by the literature, we have
determined the requirements that have been considered while designing the system. Such a requirement
is to provide multifunctional data acquisition and control system and achieve modular construction. The
system currently has 6 modules, including controller module, user interface module, communication
module, external device control module, various kit of sensors modules and wireless modules. To
achieve data transfer within the system, a specific data protocol is created which is managed by the
controller module while communicating with the additional modules.
Because of the development, it was possible to gather considerable experience, which could be used
to optimize the system for the specified tasks. It also helped to understand the functioning of the similar
systems which also helped the optimization process. As an advantage, it is worth mentioning the costeffectiveness, ease of upgradability and scalability too. During the testing, besides the positive
experiences, there were stated limitations which require further development to achieve applicable
result. In our case, we would like to highlight the development of the wireless connection, the graphical
interface and the microcontroller, used by the control module. The method, used by the wireless module
allows to use connection with pair of transceiver (one sensor module can be connected via wireless
connection), which is sufficient for testing purposes, but for more advanced application, we need to
consider further development. There are more opportunities, including proprietary devices, like the Digi
XBee. The mentioned devices allow us to use the multi-hop architecture, which allows the controllers
to communicate with each other, thus achieving greater range and reliability. We can observe basic
information (measurement data, thresholds, occurring errors) and change basic settings using a GUI
(Graphical user interface) provided by the user interface module. We must consider the internal
hardware modules, before designing the system. Occasionally there are fewer modules available than
necessary (bus interface, timer, ADC, etc.), while other modules are unused. There are other issues,
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which can be solved using unique design, like parallel process execution. The lack of parallel execution
results in slower operation (due to wait cycles) and incorrect results in time-specific measurements
(deviation of sampling cycles and lack of parallel sensor reading). The solution would be to develop a
simple FPGA design, which can carry out the appropriate tasks considering the user needs.
For testing purpose, three-level approach has been applied. The first step was the test of the
independent function, as the second step, the fully assembled system is tested to observe the appropriate
cooperation between the subsystems. The third step was a practical experiment, which included the use
of the system in a small greenhouse environment, to test the data acquisition and controlling capabilities
and to serve as a basis of further experiments, which includes the processing, visualizing of the data and
considering the results, it controls the further development of the system.
In summary, the development implemented in the main and secondary thread of the experiment have
given a great opportunity for gaining experience, which hopefully will be reflected during later
experiments. To continue the experiment with the developed device, in addition to the development, the
focus will be on the experience gained in practical applications, which includes the potential benefits of
using the devices.
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ABSTRACT
In our research, we analysed the co-authorship network of articles on family farming.
Based on the definition of social network analysis, we did this on a macro level, as it
examines relationships between individuals and interactions. Social Network Analysis
(SNA) is a wide strategy to investigate the social structure. SNA is used to obtain patterns
of relationships between nodes to ascertain underlying social structure. Node is
represented as people and group, meanwhile relation shows the relationship between
nodes. The problem is how to find the most influential node in the network. The focus is
how to measure centrality in the network. Our sample is based on 254 scientific articles
written on this topic between 1976 and 2015. In this paper we modeled a co-authorship
network based on this sample. We identified why network analysis is useful and who the
most important authors are in the network.

