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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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ABSTRACT
First implementation and testing of Direct Computer Mapping (DCM) based
methodology for modeling and dynamic simulation of Recirculating Aquaculture
Systems (RAS) were made and evaluated. The test model of the underlying hybrid,
multiscale processes were generated for a simplified example system, utilizing data and
empirical equations for the production of African catfish (Clarias gariepinus) from the
available literature. The Waste Water Treatment model was temporarily implemented by
efficiency factor. The authors studied how the graphically generated, locally
programmable building elements can be applied for dynamic simulation of the given
complex system. According to these previous test results, DCM methodology can give a
flexible and robust solution to describe the backbone structure of a core model that can
be adapted to the changing formulation and data in the local models, individually. In
addition, DCM methodology seems to be able to generate the various RAS schemes from
the model of a single fish tank. Based on the experiences, as well as, with the knowledge
of a more comprehensive data and relationships, in the ongoing work we shall implement
and analyze complex RAS models.

1. Introduction
1.1. Challenge of modeling and dynamic simulation of Recirculating Aquaculture Systems
Aquaculture has an increasing role worldwide, providing secure and environmentally benign food
for the rapidly growing population (Tacon, 2001). Increasing demand for fish and seafood products
exploits the natural resources, so people need more environmentally benign artificial production.
Considering this, the development of sustainable and profitable aquaculture systems needs the
application of sophisticated design, planning and control supporting tools. The main challenge in this
field is to increase the capacity and to ensure the sustainability in the environment, at the same time. In
addition, the development is highly affected by the long term climate change, as well as by the more
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frequent extreme weather situations. This can be managed only by the utilization of model based design,
planning and control methods.
Computational modeling and simulation can highly contribute to the effectiveness of aquaculture
systems. Especially, the complex recirculating aquaculture systems (RAS) require simulation model
based design and operation, which has initiated an active research field in the past years (e.g. Halachmi
et al, 2005; Wik et al, 2009).
Looking at details, in the intensive tanks of the recycling systems the various nutrients, supplied with
feed, are converted into valuable product. Considering the sound material balance of the system, many
papers focus on the nutrient conversion and on material discharge (Schneider et al, 2004; Verdegem,
2012). Sensor network based monitoring and data collection is a promising field to enhance the
productivity and the sustainability of the RAS by minimizing the fresh water supply. Supply chain
planning and management of aquaculture products is also a challenging question in the field (ParreñoMarchante et al, 2014; El-Sayed et al, 2015). Several research papers deal with the two-way interaction
of aquaculture with environment, in general (McCausland et al, 2006; Grigorakis and Rigos, 2011;
Edwards, 2015), or focusing on actual fields (FAO, 2005-2015; Jegatheesan et al, 2011). Up-to-date
research works call the attention also to the importance of knowledge transfer and exchange of
experience between field experts and policy makers. The importance of well established and conscious
regulations (Krause et al, 2015; Alexander et al, 2015) is emphasized, too.
Advanced fish farming can be realized in mainland freshwater and in seaside seawater facilities that
are artificially controlled, isolated systems. These isolated systems need maximal recycling of purified
water and minimal decontaminated emissions. Also, these isolated systems need disinfected water
supply from the environment. Accordingly, these process systems integrate animal breeding with
complex bioengineering and other process units in a feedback loop. In addition, the fish production is
solved in a stepwise, multistage process, which is also coupled with the characteristics of the life
processes (e.g. with the differentiation in growth).
From process engineering point of view, these intensive fish farming technologies are complex
hybrid (discrete / continuous), multi-scale process systems with multi-level dynamic behavior,
embedding field specific part-processes of multiple disciplines from applied life sciences and
engineering. Accordingly, the process design and control need to be supported by respective
multidisciplinary computational models.
Process design and control covers the tank structure and the water treatment system, including the
removal of solid wastes (e.g. fecal components, feed waste), the conversion of ammonia through nitrite
to nitrate (or nitrogen), as well as the supply of dissolved oxygen and the removal of CO2.
1.2. Motivation and objective
The appropriate solutions need sophisticated models, but these models can work only with the
knowledge of the detailed, fish specific data. There are and will be more and more data from the sensor
networks, and these Big Data, in addition to the data mining of statistical character, ought to be utilized
also by the detailed dynamic models. However, the synergic utilization of data based and model based
approaches needs robust and flexible models that tolerate the continuous identification with a genetic
algorithm, later on.
Considering this, in a small, bilateral Chinese-Hungarian project we decided to start towards applying
a non-conventional Hungarian modeling methodology for combining it with the sensor network and data
acquisition development of the Chinese partner.
As the first step of the work, the objective of this paper is to test the applicability of Direct Computer
mapping based modeling and simulation methodology for aquaculture and RAS processes. For this test
we used some available realistic relationships and data from the literature to study how the local
programming of the building elements can be applied for the modeling of the given complex system.
Based on the first experiences, with the knowledge of a more comprehensive set of data and
relationships, the next step will be the implementation of complex RAS models that can optionally be
improved by considering the accumulating data driven knowledge.
doi: 10.17700/jai.2015.6.3.230
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2. Structure and functionalities of RAS
2.1. Structure of RAS
Recirculating Aquaculture Systems can be characterized by the reuse of the effluent water after
wastewater filtering and treatment processes, with minimal fresh water supply. A schematic overview
of different RASs is illustrated in Fig. 1.
From organizational and modeling point of views, the most difficult part is the fish tank. Considering
the tank size and the maximal stocking density, various strategies can be applied during the production
cycle. In the lower part of Fig. 1 we introduce two possible arrangements of the fish tanks for the
production period. In Scheme 1 there are consecutive, stepwise larger tanks for the increasing fish mass.
In Scheme 2, the same sized fish tanks are multiplied along the production period.
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Figure 1. Two structures of RAS
2.2. Empirical relationships and data for testing of an example fish tank model
As a comprehensive data set for testing of the model, we utilized the available empirical data and
equations for African catfish (Clarias gariepinus) from the course material of Wageningen University
(WU, 2014). The example system starts with the stocking of fingerlings with an average of 10 g/piece
and ends with an average of 900 g/piece product fish after a 150 days period, with 30 day long
harvesting/stocking periods.
Empirical equation for the calculation of the body weight of the given species, determined from longterm experiences, is the following:
(1) 𝐵𝑊 = 0.031 ∗ 𝑋 2 + 1.2852 ∗ 𝑋 + 9.4286,

where

BW is the body weight of the given fish species in grams
X is the age of fish in days

Derived from the long-term production experiences, simple empirical equations can be described for
the calculation of other characteristics in the function of the body weight. Accordingly, the following
equations were utilized in the model:
doi: 10.17700/jai.2015.6.3.230
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(2) 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦, % = 57.86 ∗ 𝐵𝑊 −0.612,
(3) 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑓𝑒𝑒𝑑 𝑖𝑛 % 𝑜𝑓 𝐵𝑊 = 17.405 ∗ 𝐵𝑊 −0.4,
(4) 𝐹𝑒𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒, 𝑔/𝑔 = 0.441 ∗ 𝐵𝑊 0.117,
(5) 𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑖𝑛 % 𝑜𝑓 𝐵𝑊 = 17.267 ∗ 𝐵𝑊 0.0778,
(6) 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ 𝑖𝑛 % 𝑜𝑓 𝐵𝑊 = 14.372 ∗ 𝐵𝑊 0.0234,

where BW is the body weight of the given fish species in grams.
Calculation of metabolic waste emission requires the approximate nutrient composition. According
to the example diet composition, we calculated with the following concentrations of components:






490 g/kg protein,
120 g/kg fat,
233 g/kg carbohydrate,
77 g/kg ash,
altogether 920 g/kg dry matter.

Organic matter content can be quantified as Chemical Oxygen Demand (COD). In the referred
example system authors give empirical numbers for converting food components into COD as follows:
 protein: 1.25 g COD/g nutrient,
 fat: 2.9 g COD/g nutrient,
 carbohydrate: 1.07 g COD/g nutrient.

3. Direct Computer Mapping of a simplified test model
As we introduced it in our former papers (e.g. Varga et al, 2015), Direct Computer Mapping (DCM)
is a continuously evolving, general methodology for modeling and simulation of various kinds of
agricultural and environmental process systems. Having recognized the need for a general purpose
process modeling methodology, in this approach (Csukas et al, 2011) we map the elements and their
connections onto an executable computational model without using any specific single mathematical
apparatus. In the recent development of DCM we synthesized the experiences coming from the analysis
of a broad range of processes from cellular biosystems (Csukas et al, 2013.a.) through technological
process units (Csukas et al, 2013.b.) to sector spanning agri-food process networks (Varga et al, 2010;
Varga et al, 2012). Based on these examples, a general set of building and connecting elements was
recognized, which have the capability to implement a broad range of process models from quite different
fields. Accordingly, the complex structures and functionalities of the various continuous and discrete,
as well as quantitative and qualitative process models can be mapped onto the same, unified state,
transition and connection elements, while the elements are associated with locally executable programs.
It is to be noted, that the applied modeling methodology makes possible the flexible replacement of
the whole model, including the equations and the data, within the implemented structure.
Model building procedure can be generalized as follows:
1. Editing of the model structure according to the flow sheet of the process system to be
investigated;
2. Transformation of flow sheet elements into simple network;
3. Formulation of state and transition prototypes of the DCM model;
4. Transformation of the simple network into the DCM net model;
5. Parameter setting;
6. Identification, validation and testing of the model.

doi: 10.17700/jai.2015.6.3.230
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Recently, we have been applied the method for the model based investigation of meteorological effects
on a sensitive watershed. The description of the up-to date modeling framework and applied software
components are described in detail in our previous publications (Varga et al, 2015).
3.1. Implementation of a simplified RAS model into a DCM
In this work, possible implementation of a simplified RAS model in the DCM simulator has been
tested.
In line with the principles of DCM, model building starts from the determination of state and
transition prototype elements for the investigated process system. Accordingly, we defined the
prototypes, and utilized the general set of DCM building blocks to describe a simplified RAS model
according to Fig. 2.

Figure 2. DCM based implementation of the simplified RAS model
The state describing prototype elements are the followings:
 feed tank,
 fish tank, containing slots for feed, air (oxygen) liquid, solid and various fish components,
 sludge,
 general liquid storage tank (intermediate),
 general liquid storage tank (terminal).
The transition describing prototype elements are as follows:
doi: 10.17700/jai.2015.6.3.230
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life processes of fishes,
feeding process,
waste removal,
wastewater treatment,
recycling and saturation.

Fig. 2 shows the test model of the RAS cycle, built from the above mentioned state and transition
prototype elements. In line with the recent developments of DCM method (Varga et al, 2015), we used
the yEd graph based expert interface for the structural and functional editing of the model. In DCM
model the material flows are represented by increasing (solid) and decreasing (dashed) connections
between the respective slots of the given elements, while dotted lines correspond to the forwarding of
the data, used in the calculation of the local programs. The material flows are indicated also by better
visible arrows in the Figure.
3.2. Description of "fishtank" and "lifeprocess" prototypes
In the following we discuss the state element “fish tank” and the transition element “life processes”
in more detail.
The fish tanks (represented by a couple of the above state and transition elements) are the main parts
of the RAS, where fishes are growing during the production period. All of the life-related processes are
linked to this unit. Besides the respiration, excretion and other life-related processes, fishes transform
the feed partly into body mass, according to the feed conversion rate. Other parts are going to waste. To
describe these functionalities in the model, in line with DCM method, the prototype element contain
input slots (signed with Si1 – Si7 in Fig. 3) for volume, m3; feed, g; gas, g; liquid, g; product fish, g;
waste, g; and solid (fecal) parts, g phases. Parameter slot of fish tank element (signed with Sp in Fig. 3)
is responsible for the control of the desired tank volume (setvolume, m3), as well as for the prescribed
maximal stocking density (maxdens, kg/m3). Output slots (signed with So1 – So8 in Fig. 3) are similar
to input slots. They are responsible for forwarding the concentrations, calculated by the local program
that utilizes the data coming from input and parameter slots. Additionally, the model of the fish tank
contains an extra slot for the calculated amount of feed requirement (So8 in Fig. 3).
In building of model structure, we utilize the prototypes to generate the actual elements from them.
Actual elements contain the same input, parameter and output slots, as well as a reference for the
calculating program given in the prototype name. In case of actual elements, we replace the input and
parameter variables (highlighted with bold in Fig. 3) for the actual values.
During the execution, the actual input data and parameter values are unified with the respective input
and parametric variables of the embedded local program. Next, the local program calculates the
prescribed output data and, finally they unify the respective output values of the given actual element.

doi: 10.17700/jai.2015.6.3.230
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A state prototype: Fish tank
{e(p,y,fish_tank,[],fish_tank,[],[],[])}

Si1

Si2

Si3

Si4

Si5

Si6

Si7

{i(vol,dl,[d(vol,['IVol'],m3)])}
{i(feed,dl,[d(fm,['FM'],g),d(fmprot,['FMprot'],…])}
{i(gas,dl,[d(gm,['GM'],g),d(gmo2,['GMo2'],g),…)])}
{i(liquid,dl,[d(lm,['LM'],g),d(lmo2,['LMo2'],g), …])}
{i(productfish,dl,[d(pm,['PM'],g),d(pn,['PN'],pc), …])}
Sp
{i(waste,dl,[d(mm,['MM'],g),d(mn,['MN'],pc)])}
c(param,dl,[
{i(solidfecal,dl,[d(sm,['SM'],g),d(smprot,['SMprot'],g), …])}
[d(setvolume,['SetVol'],m3),
d(maxcdens,['Mcd'],kg_m3)])

Spr

{program('

So1 So2

Vol is IVol,
FC is FM/Vol,
FCprot is 1000*FMprot/FM, … .')}

So3 So4

So5 So6 So7 So8

{o(vol,dl,[d(vol,['OVol'],m3),d(setvolume,['SetVol'],m3)])}
{o(feed,dl,[d(fc,['FC'],g_m3),d(fcprot,['FCprot'],…])}
{o(gas,dl,[d(gc,['GC'],g_m3),d(gco2,['GCo2'],g_kg), …])}
{o(liquid,dl,[d(lc,['LC'],g_m3),d(lco2,['LCo2'],g_kg), …])}
{o(productfish,dl,[d(pc,['PC'],g_m3),d(pnu,['PNu'],pc), …])}
{o(waste,dl,[d(mc,['MC'],g_m3),d(mn,['MN'],pc) …])}
{o(solidfecal,dl,[d(sc,['SC'],g_m3),d(scprot,['SCprot'],g_kg), …])}
{o(feedmeas,dl,[d(fmm,['FMM'],g)])}

Figure 3. Zooming into the model of fish tank
The life process describing transition prototype element contains input slots for feed, g/m3; liquid,
g/m3; and productfish, g/m3 (signed with Ti1 – Ti3 in Fig. 4). Differentiation in growth of fishes during
the production period is a general operational problem of RAS. To consider this feature in the model
correctly, we added a parameter slot for describing the different growing abilities, divided the population
into three categories (normal, undersized and oversized) (Spr in Fig. 4). As an example, for the
distribution we assumed that 68% of fishes belong to the normal category. Output slots provide places
for calculated values of feed, g; gas, g; liquid, g; product fish, g; waste, g; and solid (fecal) parts, g
(signed with To1 – To6 in Fig. 4).
Calculation of the values for output slots is determined by the actual values of input and parameter
slots, as well as by the empirical equations (right now from the literature, see in Chapter 2.2). It is to
be noted, that for testing of the model we used the previously shown heuristic equations, but in a more
sophisticated model these expressions can be replaced easily for other, more comprehensive and welltested ones.
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A transition prototype: Life processes
{e(a,y,lifeprocesses,[],lifeprocesses,[],[],[])}

Ti1

Ti2

Ti2

{i(feed,dl,[d(fc,['FC'],g_m3),d(fcprot,['FCprot'],g_kg),d(fcfat,['FCfat'],g_kg),d(fcch,['FCch']),…])}

{i(liquid,dl,[d(lc,['LC'],g_m3),d(lco2,['LCo2'],g_kg),d(lcco2,['LCco2'],g_kg),..])}
{i(productfish,dl,[d(pc,['PC'],g_m3),d(pnu,['PNu'],pc),…])}

Tp
{c(param,dl,[d(growthdiffu,['GDU'],nd),d(growthdiffo,['GDO'],nd),…])}

Spr

{program('

To1 To2

DFMa is -1*(PNa*PIa*(17.405*Pia-0.4)/100),
DFMu is GDU*(-1)*(PNu*PIu*(17.405*PIu -0.4)/100),
DFMo is GDO*(-1)*(PNo*PIo*(17.405*PIo -0.4)/100),
DFM is DFMa+DFMu+DFMo, … .')}

To3 To4

To5 To6

{o(feed,dl,[d(fm,['DFM'],g),d(fmprot,['DFMprot'],g),d(fmfat,['DFMfat'],g),d(fmch,['DFMch'],…])}
{o(gas,dl,[d(gm,['DGM'],g),d(gmo2,['DGMo2'],g),d(gmco2,['DGMco2'],g),d(gmn2,['DGMn2'],g)])}
{o(liquid,dl,[d(lm,['DLM'],g),d(lmo2,['DLMo2'],g),d(lmco2,['DLMco2'],g),…])}
{o(productfish,dl,[d(pm,['DPM'],g),d(pn,['DPN'],pc),d(pmu,['DPMu'],g),…)])}
{o(waste,dl,[d(mm,['DMM'],g),d(mn,['DMN'],pc)])}
{o(solidfecal,dl,[d(sm,['DSM'],g),d(smprot,['DSMprot'],g),d(smfat,['DSMfat'],g),…])}

Figure 4. Zooming into the model of life processes

4. Test results of the simulation model
In this first simulation trial we simulated a single example fish tank in the RAS cycle. In line with
the investigated case, we show the results for the second 30 days long period, followed after the previous
simulation of the first 30 days. The technological parameters were the followings:
 volume of fish tank: 3 m3,
 number of fishes: 6000 pieces,
 average starting weight if fishes: 10 g,
 stocking density of fishes in second stage: 140 - 360 kg/m3,
 controlled nutrition level: 30 kg/m3,
 water exchange: 3 m3/day,
 efficiency of dentrification: 0.95,
 fresh water supply: 20%.
Having determined and generated the DCM model structure for the example RAS, we adjusted the
parameters of the model according to the example system, described in Section 2.2.
In the simulation results, we can monitor the following characteristics:
 growth of fish and stocking density in fish tank,
 mortality of fishes during the simulation period,
 liquid and solid components in fish tank,
 amount of sludge and its solid and liquid components,
 wastewater's solid and liquid components (before treatment),
 emission of solid and liquid components,
 recycle's solid (COD and ash), and liquid components,
 fresh water supply.
In the following diagrams we illustrate some examples for the simulated results.
doi: 10.17700/jai.2015.6.3.230
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In the following example we zoomed into a 30 days long simulation period (from the 30th to 60th
days) of the 150 days long production period. To study also the above mentioned differentiation in
growth of fishes, we distinguished three groups of them, i.e. the normal, the undersized and the oversized
group. We assumed, that about 16-16% of the fishes belongs to the under- and oversized groups, with + 1 g difference in the average starting weight, respectively.
Fig. 5 shows the changes in the fish population within the 30 days long simulation period. The
decrease depends on mortality, as well as in line with equation (2), rate of mortality is determined by
the body weight. In the three groups the number of fishes (starting originally from 1000, 4000 and 1000
pieces) decreases in line with the cumulated mortality (green line belongs to the right side scale).

984
982
980
978
976
974
972
970
968

3930
3925
3920
3915
3910
3905
3900
3895
3890
3885

Number of fishes in the
normal group, piece

Number of fishes in under- and
oversized group, piece

Number of fishes in the three groups

Time, day
Number of fishes in the undersized group, pc

Number of fishes in the oversized group, pc

Number of fishes in the normal group, pc

Figure 5. Number of fishes
At the beginning of the investigated simulation stage (from the 30th day of the production period),
fingerlings’ individual body weight is around 40 g. Fig. 6 shows the increase in body weight, where the
average sizes of product fish in the undersized, normal and oversized groups increase to 90, 110 and
140 g until the end of the given period (60th day of the production), respectively.

Average individual weight, g

Average individual weight in the three groups
160
140
120

100
80
60
40

20
0

Time, day
Average weight of fishes in the undersized group, g

Average weight of fishes in the normal group, g

Average weight of fishes in the oversized group, g

Figure 6. Average individual weight in the three groups
Life processes (especially energy production, associated with the catabolic processes) consume O2
and produce CO2 and NH4. NH4 and its decomposition products in the wastewater treatment (NO2, NO3)
can be toxic for fishes. Consequently, they have to be removed by wastewater treatment, as well as have
doi: 10.17700/jai.2015.6.3.230
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to be decreased by fresh water supply. Frequent monitoring of these components has a keynote role in
aquatic production systems. Fig. 7 shows the simulated amount of these key monitoring parameters
(ammonium, nitrite and nitrate).
NH4, NO3 and NO2 in the fish tank
1.2

0.16
0.14
0.12

0.8

0.1

0.6

0.08
0.06

0.4

0.04
0.2

NH4, g/kg

NO2 and NO3, g/kg

1

0.02

0

0
Time, day
NO2

NO3

NH4

Figure 7. Concentration of some dissolved nitrogen containing components in the fish tank
The sludge (with a given moisture content) is removed from the system by filtering. Other parts of
the waste go toward the wastewater treatment. Emissions leaves the system after the treatment and one
part of treated wastewater goes to the recycle tank for re-utilization. This amount, together with the
necessary freshwater, returns to the fish tank after saturation with oxygen from air of increased pressure.