1. Introduction
In this article we present a co-authorship network based on the scientific articles on family farming
published over the past 40 years. The sample is made up of 254 scientific articles written between 1976
and 2015 on this topic. Nowadays, an analysis of co-authorship network has become more and more
popular in academic life. Since this is a relatively new field of science, especially in domestic terms,
there are not many researches dealing with this issue. At the beginning of the research the following
hypotheses were formulated:
• The most authoritative author is the most significant in the network sense.
• Authors who publish the topic on family farming also feature joint work with co-authors.
After the theoretical review, the methodology chapter gives a description of the sample used for the
research, and then we present the workflows that have been completed. The results of the research are
presented with data visualization, tables, brief summary descriptive explanations and analysis.
At the micro level, network analysis examines the behavior of individuals, and macro-level
relationships (network structure) between individuals and their interaction (Stokman 2004). The basic
principle of network analysis is the socio-psychological analysis, also known as sociometry, which was
later learned by experts from other disciplines. One of the first pioneers in sociometry was Jacob Levy
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Moreno Romanian-born psychiatrist. He began to deal with sociometric with "Who shall survive?” study
appeared in 1932. This volume has grown to more than 700 pages in subsequent editions and has been
translated into more than 20 languages under the "Basics of Sociometry". In 1937 he published his
independent journal, Sociometry (Mérei 2006). Based on these basics, today's advanced social network
analysis (SNA) has been developed.
The basic source of SNA methodology was created by Siegfried Frederick Nadel's work (Tóth 2009).
The development of the methodology has been well promoted by the appearance of computers, computer
access, growth of administration methods and mathematics development. There are many areas that
benefit greatly from the development of these methods, especially the merging of businesses, the further
spread of innovation, the decision making of political, consumer and market actors, the productivity of
teamwork and the spread of diseases (Pál & Vörös 2011).
In our research, we are investigating a network of authors who have published family farming
articles. For the definition of family farm we found several definition. Family farm is a farm owned and
operated by a family of one or more generations. Most of the land and capital are provided by the family.
Most of the workforce is provided by family members living on the farm, but occasionally external work
can also be used (Galeski & Wilkening 1987). Contrary to the terms of Takácsné (1995) and Galeski &
Wilkening (1987), Williams (1973) excludes the use of external workers, even seasonally. Williams
agrees with Buzás (1994), saying that it is not possible to talk about family farming when relying mostly
on employees and wage-earners.
In Hungary we can speak about a "more traditional" form of farming, because labor is only provided
by family members and can be operated at low cost. In the "more modern" concept, not only family
members, but also wage-earners work in the economy, but are typically seasonal.

2. Material and method
2.1. Sample for research
We queried our sample from Scopus. We filtered it on "family farm" and "family farming" and
resulting in 254 hits. This amount was manageable and processable, so we didn’t have to narrow down
the search criteria. The hit list was exported and inserted into the database of our software that
communicated with Scopus API. With the help of the software we have received data tables related to
articles (articles, authors, research institutes, keywords, themes).
2.2. Social network analysis
The SNA methodology, which is a relatively young discipline, is appropriate to examine graphical
models of publishing models of scientific societies. In Hungary, such analyses are still in the early
stages, mostly for journals (Popp, Balogh, Kovács & Jámbor 2015). The association of authors may
have several reasons, such as: organizational reasons, availability of laboratory equipment, investments
requiring greater financial resources, speeding up procedures, mitigating errors and increasing
productivity (Micsinai 2011). In co-authored publications, Yoshikane (2006) states that two different
functions can be observed, the leader and the followers. The leader is the person who first appears in
writing. Previous research has revealed that the growth of these types of co-operative articles has an
impact on individual performance, and thus their own productivity is growing at the same time (Glänzel
& Schubert 2004).
It can be said that authoring groups or publishers publishing within a subject can also be considered
as a contact network where relationships are the collaborations between authors. The most important
method of depicting and analysing contact data is graph theory. This procedure is practical because it
has the right vocabulary to demonstrate network formations and provides a mathematical basis for
measurable data. Using graphs, we get a clear picture of the pattern of contacts. It is indispensable to
note that when displaying the graphs, the position of the points or the length of the lines connecting
them do not contain information. In this case, it represents a line of lines, dots, and edges where each
edge appears only once.
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The graph theory approach is ideal for us because it is excellent for identifying key people. In this
case, key people are those writers who have the most co-authorship connections. These determinants
occupy the strategic points of the network. In the case of non-directed graphs we are talking about
centrality when we consider it important that a participant is involved in relationships, and it is less
important he or she has a sending or receiving role (Kürtösi 2004).
One of the known centrality calculation modes is degree centrality. At this point, the number of
connections for each point is compared to all connections. We can expect a centrality with closeness
centrality, according to which a person is placed in a central position if all authors are easily reached in
a short time and thus there is no need to involve other members. The following centrality calculation
method is betweenness centrality. This is based on the fact that the actors are the most influential among
many others. At this point, we must actually consider the shortest paths that include the intermediate
points.