5. Conclusions and ongoing future work
Considering the role of aquaculture in the future’s quantitative and qualitative food security, the use
of advanced decision support systems, as well as design and control algorithms are inevitable in
development of Recirculating Aquaculture Systems. Dynamic simulation can highly contribute to the
planning and effective operation of RAS. Considering the complexity of the underlying hybrid,
multiscale processes, the appropriate solution, it is worth to try the applicability of the new modeling
and simulation methodologies.
The appropriate models can work only with the knowledge of the detailed, fish specific data. In
contrary, there are more and more available data (e.g. from sensor networks), and these Big Data ought
to be utilized also for the identification of the detailed dynamic models. However the synergistic
utilization of data based and model based approaches needs robust and flexible models that tolerate the
continuous identification (e.g. with a genetic algorithm), later on. Considering this, in a bilateral
Chinese-Hungarian project we decided to start toward combining a non-conventional Hungarian
modeling methodology with the sensor network based data acquisition of the Chinese partner.
In this paper the first step toward the implementation and testing of a Direct Computer Mapping
based methodology for modeling and dynamic simulation of Recirculating Aquaculture Systems is
illustrated. The test model of the underlying processes was generated for a simplified example system,
utilizing data and empirical equations for the production of African catfish (Clarias gariepinus) from the
literature. The Waste Water Treatment model was temporarily implemented by efficiency factors.
We concluded that the graphically generated, locally programmable building elements of DCM can
be applied for dynamic simulation of the given complex systems. According to the results, DCM
methodology gives a flexible and robust solution to describe the backbone structure of a core model that
can be adapted to the changing formulation and data of the local models, with no restriction for any
doi: 10.17700/jai.2015.6.3.230
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single mathematical apparatus. In addition, DCM methodology seems to be able to generate various,
complex RAS schemes from the model of a single fish tank. The method can consider also the
differentiation in weight of fishes.
Based on the experiences and, with the knowledge of a more comprehensive set of data and
relationships, in the ongoing work the implementation of complex RAS models is aimed, which can be
improved by the accumulating data acquisition based knowledge.
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ABSTRACT
In this paper the K-means (KM) and the Fuzzy C-means (FCM) algorithms were
compared for their computing performance and clustering accuracy on different shaped
cluster structures which are regularly and irregularly scattered in two dimensional space.
While the accuracy of the KM with single pass was lower than those of the FCM, the
KM with multiple starts showed nearly the same clustering accuracy with the FCM.
Moreover the KM with multiple starts was extremely superior to the FCM in computing
time in all datasets analyzed. Therefore, when well separated cluster structures spreading
with regular patterns do exist in datasets the KM with multiple starts was recommended
for cluster analysis because of its comparable accuracy and runtime performances.

1. Introduction
In recent years agricultural and environmental data have been increased in exponential rates by the
widely use of automated data collection tools and systems. The yield data from precision agriculture
applications have become one of the recent contributors in this increase. A huge amount of data collected
by weather forecasting, remote sensing and geographic information systems have already been in use
for a long time. In addition the progressive and intensive use of sensor networks and computers in the
cultivated areas, barns and poultry houses have played a significant role in the increase of agricultural
data. Because of this enormous growth, data mining (DM) techniques will be helpful to discover useful
or meaningful information in agricultural big data. However, DM is a relatively novel field in
agriculture, food, environment and other related areas (Ramesh &Vardhan 2013). Similar to the other
areas such as pattern recognition, image segmentation, bio-informatics, web mining and consumer
market research, Cluster Analysis (CA) as one of the most popular among many DM techniques could
be used in agricultural data analysis. For instance, it is believed that DM and CA should be a part of
agriculture because they can improve the accuracy of decision systems (Tiwari & Misra 2011).
As an umbrella term CA is defined as the collection of unsupervised classification techniques for
grouping objects or segmenting datasets into subsets of data called as clusters. By using an appropriate
clustering algorithm, a cluster is formed with objects which are more similar to each other when
compared to others in different clusters. In other words, cluster analysis assigns similar objects into the
same cluster which share common characteristics based on their features. Although there are some
different ways to categorize them, the clustering algorithms can be generally grouped in 3 categories as
hierarchical, non-hierarchical (flat) and mixture techniques. Although hundreds of algorithms do exist,
in practice the use of many of these algorithms has been limited due to their complexity, efficiency and
availability in presently used statistical software. The choice of a good algorithm to run on a certain
dataset depends on many criteria such as data size, data structure, and the goals of CA (Velmurugan
2012; Bora & Gupta 2014). As reported in many studies (e.g. Dong et al. 2011; Kuar & Kuar 2013), the
non-hierarchical partitioning algorithms, i.e. the algorithms belonging to K-means (KM) family give
good clustering results in shorter times compared to the hierarchical algorithms on large datasets.
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Therefore, since introduced by MacQueen (1967) KM and its successor derivatives have been the most
popular algorithms in exploratory data analysis and DM applications over a half of century.
K-means (or alternatively Hard C-means after introduction of soft Fuzzy C-means clustering) is a
well-known clustering algorithm that partitions a given dataset into 𝑐 (or 𝑘) clusters. It needs a parameter
c representing the number of clusters which should be known or determined as a fixed apriori value
before going to cluster analysis. KM is reported fast, robust and simple to implement. As reported in
many studies it gives comparatively good results if clusters in datasets are distinct or well separated. It
was also examined that KM is relatively efficient in computational time complexity with its cost of
𝑂(𝑡𝑐𝑛𝑝) in Lloyd algorithm (where t: number of iterations, c: number of clusters, n: number of objects,
p: number of dimensions or number of features). Despite its above mentioned advantages, KM has
several disadvantages too regarding the form and scattering of clusters in datasets. First of all, KM may
not be successful to find overlapping clusters, and it is not invariant to non-linear transformations of
data. For that reason, representations of a certain dataset with Cartesian coordinates and polar
coordinates may give different clustering results. KM also fails to cluster noisy data and non-linear
datasets.
In order to overcome some of the problems faced with KM, Bezdek (1981) introduced Fuzzy Cmeans (FCM) which is based on Dunn’s study (Dunn 1973) as an extension of KM. As reviewed by
Suganya & Shanthi (2012) and Ali et al. (2008), a dozen of the algorithms have been developed in order
to improve the efficiency and accuracy of FCM. However, the basic FCM algorithm has frequently been
used in a wide area of applications from engineering to economics. FCM is a soft algorithm clustering
fuzzy data in which an object is not only a member of a cluster but member of many clusters in varying
degree of membership as well. In this way, objects located on boundaries of clusters are not forced to
fully belong to a certain cluster, but rather they can be member of many clusters with a partial
membership degree between 0 and 1. In spite of its relatively higher cost with 𝑂(𝑡𝑐 2 𝑛𝑝), when
compared to KM, FCM has also been used in many clustering applications because of its above
mentioned advantages in agriculture and forestry area (di Martino et al. 2007; 2009).
Although FCM is believed to be more efficient to analyze fuzzy data, it does not have a constant
superiority in all cases of data structures according to the research findings. However, the recent studies
generally have focused on comparison of KM and FCM by using some well-known test datasets such
as Iris and Wine in R environment (Jipkate & Gohokar 2012; Panda et al. 2012; Ghosh & Dubey 2013;
Bora & Gupta 2014). Thus, it would be helpful to examine these hard-and-soft C-means partitioning
algorithms for the data structures following different patterns and shapes of clusters. For that reason, in
this paper we compared the efficiency of KM and FCM algorithms on synthetically generated datasets
consisting of different shaped clusters scattering with regular and non-regular patterns in two
dimensional space.

2. K-means and Fuzzy C-means algorithms
Let 𝑿 = {𝒙1 , 𝒙2 , … , 𝒙𝑛 } be a given dataset to be analyzed, and 𝑽 = {𝒗1 , 𝒗2 , … , 𝒗𝑐 } be the set of
centers of clusters in 𝑿 dataset in 𝑝 dimensional space (ℝ𝑝 ). Where n is the number of objects, 𝑝 is the
number of features, and c is the number of partitions or clusters.
Clusters are described by their member objects and by their centers. Usually centroids are used as
the centers of clusters. The centroid of each cluster is the point to which the sum of distances from all
objects in that cluster is minimized. By using a partitioning clustering algorithm, 𝑿 is partitioned into c
clusters with a goal of obtaining low within-cluster and high between-cluster heterogeneity. That is, a
cluster consists of objects which are as close to each other as possible, and as far from objects in other
clusters as possible. Depending on research domains, dataset 𝑿 is formed with data points that are the
representations of objects which can be individuals, observations, cases, requirements, pixels etc.
While hard clustering algorithms like KM assign each object to exactly one cluster, soft partitioning
or fuzzy clustering algorithms like FCM assign each object to different clusters with varying degrees of
membership as mentioned above. In other words, while the membership to a cluster is exactly either 0
or 1 in KM it varies between 0 and 1 in FCM. Therefore, in the cases that we cannot easily decide that
objects belongs to only one cluster, especially with the datasets having noises or outliers, FCM may be
doi: 10.17700/jai.2015.6.3.196
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better than KM. For that reason, it is expected that KM algorithm may be a good option for exclusive
clustering but FCM may give good results for overlapping clusters. In the following subsections KM
and FCM is explained with their algorithmic steps.

2.1. K-means algorithm
KM iteratively computes cluster centroids for each distance measure in order to minimize the sum
with respect to the specified measure. KM algorithm aims at minimizing an objective function known
as squared error function given in Equation (1) as follows:
2
𝐽𝐾𝑀 (𝑿; 𝑽) = ∑𝑐𝑖=1 ∑𝑛𝑗=1 𝐷𝑖𝑗
(1)
Where,
2
𝐷𝑖𝑗
is the chosen distance measure which is generally in Euclidean norm: ‖𝑥𝑖𝑗 − 𝑣𝑖 ‖ 2 , 1 ≤
𝑖 ≤ 𝑐, 1 ≤ 𝑗 ≤ 𝑛𝑖 . Where 𝑛𝑖 represents the number of data points in ith cluster.
For 𝑐 clusters, KM is based on an iterative algorithm minimizing the sum of distances from each
object to its cluster centroid. The objects are moved between clusters until the sum cannot be decreased
any more. KM algorithm involves the following steps:
1) Centroids of 𝑐 clusters are chosen from 𝑿 randomly.
2) Distances between data points and cluster centroids are calculated.
3) Each data point is assigned to the cluster whose centroid is closest to it.
4) Cluster centroids are updated by using the formula in Equation (2):
𝑛𝑖
𝒗𝑖 = ∑𝑖=1
𝑥𝑖𝑗 /𝑛𝑖 ; 1 ≤ 𝑖 ≤ 𝑐
(2)
5) Distances from the updated cluster centroids are recalculated.
6) If no data point is assigned to a new cluster the run of algorithm is stopped, otherwise the
steps from 3 to 5 are repeated for probable movements of data points between the clusters.

2.2. Fuzzy C-means algorithm
FCM algorithm minimizes the objective function in Equation (3).
𝑚 2
𝐽𝐹𝐶𝑀 (𝑿; 𝑼, 𝑽) = ∑𝑐𝑖=1 ∑𝑛𝑗=1 𝑢𝑖𝑗
𝐷𝑖𝑗𝑨
(3)
This function differs from classical KM with the use of weighted squared errors instead of using squared
errors only. In the objective function in Equation (3), 𝑼 is a fuzzy partition matrix that is computed from
dataset 𝑿:
𝐔 = [𝑢𝑖𝑗 ] ∈ 𝑀𝐹𝐶𝑀
(4)
The fuzzy clustering of 𝑿 is represented with 𝑼 membership matrix in 𝑐 × 𝑛 dimension.The element
𝑢𝑖𝑗 is the membership value of ith object to jth cluster. In this case, the jth column of 𝑼 matrix is formed
with membership values of n objects to jth cluster. 𝑽 is a prototype vector of cluster prototypes
(centroids):
𝑽 = [𝐯1 , 𝐯2 , … , 𝐯𝑐 ], 𝐯𝑖 ∈ ℝ𝑝
(5)
th
th
2
𝐷𝑖𝑗𝑨 is the distances between i features vector and the centroid of j cluster. They are computed as
a squared inner-product distance norm in Equation (6):
2
2
𝐷𝑖𝑗𝑨
= ‖𝐱𝑗 − 𝐯𝑖 ‖𝑨 = (𝐱𝑗 − 𝐯𝑖 )𝑇 𝑨(𝐱𝑗 − 𝐯𝑖 )
(6)
In Equation (6), 𝑨 is a positive and symmetric norm matrix. The inner product with 𝑨 is a measure
2
of distances between data points and cluster prototypes. When 𝑨 is equal to 𝑰, 𝐷𝑖𝑗𝑨
is obtained in squared
Euclidean norm. In Equation (3), 𝑚 is a fuzzifier parameter (or weighting exponent) whose value is
chosen as a real number greater than 1 (𝑚 ∈ [1, ∞)). While 𝑚 approaches to 1 clustering tends to
become crisp but when it goes to the infinity clustering becomes fuzzified. The value of fuzzifier is
usually chosen as 2 in the most of applications. The objective function is minimized with the constraints
as follows (7, 8 and 9):
𝑢𝑖𝑗 ∈ [0,1]; 1 ≤ 𝑖 ≤ 𝑐, 1 ≤ 𝑗 ≤ 𝑛
(7)
𝑐
∑𝑖=1 𝑢𝑖𝑗 = 1; 1 ≤ 𝑗 ≤ 𝑛
(8)
0 < ∑𝑛𝑗=1 𝑢𝑖𝑗 < 𝑛; 1 ≤ 𝑖 ≤ 𝑐
(9)
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FCM is an iterative process and stops when the number of iterations is reached to maximum, or when
the difference between two consecutive values of objective function is less than a predefined
convergence value (𝜀). The steps involved in FCM are:
1) Initialize 𝑼(0) membership matrix randomly.
2) Calculate prototype vectors: 𝐯𝑖 =

𝑚
∑𝑛
𝑗=1 𝑢𝑖𝑗 𝒙𝑗
𝑚
∑𝑛
𝑗=1 𝑢𝑖𝑗

; 1≤𝑖≤𝑐

3) Calculate membership values with:
1
𝑢𝑖𝑗 = 𝑐
2/(𝑚−1) ; 1 ≤ 𝑖 ≤ 𝑐 , 1 ≤ 𝑗 ≤ 𝑛
∑𝑘=1(𝐷𝑖𝑗𝑨 /𝐷𝑘𝑗𝑨 )
(𝑡+1)

(10)
(11)

4) Compare 𝑼
with 𝑼(𝑡) , where 𝑡 is the iteration number.
(𝑡+1)
(𝑡)
5) If ‖𝑼
− 𝑼 ‖ < 𝜀 then stop else return to the step 2.

3. Datasets and parameters of the algorithms
We analyzed totally 10 datasets for comparing KM and FCM. While the datasets from DS1
to DS5 and DS8 were synthetically generated with a script developed by use of several R
libraries. The remaining datasets were downloaded from the site of Speech and Image
Processing Unit, School of Computing at University of Eastern Finland, FI
(http://cs.joensuu.fi/sipu/datasets). (DS6 by Gionis et al (2007); DS7 by Zahn (1971); DS9 by Fu
& Medico (2007); DS10 by Jain & Law (2005)). As shown in Figure 2 and 3, and listed in Table
1 the datasets from DS1 to DS4 consisted of equal sized rectangular, circular and ellipsoidal
clusters spreading with a regular tiled pattern, the others were irregular shaped clusters
spreading with regular and irregular patterns.
Dataset c
n
9 1800
DS1
9 1800
DS2
9 1800
DS3
9 1800
DS4
14 1327
DS5
7 788
DS6
6 399
DS7
3 1200
DS8
2 240
DS9
2 373
DS10

Table 1. Size and structure of the datasets
nc
Shape of clusters
200 Equal sized rectangles
200 Equal sized circles
200 Equal sized ellipses (normal, mid-eccentric)
200 Equal sized ellipses (thin, high-eccentric)
≈95 Different sized circles with some noises
≈113 Different sized miscellaneous shapes
≈66 Different sized miscellaneous shapes
400 2 concaves, 1 ellipse
120 1 concave, 1 circle
≈187 2 concaves

Pattern
Regular
Regular
Regular
Regular
Irregular
Irregular
Irregular
Irregular
Irregular
Irregular

In the synthetically generated datasets mentioned above, the inter-cluster variances have been set to
a reasonable level to obtain well separated clusters. As listed in Table 1, in order to obtain dense
structures for the synthetically generated datasets the cluster size (nc) was set to 200 data points for each
cluster in DS1, DS2, DS3, and DS4. The size of clusters varied between 66 and 400 with an average of
153 for the remaining datasets. All datasets were formed with two features (𝑝 = 2) for easy interpreting
cluster structures via the scatter plots in two dimensional space.
The function kmeans from the stats package of R (R Core Team 2015) was used in KM
clustering. It was run two times with the option of MacQueen method. The first run was for single pass
of KM (KM-1) and the second was for 10 initial starts of KM (KM10). Since the cluster centers are
randomly chosen before the start of iterations the clustering results can be different in each run of KM,
so we randomly chose one of the result sets from several runs of KM1 for all datasets.
For FCM analysis we used the function FKM from fclust library developed by Ferraro and
Giordani (2015) in R environment. FKM was run for only single random start. As one of the essential
input arguments of FKM the fuzzifier was set to 2 (m=2) as a default value, and the convergence value
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(𝜀) was set to (1𝑒 − 09). Squared Euclidean distance norm was used as the distance measure in both
KM and FCM algorithms. As the c values, numbers of the clusters in the original datasets in Table 1
were used for both KM and FCM algorithms.
The performances of the algorithms were compared by using three criteria which were CPU time per
iteration (TPI), CPU time per object (TPO), and the percentage of the objects moved out to other clusters
from their original cluster after clustering. The CPU runtime required in each run of the algorithms was
computed as the difference from Sys.time() with a precision of 9 digits which has been get before
and after running the procedures. A notebook PC having i7 microprocessor and 8GB RAM was used
for all type of analysis, and R was only active application during analysis.

4. Results and discussion
As shown in Figure 1 and listed in Table 2, KM with single start (KM1) required more iteration
(ITRS) but less time per iteration (TPI) and less time per object (TPO) when compared to those obtained
from KM with 10 starts (KM10). Except for the datasets DS6 and DS7, the numbers of iterations in
KM1 were higher than in KM10 since the latter improved initial vectors of centroids with multiple starts.
This finding indicates that running KM with multiple starts may give good clustering results with less
number of iterations. On the other hand, TPIs of KM1 were averagely hundred to thousand times smaller
than those of KM10. The similar trend was observed for TPOs. TPOs of KM1 were approximately
thousand times smaller than those of KM10 as seen in Table 2. This advantage of KM1 does necessarily
not mean that KM1 is superior to KM10 because of its relatively low clustering accuracy against KM10
which will be discussed later in this section.

Table 2. Computing time efficiency of the algorithms
DS
#
1
2
3
4
5
6
7
8
9
10

KM1
iters
9
11
30
13
6
7
7
13
5
3

KM10
iters
4
3
9
9
4
12
10
7
5
3

FCM
iters
100
79
112
123
205
177
122
99
120
54

KM1
tpi
0.0003340
0.0001820
0.0000067
0.0000077
0.0001670
0.0002860
0.0001430
0.0001540
0.0000400
0.0003320

KM10
tpi
0.015260
0.008005
0.002668
0.002780
0.004253
0.001918
0.000050
0.000286
0.000060
0.003002

FCM
tpi
0.187300
0.226823
0.199133
0.212532
0.241403
0.080337
0.048623
0.061179
0.012116
0.020477

KM1
tpo
2.0e-06
1.0e-06
1.0e-06
1.0e-06
1.0e-06
3.0e-06
3.0e-06
2.0e-06
4.0e-06
3.0e-06

KM10
tpo
3.4e-05
1.3e-05
1.3e-05
1.4e-05
1.3e-05
2.9e-05
1.3e-05
2.0e-06
1.3e-05
2.4e-05

FCM
tpo
0.010406
0.009955
0.012390
0.014523
0.037293
0.018045
0.014867
0.005047
0.006058
0.002964

% Inc.
tpo
30506
76477
95208
103636
286769
62124
114262
252250
46500
12250

TPIs and TPOs from FCM algorithm for all datasets were extremely higher when compared to those
from both KM1 and KM10. The percent of TPO increase from KM10 to FCM (in the last column of
Table 2) revealed that a remarkably more execution time as much as several hundred thousand times
were required by FCM algorithm.
As shown in Figure 1, KM10 and FCM required more iterations for the datasets consisting of nonregularly scattering clusters. While the highest number of iterations were obtained for DS6 with KM10,
DS5 with FCM, and DS3 with KM1. KM1 showed approximately same iteration performance for all
datasets excluding DS3.
As expected, higher execution times were needed for larger datasets (Column 2 of Figure 1) in spite
of some exceptions. It was an interesting result that both CPU times and TPI values from KM1 and
KM10 were the highest for the dataset DS1 although it consisted of same sized and well separated
clusters like the clusters in DS2, DS3 and DS4. However we did not obtain the same result from FCM
analysis in which the highest TPI and TPO values were for DS5. On the larger datasets FCM did not run
faster than KM as claimed by Sheshasayee and Sharmila (2014), contrary it was remarkably slower in
all datasets. However we observed that TPIs were higher for larger datasets in both KM10 and FCM. In
FCM analysis we also determined that TPOs of larger datasets tends to be higher compared those of
smaller datasets with some exceptions (i.e. DS6, DS7) for the datasets having non-regularly scattering
clusters.
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The results revealed that the algorithms showed special behaviors for TPIs against the scattering of
clusters in datasets. TPIs from KM1 increased for the datasets whose clusters scattering with irregular
patterns with an exception for DS1. In contrast to this finding, probably due to larger size of clusters we
observed that TPIs from KM10 and FCM on the datasets having regularly scattering patterns were higher
than those of the dataset whose clusters scattering with irregular patterns. The dataset DS5 had the
highest TPO and TPI when analyzed with FCM. Since this dataset has the highest number of clusters
(c=14) we understand that as the number of cluster increases the time complexity of FCM increases
rapidly. So, we conclude that runtimes of FCM are mainly affected by the number of clusters rather than
their sizes and shapes. But, for a generalized understanding of this finding, further studies should be
carried out in the future.
Table 3 presents the number of member losing clusters (NCML), the number of objects moved to
other clusters (NMO), and the percentage of objects moved to other clusters (PMO) by running the
algorithms.

Figure 1. Number of iterations and runtimes per iteration and runtimes per object from the algorithms

doi: 10.17700/jai.2015.6.3.196
Zeynel Cebeci, Figen Yildiz: Comparison of K-Means and Fuzzy C-Means Algorithms on Different Cluster Structures

18

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 3:13-23

Table 3. Clustering success of the algorithms
DS
#
1
2
3
4
5
6
7
8
9
10

KM1
ncml
3/9
2/9
1/9
5/9
6/14
3/7
5/6
2/3
2/2
2/2

KM1
nmo
186
191
1
214
79
148
146
13
41
80

KM1
pmo
10.33
10.61
0.00
11.88
5.95
18.78
36.59
0.01
17.08
21.45

KM10
ncml
0/9
0/9
1/9
0/9
7/14
3/7
5/6
2/3
2/2
2/2

KM10
nmo
0
0
1
0
23
125
137
9
39
80

KM10
pmo
0.00
0.00
0.00
0.00
1.73
15.86
34.34
≈0.01
16.25
21.45

FCM
ncml
0/9
0/9
3/9
4/9
8/14
4/7
4/6
2/3
2/2
2/2

FCM
nmo
0
0
17
18
22
154
95
15
36
84

FCM
pmo
0.00
0.00
0.01
0.01
1.65
19.54
23.81
≈0.01
15.00
22.52

Best Clustering
Algorithms
KM10, FCM
KM10, FCM
KM1, KM10, FCM
KM10, FCM
KM10, FCM
KM1, KM10, FCM
-

In order to compare the accuracies of clustering, these values (NCML, NMO and PMO) can be used
as the failure rate (or error rate) of the tested clustering algorithms. If an original/natural cluster loses its
member objects this means that the used algorithm does not work properly. Therefore the NCML values
in Table 3 can be used as the indicators of the failure rate (or success rate as ‘1 minus failure rate’).
However NCMLs give roughly an idea about failure/success in comparison of the algorithms they will
not be reliable measures since clusters may lose their members in varying degrees. For instance, while
a cluster may lose only one member another may lose half of its members. Since the NCMLs will be
equal for two cases, their usage may not be acceptable for comparing the failure or success of the
algorithms. A better option in comparison of failure/success performances of the algorithms is to use
the PMOs, percentages of objects moved from their original clusters. If a PMO value is 0 we can infer
that the clustering algorithm finds the cluster perfectly. On the other hand, when it is increased clustering
result cannot be seen well. In this paper we used a failure rate of 5% as an acceptable threshold value in
the comparison of the performances of the algorithms.
As seen from PMOs in Table 3 and the scatter plots in Figure 1, KM10 and FCM had same success
to find rectangular and circular clusters scattering with regular patterns in datasets from DS1 to DS4.
KM1 was also surprisingly successful with its 0% of PMO for the dataset DS3 containing ellipsoidal
clusters. As reported in many studies FCM gives the better results for circular clusters but not well for
ellipsoidal clusters. However its PMO for DS3 was under 5% of acceptable level, it also gave higher
PMO when compared to PMO of KM10 (or KM1) in this study. For the dataset DS4 which consisted of
thin ellipsoidal clusters while KM1 was bad KM10 and FCM were good in favor of KM10 with zero
failure rate. However KM10 and FCM were equally efficient to find clusters in the all datasets having
the clusters scattering with regular patterns, KM10 was superior to FCM when the computing cost was
also concerned as a privilege factor in the choice of an appropriate algorithm.
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Original Clusters

Clusters by KM1

Clusters by KM10

Clusters by FCM

DS1

DS2

DS3

DS4

Figure 2. KM and FCM clustering for different shaped clusters scattering with regular patterns
As shown in Table 3 and Figure 3, neither KM1 and KM10 nor FCM could find the clusters in all
datasets which are scattering with irregular or non-linear patterns except DS5 and DS8. For DS5 having
not well separated clusters, KM10 and FCM showed similar success with the 1.73% and 1.65% of PMO
respectively (Table 3). Therefore, KM with multiple starts or FCM can alternatively be used to handle
good clustering results on the datasets containing circular shaped clusters even they non-linearly
scattered. In spite of their nearly equal performances, we recommend that KM can be used for its lower
computing time cost as will be seen in Table 2 and higher number of correctly found clusters. Similar
conclusions were reported by Madhukumar & Santhiyakumari (2015). For DS8 which is formed with
two concave clusters and one circular cluster in middle of them, the failure rates were approximately
0.01 by all algorithms compared in this paper.
Since DS6 and DS7 have the more complex structures the failure rates were higher than those of
other datasets. Thus KM and FCM algorithms did not give the results which are above 5% of acceptable
clustering failure level. Finally, for DS9 and DS10 having only two clusters, none of the algorithms gave
acceptable clustering result. As shown in Table 3 the PMOs of the algorithms on irregularly scattering
datasets (DS6, DS7, DS9 and DS10) were also higher than acceptable failure level. Consequently, we
understood that KM and FCM algorithms are not good clustering options to partition datasets containing
nested clusters scattering with irregular pattern as seen in Figure 3.
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Original Clusters

Clusters by KM1

Clusters by KM10

Clusters by FCM

DS5

DS6

DS7

DS8

DS9

DS10

Figure 3. KM and FCM clustering for different shaped clusters scattering with non-linear patterns

5. Conclusions
KM was always extremely faster than FCM in all datasets containing the clusters scattering in regular
or irregular patterns. FCM is an algorithm based on more iterative fuzzy calculations, so its execution
was found comparatively higher as it is expected. Similar results were reported by Panda et al. (2012)
for Iris, Wine and Lens datasets; by Jipkate & Gohokar (2012) for segmentation of images; by Ghosh
& Dubey (2013) for Iris dataset; by Bora & Gupta (2014) for Iris dataset; by Sivarathri & Govardhan
(2014) for diabetes data; and by Madhukumar & Santhiyakumari (2015) for brain MR images data.
An important factor in choosing an appropriate clustering algorithm is the shape of clusters in
datasets to be analyzed. The clustering failure of FCM and KM10 was found nearly equal for all shapes
of clusters scattering with a regular pattern. However their performances were better for circular and
rectangular clusters when compared to ellipsoidal clusters, KM10 was relatively good. Further
experimental studies should be conducted to clarify this finding by using other forms of distance norms
like Manhattan and by applying the derivative algorithms of KM and FCM. According to a study by
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Borgelt & Kruse (2005) regularized and constrained clustering is so robust that it can even be used
without an initialization by the FCM algorithm with shape constraints. Testing the proposed approaches
on real data with different ellipsoidal shapes of clusters may be helpful for a precise decision between
the algorithms.
Sivarathri & Govardhan (2014) revealed that FCM is better than KM in term of accuracy of clusters
on the diabetes dataset obtained from the UCI repository. However, in our study, neither KM nor FCM
were successful to find the concave and other kind of arbitrary shaped clusters when they are not well
separated. In the analysis of this kind of data structures we recommend that shape sensitive clustering
algorithms should be used. For instance, the spectral clustering and hierarchical agglomerative methods
for nested circular cluster structures; Ward, hierarchical agglomerative methods and density based
methods such as Dbscan and Birch for concave clusters may be good options in cluster analysis. On the
basis of experimental results, we recommend the use of KM with multiple starts because of its lower
computational time than that of FCM algorithm for all shapes and well separated scattering clusters. As
reported in many studies while FCM will give better results for noisy clustered datasets KM will be
good choice for large datasets because of its execution speed. Thus, the use of KM should be a good
starting point for large agricultural datasets due to its fast execution time.
As a final conclusion, there is no any algorithm which is the best for all cases. Thus, the datasets
should be carefully examined for shapes and scatter of clusters in order to decide for a suitable algorithm.
To achieve this, 2D and/or 3D scatter plots of datasets provide good idea to understand the structure of
clusters in datasets. When multi-featured objects are analyzed, in order to overcome to plot for
multidimensional space, a dimension reduction technique such as multidimensional scaling (MDS) or
principal components analysis (PCA) can be applied to reduce dimensions of datasets. Moreover, by
using a suitable sampling method this process can be completed in shorter execution times.
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ABSTRACT
A study was conducted to find out the level of access and usage of ICTs among farmers
of Meghalaya state of India. A total of 120 farmers were randomly selected for the study
during November 2013 to May 2014. The results showed that majority of the farmers
owned mobile phones as well as television and radio. The most frequently used ICT was
mobile phone. Mobile phones were widely used by the farmers for social
communication, contacting middle men for the marketing of produce and contacting
experts on real time basis for getting agricultural advisories. Farmers also reported that
mobile phones proved to be useful during health emergencies. Information services on
availability of inputs, quality of inputs, and pest and disease management of crops were
also used by the farmers through ICTs. Major problems in the use of ICTs by the farmers
were lack of confidence in operating ICTs, erratic power supply, low network
connectivity and lack of awareness of the benefits of ICTs.

1. Introduction
The desire to promote better information access to improve the socio-economic condition of the
farmers has always been the top priority of agricultural extensionists and rural advisory service
providers. According to FAO (2011), exchanging information is critical for the stakeholders in
agriculture value chain in order to reduce the asymmetries in information and communication as well
as to reduce the vicious circle of poverty. Further, the role of ICTs in accessing more information in
order to enhance food security and support rural livelihoods has also been increasingly recognised and
officially endorsed at the World Summit on the Information Society (WSIS) 2003-2005 (IICD, 2007).
With agriculture being regarded as the backbone of the Indian economy, having a marked increase of
56.6 per cent of the Indian population dependent on agriculture (GoI, 2011b), agricultural growth is,
therefore, essential for fostering economic development and feeding the growing population (Datt and
Ravallion, 1996). However, one component which can boost agricultural production is the contribution
of information and knowledge. Since agricultural extension depends to a large extent on information
exchange on the one hand and a broad range of other actors on the other (Mabe and Oladele, 2012),
ICTs therefore can be used as a medium in bridging the information gap. There is also a growing
recognition of farmers and members of rural communities realising the importance of knowledge,
information and appropriate learning methods (Greenridge 2003, Lightfoot 2003) in order to move
towards development. Therefore, in order to benefit the rural people, extensionists are grappling with
the question of how to harness ICTs to improve rural livelihoods in order to contribute towards better
information exchange and access. In this regard, extension practitioners are also interested in
experimenting with innovative e-extension initiatives (Saravanan, 2010).
The role of ICTs as an instrument for progress and development has been widely acknowledged in
this ‘Global Information age’, and it has been observed that people with all walks of life are being
impacted by the IT sector directly or indirectly. Among other ICTs, mobile telephony has emerged as
the technology of choice of the majority of the urban and even the rural masses (Ansari and Pandey,
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2013). The possession of mobile phones particularly has become a necessity in the contemporary
society irrespective of age, status, profession, income groups or place of residence. As such, mobile
phones have been regarded as the widely accessed tool among the farmers for communication and also
accessing agriculture-related information particularly for the marketing of produce (Chhachar et al.,
2014). In this context, mobile technologies can offer the means for development in developing countries
(Rashid and Elder, 2009). ICTs, therefore, offer opportunities to reach more people through easy access
to local or global information and knowledge. Hence, with the new emerging paradigm of agricultural
development, old ways of delivering important services to citizens are being challenged; traditional
societies are also being transformed into knowledge societies all over the world which makes people
living in the villages think and do things differently (Meera et al., 2004). For instance, Jabir (2011)
reported that ICT-based information delivery has helped the livestock farmers of Uttar Pradesh in
India in making significantly better quality decisions on various livestock practices as compared to
ICT non-users. Further, the application of ICT among farmers of Madhya Pradesh, Uttar Pradesh and
Tamil Nadu of India reported that information acquisition and facilitating transactions in input and
output markets by ICT-based initiatives have also helped farmers in reducing transaction cost (Adhiguru
and Devi, 2012).

2. Statement of the problem
With regard to agriculture and rural development occupying an important place in the economy of
Meghalaya, the researcher has attempted to study the level of accessibility, availability, usage of ICTs
and also the problems faced by the farmers in accessing ICTs. In fact, there is a need to realize that in
order to reach the farming and rural development community in an efficient manner, it is important to
study the type of communication media and ICTs owned and accessed by the farmers, their frequency
of usage as well as the degree of usefulness of various ICTs as knowledge of the use of different ICTs
will be helpful in drawing a suitable extension strategy as well as to provide improved ICT extension
services to uplift the socio-economic status of the farmers and the rural people. It is in this context that
the objectives of the study were designed as follows:
1. To measure the level of access, availability and usage of ICTs among farmers.
2. To find out the constraints in the use of ICTs among the farmers.
3. To find out the association between accessibility and usage of ICTs with independent variables.

3. Review of literature
3.1. Accessibility of ICTs
Anecdotal evidence of research findings pointed that mobile phones, radio and television are the
most important tools of communication which can be accessed by farmers for agricultural related
information and knowledge (Olaniyi, 2013; Chhachar et al., 2014). Particularly, telephone facility
(including mobile phones) has been reported to increase the opportunity of getting access to the people
living in rural areas (Gupta, 2005). Ferris et al., 2008 also reported that 86 per cent of the farmers had
access to a mobile phone which therefore contributed towards developing farmer’s linkage with other
people including extension experts (Gupta, 2005). The presence of e-village centers in East Siang
District of Arunachal Pradesh has also helped people from surrounding villages to access IT
infrastructure and knowledge (One World Foundation, 2012). Another significant use of new ICTs is
also the World Wide Web or the Internet which enables people to access information (Munyua, 2000).
3.2. Availability of ICTs
Mobile phones has been reported to be widely possessed ICT tool among farmers (Hassan et al.,
2008; Okello et al., 2010).According to Ansari and Pandey (2011), around 83.34 per cent of the farmers
in Uttarakhand, India owned mobile phones for more than two years. Similarly, Sharma et al., (2012)
also pointed that about 98.3 per cent of the farmers in Punjab, India possessed mobile phones. This
indicated that there is an increased penetration of ICTs among rural populations and therefore if
appropriately used it can offer huge scope for development in rural areas.
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3.3. Usage of ICTs
The use of mobile phones is setting an unprecedented pace despite the poorly developed rural
electrification. Mobile technology has provided multi-dimensional benefits to the rural people. Its
importance in usage is clear in sense of urgency and emergency (Sife et al., 2010). For instance, farmers
also reported to use ICTs to know the market days, to know where products could be sold and
identifying different market location for efficient marketing of produce (Oyeyinka and Bello, 2013).
However, traditional ICTs viz., radio and television have also been reported to be used by farmers in
accessing agriculture related information (Batte et al., 1990; Nazari and Hasbullah, 2008; Shetto, 2008;
Emmanuel, 2010; Nakweya, 2013). However, ICT applications such as calls and Short Messaging
Services have been found to be used often by farmers (Mtega and Msungu, 2013). This indicates that
the use of mobile phones are increasing and gaining importance in the lives of the people to further
contribute to development and better communication. Computers and internet have also been shown to
be used for agricultural information and sharing (Shetto, 2008). For instance, Internet kiosks in Tamil
Nadu, India were reported to be owned by rural women to encourage savings and form credit groups
(Narender and Anandaraja, 2008). Farmers in Tanzania also used internet to access agricultural
information (Mtega and Msungu, 2013).
3.4. Constraints in the usage of ICTs
The research findings of various researchers revealed that inconsistent power supply and low
network connectivity are the major constraints in the use of ICTs among the farmers (Chilimo, 2008;
Ajani and Agwu, 2012; Sharma et al., 2012;Shankariah and Swamy, 2012 and Oyeyinka and
Bello,2013). For instance, the usage of mobile phones entirely on availability of mobile phone
infrastructure and power of recharging batteries (Mtega and Msungu, 2013). Further, limited television
viewing in rural areas is due to limited power supply (Kerr et al., 2007). Poor electrification in villages
has always been a common problem which has restricted development in different aspects of life. Infact, the low level of electricity coverage has also been found to inhibit the expansion of ICT services
to rural areas (UNDP,2012). The lack of confidence in operating ICTs among farmers also hindered the
farmers in using ICTs (Agwu et al., 2008). However, the low awareness of opportunities and benefits
in using ICTs for agriculture and rural development purposes among the farmers is also another problem
faced by the farmers in using ICTs (Asian Development Bank, 2008). Other problems faced by the
farmers in using ICTs are lack of practical exposure (Shankariah and Swamy,2012), long distance to
maintain and repair ICT tools (Asian Development Bank, 2004) and high cost of hardware and software
(Agwu et al., 2008 and Oyeyinka and Bello, 2013).

4. Methodology
The study was conducted in the state of Meghalaya, North-East India on account of the coverage
and implementation of various ICT initiatives viz., AGRISNET, Common Service Centers (CSCs),
Intelligent Advisory System for Farmers (IASF), Knowledge Innovation Repository for Agriculture in
North-East (KIRAN), and Mobile Based Agro-Advisory System for North-East India (m4agriNEI).
Two districts of Meghalaya viz., East Khasi Hills and Ri-Bhoi District were purposively selected
through criterion sampling due to the presence of maximum number of households possessing ICTs in
these districts as per the census report of the Government of India, 2011. Further, due to better coverage
of ICT initiatives as compared to other districts of the state, East Khasi Hills and Ri-Bhoi District were
selected. A total of 120 respondents registered under ICT initiatives being implemented were randomly
selected for the study from the selected blocks and villages of East Khasi Hills and Ri-Bhoi District,
respectively.
4.1. Description of study area
The state of Meghalaya has eleven districts. Shillong, the state capital of East Khasi Hills District
and the heart of the city. East Khasi Hills is bounded by Ri-Bhoi District on the North, Karbi Anglong
District on the North-East, Jaintia Hills District on the east, Bangladesh on the south and West Khasi
Hills District on the west. The total number of functional Common Service Centres is the maximum in
the district with 72 numbers of Common Service Centres in the district. Further, the percentage of
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households having ICTs is also the highest in East Khasi Hills District with 58 per cent of households
possessing mobile phones, 49 per cent of households having Television, 29 per cent having radio and
12 per cent having Computer/Laptop (GoI, 2011a). There are 27 numbers of Common Service Centres
in the district. With regard to the availability of ICTs, Ri-Bhoi District has 45.3 per cent of the
households possessing mobile phones, 32 per cent of households having Television, 33 per cent having
radio and 4.2 per cent having Computer/Laptop (GoI, 2011a). It was also found out that ICT related
services are being used in disseminating agricultural information to the farmers through various ICT
initiatives such as mobile based agro-advisory system for farmers in North-East India (m4agriNEI),
Knowledge Innovation Repository for Agriculture in North-East (KIRAN), Intelligent Advisory System
for Farmers (IASF), Meghalaya AGRISNET and Common Service Centres (CSCs).
4.2. Selection of variables and measurement techniques
4.2.1. Dependent variables:
The dependent variables included in the study were access, availability and usage of ICTs. The
indicators used in measuring the dependent variable were ICT tools accessed, ICT tools availability,
frequency of usage and purpose of usage based on the interview schedule developed by ITU and
UNCTAD (Partnership on measuring ICT for development,2005).
Operational definition of dependent variables
1. Accessibility of ICTs
It is operationalised as the degree to which an individual respondent is able to use ICTs or its
applications for the purpose of agriculture and rural development. A scoring of 1 and 0 was given to the
respondents accessing ICTs and not accessing ICTs respectively.
2. Availability of ICTs
It is operationally defined as the degree to which an individual respondent possess ICTs or its
applications for the purpose of agriculture and rural development. A scoring of 1 and 0 was given to the
respondents accessing ICTs and not accessing ICTs respectively.
3. Usage of ICTs
It is operationally defined as the degree of frequency and purpose of use of ICTs by the individual
respondents for agriculture and rural development at the time of investigation. The various dimensions
to study the usage of ICTs among the individual respondents under rural development were Agriculture,
Rural Health, Rural Education and Rural Governance etc. For frequency of usage, Very frequently is
defined in terms of its usage of ICTs ‘hourly’ and ‘daily,’. Frequently in terms of its usage of ICTs
‘three times a week’ and ‘once a week’, Occasionally in terms of its usage of ICTs ‘once a month’,
Rarely in terms of usage of ICTs ‘once in three months’ and ‘never’ in terms of using ICTs in terms of
not using ICTs at all. For the purpose of usage of ICTs in agriculture and rural development, a scoring
of 5,4,3,2 and 1 was given for CSCs/kiosk, Internet, Mobile phones, TV and radio in order to identify
the type of traditional and modern ICTs being used by the farmers included in the study.
4.2.2. Independent variables
Six independent variables were selected for the study viz., age, education, annual income, social
participation, attitude towards ICTs and cosmopoliteness. The age of the respondent was measured as
per the chronological age of the farmer. The level of education was measured by the number of years
of formal education. Annual income was measured according to the categorization given by NCAER,
2001. The variable of social participation was measured by a scale developed by Sulthana (2001) with
modification and the variable of attitude towards ICTs was measured by a scale developed by Kumar
and Ratnakar (2011) with modification. The variable of cosmopoliteness was measured with the help
of an interview schedule.
4.2.3. Data collection and analysis of data
The data was collected using pre-structured interview schedule. Methods like Focused Group
Discussions were used. Focused Group Discussions was conducted with Agricultural Officers of the
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State Department, experts of Central Agricultural University and farmers. Statistical tools such as
frequency, percentage, Garrett ranking technique, chi-square. Statistical Package of Social Sciences
(SPSS) and Microsoft Excel were used for analysis of data.