3. Results
Figure 1 shows a world map showing the individual points in which research institutes have been
published, and the numbers show how many scientific articles have been generated in a given city. The
locations of the research sites were saved in a separate Excel workbook and imported into the MapsData
online app. From the chart, it can be seen at first glance that the articles are mostly from Europe and
America. This may also be due to the fact that family farming is the most common in these continents.

Figure 1. Location of the authors' research institutes
3.1. Descriptive statistics
Figure 2 shows the yearly development of the number of publications on family farming. It can be
noticed that most of the articles on family farming have been written over the last few years. This is due
to the fact that, today the family economy has a much greater role in law than the delimitation of the
concept. Especially since 2009, the number of articles dealing with this topic has been increasing. In
2015, 37 articles were written, representing 15% of all published articles.
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Figure 2. Number of publications between 1976 and 2015
In our opinion, some of the ones written in 2014 are due to the fact this year was the International
Year of Family Farming declared by United Nations. "The goal of the International Year 2014 is to put
family farming at the center of national agri-environmental and social policies" (FAO 2014). From the
1990s, domestic literature has also dealt with more and more new forms of economics (Magda 2010).
The distribution of the number of publications per country can be observed in Figure 3. Articles on
the subject have come out from more than 50 countries. Most of them were published in Brazil, out of
254 articles, 50 were published in this country. This is followed by the United States of America 25,
followed by France 22. Most of the writings in Brazil are due to the fact that they are dominant in
agriculture, world-leading in coffee, sugar cane, orange and banana production, as well as in soy, cocoa,
beef and tobacco production (Balogh, Békési, Gorton, Popp & Lengyel 2016). In 2008, the Brazilian
government proposed a Small Farmers' Program to strengthen family farming (Marti 2008).
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Figure 3. Distribution of publications by country
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More than 20 different European countries have been published. Most of these countries came from
France (22), UK (19), Spain (12) and Croatia (10).
Table 1 clearly shows that the most widely published writer Linda Price wrote 6 articles, of which
three were written alone and three were co-authors. Three of the six publications deal with the situation
of women in family farms. In these writings, she describes how the role of women in farms has been
evaluated.

No.
1.
2.
3.
4.
5.

Table 1. TOP 5 most authoritative authors
Author
No. of publications
Price L.
6
Guanziroli
3
Sourisseau J.-M.
3
Radinovic
3
Kasimis C. - Papadopoulos, A.G.
3

3.2. Co-authorship network
Figure 4 shows the publication link graph. It can be seen that authors who have reported an article
alone or with one and two co-autors are occupying the periphery. This diagram is based on a modularity
index, so larger co-authorship cliques are located in the center. There are five relatively large cliques
that are made up of ten or more authors.

Figure 4. Co-authorship network
It can be deduced that close authoring groups have been created and it is difficult to enter among
them and there are no links between the larger groups.
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3.3. Authors’ cliques
Table 2 shows the top 5 collections of authors, affecting a total of 53 people. This represents 9.8%
compared to the total data plate with 539 people. It is important to note that besides the 5 largest groups,
there are associations of 4, 5, 6 and 7 people.