5. Results and discussion
5.1. Accessibility. Availability and Usage of ICTs
Sl. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
Sl. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Table 1. Accessibility of ICTs among farmers (n=120)
Category
Per cent
Mobile
100.00
Television
61.66
F.M Radio
45.00
Radio
32.50
Information kiosk/Common Service
25.83
Centers
ATM
16.66
Internet
12.50
Facebook
10.00
Camera
7.50
e-Mail
6.66
Computer
5.83
e-Books
2.50
CD/DVD
2.50
Youtube
2.50
Table 2. Availability of ICTs among farmers (n=120)
Category
Per cent
Mobile
100.00
Television
61.66
F.M Radio
45.00
ATM
41.66
Information kiosk/Common Service
33.33
Centers
Radio
32.50
Internet
12.50
Facebook
10.00
Camera
7.50
e-Mail
6.66
Computer
5.83
e-Books
2.50
CD/DVD
1.66
Youtube
1.66

The data for the level of availability and that of accessibility of ICTs among the farmers surveyed
were found to be similar, except for the data on availability and accessibility of ATM and CSCs. This
is due to the fact that all the farmers availing ICTs could also access it. As ATM and CSCs could not
be availed by the farmers individually, they are, therefore, accessed by all the farmers together in the
village. As such, the availability of ATMs and CSCs was measured in terms of their number and location
in the villages while their accessibility was measured in terms of the number of farmers who could
access and use them.
A survey on the availability and accessibility of ICTs among the farmers of both the districts revealed
that all the farmers had mobile phones. Since the farmers included in the study were registered under
various ICT initiatives, especially mobile-based initiatives, it can be said that 100 per cent of the farmers
of the selected districts had availability of and access to mobile phones. Another reason why the
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accessibility of mobile phones is higher as compared to other ICT tools is that it is affordable, portable
as well as useful during emergencies. This is in accordance with the findings of Mascarenhas (2010)
and Sife et al., (2010). Besides mobile phones, television was also reported to have been accessed by
majority of the farmers included in the study of both the selected districts. Radio was also found to be
accessed by the farmers included in the study. This is also in line with the findings of Nakweya (2013),
Nazari and Hasbullah (2008), and Shetto (2008). Even though the availability of CSCs is higher in both
the selected districts, they were accessed by only few of the farmers included in the study. This is due
to lack of awareness of the farmers regarding the presence of Common Service Centers at the village
level and how it functions and the difficulty of the farmers in locating CSCs as they are not located at a
point where farmers could easily identify it. It was also found that FM radio was accessed by almost
half of the respondents included in the study. This indicated that the presence of radio applications in
mobile phones could help in educating the farmers, especially if programmes on agriculture and rural
development are broadcast as most of the farmers have access to FM radio via mobile phones. The
availability of ATM was reported to be higher, but it was accessed by only few of the respondents
included in the study as most of the farmers included in the study did not have ATM cards. Moreover,
since ATMs in the villages surveyed are not located in proximity to the study area, only few farmers
had access to them. Further, as there are few young farmers who are educated, the level of access to
internet and other web-based services such as Facebook, Youtube, e-mail, and e-books is also very low
among the farmers of both the selected districts included in the study.
Table 3. Frequency of usage of ICTs (n=120)
Frequency of Usage
Sl.
No

List of ICTs

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Mobile phones
T.V
Radio
F.M radio
A.T.M
Kiosk
Internet
Computer
Facebook
Camera
e-Mail
e-Books
CD/DVD
Youtube

Very
Frequently
Per cent
71.60
50.00
18.30
20.00
0
2.50
0
5.00
0
0
0
0
0
0

Frequently

Occasionally

Rarely

Percent
27.50
9.16
14.16
11.60
0
1.66
7.50
0.83
5.00
0
1.66
0.83
0
0

Per cent
0.83
2.50
0
0
0
12.50
2.50
0
0.83
0
0.83
0
0
0.83

Per cent
0
0
0
13.30
16.60
9.16
10.80
0
4.16
7.50
4.16
1.66
1.66
0.83

On an overall, mobile phone was regarded as the most frequently used ICT tool among the farmers
using it very frequently. This indicated that the increase in the usage of mobile phones is increasing at
an alarming rate even in the state. This is due to the reason that mobile phones are easily affordable and
could be used by even illiterate farmers. The usage trend in mobile phones also indicated that it can
offer huge scope in the future if appropriately use for the purpose of agriculture and other rural
development purposes.
Next to mobile phones, television was also used very frequently by the
farmers. It was also reported that the use of radio is lower as compared to mobile phones and television
since the level of availability and accessibility of ICTs is also lower as compared to other ICTs. Internet
and its applications are still being used rarely by few of the respondents who are young and educated.
Further, few farmers also visited the CSCs occasionally as and only when required to avail services on
rural governance, rural education and commercial services such as recharging mobile phones,
photocopying and printing. ATMs were also being used rarely by the few of the farmers when most
needed.
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Table 4. Purpose of usage of ICTs in agriculture (n=120)
Items
Sl.
No.

1.
2.
3.
4.
5.

Items

Availability of inputs
Quality of inputs
Market price of inputs
Marketing of produce
Pest and disease
management of:
i.
Ginger
ii.
Paddy
iii. Cole crops
iv. Potato
6.
Vermi-composting
7.
Growing low volume
high value crops
8.
Post harvest
management
9.
Water harvesting
10. Transplanting
11. Farming systems
Source: Field Survey

Mobile

T.V

Radio

Internet

CSCs

(Per cent)
27.49
35.00
9.12
45.00

(Per cent)
34.06
6.83
0
0

(Per cent)
18.29
10
0
0

(Per cent)
0
0
5.16
0

(Per cent)
0
0
0
0

30.00
1.66
19.16
26.60
0
0

0
0
1.66
0
1.00
1.00

0
0
0
0
0
0

0
0
2.50
0
0
0

0
0
0
0
0
0

0

6.66

0

0

0

0
0
0

1.00
11.60
2.50

0
0
0

0
0
0

0
0
0

The usage of ICTs for availability of inputs was mainly through television followed by mobile
phones and radio. The findings of the study indicated that farmers preferred to watch the television
programmes broadcasted through Kissan TV channel at 6:30 p.m. in local dialect via Doordarshan
Kendra Shillong to gather information services on availability of inputs. For quality of inputs among
the farmers, mobile phones had maximum usage followed by radio and television. Farmers reported
that through IASF, information services on fertilizer management were being used through their mobile
phones in order to receive advisory service via SMS. Mobile phones were also reported to be used by
the farmers to contact experts/extension personnel to enquire about the recommended fertilizer dose in
crops. Few farmers used ICTs for getting information on market price of inputs in which mobile phones
and internet were used. Since majority of the farmers are unaware of usage of ICTs for getting market
information on different commodities via the Meghalaya agricultural marketing portal, therefore very
few farmers could derive the benefits on getting better market information. The reports on maximum
usage of ICTs by the farmers were found to be the highest for marketing of the produce. Mobile phone
was regarded as the most widely used ICT tool used for the purpose of marketing of produce. The
findings of the study showed that farmers mainly used the mobile phones to communicate with the
middlemen in the markets to communicate efficiently and to prevent the middlemen from cheating them
as through the use of mobile phones they could track in which market and at what price they are selling
from time to time. This is also in line with the findings of Hielig (2003); Kameswari et al., (2011) and
Oyeyinka and Bello (2013).
Further, farmers also used mobile phones mainly to attain diagnostic service and solution to
problems faced on pest and disease management of ginger. Since ginger is the main cash crop grown in
Ri-Bhoi District of Meghalaya, farmers of the district mainly sought advice and contacted m4agriNEI
experts via mobile phones in order to receive solutions to queries with regard to pest and disease
management of ginger particularly with the incidence of stem rot in ginger caused by Pythium sp. Very
few farmers used mobile phones to receive solutions to pest and disease management of paddy. For cole
crops, farmers mainly used mobile phones to receive diagnostic service to pest and disease management
of cole crops (Cabbage: Brassica oleracea var. capitata, Cauliflower: Brassica oleracea var. botrytis).
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This is due to the reason that farmers in East Khasi Hills mainly used IASF via mobile phones to receive
solutions to problems related with cole crops mainly for pest and disease management. For potato,
which is also an important cash crop of the state and widely grown in East Khasi Hills, farmers mainly
had problems on pest and disease incidences of of the crop particularly with the occurrence of Early
Blight of potato caused by Alternaria solani. Due to this reason, farmers mainly used mobile phones
via IASF to obtain solutions faced by the farmers on potato crop. With regard to other agricultural
technologies, few farmers used ICTs particularly television for learning the scientific technique of
transplanting followed by post harvest management. Since these technologies are location specific and
need-based amongst the farmers of the state, hence they are often being broadcasted through television
programme of Kissan TV channel of Doordarshan Kendra Shillong (Meghalaya).
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Sl.
No.

2.

Items

Livestock management
i)Medicines and vaccines
ii) Feed and fodder
iii)Availability of breeds
Total

Sl.
No.
3.

Table 5. Purpose of usage of ICTs on livestock management (n=120)
Mobile phones
Television
Radio
Internet

Common Service
Centers

(Per cent)

(Per cent)

(Per cent)

(Per cent)

(Per cent)

9.16
1.66
4.16

2.50
1.00
7.50

0
0
0

0
0
0

0
0
0

15

10.8

0

0

0

Table 6. Purpose of usage of ICTs on rural health (n=120)
Mobile phones
Television
Radio
Internet

Common Service Centers

Items
Rural Health
i) Contacting the clinic
ii)Calling 108 for
emergency
iii) Diseases and preventive
measures
iv) Immunization
Total

(Per cent)

(Per cent)

(Per cent)

(Per cent)

(Per cent)

35.80

0

0

0

0

17.50

0

0

0

0

0

35.80

2.50

0

0

0
53.33

8.33
44.6

0
2.50

0
0

0
0
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Sl.
No.
4.

Items

Table 7. Purpose of usage of ICTs on rural education (n=120)
Common Service
Internet
Mobile
Television
Centers
phones
(Per cent)
(Per cent)
(Per cent)
(Per cent)

Rural Education
i) Employment and job
prospects
ii)Educational institutions
iii) Accessing educational
materials
iii)Computer courses
Total

Items
Sl.
No.
5.

ii) Online loan/Banking
Total

(Per cent)

11.60

0

0

0

0

9.16
12.50

0
0

0
0

0
0

0
0

11.60

0

0

0

0

45

0

0

0

0

Table 8. Purpose of usage of ICTs on rural governance (n=120)
Television
Mobile Phones
Common
(Per cent)
(Per cent)
Service
Centers
(Per cent)

Rural Governance
i) Government schemes and services

Radio

Radio
(Per cent)

Internet
(Per cent)

16.60

15

0.83

0

0

0

0

7.50

0

0

16.60

15

8.3

0

0
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Sl. No. Items
7.

Social
i)Contacting family, relatives and
friends
ii) Social networking
Total

Table 9. Purpose of usage of ICTs on social purposes (n=120)
Television
Radio
Internet
Mobile
Phones
(Per cent)
(Per cent)
(Per cent)
(Per cent)

Common Service Centers
(Per cent)

87.50

0

0

0

0

8.33
95.83

0
0

0
0

0
0

0
0
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The purpose of usage of ICTs for livestock management, rural health, rural education, rural
governance, commercial services and social purposes as provided in the above tables is discussed below:
According to the findings of the study, services on livestock vaccination and availability of breeds
of livestock management were reported to have maximum usage by the farmers in the study followed
by information services on feed and fodder. Mobile phones were the major ICT tool used for livestock
management followed by television. Farmers reported that they mainly contacted m4agriNEI for getting
diagnostic services on livestock management services such as vaccination, artificial insemination and
availability of breeds. Even though livestock is reared by majority of the farmers in the state, still
livestock information services are used by few farmers. This is due to the reason that farmers are still
unaware of the information services on livestock provided through ICTs. Another reason is also the
limited ICT initiatives which are focussed on livestock information services meant for the livestock
farmers.
For rural health, farmers used ICTs mainly for the purpose of contacting clinic, calling the dial health
initiative of 108 for ambulance services during emergencies as well as obtaining information services
on diseases and preventive measures. The major ICT tool used by the farmers for rural health was mobile
phones followed by television and radio. Mobile phones was used for the purpose of contacting the
clinic and calling 108 while television was used for availing information services on disease and
preventive measures of rural health. The reason mobile phones have a maximum usage as compared to
other ICTs was that mobile phones proved beneficial and useful especially in times of emergencies.
The study also found that CSCs was widely used by the few young educated farmers in the area of
rural education for searching educational materials, learning basic computer courses, photocopying,
printing and browsing internet for employment and job prospects. Young and educated farmers who
visited the CSCs for the purpose reported that CSCs acted as a one-stop-shop in providing services for
rural education, rural governance and commercial services. They further added that with the presence
of CSCs, they do not need to go to the town to avail the same services since they are readily and easily
available at the village.
The farmers of both selected districts included in the study used ICTs for getting information services
on government schemes and services followed by online loan banking. The most widely used ICT in
rural governance in order of priority was television followed by mobile phones and CSCs. CSCs was
visited by the farmers mainly for the purpose of online loan banking i.e., registering via CSCs with
affiliated banks in order to avail loans and to open bank accounts. This is done in order to encourage
thrift and banking among the farmers.
The findings of the study showed that majority of the farmers in rural areas used mobile phones as a
tool of connecting with people and friends. Thus ICTs are widely used mainly for the purpose of social
communication. This study is also in accordance with the findings of Mittal and Mehar (2012).
5.2 Constraints in the use of ICTs
The constraint in the use of ICTs by farmers was measured using Garrett ranking technique. The
constraint analysis is however important to reach out the voice of the farmers and the problems faced
by them in order to enable planners, administrators, development workers and policy makers to
implement developmental programmes and interventions which could cater to the needs of the farmers
and benefit them in an improved manner. The results are presented in table 12 which are discussed
below:
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Sl. No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Table 12. Constraints in the use of ICTs among farmers
Item
Mean score
Lack of confidence in operating ICTs
64.77
Erratic power supply
60.02
Low Network connectivity
Lack of awareness of benefits of ICTs
Lack of skill in handling ICTs
Low ICT literacy
Lack of repairing facilities and centres in
villages
Negative attitude towards ICTs
Poor Finance
Lack of training and practical exposure
towards ICTs
High cost of repairing ICTs
Insufficient regional specific language

Rank
I
II

58.43
58.00
57.58
50.14

III
IV
V
VI

47.80

VII

46.07
41.77

VIII
IX

40.22

X

38.19
33.97

XI
XII

The major constraints faced by farmers were lack of confidence in operating ICTs particularly mobile
phone applications due to less exposure and lack of awareness of how to properly use ICTs in order to
derive its benefits. Another problem faced by farmers in the use of ICTs was the difficulty in charging
mobile phones due to erratic and fluctuating power supply. This however hindered most of the farmers
in using ICTs for development. Connectivity is also one problem faced by the farmers in using mobile
phones. Farmers reported that the connectivity is very low and limited to only few networks. Due to this
reason, farmers do not find the use of mobile phones as reliable and credible when the condition of low
network connectivity is a barrier to their usage. Further, it was also reported that majority of the farmers
are also unaware of the socio-economic benefits and stimulus that ICTs could bring to their lives except
for personal communication. Due to the lack of demonstration, experience and practical exposure among
farmers that ICTs could benefit them, it is difficult to advocate the impact of ICTs for development.
Farmers also reported that that they had difficulty in using mobile applications and internet due to the
lack of skill in using it. This however is related with low level of ICT literacy. Some respondents said
they cannot use most of the basic functions of the mobile phones, such as SMS, mainly because of
illiteracy and lack of skill in using it. Farmers also reported that there were lack of repairing centres and
repairing facilities of ICTs for mobile phones and television in the villages. Due to this reason, farmers
had to repair their items and take it to the town at a high cost incurring more expenses and more loss for
the farmer. The attitudinal barriers by some of the old aged farmers also posed a constraint to the use of
ICTs. Few participants directly referred to lack of finance as a barrier in using ICT. Some of the farmers
pointed that there was a lack of training and practical exposure to use mobile phone applications as well
as internet and felt that they needed some training to educate and teach them how to use ICTs that could
benefit them for agriculture and rural development. Farmers also lamented that the cost of repairing of
ICTs for mobile phones and television sets is quite high. This however detained them from using ICTs
from time to time when the electronic item gets often damaged. Some of the farmers had difficulties
with understanding the English language. This is due to the reason that most mobile phones use English
language menus. The study is also in line with the findings of Agwu et al., (2008); Chilimo (2008),
Reddi and Sinha (2009); Shankariah and Swamy (2012); IFPRI (2013) and Olaniyi (2013).
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5.3 Association between accessibility, availability and usage of ICTs with independent variables
The following table showed that all the variables viz., age, education, annual income,
cosmopoliteness, social participation and attitude towards ICTs had a significant association with the
level of accessibility of ICTs of the farmers.
Table 13. Association between accessibility and availability of ICTs with independent variables
Accessibility and Availability of ICTs
Sl.
No.

Variables

1
Age
2
Education
3
Annual Income
4
Cosmopoliteness
5
Social participation
6
Attitude towards ICTs
** Significant at 1 per cent level
*Significant at 5 per cent level

Chi-square

66.809
84.201
37.432
81.414
72.130
1.256

Asymp.
Sig.
(2 tailed)
0.000**
0.000**
0.021*
0.000**
0.000**
0.000**

This was evident as majority of young farmers included in the study with high level of education
were found to have more degree of availability and accessibility of ICTs as compared to old aged farmers
with low level of educational qualification. The study also reported that farmers with higher level of
income had higher purchasing ability of ICTs. The higher degree of orientation of farmers towards
outside the social system, extent of social participation and favourable attitude of farmers towards ICTs
also influenced the farmers to avail and access ICTs. This implied that the variables included in the
study had a significant association that led to the increase or less accessibility and availability of ICTs
among the farmers.

Sl.
No.

Table 14. Association between usage of ICTs with independent variables
Usage of ICTs
Variables

1
Age
2
Education
3
Annual Income
4
Cosmopoliteness
5
Social participation
6
Attitude towards ICTs
** Significant at 1 per cent level
*Significant at 5 per cent level

Chi-square

65.500
69.266
68.897
59.571
72.260
1.132

Asymp.
Sig.
(2 tailed)
0.000**
0.000**
0.000**
0.000**
0.000**
0.000**

From the table, all the variables of age, education, annual income, cosmopoliteness, social
participation and attitude towards ICTs included in the study had a significant association with the usage
of ICTs of the farmers. With regard to usage of ICTs, it was found out that old aged farmers had lesser
degree of usage of ICTs when compared to young farmers with preferably higher level of educational
qualification. Since annual income of farmers was significantly associated with the availability of ICTs,
this implied that there would be increased usage among farmers with higher level of income. Research
participants, viz., farmers included in the study also stated that the level of ownership and usage of ICTs
was higher among farmers with better annual income. Further, it was also found out in the study that
farmers with higher degree of cosmopoliteness, social participation and favourable attitude of ICTs had
higher degree of usage of ICTs.
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7. Conclusion
The results of the study revealed that the level of availability and accessibility of ICTs was the highest
for mobile phones followed by television and radio respectively. Mobile phones were also regarded as
the most frequently used ICT tool as compared to other ICTs. The reason mobile phones was highly
accessed and most frequently used by majority of the respondents is that it is easily affordable and could
be easily used by even illiterate farmers. The areas where ICTs are widely used in agriculture is
information services on availability of inputs, quality of inputs, contacting middlemen for marketing of
produce, pest and disease management of ginger, pest and disease management of cole crops, pest and
disease management of potato and market price of inputs. CSCs were also used by the few young
educated youths in the area of rural education i.e., obtaining information services on employment and
job prospects, accessing educational materials and learning basic computer courses. However, the study
has found that lack of confidence in operating ICTs, erratic power supply, low network connectivity,
lack of awareness of benefits of ICTs, lack of skill in handling ICTs, low ICT literacy, lack of repairing
facilities, attitudinal barriers towards ICTs, poor finance, lack of training and practical exposure, high
cost of repairing ICTs and insufficient regional language were the major constraints faced by the farmers
in the effective use of ICTs. Since there is an increased penetration in the level of availability and
accessibility of ICTs among the farmers of the state, there is a need to ensure that the problems of the
farmers are being met in order to enable the farming community derive maximum benefits on better
access to information services through the use of ICTs for agriculture and other developmental purposes.
Based on the findings of the study, the following recommendations were also made:
1. Dissemination of agriculture-related information through F.M radio programmes would be
recommended.
2. Better infrastructural facilities in CSCs should be improved with prominent locations for farmers to
be easily accessible.
3. More awareness-cum-training programmes on ICTs should be encouraged among farmers by
agricultural state departments, research organizations and its allied departments in order to increase the
confidence, competence and skill in using ICTs for development.
4. Use of renewable energy such as solar panels would be recommended in order to overcome erratic
and fluctuating power supply in the state particularly in rural areas.
5. Increased engagement in social media among rural youths on farming in order to enhance the
communication pattern among themselves and extension personnel.
6. Since there is lack of repairing centres of ICTs at the village level, vocational training for the youths
on ICT infrastructure would be recommended.
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ABSTRACT
Agricultural survey, based on GIS scheme, using satellite images and topographic maps,
field survey was carried out during 2008/2009 winter and 2009 summer seasons to
determine the whole land cover of the Nile Delta and Valley. This was done using
CLAC’s recent (2006) digital shape file data for different geographic layers (Roads,
railways, irrigation channels, water bodies and cultivated areas), and SPOT 5 satellite
images (2007). Data show that the cultivated area of wheat was about 2.9 million feddans
(4200 m2) in 2008 depending on the ministry of agriculture and land reclamation
(MALR) statistics, while the area of wheat in the same year according to GIS and field
survey was about 2.5 million feddans. There was about 13% difference between the two
concerned methods (GIS + field survey) and MALR’s conventional statistical method.
However, the cultivated barley area in 2008 winter season was 148 thousand feddans
according to GIS + field survey data, whilst the statistical data was 181 thousand feddans.
The GIS + field survey data showed that the area of cotton were decreased sharply in the
season of 2009 to 250 thousand feddans compared to 284 thousand feddans with the
MALR’s statistical method. Water budget during winter survey for the whole crop pattern
was increased from 11 billion cubic meters in 1980 to 24 billion cubic meters in 2013,
while water budget during summer survey was increased from 20 billion cubic meters in
1980 to 25 billion cubic meters in 2012. The average water budget for the whole crop
pattern in Nile Delta and Nile Valley was 49 billion cubic meters during 2012 /2013.

1. Introduction
Remote sensing refers to the activities of recording, observing, perceiving (sensing) objects or
events at far away (remote) places (Canada Centre for Remote Sensing, 2003). Remote sensing
techniques are widely used in agriculture and agronomy (Dorigo et al., 2007). In fact, a remote sensing
image provides spatial coverage of a field, and can be used as a proxy to measure crop and soil
attributes (Fitzgerald et al., 2006).
In many developing countries like Ghana, agricultural statistics utilized in different incompatible
formats (tabular and graphs) that lack Geo-referencing as second level administrative aggregates.
However, administrative areas are arbitrary in geographical terms varying in size, shape and time
posing serious problems for mapping attempts or to interpret spatial patterns in statistical data or
integrate this data with other data set (Rogana and Chen, 2004). Remote sensing plays an important
role as auxiliary variable in the production of agricultural statistics, when area frame or multiple
frames sample designs are used. It can, also, be used at the design level as well as at the estimator
level. At the design level, the most typical use of remote sensing data is in the area frame construction
and stratification. Remote sensing data can also be used to optimize the sample design where a
previous ground survey is not performed; in fact, spatial characteristics (e.g. correlograms) of

1

Abou-Hadid, A. F.
Ain Shams University, Cairo, Egypt
2
A. A. A. Mohamed
Central Laboratory for Agricultural Climate, Agricultural Research Centre, Giza, Egypt
3
M. S. M. Ahmed
Central Laboratory for Agricultural Climate (CLAC), Giza, Egypt.
4
M. A. A. Abdrabbo
Central Laboratory for Agricultural Climate (CLAC), Giza, Egypt.
doi: 10.17700/jai.2015.6.3.199
Abou-Hadid, A. F., A. A. A. Mohamed; M. S. M. Ahmed, M. A. A. Abdrabbo: Trend of Change in Cultivated Area and
Water Budget for Major Crops in Egypt using GIS and Field Survey Technique

42

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 3:42-56

variables of interest can be estimated on the basis of photo interpretation of remote sensing images
(Quarmby et al., 1993).
The agricultural area in Egypt is composed of two parts: Nile Delta and Valley, which is the main
contributor of food production, trading activities and national economy. It is also the most densely
populated area in Egypt. Through the last four decades, vast areas on the desert fringes of the Nile
Valley and Delta were reclaimed using mostly Nile water to add greater economic assets and relocate
a significant portion of the population (El-Bagouri, 2008). The land cover changes in the Eastern Nile
Delta of Egypt could be summarized as; a) the urban settlements increased considerably with high rate
of annual increase ; b) slight increase in the total cultivated area while the annual rate of agricultural
reclamation decreased significantly in the last few years; c) the rate of change for desert areas is stable.
There is an urgent need to activate the agricultural reclamation effort to run in parallel with the
urbanization processes in this area (abou-Hadid et al., 2010a). The agricultural land area is determined
by climate and water availability (Khalil et al., 2011).
The Nile River is the main source for irrigation, Egypt`s total water budget is estimated for about
58 billion m3, 95 per cent of which is drawn from the Nile (55.5 billion m3), the remaining five per
cent is resourced from groundwater and rainfall. Inflowing Nile water is stored in Lake Nasser and
shared between Egypt and Sudan. Rain falls mostly in winter and on the Mediterranean coast and does
not exceed 130-170 mm. Excerpt from (Egypt`s 2nd National Communication to the United Nations
Convention on Climate Change, 2010). The per capita water share is 815 m3 per year (Mohamed A. A.
A., 2012). Agriculture uses 80 percent of Egypt`s water resources. Egypt ranks among the lower 10
percent of countries in the region in terms of water efficiency in irrigation, with only limited
advancement over the past ten years (Egypt National Competitiveness Council, Egyptian National
Competitiveness Report, 2009).
Based on the above background, and due to the water is a limit factor which controls land
reclamation process in Egypt, the main objective of the current study is to compare the remote sensing
and field survey technique during 2008/2009 winter and 2009 summer seasons with the conventional
statistical method used by MALR. In addition to estimating the water budget of cultivated areas in
Nile Delta and Valley during winter and summer seasons.
2. Materials and methods
2.1. Methodology
Suitable methodology according to (abou-Hadid et al., 2010 b) is developed for estimating crop
area by integrating remote sensing and GIS based on survey approach. Area frame surveys were
common approaches to gather land cover data. In contrast to mapping approaches, area frame
sampling was a statistical method. Based on the visual observation of sampling geo-referenced points,
area estimates were computed and used as a valid generalization without studying the entire area under
investigation.
The survey concerning the estimation of yield for the major crop was carried out by cutting small
samples in the field. The samples cover the whole Nile valley and the delta, with an observed area of
about 35000 km² and distance from South to North of about 1000 km. Digital topographic maps
1:5000 and SPOT5 satellite Images were used, 2.5m resolution, Ortho-rectified (DTM). The survey
used the WGS84, Universal Transverse Mercator 36 N, (parameter are given hereafter).
Three thousands site were visited during the winter crop survey, the samples could be constituted
of a sub-set of these sites and one point will be designed in each of the selected sites. If this point is
wheat, it will be included in the yield sample and visited at harvest time. The sub sample is defined as
points of observation, 250m x 250m apart; there are 10 points of observations which are called points,
they are located in two lines East-West of 5 points. In the winter survey of 2009, the main results were
field crop land cover of the major area in the Nile valley and Nile Delta, its cover is about 48% of the
total area. Furthermore, the field crops cover is about 79% of the total cultivation area, the wheat and
clover (Barseem) covered about 75% of the total field crop area.
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2.1.1. Area or point sampling
The decision to sub_ sample the segment area through a grid of points is straight forward when
looking to the structure of variance (variance between segments and variance between points within
segments). In all our sampling simulation, the component of variance related to the second stage rarely
reached 5% of the total variance.
For the above reasons, the sampling plan adopted consists of one systematic square grid 2
(1x1.5Km) and rectangular segments of 2x5 points 250 m apart (Abou-Hadid et al., 2010 b). This
imposes, due to the absence of replicates, an approximate estimation of variance through the
differences between neighbouring sampling units (Cochran, 1977).
The survey started on the 15th January, 2009: the sample covers the whole Nile valley and the delta,
the observed area is about 35000 km² and the distance from South to North is about 1000 km Fig. (1).
One hundred surveyors, each visited a 1/100 of this area, and a set of supervisors to manage the
network of surveyors. A supervisor covers a regional zone and manages about ten or twelve surveyors.
These ratios were globally maintained in 2009.

Figure 1. Satellite image of the Nile Delta and Nile Valley
2.1.2. Determine field survey sites
The sampling plan is systematic and has two levels Fig. (2): Primary Sampling Unit (PSU) and
Secondary Sampling Unit (SSU). The primary sampling Unit is based on a regular grid 1x 1.5 km
coming from the Egyptian cadastral maps 1 x 1.5 km. The cadastral maps were elaborated by the
Egyptian Survey Authority (ESA) and have been updated by the Ministry of Agriculture using aerial
photographs in the year 1985. The PSU represents an area of around 1.5 km². The index grid of the
maps has been drawn over the full Egyptian territory while the systematic random has been carried out
in chosen one out of ten sheets according to the following algorithm. Sx, y = ith (modulo 5) column on
the jth row, and (i+2) the (mod 5) column on the (j+2) th row.
The following examples show the geo-referenced Grid 1 x 1.5 km covering the entire Delta and
Nile Valley including around a buffer zone in order to take into account a potential agriculture
extension over the desert. The coordinate system used for all geographic data were downloaded on
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GPS devices to every surveyor (100 surveyor covered all Nile delta and Nile valley, National grid
Egyptian Transverse Mercator (Red Belt). The survey used the WGS84, Universal Transverse
Mercator 36 N, (parameter are given hereafter). (Abou-Hadid et al., 2010 b).

i, j

i (mod5), j

i +2
(mod5),
j+2

i +2, j+2

1 km

1,5
km

Figure 2. Grid of cadastral maps 1 x 1.5 km
2.1.3. Determine of sub site (Points)
The SSU's are defined as points of observation, 250 m x 250 m apart; there are 10 points of
observation, which are called points. They are located in two lines East-West of 5 points. From the
previous grid of selected sites which came from the previous project, some steps were implemented in
order to obtain the final grid of 10 point. The different steps are described next.
2.1.4. Nomenclature
The design of the nomenclature is based on Classification system for land cover and land use
(Eurostat, 2001 and Abou-Hadid et al., 2010 b). Various existing national and international
classification systems have been analysed to establish best practice for the construction of a
classification system in order to be used in the framework of LUCAS.
The main points which were the object of analysis and choices are as follows:
• The definition of Land (extended to inland water), of Land Cover (above the earth's surface);
• The observation unit: a circle of 3m of diameter except in case of heterogeneous areas or
permanent crops;
• The separate registration of multiple use/cover in order to avoid mixed classes;
• The treatment of points on limits and the use of ortho photography;
• The documentation of the classes in terms of definition, list of inclusions and exclusions,
compatibility between land cover and land use; and
• The correspondence with existing national or international classification systems.
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Figure 3. Methodology of the selection of sub – sites.
2.1.5. Estimators
Three main types of estimators will be used in function of the variable of interest was the area
estimates: point sampling has the characteristic of having a sampling probability proportional to the
size of the selected unit. For area estimates of land cover classes, this has the major interest via which
an unbiased estimate is obtained through the multiplication of the area of interest by the percentage of
points falling in the category of interest. (Abou-Hadid et al., 2010 b)
2.2. Estimation of irrigation water requirements (IWR)
Two steps were used to estimate the irrigation water requirements for the major cultivated crops in
Nile Delta and Nile Valley during winter and summer seasons. The first step was the estimation of the
evapotranspiration (ETo) by using Food and Agricultural Organization (FAO) Penman- Monteith
(PM) procedure, FAO 56 method, presented by (Allen et al., 1998). In this method, ETo is expressed
as follows:

Where: ETo is the daily reference evapotranspiration (mm day-1), Rn is the net radiation at the crop
surface (MJ m-2 day-1), G is the soil heat flux density (MJ m-2 day-1), T is the mean daily air
temperature at 2 m height (ºC), U2 is the wind speed at 2 m height (m s-1), es is the saturation vapor
pressure (kPa), ea is the actual vapor pressure (kPa), Δ is the slope of vapor pressure curve (kPa ºC -1)
and γ is the psychometric constant (kPa ºC-1).
The second step was the estimation of irrigation requirements for each crop by using the following
equation according to (FAO, 56) as follows:
WR = ETo x KC x IE
Where:
WR = Water requirements for cultivated crop.
ETo= Reference evapotranspiration of agro-climatic region.
KC= Crop coefficient.
IE = irrigation efficiency for the irrigation system.
Trickle irrigation method was supposed for the irrigation of vegetable and orchards crops and the
efficiency of irrigation system was 80%, whereas flood irrigation method was supposed for the
irrigation of field crops and the efficiency of irrigation system was 60%.
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3. Results and discussion
3.1. Winter Survey
The winter crop area survey was carried out during January and February at 2009 by the surveyors’
teams. The surveyors visited 2700 sites, spread all over the Nile valley, the delta, and its extensions.
The observed zone represents 52882 km². The surveyors noted the cover of the land for 31500 spots in
the country and it was completed with 3500 spots, located inside large towns or at the boundaries
(mainly desert and sea), which were photo-interpreted. Clover (Barseem) and wheat were the major
crops in the winter survey, occupied about 4.5 million feddans of the total agricultural area during the
2008 winter season depending on GIS and field survey. The total cultivation area was almost 7.6
million feddan at 2008/2009 winter season. Wheat and Barseem occupied about 59% of the total
cultivated area during 2008/2009 winter survey and 75% of the total occupied area of field crops based
on the results of GIS + field survey data (Fig. 4).
other, 25.0%
Common wheat, 43.2%

Bersim, 31.8%

Figure 4. Percentage of main crops in the Nile Delta and Nile Valley during 2008/09 winter survey
Wheat occupies approximately 2.5 million feddans at 2008 winter season. The area of wheat
increased from 1.3 million feddans in 1980 to 3.4 million feddans in 2013. The cultivated area with
wheat reached about2.9 million feddans in 2008/2009 season depending on the ministry of agriculture
and land reclamation (MALR) statistics, while the area of wheat in 2008 depending on the GIS+ field
survey data was 2.5 million feddans. There is about 13% difference between the two records as shown
in Table (1).
The area occupied by barley increased from 95 thousand feddans in 1980 to 230 thousand feddans
in 2000 season, there was about 150% increase in barley area, while the area decreased in 2008
depending on statistical analysis of MALR and GIS+ field survey data. The total area occupied by
barley in 2008/2009 winter season was 148 thousand feddans according to GIS+ field survey data,
while the MALR data was 181 thousand feddans (Fig. 5). The area which was decreased in 2013
reached 78.6 thousand feddans.
The total area occupied by Faba-beans increased from 244.7 thousand feddans in 1980 to reach
about 344 thousand feddans in 2000 season, while the area of Faba-bean was decreased again at 2008
season to become 190 thousand feddans depending on the statistical of MALR. But the area of Fababean is increased again in 2008 winter season depending on GIS+ field survey data to reach about 300
thousand feddans, with the same record in 2000 winter season.
The area cultivated by potato crop increased from 110 thousand feddans in 1990 to 252 thousand
feddans in 2008winter season depending on remote sensing data. The same trend was true with tomato
crop; the total area of tomato was 136 thousand feddans in the 1980 winter season to reach about 218
thousand feddans in 2008 winter season.
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Table 1. Winter survey for major crops of the Nile Delta and Nile Valley
from 1980 to 2013 in Feddans
Crops
1980*
1990*
2000*
2008*
2008**
2013*
Clover (barseem) 1721655 1660333 1810387
1619769
1926400 1386508
Wheat
1326179 1954696 2463265
2920384
2547100 3377876
Barley
95528
191669
230373
181980
148950
78679
Faba-beans
244746
344643
306626
190464
302900
118873
Sugar beet
34088
135623
257667
197100
460488
Sugar cane
252481
263190
311986
258000
252600
325742
Potato
110188
63459
148969
252600
195773
Tomato
135920
158273
177225
217887
213600
201686
Other vegetables
136534
180069
452414
325827
483000
366237
Orchards
360995
866472
1019259
1279017
1490586 1541781
Total
4274038 5763621 6970617
7399964
7814836 8053643
* Data collected from MALR.
** GIS + field survey data.

There were no big differences between MALR records and GIS+ field survey data for tomato areas
during the 2008 winter season.
Regarding the area occupied with orchard trees, the orchard were steadily increased from 1980 till
2013 seasons. The area covered with orchards was 360 thousand feddans in 1980, to reach about one
million feddans in 2000 season, 1.3 million feddans in 2008 season and 1.5 million feddans in 2013
season. There were differences between MALR and remote sensing records during 2008. The result of
the GIS+ field survey data in winter 2008 recorded about 200 thousand feddans more than the
Ministry of Agriculture Statistical records maybe due to more accurate data by using remote sensing
and field survey especially at new reclaimed lands.