Clique 1

Table 2. Members of the 5 largest cliques
Clique 2
Clique 3
Clique 4

Clique 5

Bodekær

Gehring

Bosc

Rozon

Van Vliet

Harrison

Spithoven

Marzin

Lucotte

Schut

Philipsen

Schmid

Bélières

Davidson

Reidsma

Petersen

Bitter

Sourisseau

Sousa Passos

Descheemaeker

Rogowski-Tylman

Braun-Fahrländer

Pédelahore

Oestreicher

Van de Ven

Schmalwieser

Dalphin

Losch

Mertens

Slingerland

Triguero-Mas

Hyvärinen

Bonnal

Paquet

Giller

Dadvand

Pekkanen

Parrot

Romana

Lesiak

Riedler

Narbutt

Weiland

Eriksen

Büchele

Heydenreich

Mutius

Nieuwenhuijsen

Vuitton

Thieden

Brunekreef

Young
Wulf
This also shows that most authors have worked in smaller groups or alone. The number of
publications in these groups is negligible compared to all publications. It is characteristic for these
groups that one article has been published jointly. Figure 5 shows the graphs of these groups depicted
by modularity.
The graph of the 1st clique shows clearly that each author is in contact with each author. The same
applies to members of the 2nd clique. Clique 3, 4, and 5 show that not all authors have direct contact
with everyone. Clearly visible, for example, in the case of clique 4 Jacquez Marzin has only an indirect
relationship with Even, Koné and Wampfler. Also in Figure 5 we can observe that Novo and Jansen are
in direct contact with Slingerland alone.
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Figure 5. Co-authorship cliques
3.4. Author rankings
The most useful index for us is the betweenness centrality, as the values differed significantly in this
case, so a spectacular, accurate order emerged. We have examined whether there is a match between the
order of the most published authors based on degrees and betweenness. With this we got the answer to
our first hypothesis, in which we assumed that most authoritative publishers are the most prominent in
the network.
In case the most authoritative author's name is found in the order column set by centrality metrics,
our hypothesis is correct. Otherwise, if most authors have not been listed in any of the other columns,
our first assumption is false. To make them easier to review, we have prepared a summary table (Table
3), where these sequences can be seen together.
Table 3. Author rankings
Betweenness centrality Degree centrality

No. of publications
Author

Value

Author

Value

Author

Value

Price

6

Marzin

10

Bodekær

15

Guanziroli

3

Slingerland

7

Harrison

15

Sourisseau

3

Giller

7

Philipsen

15

Radinovic

3

Žutinić

6

Petersen

15

Kasimis

3

Radinovic

4

Triguero-Mas

15

Papadopoulos

3

Sourisseau

3

Schmalwieser

15

Lucotte

2

Bélières

2

Rogowski-Tylman

15
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Slingerland

2

Pritchard

2

Dadvand

15

Marzin

2

Lucotte

1

Lesiak

15

Giller

2

Davidson

1

Narbutt

15

From Table 3, it can be stated at first glance that the most authoritative authors are not necessarily
the most prominent ones in the network sense. With respect to the degrees, all 10 authors have equally
published with co-authors, each of them having a value of 15. There is no match for the authors selected
for the degrees and the most authoritative publishers. This suggests that most authoritative authors are
not characterized by cooperation with co-authors.
The betweeness centrality index of Jacques Marzin is in the first place, suggesting a prominent
"mediator" role. That is, in this network he is the author who is the easiest to achieve. The number of
Marzin's publications is 2, which is relatively low but can not be considered a bad one, considering that
the database is very scattered and most authors have published only one publication on this subject. Both
documents were made by more people, so they were not published alone. In terms of betweenness
centrality index, the following two authors, Maja Slingerland and Ken Giller, also published two
publications. Apart from Graham Harrison and Paul Eriksen, the same names appear in the two columns.
Jacques Marzin is not included in the betweenness index, among the top 10 authors, which suggests a
smaller but more stable co-author network.
Overall, these results demonstrate that, unlike the first findings, there is no correlation between the
number of authors and their role in the network. It seems that some authors have published a lot with a
few co-authors relative to the divisions of the database, while others have a broader co-authoring
network, but they have relatively few articles.

6. Conclusion
The articles in the samples come in roughly half the way between America and Europe. This is not
surprising, as this mode of farming plays a significant role on these two continents. In America, most of
all, we can talk about farm management, which is slightly different from the family farming we interpret
but is essentially the same.
It is apparent from the year of publication of articles that this topic does not look back on a long past,
it is a relatively young area. It was surprising that the published articles came from such a large
proportion (44%) of alone publishing authors. We can only find a few major co-authorship groups that
are clearly distinct from the graph depicted on the basis of the modularity index. This suggests that these
groups are closed so it is difficult to get in. Within these groups, we can also see that there are typically
cliques in which each author is in contact with each author. Typically, such a clique has just written one
article together.
Our first hypothesis that the most authoritative author is the most significant in the network sense
has not been proven. The most authoritative author was Linda Price, however it is not decisive in terms
of its roles as an intermediary, or in terms of easy access or rank. Our second hypothesis that authors of
these articles are characterized by co-authorship, proved to be true. This is evidenced by the fact that
56% of the published articles were made by co-authors, while the articles were made in a smaller
proportion (44%) due to individual work. It is important to note, however, that not only writers are more
likely to be grouped in smaller groups.
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