Figure 5. Area of the main crops in the Nile Delta and Nile Valley from
1980 to 2013 winter survey.
3.2. Summer Survey
The summer crop area survey was carried out from mid June to the end of July by CLAC. The
surveyors visited 2000 sites, spread all over the Nile Valley, the Delta and its extensions. The
observed zone represents 42900 km². The sites out of agriculture lands during the winter survey were
excluded from the summer survey (desert, towns and wetland). Rice and maize are the main summer
crops; meanwhile areas dedicated to cotton are shrinking. The barseem item corresponds to areas
dedicated to seeds and has not already cropped. Agricultural bare land represents about 11% of the
agricultural land, on these areas the winter crop has been already harvested and the area has not yet
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been sown; for the summer crop rice and maize are the major crops in the summer, there were
occupying about 3.4 million feddans of the total agriculture area during the 2009 summer season
depending on satellite image and field survey done by (CLAC). The total cultivation area was almost
6.6 million feddans in 2009 summer season. Maize and Rice are 87% of the total area occupied by
field crops during the 2009 season depending on GIS+ field survey data (Fig. 6).
Maize occupied about 1.6 million feddans in 2009 summer season depending on GIS+ field survey
technique (Table 2). The area of maize was stable from 1980 till 2000. While the total cultivated area
decreased in 2013 and reached 1.8 million feddans.
The area occupied by rice increased
from 970 thousand feddans in 1980 to 1.6 million feddans in
Major field crop area summer 2009
2000, there were about 57% increase in rice area, while the area decreased in 2012 depending on
MALR data to reach 1.47 million feddans and according to GIS + field survey data. The total area
occupied by rice in 2009 summer season was 1.8 million feddans, while the MALR data was 1.36
million feddans as showed in table (2).
sorghum
6%

Sugar cane
7%
Maize
41%

Rice
46%

Figure 6. Percentage of main crops in the Nile Delta and Nile Valley
during 2009 summer survey
The total area occupied by sorghum was decreased from 410 thousand feddans in 1980 to 386
thousand feddans in 2000. Moreover, the area of sorghum decreased again in 2009 season to 333
thousand feddans depending on the MALR. The area of sorghum was sharply decreased in 2009
summer season depending on GIS + field survey data to reach about 222 thousand feddans.
Regarding the area cultivated by tomato crop increased from 195 thousand feddans in 1980 to
reach 288 thousand feddans 2000 at summer season depending on MALR data. The area was
decreased in 2009 summer season to become 270 thousand feddans and 255 thousand feddans,
depending on MALR data and GIS+ field survey data respectively.
Regarding the area occupied with the cotton crop during the period from 1980 till 2012, data shows
that the area cultivated with cotton crop was decreased from 1.2 million feddans in 1980 to become
333 thousand feddans in 2012 summer season, this decrease was about 73% of the total cotton area.
The GIS+ field survey data showed that the area of cotton was decreased sharply at 2009 season to
become about 250 thousand feddans, whereas, the cotton area was 284 thousand feddans in 2009
season.
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Table 2. The results of the Nile Delta and valley from 1980 to 2012
summer survey for major crops in feddans
Crops
1980*
1990*
2000*
2009*
2009**
Maize
1905809
1975815
1950289
1721018
1599000
Sorghum
410082
319234
386980
333189
222000
Rice
970096
1037461
1569765
1369238
1809000
Tomato
195800
212704
287932
270321
255000
Cotton
1244526
993047
518319
284434
249000
Sugar cane
252481
263190
311986
316712
258000
Orchards
360995
866472
1019259
1407071
1491250
Other Vegetable
219592
390920
598146
849721
748000
Total
5559381
6058843
6642676
6551704
6631250

2012*
1839206
337325
1472139
208068
333360
325742
1541781
829688
6887309

* Data collected from MALR
** GIS + field survey data

Figure 7. Area of the main crops in the Nile Delta and Nile Valley regions
from 1980 to 2012 by summer survey
3.3. Comparison between GIS + field survey data and MALR statistics
Data in figures 8, 9 and 10 showed the comparison between field survey and MALR statistics for
the Nile Delta, Middle and Upper Egypt regions, respectively. Fig. 8 shows a matching between the
data from field survey and MALR statistics for most governorates except Behira and Ismailia, those
two governorates have a bigger desert extension area than the others, perhaps MALR statistics don't
have enough accessibility to these areas and then the total cultivated area was lower than the real
cultivated area. The same results are true for the Middle and Upper Egypt regions; field survey
revealed that Giza and Minia governorates have different cultivated area compared to MALR statistics
while Beni-Suif and Fyoum governorates are matched with the MALR statistics. Finally, Upper Egypt
data obtained from field survey for Asyut, Qena and Aswan governorates was higher than MALR
statistics. Generally, most governorates with desert extension have lower total cultivated areas by
MALR statistics than field survey data. The same results were obtained by Abou-Hadid et al., (2010b).
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Figure 8. Comparison between total crop area of the Nile Delta governorates
under field survey and MALR statistics
Comparison between MLAR statistics and CIPA
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Figure 9. Comparison between total crop area of different governorates of Middle Egypt
under field survey and MALR statistics.
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Figure 10. Comparison between total area of different governorates of Upper Egypt
under field survey and MALR statistics.
3.4. Water budget
3.4.1. Irrigation water requirements
Data in Table 3 and Figure 11 show the estimated annual irrigation water requirements (IWR),
cubic meter (CM) per feddan, for different cultivated crops during winter season, summer season and
for permanent crops, i.e. sugar cane and orchards. Regarding to irrigation water consumption of winter
crops, sugar beet was the highest in water consumption during winter, (2660 CM per feddan),
followed by wheat (2334 CM per feddan). On the contrary, faba-bean was the lowest in water
consumption (1398 CM per feddan). Generally, summer crops were higher in irrigation water
consumption than winter crops, due to the higher average air temperature degree in summer months
compared to winter months. This increase led to the increase in evapotranspiration.
Furthermore, Rice was the most water consumption crop, (5074 CM per feddan), while vegetables
were the lowest irrigation consumption crops. As for permanent crops, data show that sugar cane was
higher in water consumption, (7796 CM per feddan), than orchards trees (5277 CM per feddan) may
be due to the use of modern irrigation system, such as trickle or sprinkler irrigation systems, in new
reclaimed land in the dessert areas, whereas sugar cane was irrigated using old flood irrigation system.
Table 3. Irrigation water requirements for cultivated crops in Nile Delta and Valley
IWR
IWR
IWR
Permanent
Winter crops
Summer
crops
(CM/
(CM /
(CM /
crops
feddan)
feddan)
feddan)
Clover (barseem)
1881
Maize
2699
Sugar cane
7796
Wheat
2334
Sorghum
2372
Orchards
5277
Barley
1810
Rice
5074
Faba-beans
1398
Cotton
4127
Sugar beet
2660
Tomato
2366
Potato
1769
Other vegetables
2302
Tomato
1938
Other vegetables
2246
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Figure 12. Irrigation water requirements (CM/ feddan) for different crops in
Nile Delta and Valley
3.4.2. Water budget for winter season
Data in Table 4 and Fig. 12 show the trend of total water budget for cultivated areas from 1980 to
2013 winter survey. The total water budget was increased continuously throughout the studied period,
the amount of irrigation water increased from 11 billion cubic meters (BCM) in 1980 to 24 BCM in
2013 due to the increase of cultivated areas and governmental land reclamation efforts. On the other
hand, there was a slight difference in water budget in 2008 between GIS + field survey and MALR
statistics. Water budget based on GIS + field survey was 22.5 BCM whereas, the water budget was 21
BCM according to MALR statistics. This difference may be due to the high accuracy of the
methodology used in GIS+ field survey. In 2013 winter survey, despite that sugarcane consumed much
water per feddan, (7796 CM), the irrigation water consumption for orchards trees was greater ,because
of the increase cultivated area of orchards trees, (1542 thousand feddans) compared to the cultivated
area of sugarcane, (326 thousand feddans).
Table 4. Irrigation water budget (MCM) for cultivated area in winter survey
Crops
1980*
1990*
2000*
2008*
2008 **
2013*
Clover (barseem)
3238
3123
3405
3046
3623
2608
Wheat
3096
4563
5750
6817
5946
7885
Barley
173
347
417
329
270
142
Faba-beans
342
482
429
266
423
166
Sugar beet
0
91
361
685
524
1225
Sugar cane
1968
2052
2432
2011
1969
2539
Potato
0
195
112
263
447
346
Tomato
263
307
343
422
414
391
Other vegetables
307
404
1016
732
1085
822
Orchards
1905
4572
5378
6749
7866
8136
Total
11292
16135
19644
21323
22566
24261
* Data calculated using cultivated area from MALR
** Data calculated using cultivated area from the GIS+ field survey data.
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Wheat ranked as the second irrigation water consumption crop in winter survey, because of the
government concern to increase wheat cultivation area to cope with the people’s demand and rapid
increase in human population. Barley and vegetables, including tomatoes are the lowest water
consumption when compared to other crops. These results are due to the use of high efficient modern
irrigation systems. As for barley crop, it is not highly affected by irrigation water and is able to resist
water deficiency.

Figure 12. Water budget for cultivated crops in Nile Delta and Valley from
1980 to 2013 during the winter survey
3.4.3. Water budget for summer season
Data in Table 5 and Figure 13 show the water budget for cultivated area from 1980 to 2012
summer survey. The total water budget was increased continuously throughout the period of the
survey; the amount of water irrigation increased from 20 BCM in 1980 to 25 BCM in 2012. This result
is due to the annual increase of cultivated land areas because of land reclamation effort. On the other
hand, there was a slight difference in water budget between 2008 GIS + field survey and 2009 MALR
statistics, the water budget which estimated according to field survey was 25 BCM and was 24 BCM
when MALR statistics were used. This may be due to the accuracy of methodology which is used in
the field survey. According to the present data, rice is the highest crop in water consumption; the water
irrigation budget for rice was 9 BCM in 2008 field survey and decreased to 7.5 BCM in 2012 that may
be the result of the reduction of cultivated area of rice according to the recommendations of decision
makers in agricultural sector. Water budget of cotton was decreased rapidly from 5 BCM in 1980 to 1
BCM in 2008 due to the decrease in the cultivated land area and these results which are matching with
the government were neglected for the importance of cotton production in the national income.
Furthermore , Egyptian farmers do not prefer to cultivate cotton because of its’ small cash return .On
the contrary, the water budget for cotton increased again in 2012 and reached 1.4 BCM which may be
due to the governmental encouragement to increase the cotton cultivated area. Maize ranked the
second crop in water budget after rice, because of the high importance of maize in food safety in
Egypt.
Mainly, previous data show that Egypt is going to face a challenge in water resources, especially
irrigation water. The water budget reached about 49 BCM during 2012 and 2013 seasons, due to the
overlapping between crops and the use of cultivated lands more than once per year. Increasing land
reclamation activities will increase the need for irrigation water. Therefore, we have two options to
increase our food production; the first one is to find alternative water resources, such as ground water
and the reuse of drained water. The second one is to change the crop pattern to achieve the maximum
efficiency from available irrigation water budget. For example, we can replace some of the ricecultivated areas by maize crop because the second need less irrigation water.

doi: 10.17700/jai.2015.6.3.199
Abou-Hadid, A. F., A. A. A. Mohamed; M. S. M. Ahmed, M. A. A. Abdrabbo: Trend of Change in Cultivated Area and
Water Budget for Major Crops in Egypt using GIS and Field Survey Technique

54

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 3:42-56

Table .5. Irrigation water budget (MCM) for cultivated area in summer survey
Crops
1980*
1990*
2000*
2009*
Maize
5144
5333
5264
4645
Sorghum
973
757
918
790
Rice
4922
5264
7964
6947
Sugar cane
1526
1658
2245
2107
Cotton
5136
4099
2139
1174
Tomato
597
623
738
749
Other vegetables
831
1994
2346
3239
Orchards
1159
2063
3156
4484
Total
20289
21791
24771
24136
* Data calculated using cultivated area from MALR
** Data calculated using cultivated area from the GIS+ field survey data.

2008 **

2012*

4316
527
9178
1988
1028
611
3432
3947
25026

4964
800
7469
1622
1376
771
3549
4378
24929

Figure 13. Water budget for cultivated area in Nile Delta and Valley from 1980 to 2012 summer
survey

4. Conclusion
Nowadays, estimation of cultivated areas in the Egyptian Nile Delta and Valley by using GIS+
field survey technique is available in Egypt. Wheat and clover (barseem) represented the highest
cultivated areas in winter survey; rice and maize were the highest cultivated area in summer survey.
Water budget for cultivated crops in Nile Delta and Valley was estimated according to winter survey
and reached 24 BCM whereas, according to summer survey was 25 BCM. Consequently, we have to
find alternative water resources to increase the cultivated area and reclaim new land for agriculture.
Furthermore, we should change the crop patterns and find alternative crops which use a little amount
of irrigation water.
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ABSTRACT
This study would mark the potential role of grazing by Podolian cattle for reducing fuel
load of fire prevention and propagation. The interconnection of Geographic Information
System (GIS) and livestock field survey allowed to monitor different grazing and nograzing areas in Basilicata region.
Fifteen grazing areas were monitored for five years during the summer pasture, when the
Podolian cattle graze on green grazing areas. These areas were monitored by using GIS
system and GPS application. The potential impact of Podolian cattle was monitored for
the same time period. The cattle consistency allowed to calculate different parameters:
livestock unit, dry matter intake and stocking estimation of potential amount of dry matter
intake to understand the removal biomass in order to reduce the fuel load for fire
prevention.
The spatial analysis (GIS) showed that there were only four grazing areas burned during
the time sampling, compared to the surrounding areas used as control (no-grazing area).
Therefore an efficient management of grazing by Podolian cattle could be an important
tool to prevent the fire propagation.

1. Introduction
Forest, shrubland biomass and grassland, which are formerly consumed by livestock and harvested
by people for a variety of purposes, are increasing with the cease of traditional land use practices due
to rural abandonment (Bland and Auclair, 1996; Moreira et al., 2001; Azevedo et al., 2010).
Livestock grazing influences factors that are related to both herbaceous and woody fuel
characteristics: amount of herbaceous biomass live/dead fuel mix and continuity of fuel at a patch and
landscape scale (Strand et al., 2014). Biomass removal by grazing animals is likely to be one of the
most important factors for pasture ecosystem management (Leonard et al., 2010). This is particularly
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true for autochthonous breed, since the animals are well adapted to the environment and highly
capable to exploit the available resources, especially in marginal areas.
Podolian cattle is an autochthonous breed reared in South of Italy and adapted to the difficulty of
the surrounding environment, such as the poor quality forages available in southern Italian pastures
(Musto, 2003; Matassino and Ciani, 2009; Freschi et al., 2013;Musto et al., 2013). This breed is well
appreciated not only for these capabilities, but also for meat and milk production. Podolian cattle is the
most common breed kept in the hinterlands of Basilicata region (South of Italy), where the animals are
generally reared under extensive or semi-extensive conditions (Freschi et al., 2015). This allows the
animals to utilize different vegetation layers: forest layer <3 m, shrubland and grassland for all the
year (Bianchetto et al., 2009). By prescribed grazing, Podolian cattle may play an important role for a
sustainable and ecological management of the available resources, by reducing grass and shrub
biomass (Pittroff et al., 2006; Fuhlendorf and Engle 2001). The husbandry of these cattle shows a
number of positive environmental effects, such as increased climate stability, improved soil
functionality, water quality and footprint and preservation from fires (Freschi el at., 2015).
In this context, Podolian cattle may be used to reduce fuel load, creating a firebreak area (Taylor
2006) (fuel-vegetation break). In fact, as suggested by Davison (1996), browsing and trampling by
livestock can impact large fuels range (0.51-2.54 cm diameter).
In the present study, the occurrences of fire in different pasture of Basilicata region were monitored
from 2010 to 2014. During the same period, the number of Podolian cattle kept on the same pastures
areas was recorded to estimate livestock unit (LU) and their feed intake needs. These data were
analyzed by means of Geographic Information System (GIS). This technique allows to locate and
analyze objects and events that occur on the earth. There are various software technologies used based
on GIS, as well as experiences within forestry sciences based on the management of digital territorial
data, in order to process, store, analyze and integrate spatial data to produce information for the
government and management of the territory (Masoni et al., 2005). Among the different GIS
techniques, grid sampling is useful in survey planning. In this study case, the grid sampling was used
to detect and record the fire occurrence in grazing and no-grazing areas, and the potential effect of
grazing by Podolian cattle.

2. Materials and methods
2.1. Study site
The study site is Basilicata region (Figure 1), between 40° 30' 00" N latitude and 16° 30' 00" E
longitude. The elevation ranges from 0 to 2248 m above sea level. Basilicata receives an average of
799 mm of rainfall per year. The region is characterized by different forest type: deciduous oaks
(Quercus cerris L., Quercus Pubescens Willd.), beech forests (Fagus Sylvatica L.), Mediterranean
shrubland and other minor species. with an area of 355.409 ha (Costantini et al., 2006).
A part of these forest areas are used by famers as summer pasture for Podolian cattle reared under
extensive and semi-extensive system (Freschi et al., 2015).
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Figure 1. Basilicata Region localization
2.2. Burned areas identification
Fifteen grazing areas, located in 14 different municipalities of Basilicata (Table 2), were chosen
using the criterion that the only animals allowed to graze belonged to Podolian breed. These areas
were drawn by using open source GIS software. In these areas, the occurrences of fire was monitored
for 5 years (2010-2014). The burned areas were recorded by using GPS (Garmin Montana 60T),
mapped and classified in two classes: wooded burned area (WBA) and no-wood burned area
(NWBA), with the aid of Forest Rangers of Basilicata region government to reach the burned area.
The grazing areas and burned areas were analyzed by GIS technique. The extension (ha) of fire
damage was measured within and in the surroundings of each grazing areas (no-grazing area) by
overlay.
2.3. Livestock production systems and pasture utilization of Podolian cattle
Data (consistency and live weight) on Podolian cattle kept on each grazing area (Figure 2) were
obtained in personal interviews with 15 farm operators. The number of animals was used to calculate
the number of Livestock Unit, which, according to the European official regulation (Commission
Regulation - EC n. 1200/2009), it is defined as follows: 0,0 LU for calves younger than 6 months, 0,6
LU for cattle between 6 months and 2 years, and 1,0 LU for cattle older than 2 years. The Stocking
Density (SD) for each area was calculate by dividing the number of LU of each area by the extension
(ha) of the same area.
The potential feed intake of Podolian cattle in each area was estimated according to Grenet et al.
(1987). Grenet stated that dry matter intake for adult cattle is 14 g DM/kg LW (DM dry matter, LW
live weight). While the live average weight (605 kg) was estimated analyzing the weight data reported
on farm registers.
The removal of potential biomass by Podolian cattle was estimated by multiplying the feed intake
calculated in each area for 120, which is the period (summer season) characterized by highest
incidence of fire, as well as the peak of the dry and hot temperatures combined with the lowest
rainfall.
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Figure 2. Podolian cattle during summer grazing
2.4. Sampling method
A grid 100 m×100 m (1 ha) was constructed (Fishnet tool) and overlaid on the grazing area to
identify and record the fire frequency from the fire map. The grids were used as basic sampling unit to
detect the fire frequencies, recording the presence/absence (1/0). This grid was also used for
surrounding grazing areas, and a buffer area of 300 m (3 ha) was created to quantify the fire presence
inside of no-grazing areas. Within each buffer area, no livestock were found during the monitoring
time.

3. Results and Discussions
3.1. Fire frequency
The results from GIS analysis showed that only 4 areas (Area 1, 8, 12 and 15) were affected by fire
(Table 1 and Figure 3, 4 and 5). In the Area 1 (Abriola/Pignola municipalities), the burned area had an
extension of 120 ha in 2011, and 3,35 ha in 2012. In particular, in the grazing area (2011), 25 ha of
WBA and 24 ha of NWBA were recorded, with a percentage incidence on the total grazing area of
4,7% and 4,4%, respectively. In the no-grazing area, there were 35 ha of WBA and 41 ha of NWBA,
with a percentage incidence on the total no-grazing area (buffer area) 7,5% and 8,8%, respectively.
Moreover, in the 2012, 3,35 ha of NWBA were recorded in the grazing area (0,6% of grazing area). In
the Area 8 (Ferrandina municipality), in 2012, there were only 5 ha of WBA in the grazing area (1,5%
of total area). In the same year, in the Area 12 (Pescopagano municipality), the burned area had an
extension of 2 ha of NWBA (0,3% of total of no-grazing area). During 2011, in the Area 15, there
were 1 ha of WBA (0,1 % of total grazing area),7 ha of WBA and 3,5 of NWBA (1,8 and 0,9% of
total of no-grazing area, respectively). Figures 3, 4 and 5 show the different conditions for all grazing
areas that are a support for the spatial analysis reported in the table 1 and 2.
These results show that in the grazing areas, the incidence of fire propagation was very low. The
potential effect of removal biomass by Podolian cattle may be useful as a tool to prevent the fire
propagation In fact, these breed showed, during the time, a number of positive environmental effects,
such as increased climate stability, improved soil functionality, water quality and footprint and
preservation from fires (Freschi et al., 2015).
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Table 1. GIS spatial analysis of fire monitoring in grazing areas

Grazing Superface
area
(ha)

2010

2011

2012

2013

2014

Grazing area

Grazing area

Grazing area

Grazing area

Grazing area

WBA

%

NWBA

%

WBA

%

NWBA

%

WBA

%

NWBA

%

WBA

%

NWBA

%

WBA

%

NWBA

%

1

539

0

0

0

0

25

4,7

24

4,4

0

0

3,35

0,6

0

0

0

0

0

0

0

0

2

267

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3

292

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4

290

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

274

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

6

100

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

7

496

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

276

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

9

135

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10

490

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

11

417

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

12

680

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

13

333

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

14

281

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

15

337

0

0

0

0

0,3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

Table 2. GIS spatial analysis of fire monitoring in no-grazing areas
2010

2011

No-Grazing area
Grazing
area

Surface
(ha)

2012

No-Grazing area

WBA

%

NWBA

%

WBA

%

2013

No-Grazing area

2014

No-Grazing area

No-Grazing area

NWBA

%

WBA

%

NWBA

%

WBA

%

NWBA

%

WBA

%

NWBA

%

1

463

0

0

0

0

35

7,5

41

8,8

0

0

0

0

0

0

0

0

0

0

0

0

2

318

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3

254

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4

290

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

276

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

6

163

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

7

332

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

328

0

0

0

0

0

0

0

0

5

1,5

0

0

0

0

0

0

0

0

0

0

9

171

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10

532

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

11

343

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

12

758

0

0

0

0

0

0

0

0

0

0

2

0,3

0

0

0

0

0

0

0

0

13

318

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

14

277

0

0

0

0

0

0

0

0

0

0

0
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Figure 3. Grid sampling mapping, areas 1 to 5

Figure 4. Grid sampling mapping, areas 6 to 10
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Figure 5. Grid sampling mapping. areas 11 to 15
3.2. Feed intake estimation of Podolian cattle
In Table 3 and 4 are reported the main characteristics of Podolian cattle reared in the areas.
Concerning stocking density (SD), in two grazing areas (Area 6 and 9) the parameter was more higher
than in the other grazing areas. This was due to both small grazing surface and high consistency of
Podolian cattle. SD resulted to be below the threshold values laid down in Nitrates Directive
(91/676/CEE). However, it is recommended to keep a low livestock intensity in order to not create
overgrazing, which in turn may lead to soil compaction by trampling, reduction of water infiltration,
and increased surface run-off and erosion (Freschi et al., 2015)
Moreover, the value of dry matter intake for grazing time (DM) was the highest in 2013 due to
substantial cattle turnover. This estimation allowed to understand how the Podolian cattle browsing
may be an important tool to reduce the fuel in order to create a horizontal and/or vertical fuel break. In
fact, the Podolian cattle may be an interesting tool for fuel reduction, just like goat (Lovreglio et al.,
2014). Obviously, this goal should be achieved through appropriate measures, such as the use of
metallic or electrified fence in order to maintain an appropriate stocking density, for browsing both the
available foliage and twigs from all woody plants and all herbaceous vegetation.

Grazing
area
1
2
3
4
5
6
7

Table 3. Feed intake estimation of Podolian cattle from 2010 to 2012
Potential feed intake of Podolian cattle
2010
2011
2012
3
3
DM
DM
DM3
CO1 LU2
SD4 CO1 LU2
SD4 CO1 LU2
(kg)
(kg)
(kg)
187 140 141145 0,26 200 150 151227 0,28 167 125 126022
107
80
80654 0,30 133 100 100818 0,37 153 115 115940
253 190 191554 0,65 240 180 181472 0,62 247 185 186513
247 185 186513 0,64 267 200 201635 0,69 260 195 196595
140 105 105859 0,38 160 120 120981 0,44 120
90
90736
140 105 105859 1,05 133 100 100818 1,00 153 115 115940
113
85
85695 0,17 133 100 100818 0,20 167 125 126022

SD4
0,23
0,43
0,63
0,67
0,33
1,15
0,25
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8
227 170 171390 0,62 240 180 181472 0,65 233 175 176431
9
180 135 136104 1,00 200 150 151227 1,11 200 150 151227
10
193 145 146186 0,30 187 140 141145 0,29 173 130 131063
11
153 115 115940 0,28 160 120 120981 0,29 133 100 100818
12
160 120 120981 0,18 173 130 131063 0,19 180 135 136104
13
227 170 171390 0,51 240 180 181472 0,54 213 160 161308
14
100
75
75613 0,27 107
80
80654 0,28 133 100 100818
15
253 190 191554 0,56 240 180 181472 0,53 233 175 176431
Total
2680 2010 2026436
2813 2110 2127254
2767 2075 2091967
1
CO= Consistency
2
LU= Livestock unit
3
DM= Dry matter intake for grazing time [14 g of DM/LW (dry matter/ live weight)]
4
SD= Stocking density per hectare

0,63
1,11
0,27
0,24
0,20
0,48
0,36
0,52

Table 4. Feed intake estimation of Podolian cattle from 2013 to 2014
Potential feed intake of Podolian cattle
2013
2014
Grazing
1
2
3
4
1
2
area
CO LU DM (kg) SD
CO
LU
DM3 (kg) SD4
1
200 150 151227 0,28
213
2
133 100 100818 0,37
133
3
240 180 181472 0,62
247
4
260 195 196595 0,67
253
5
160 120 120981 0,44
133
6
140 105 105859 1,05
133
7
133 100 100818 0,20
133
8
233 175 176431 0,63
233
9
207 155 156267 1,15
207
10
187 140 141145 0,29
173
11
160 120 120981 0,29
147
12
173 130 131063 0,19
173
13
240 180 181472 0,54
240
14
120
90
90736 0,32
107
15
240 180 181472 0,53
227
Total
2827 2120 2137335
2753
1
CO= Consistency
2
LU= Livestock unit
3
DM= Dry matter intake for grazing time [14 g of
4
SD= Stocking density per hectare

160 161308
100 100818
185 186513
190 191554
100 100818
100 100818
100 100818
175 176431
155 156267
130 131063
110 110899
130 131063
180 181472
80
80654
170 171390
2065 2081886

0,3
0,4
0,6
0,7
0,4
1,0
0,2
0,6
1,1
0,3
0,3
0,2
0,5
0,3
0,5

DM/LW (dry matter/ live weight)]

4. Conclusions
The GIS spatial analysis could be a tool for the improvement and development of “fireman
profession”. In fact, the application of these advanced software systems (GIS tools) may optimize the
State Forestry Corps management interventions.
Concerning grazing, the prescribed grazing with Podolian cattle can reduce the fuel load of
shrublands, grassland in the short term by partially reducing woody fuels. Moreover, livestock grazing
may reduce fire ignition potential and spread by removing live and dead herbaceous vegetation and
accelerating litter decay through trampling. However, the stocking density should not excessive in
order to manage the pastureland and to reduce the fire propagation.
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Grazing can increase the propensity for fire to spread because the herbivores selectively remove
green biomass and thereby increase the proportion dead to live biomass. Other limitations of grazing
application for firefighting are directly related to weather and orographic conditions. In fact, under
extreme burning conditions, (low fuel moisture and relative humidity, high temperature, wind speed
and slope conditions), wildland fires are driven by weather conditions rather than by fuel
characteristics and the positive effect of grazing on fire propagation may be nullified.
For these reasons, the relationship between GIS system and field livestock survey maybe useful for
improving fire protection in Mediterranean areas like those of Basilicata region.
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ABSTRACT
Carbon dioxide (CO2) is the most important greenhouse gas contributing 60 % toward
global warming, respectively (IPCC, 2007). The correlation management in researches
which focus on greenhouse gases (GHG) emission and soil properties require huge amount
of data. These data are inducted from measuring devices directly or from systems which
are used for experimental data storage and management. Generally, these data come from
different database systems which use different data storage structure.
The main objective of the present study was to discuss a non-relational database model
called Joker Tao (JT) which provides Big Data management for soil data and their GHG
production potential related to carbon cycle in a relational database environment (Oracle
APEX).

1. Introduction
There are huge number of studies available in the technical literature which focus on GHG emission
under various soil types, cropping, irrigation and fertilizer management (Cabre et al., 1994; Glatzel et
al., 2004; Kong et al., 2013; Singla and Inubushi, 2014; Singla et al., 2014; Matyas et al., 2014). Big
Data management is needed for storing and managing these scientific data because the number of the
data lines are continuously increasing in databases. Of the many different data-models, the relational
model - also known as Relational Database Management System (RDBMS) has been dominating since
the 80’s, with implementations such as Oracle databases (I1), MySQL (I2) and Microsoft SQL Servers
(I3). Organizations that collect large amounts of unstructured data are increasingly turning to nonrelational databases, or NoSQL databases, as it is now often called (Leavitt, 2010). NoSQL databases
focus on the analytical processing of large scale datasets, offering increased scalability over commodity
hardware (Konstantinou et al., 2011). It can be both useful and time saving if such large amount of data
(more than 1 million data lines) with their attributes and meta-data could be indexed and managed in
one physical data table but in structured concept. Database projects consist of three essential tasks: data
collection, data preparation, and data modelling (Pyle, 1999; Westerman, 2001). Integrated mechanisms
of such models can ensure that the framework stores inputted data into one non virtual (physical) data
table. JT ensures that every inputted data can be indexed so there is no need to use sequencing searches
which slow down the queries. One of the most important benefits of the mentioned model is the user
can expand the database with new attributes (new data type or unit) during and after the data entry
processes (Mátyás et al. 2014).
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2. Material and Methods
2.1. Data sites used in the study
We continue the 30 years old long-term experiment of Látókép in our experiments. The
aforementioned long-term fertilization experiment was setup in 1983, and our samples were taken from
spring 2014 to spring 2015. The examinations of soil respiration processes and factors that influence
soil respiration are required in optimal management. In our research, we are interested in knowing how
the growing levels of fertilization influence the microbial processes under non-irrigated and irrigated
conditions in maize mono, bi, and triculture (Table 1).
Dose

N
on
irr
ig
at
ed

Irr
ig
at
ed

Table 1. Labels of fertilizer doses in different cultures
Name
Monoculture
Biculture

Triculture

Control

-

1

11

21

N60 P45 K45

small

2

12

22

N120 P90 K90

Small-medium

3

13

23

N180 P135 K135

Medium-high

4

14

24

N240 P180 K180

High

5

15

25

Control

-

6

16

26

N60 P45 K45

small

7

17

27

N120 P90 K90

Small-medium

8

18

28

N180 P135 K135

Medium-high

9

19

29

N240 P180 K180

High

10

20

30

2.2. JT database
The JT data modelling provides universal data storage and data management, so different data are
able to be stored and managed under one platform regardless of which environment or database-structure
they come from. Contents of JT are: -data model, -database model, -JT logic, -GUI. JT ensures
interoperability between noSQL and SQL environment. The users can use the usual virtual data-tables
while integrated mechanisms of the system stores the inputted data into one physical data-table.
Different from the MongoDB, in JT no applications to manage data which are stored in unstructured
data-storage concept need to be created. The associative attributes of the system are manifested in
management of data connections and correlations from different environments.
2.3. Data model
Contrary to the relational data models, data lines with same ID values identify one entity in JT. Also
in the non-relational models, the inputted data are not stored in unstructured concept as they are in JT,
eliminating the need to create several application for data management. Thanks to the code table below,
each data (entitiy, attribute, data connection, formula) are able to be stored and managed under one
physical data table. There is no sequential search because every data lines are indexed (Table 2).
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Table 2. Physical data table structure of JT
ID
Attribute
Value
1
1
Name
1
3
4
2
1
Size
2
3
5
3
1
Data type
3
3
7
3
8
4;5;6;7
4
1
alpha
5
1
num
6
1
date
7
1
code
8
1
list
Generally, 3 fields are used in the one physical data structure for entity identification, but
occasionally 4 fields can be useful. We stored the Index field (which is used for list storage) with ID,
Attribute and Value using our code table.
Similarly to most NoSQL models, the speed of JT system lies in vertical data expanding, and
sequential search is not used which slows queries. One of the most important benefit in JT is every data
could be entity and attribute at the same time in the data entry processes, and later the actually situation
determines how the system interpret the stored data thanks to storing the four dimension of knowledge.
2.4. Database model
JT memorizes the different data, attributes and contacts by uniform storage layout. Each attribute is
equal (key indexed) in this model because we do not know in the data entry processes what the aim of
the query will be. The system operates the data by the same operation (proceeding) which leaves the
datatype out of consideration. Every single A and B search path is further engraved (saved). The path
number increases. Path number = path number + 1. Practised knowledge if a path number is a large
amount. The often used searches are prioritised (Mátyás et al., 2015).
Firstly, JT selects all data lines from the database and writes the number of these data lines. Following
this all data lines are inserted to one data table. The sequence of the fields is set (in this case for 6 fields).
Secondly, a file reader and a .txt file are created.
Finally, JT reads every data from the .txt file and puts them to the one data table.
Identifier of Group_ID, Uniq_ID, Field_ID, Array_Index, Seek_Value, Field_Value were created to
separate attributes of different entities. The Data.txt file was created to complete the insertion process.
The method reads input data from virtual data tables and inserts them into one physical data table.
Identifier of Group_ID, Uniq_ID, Array_Index, and Field_Value were used for entity identification as
below in Java code:
public static String getEntityName() throws Exception
{
Connection conn = broker.getConnection();
PreparedStatementpstmt = conn.prepareStatement("select * from joker");
ResultSetrs = pstmt.executeQuery();
inti = 0;
while (rs.next()) {
i++;
}
System.out.println("number of records: " + i);
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broker.freeConnection(conn);
return "";
}
public static void insertJokerRow(Integer GROUP_ID, Integer UNIQ_ID, Integer FIELD_ID,
Integer ARRAY_INDEX, String SEEK_VALUE, String FIELD_VALUE) throws Exception {
if (GROUP_ID == null) pstmt.setNull(1, 2); else pstmt.setInt(1, GROUP_ID.intValue());
if (UNIQ_ID == null) pstmt.setNull(2, 2); else pstmt.setInt(2, UNIQ_ID.intValue());
if (FIELD_ID == null) pstmt.setNull(3, 2); else pstmt.setInt(3, FIELD_ID.intValue());
if (ARRAY_INDEX == null) pstmt.setNull(4, 2); else pstmt.setInt(4, ARRAY_INDEX.intValue());
if (SEEK_VALUE == null) pstmt.setNull(5, 12); else pstmt.setString(5, SEEK_VALUE);
if (FIELD_VALUE == null) pstmt.setNull(6, 12); else pstmt.setString(6, FIELD_VALUE);
pstmt.execute();
}
public static void readFile() throws Exception
{
File f = new File("data.txt");
BufferedReaderbr = new BufferedReader(new FileReader(f));
while (br.ready()) {
String line = br.readLine();
int GROUP_ID = Integer.parseInt(line.substring(0, 10));
int UNIQ_ID = Integer.parseInt(line.substring(11, 21));
int ARRAY_INDEX = Integer.parseInt(line.substring(22, 32));
String FIELD_VALUE = line.length() > 32 ? line.substring(33, line.length()) : "";
insertJokerRow(Integer.valueOf(GROUP_ID),
Integer.valueOf(UNIQ_ID),
Integer.valueOf(ARRAY_INDEX), null, FIELD_VALUE);

null,

}
br.close();
}
The developed model operates under multiple conditions, real (data from physical data table) or
virtual (data from virtual data tables) objects. The structure of data storing was determined vertically.
2.5. JT logic
Thanks to the programmed four dimension of knowledge in the code table, the stored data in the
system can be interpreted as entity and attribute at the same time. The four dimension of knowledge
prevail on the physical data storage layer. The four dimension of knowledge are: -genum proximum of
entity, -differencia specifica of entity, -genum proxiumum of attribute, -differencia specifica of attribute.
The genum proximum is the group (set) where the data belongs. The differencia specifica is the
distinguishing feature that allows the individual identification of data within a certain group (not only
ID, due to the usage of path numbers other attributes included).
Similarly to the other variables, the four dimension of knowledge are stored in our code table. This
makes it possible for flexible data interpretation and associative search. Integrated mechanisms ensure
doi: 10.17700/jai.2015.6.3.201
70
Bence Mátyás György Mátyás, Judit Horváth, János Kátai: Data storage and management related to soil carbon
cycle by a NoSQL engine on a SQL platform - Joker Tao

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 3:67-74

that the inputted data from virtual data tables can be put into JT’s physical data table automatically. So
users do not need to learn JT coding.

3. Results and Discussion
SQL is generally preferred when the aim is a structured format in data storage whereas NoSQL is
best when the main objective is big data management.
With Joker Tao we present a database technology which comprises of a NoSQL engine on an SQL
platform and serves data from different data storage concepts with no conversion necessary.
At the end of each data in a database, there is a value related to given attributes of the given entity.
The above fundament is surrounded by a data-driven shell and JT manipulates this shell as follows:
-

queries its value, multiplicity, and existence.

-

expands its physical data lines which results in attribute, entity, entity occurrence, definition of
the relationship between entities, and relationship occurrence in logic level.

The update of the queried and created data lines results varies depending on the options used to
prepare the shell.
3.1. Database
A database was created in a relational environment (Oracle APEX framework) which is based on
NoSQL database structure. In this database the following attributes were stored regarding the treatments:
Doses (control, small, small-medium, medium-high, high), Culture (maize mono, bi, tri), Irrigation
(irrigated, non-irrigated treatment). The basic physical and chemical parameters were: Silt and clay
fraction, Hygroscopicity, Arany-type of plasticity index, Moisture content, Hydrolytic acidity, OrganicC, Nitrate-N, AL-soluble P, AL-soluble K. The main attributes of carbon cycle were: Humus, Organic
C, Number of bacteria (106 cfu g-1), Number of fungus (103 cfu g-1), Soil respiration (mg CO2 * 100g-1
* 10 day-1), MBC extraction, MBC x Organic C-1 (Table 4)
3.2. Query tests
A database was created in Oracle APEX environment based on JT model which ensures faster queries
than the usual- relational database models. The faster queries prevailed on every attribute could be
indexed in JT (as it shown below) which is not usual in relational environment where generally 2-3
attributes are indexed (Table 3).
CREATE TABLE "JOKER_TAO"
(
"T_ID" NUMBER,
"T_ATTRIBUTE" NUMBER,
"T_VALUE" VARCHAR2(100),
"O_ID" NUMBER,
CONSTRAINT "JOKER_TAO_PK" PRIMARY KEY ("O_ID") ENABLE
) ;
CREATE INDEX "JOKER_TAO_IDX1" ON "JOKER_TAO" ("T_ID")
/
ALTER INDEX "JOKER_TAO_IDX1" UNUSABLE;
CREATE INDEX
;

"JOKER_TAO_IDX2" ON

"JOKER_TAO" ("T_ATTRIBUTE")

CREATE INDEX
;

"JOKER_TAO_IDX3" ON

"JOKER_TAO" ("T_VALUE")

CREATE OR REPLACE TRIGGER "BI_JOKER_TAO"
before insert on "JOKER_TAO"
for each row
begin
if :NEW."O_ID" is null then
select "JOKER_TAO_SEQ".nextval into :NEW."O_ID" from sys.dual;
end if;
end;
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/
ALTER TRIGGER

"BI_JOKER_TAO" ENABLE;

With the developed model, all data tables in a database can be converted to one physical data table.
In this case there is no need to use new memory units, so the queries are faster than in the relational data
models.
Positive results (datalines)
1
10
100

Table 3. Comparison query times
Relational model (sec)
<0,01
0,01
0,01

1000
10000
18185

JT model (sec)

0,09
0,87
1,57

<0,01
<0,01
<0,01
0,04
0,4
0,89

The query tests based on the Oracle APEX server processing time (despite of the client computer
capacity). The results show that in case of 1000 data lines or more (positive results in the query)
significantly faster queries could be reached with JT model usage.
3.3. Experimental results
We examined the following soil physical and chemical parameters (Table 4).
Table 4. Some physical and chemical properties of the soil
Parameter
Silt and clay fraction
Hygroscopicity
Arany-type of plasticity index
Moisture content
Hydrolytic acidity
Organic-C
Nitrate-N
AL-soluble P
AL-soluble
pH H2O
pHMKCl

Value
36,4
2,24
38
19-20
6,71
5,63
5,94
1,4
7,4
48,6
222

In our experiments, we examined the soil microbial processes related the soil carbon cycle (Table 5).
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Table 5. The effects of irrigation and fertilization on the triculture treatments
Dose

Humus Organic
C

Number
of
bacteria
(106 cfu
g-1)

Number
Soil
MBC
MBCx
of
respiration extraction Organic
fungus (mg CO2 *
C
(103 cfu
100g-1 *
g-1)
10 day-1)

CO2 x
MBC1

21

2,8

1,7

5,9

37,0

14,4

193,0

1,1

(qCO2
)
0,7

22

3,1

1,7

*4,8

*15,5

*17,1

*210,8

1,2

0,8

23

3

1,9

5,7

*46,0

14,7

*217,8

1,3

0,7

24

*3,1

1,8

*4,0

37,0

15,0

*183,9

1,0

0,8

25

2,9

1,7

*4,2

*25,0

14,3

201,3

1,2

0,7

SzD5%

0,2

1,0

9,0

2,6

15,4

26

3,0

1,7

4,5

28,0

13,2

67,9

0,4

1,9

27

3,0

1,8

5,1

23,5

*16,3

96,0

0,5

1,7

28

3,0

1,7

4,2

27,0

*16,3

*118,7

0,7

1,4

29

3,1

1,9

*3,5

*45,0

15,4

*357,4

2,0

0,4

30

*3,3

1,9

*5,4

29,0

*16,3

*137,7

0,7

1,2

SzD5%

0,3

0,6

6,3

3,0

43,8

Our results and those statistics suggest that the bi and triculture influenced higher microbial activity
which was reflected by the microbial biomass carbon (MBC), number of fungus and soil respiration.

Conclusion
The interoperability between SQL and NoSQL often garners a lot of attention in the world of database
and many solutions have been proposed to solve this issue. In the present study, we present a solution
which puts forth a whole new approach that eliminates the need for conversion and file compatibility
problems by combining the different data storage concepts into a physical data storage level.
The data storage of long term experiments need flexible database concept, because of the continuous
refinement during the researching processes. Data models that ensure faster queries in relational
environment could be useful for the scientific projects which expand their datasets continuously. In this
model the user does not need to export the scientific results for statistical analysing software, because
the statistical formulas can be stored in the same physical data table which is used for the measurement
data storage.
The data models which ensure Big Data management in relational environment can be useful for
correlation management and continuously data entry processes in long term experiments. These
databases are good bases for material cycle models, because new attributes can be determined during
and after data entry.
The experimental data from different devices which use different data storage structures can be stored
and managed under one platform with no conversion necessary.
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The latest wave of ICT-innovations are based around mobility (smart phones, tablets,
wireless networks etc.). Mobility can be a decisive success factor of ICT-adoption,
because of the spatial, local and remote nature of farming. New generation mobile devices
can also have a lower barrier to entry in terms of skills and cost for the user/farmer. The
question is whether these new devices, especially smart phones and tablets are adopted by
the farmers who are already using computers and Internet or they are attracting new
audiences as well? The author’s research in Hungary on the supply and demand side of
the phenomenon shows that the “agri-app-economy” is still in its infancy, and both the
supply and demand side are reflecting the current state and the earlier development of
ICT-usage in agriculture. At the moment, new generation of mobile devices are not acting
as a tool to overcome earlier and existing barriers of adoption, rather as an indicator of the
general level of ICT-use in agriculture. Mobile devices are mainly used by “tech-savvy”
farmers, as a general purpose technology – partly because of the lack of relevant
applications in agriculture.

Keywords:
mobile devices, applications for
agriculture, ICT-adoption,
human factors, Hungary

1. Introduction
Science and technology are at the core of agricultural change. Fundamental and applied research in
biology, chemistry and genetics has resulted in a constant flow of innovations and technical changes
that have greatly influenced agricultural systems (Vanloqueren & Baret, 2009). It is the same with
information and communication technologies (ICT): the toolkit of the information society offers new
opportunities for efficient operation, decision-making and adaptation to the environment (Herdon,
2009).
Despite these opportunities, ICT take-up in agriculture has been low in the last few decades, for
various reasons. As Alvarez & Nuthall (2006) put it: encouraging farmers to change their information
management has not been easy. The latest wave of ICT-innovations are based around mobility
(portable devices, wireless access technologies etc.) which can be a decisive success factor of the
adoption process, because of the spatial, local and remote nature of farming. New generation mobile
devices also have a lower barrier to entry (mobile phones are especially widely adopted by the farmer
community) in terms of skills and cost for the farmer. The “app-economy” also provides the
opportunity for service providers and developers to create new services and applications for a smaller,
specialized user-base.
The aim of this paper is to examine the main factors of the adoption of mobile devices,
through the example of smart phones among Hungarian farmers, using the results of a quantitative
survey conducted in the summer of 2015 in Hajdú-Bihar county, Hungary, and a desktop research on
the availability of farming applications in Hungarian language.

2. Theoretical background: ICT-adoption in agriculture
ICT can play a fundamental role in modern agriculture. As Kuhlmann and Berg (2002) summarized
the dominant path of agriculture development:“...it may be safely stated that modern large scale
farming technology in combination with large land parcels and separated farm road systems, and
1
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controlled by state of the art information and communication technology has the potential for
substantial reductions of the production costs for agricultural commodities. This would result in more
competitiveness for European agriculture in a liberalized world market and would therefore be
certainly adopted by the agricultural entrepreneurs.” Nuthall (2004) summarized the advantages of
ICT in the increase in farmer profits due to better price-choice from more comprehensive information,
a decrease in time spent on managerial duties, better timing of activities due to acquiring more
information when needed, more effective interaction with markets, dealers and experts, more
opportunities for learning and entertainment for children and also better connections with other
farmers and neighbors.
We can safely state that ICT became essential to effective agricultural production, but numerous
studies show that the adoption of these e-innovations in agriculture is limited, especially among
smallholders. According to Offer (2005) it can be concluded that since the late 1970s and early 1980s
service and technology developers have been making the same mistake, i.e. they fail to satisfy user
needs, which is a key challenge in this area. Alvarez & Nuthall (2006) also use the term “knowledge
gap”, which is a clear distinction between the relative knowledge of the famer and the relative
knowledge of the developer about a given software. The wider the knowledge gap the lower the
chance that the farmer will regard the innovation as useful.
Since the early 1990s, numerous studies has been to attempt to discover the factors influencing the
use of ICT. In one of the earliest works of this kind, Apps & Iddings (1990) mentioned the complexity
of the farm, the degree of external support, the age, experience, personality, approach to learning and
personal network of the farmer, time and the availability of information. Additional factors were raised
by Taragola & Gelb (2005): lack of ICT proficiency, lack of ICT benefit awareness, complexity of
use, lack of technological infrastructure, cost of technology, trust level in the ICT system and the lack
of training. This latter factor was also emphasized by Gelb & Parker (2005). The low adoption rate is
also caused by the fact that managerial duties have a low priority, especially on smallholder farms
(Taragola et al. 2002), and the same person who is responsible for those tasks are also involved in
production, which creates time constraints (Warren 2002) – a factor that partly could be overcome
with mobile devices.
In their review, Taragola & Van Lierde state that farmers’ personal and business characteristics
strongly influence their adoption of computers and the Internet. They confirmed the influence of
education (special agriculture-related education has no significant effect) and age, but the size of the
business played a smaller role than expected and among Flemish horticulture growers (Taragola &
Van Lierde 2010). The role of education and the age of the farmer in the adoption process were also
proved in many studies, for example among beef cattle and peanut producers in the United States,
while farm characteristics also played a role, but only the type of farm production had a significant
effect on the use of computers and the Internet (Hall et al. 2003). It can be seen that as the farmer is at
the center of the information system of the farm, the choice of information technology is an
individualistic process, affected by the farmers’ characteristics, such as experience, age, education,
goals and personality (Alvarez & Nuthall 2006). The characteristics of the farm also play a role, but
the effect of these factors are not straightforward: in some cases, the size, the complexity and the
location of the farm, or the type of production can play a role, but as it was seen earlier, in other
studies, they were not significant, or only one dimension contributed to the adoption decision.
The influence of education, age and the size of the settlement of residency on the general adoption
of computers and the Internet in Hungary was proved by many research (e.g. Bognár & Galácz 2004,
Dessewffy et al. 2005, Csótó & Herdon 2008). The age and earlier experience with information
technology influenced the adoption and also the intensity of ICT-use among farmers in Hajdú-Bihar
county, Hungary (Botos & Cseh 2011). In the same county, the findings of Botos (2014) showed that,
the aim of use is reduced only to communication (e-mail) and some information seeking among
agriculture SME-s, but the bigger and more diverse enterprises use more applications (e.g. commerce).
Based on the different research on this topic, two basic components of the adoption of einnovations can be found: the characteristics of the farmer (age, experience, personality, education,
decision-making and information management style, professional networks) and the characteristics of
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the farm (size, type, complexity, geography). Perceived and real benefits and usability of new tools
however can significantly influence the adoption process as well (Rogers, 1983).
2.1 Mobile devices in agriculture: the same pattern of adoption?
Many authors in the agriculture and ICT domain have written since cca. 2010 that mobile devices
have reached a stage of development that makes them potentially able to support farming in a high
level, for example in precision viticulture (Cunha et al. 2010) or in livestock management
(Voulodimos et al. 2010). With the recent progress in digital cameras, network bandwidth and
information storage capacities, the production (and consumption) of multimedia data has also become
an easy task with mobile devices (Joly et al. 2015). Applications that are running on mobile devices
became mainstream. There is an app for everything – and this is also the case in agriculture. Karetsos,
Costopoulou & Sideridis (2014) summarized the different groups of agriculture related applications as
follows:


Agriculture/Farm Management Information Apps



Agriculture Information Resource Apps



Agriculture Calculator Apps



Agriculture News Apps



Weather Apps



M-government Apps

The mobile revolution can be observed in the whole world. According to a recent report from the
International Telecommunication Union (ITU), by the end of 2015, there are more than 7 billion
mobile cellular subscriptions worldwide (up from 738 million in 2000). As it is shown in Figure 1.,
mobile broadband is the most dynamic market segment: we can say that the last 5-10 years were
dominated by the “mobile revolution”. As the ITU report also points out, mobile devices, mainly cell
phones, are embedded in daily routines and represent the most common and widely used technology
today.

Figure 1. Basic changes in telecommunications in the last 15 years (ITU 2015)
Even if ICTs are an important factor in the success of farming, exhaustive, timely and
comprehensive statistics are hard to find in this topic (especially in Hungary where there is no official
statistics on this topic), because farm statistics rarely contains this kind of data, and also farmers are a
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very diverse group that is difficult to reach and national surveys rarely access them or if so they are
asking only the ownership of ICT.
However, there are some data to start with. One such example is the survey by Float Mobile
Learning (2012) which showed that 94% of the farmers owned a mobile phone, and 49% owned a
smartphone in North America in the beginning of this decade. Smart phone penetration in the
Hungarian society is about 39% (Kutatópont, 2015), and 51% of all Internet users in Hungary use their
smart phones to access the Internet, according to the Hungarian National Media and
Infocommunications Authority (NMHH, 2015). The data of NMHH also show that smart phones are
basically used for communication purposes and for some information consumption, complicated tasks
or transactions are not widespread.
Agriculture market research firm „Agrostratéga” asked almost 1500 farmers (“the decision makers
of the farm”) in 2014 in Hungary, the main results can be seen in figure 2. 45% of the farmers use a
smart phone (in this research, this means a cell phone with Internet) and 14% use tablets. There is also
limited available information on the actual usage patterns, but the report says that 63% of the farmers
have bought machines or accessories through the Internet ever, and 17% can be declared as a regular
Internet shopper, while 57% have ever sold goods on the Internet.

Figure 2. Basic ICT-usage among Hungarian farmers (Agrostratéga 2014)

3. Methodology and research questions
The research consists of two main parts: the first part was a desk research of the available
agriculture related apps in Hungarian language and the analysis of the results of a recent survey in
Hungary. The second was a survey which was conducted in Hajdú-Bihar county, Hungary, during
May and June 2015, with the help of extension network of the Chamber of Agriculture of the county.
Every extension worker (called Falugazdász in Hungarian) asked the same number of randomly
selected clients (registered farmers, eligible for CAP-subsidies) to fill out our questionnaire relating to
the use of and attitudes towards ICT. The extension workers in a county usually serve the same
amount of farmers, and they were asked to collect the same number questionnaire. A total amount of
148 filled out questionnaires were collected.
The main aim of the survey was to examine the ICT use (especially the use of the Internet), and the
questionnaire focused on the availability of different devices, the usage patterns and also the attitudes
and opinions towards the Internet. With the selections of variables, the adoption patterns of
smartphones can be revealed, using the question “Do you own a mobile phone or a smartphone?” as
the main dependent variable. Based on the literature review, two main questions were formulated:
1. How socio-demographic characteristics of the farmer influence the adoption of
smartphones?
2. Has the characteristics of the farm any impact on the adoption of smartphones?
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Concerning the first questions, variables of gender (What is your gender?), age (What is your age?),
education (What is the highest degree or level of school you have completed?), IT-training (Have you
ever taken part in any kind of IT-training?), the size of the place of residence (Which of the following
best describes the area you live in?), personal network (How many farmers are you discussing farming
issues with?, Are you a member of a farm association?), occupation (Which of the following best
describes your connection to farming?), the frequency of Internet use (How often do you use the
Internet) and - among Internet and computer users - IT-proficiency (How do you rate your
computer/Internet skills?) and IT-experience (When did you start to use a computer?). Farm
characteristics were examined using the size of the farm (size of agricultural area, number of livestock
units), income of the farm, complexity (calculated from the number of different activities in the farm
(arable land, livestock breeding, horticulture, grasslands etc.)), the location of the farm from the
county seat and the perceived productivity of the farm (whether the farm making profit or not).

4. Results
4.1. Findings of the farmer-survey
According to the main findings of the survey, 80% of the respondents have access to any kind of
computer at home: a desktop computer (59%) or a notebook (44%) or a tablet (10%), 5% of the
respondents has access to all three devices at home in Hajdú-Bihar county.80% are also using the
Internet, and the majority (70% of all respondents) of them are weekly or daily users of the web. The
tablet ownership is limited to 10% of the respondents, so we choose to concentrate on smart phones
later on (as tablets almost exclusively were additions to other computers and smart phones). Also 80%
of the respondents said that they have Internet-subscription at home. Table 1 shows that almost every
farmer owns some kind of cell phone, sometimes a smart phone and a feature phone at the same time.
These findings are basically in line with the earlier presented country-data.
Table 1. Cell phone ownership among farmers in Hajdú-Bihar county (Author’s survey, 2015)
Cell phone use
Percentage
Using a smart phone

45,3%

Using a feature phone

45,9%

Using smart phone
and feature phone as
well

4,1%

Not using a cell phone

4,7%

We could see that half of the respondents (49%) use smart phones (“a device that can be used to
connect to the Internet, install applications on it and mainly has some kind of touching screen or
keyboard”). 40 percent of the respondents use the Internet on their cell phones at least on a weekly
basis, and one-third of them (32,4%) using their phone to check and write e-mails. So, what factors
determine the adoption of a smart phone? In Table 2 we present the more interesting (and/or
significant) results (those who indicated that they are using a smart phone and a feature phone as well,
were counted as smartphone-users).
In terms of the first research question, we can clearly see, that the basic factors of ICT-adoption are
playing a decisive role in the use of smart phones: age and education significantly affects the adoption
of the tool: the majority of the younger, more educated farmers adopt the smartphone. The distinction
between the respondents with a college or university degree and between the 50+ and the other half of
the respondents is especially strong. Earlier IT-training also has a strong positive influence, and the
existence of agriculture education also has some weak correlation with the use of smartphones.

doi: 10.17700/jai.2015.6.3.227
Mihály Csótó: Mobile devices in agriculture: attracting new audiences or serving the tech-savvy?

79

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 3:75-84

Respondents with a workplace outside their farms also own more likely a smartphone. Gender, the
place of residence and the personal professional network has no/little effect on the use of smartphones.
Among Internet/computer users, the frequency of the Internet use, experience and perceived ITproficiency all significantly influence smartphone-ownership: the more frequent a farmer use the
Internet the higher the chance they adopt mobile devices. Farmers with a longer record (at least ten
years of experience) of computer use are also adopting smartphones more often, and IT-skills and selfconfidence plays a crucial role: almost every respondent, who rated his/her IT-skills excellent or good,
own a smartphone. These latter findings show that mainly the adopters of earlier IT-innovations
switched to smartphones, as they can easily use them, can value their usefulness and the new tools are
also compatible with their information-management practices.
The characteristics of the farm has no influence on the adoption of smartphones: neither the farm
size, the level of income nor the complexity and the distance from the county seat have an effect on
smartphone-use. Only the perceived productivity correlates with the adoption: the more productive the
farm is, the higher the chance that the farm manager use a smartphone.
Table 2. Cell phone and smartphone ownership in different categories among farmers in Hajdú-Bihar
county (Author’s survey, 2015)
Feature phone
Smart phone
Categories
users and nonusers
users
Age
between 18-30
92%
8%
between 31-40
83%
17%
between 41-50
68%
32%
between 51-60
37%
63%
above 60
6%
94%
Education
primary school
0%
100%
vocational school
26%
74%
secondary vocational
39%
61%
school
general secondary
50%
50%
school
college or university
83%
17%
Education in
agriculture
Have
61%
39%
Do not have
32%
68%
Occupation
farming is primary
50%
50%
activity
farming is the primary
activity, has a part85%
15%
time job elsewhere
has a job, farming
67%
33%
part-time
farming during
14%
86%
retirement
ICT-proficiency
Excellent
100%
0%
Good
87%
13%
Not bad
52%
48%
Weak
18%
82%
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Earlier ICT-training
Yes
No
Frequency of
Internet use
Daily
Weekly, some days in
a week
Monthly
Never
First use of a
computer
before 1995
1996-2000
2001-2005
2006-2010
after 2011
Farm productivity
The farm suffers
losses
Incomings equals
outgoings
The farm is making
some profit
The farm is making
enough profit for
investments

77%
26%

23%
74%

78%

22%

38%

62%

17%
3%

83%
97%

70%
73%
69%
33%
25%

30%
23%
31%
67%
39%

50%

50%

21%

78%

54%

46%

73%

27%

4.2 The agriculture app-environment in Hungary
The author has also made a desktop research of the Hungarian agriculture-related apps to have a
picture about the supply-side of this phenomenon (as it can contribute to the perceived usefulness,
observability and trialability dimensions during the adoption process). The result shows that the agriapp-economy is still in its infancy in Hungary. Farm management information application that runs
only on mobile devices is hard to find in Hungary and/ or in Hungarian language. There are around
10-15 entities who are developing a desktop software of any kind in this domain and some of their
products can handle mobile devices as well. There are also a few applications that help to fine tune
machinery in the field (mainly developed by specific manufacturers).
Information resource apps are also hard to find, only a few notable examples exist (e.g. an
information app that combines weather forecasts with fertilizer needs and deficiency symptoms for
four plants, a seed variety guide or some animal physiology apps, targeting mainly agriculture
engineer students). The Hungarian National Chamber of Agriculture has developed an application
with the basic information about the organization and its work, including a news section. The National
Agricultural Advisory, Training and Rural Development Institute developed an application to assist
short supply chains2, while the National Food Chain Safety Office of Hungary (NÉBIH) published an
application called “NÉBIH Navigator” to support food safety consumer awareness raising – so this
latter application is mainly for consumers and not for farmers3.
Simple agriculture calculator apps that can be used during field activities are virtually nonexistent
at the moment in Hungarian language. The major agriculture news sites and journals also do not have
specific applications for mobile devices, but mainly they use responsive web design. There are a
plenty of weather apps available, a few specific Hungarian solution as well. There is also a notable m2
3
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government application which makes available the registration of simplified employment on mobile
devices4. This application is relevant for agriculture as the high number of seasonal/casual workers in
the sector.
Despite the fact that slowly but surely almost the half of the Hungarian farmer community is going
to own a smart phone, they have very limited options to use specific agriculture apps in Hungarian
language. It means that specific, agriculture-related use of this devices is limited and not exploited.

Conclusion
Looking at the state of ICT-development in the last few years, we can see that mobile devices
became common, smart devices are overtaking (or have overtaken) feature phones in many developed
countries. Mobile devices have also reached a stage of development that makes them potentially able
to support farming in a high level, but this potential is yet to be fully exploited. In the example of
Hungary, we could find in terms of the supply-side that there are only a few agriculture-related
applications in Hungarian language, and most of these applications are not specific for field operations
(but they can be used on the go which helps to tackle time constraints, but they are not related only to
support fieldwork) or they are only an extension of already existing, more complicated solutions and
as such cannot be a sole object of adoption. These latter applications only give advantages to the users
who are already familiar with ICT.
The results of the research also show us that the attributes of earlier ICT-use are mirrored in the
current state of the usage of mobile devices (especially in the case of smart phones). Factors
innfluencing the adoption of smarphones are basically the same as the factors were in the case of
earlier ICT-innovations - the same pattern of diffusion can be observed. Despite the lower barrier of
entry both in terms of skills and cost, new generations of mobile devices are not acting as a tool to
overcome earlier/existing barriers of adoption, rather as an indicator of the general ICT-use in
agriculture: early adopters and the early majority are adopting smart phones as an addition to their
ICT-environment – and the rate of adoption is in line with the country-average (as it was observed
with other ICT-innovations, because the rich farming community is also reflects the characteristics of
the whole Hungarian society). Smartphone use is basically determined by the personal attributes and
the earlier ICT-experience of the farmers, and is used as an extension of their current infomation
management system.
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ABSTRACT
In wood trade sector, the supplier is the forest and the product is round wood. The quality,
the quantity and value of wood depend heavily on the practices that are applied in the
early stages of the supply chain. The aim of the paper is to present the perspectives of
wood trade in Greece and also to study how the economic crisis has affected the forest
production and trade (imports and exports). Finally, we will discuss the challenge of using
new information technologies, such as databases, digital timber traceability systems,
sustainable timber and wood products, in collaboration with the traditional methods
employed in wood trade sector contemporarily.

1. Introduction
Forest as a natural and renewable asset has offered and still offers important and vital services to
humans. Environmental and material profit can be produced from forest. Wood is the initial product
for thousands of secondary products, many of which are basic necessities (eg. paper, wood furniture,
matches, etc.) (Voulgaridis, 1996). Forests occupy 1/3 of the land surface (FAO, 2000) and play an
important role at several levels. From an economic perspective, the forestry sector is an important
source of income, as timber is used in a variety of construction, household and industrial operations.
Furthermore, from the perspective of the environment, it is crucial for the preservation of the
biodiversity and combating climate change, not only for carbon sequestration but also due to the
production of biomass and the possibilities they offer in terms of renewable forms of energy. Today,
forests contribute 14% of the global energy supply and have the ability to reach up to 50% in energy
requirements worldwide during this century (Hall, 2002). About 55% of the amount of wood used
worldwide (CRES, 2010) (which reaches 4 billion m3), is used as a wood or charcoal for daily energy
requirements that concerns heating and cooking in developing countries. In our country, until the
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1950s, 15% of energy was coming from the forest (Kompelitou & Koskina, 2004), in the form of
firewood and charcoal. Since the early ‘60s, however, the Greek households have turned to other
sources of energy and thus the consumption of forest biomass for energy purposes, continuously
decreases till now, with economic crisis, the data have been diverted. In forest exploitation sector
plenty has been achieved up to now because of forest research developments in management of
forests. The basic principle of forest management is the sustainability in production and profit. This
principle ensures the continuous supply of forest products and services and simultaneously the
preservation and improvement of forests. The essence of forest ecosystems governance is its focus on
governing and has been reformed in order to achieve transparency, efficiency, and accountability and
to end with sustainable economic development in forest areas. The effort to maintain and promote the
multiple functions of forests derives from the fact that forests play a multiple role in the field of the
environment, thanks to the multiple functions that characterizes it, and their ability to contribute
decisively to maintaining nature and overall ecological balance. Within environmental governance,
new technologies have a great impact while the Internet provides a new prospective with the provision
of quality services within the social, financial and cultural forest regional development (Andreopoulou
et al., 2012). The rapid development and spread of modern information and communication
technology (ICT) allows access and practice information and methods vital to environmental research
and development. Major emphasis is given to the analysis of the entire production systems to support
the need to design agro-eco-systems that increasingly have to fulfill multiple objectives.
Environmental governance can be implemented through ICT focusing on informing, directing,
managing and monitoring environmental activities toward the achievement of sustainable forestry
(Andreopoulou et al., 2011). Environmental governance can be enhanced through IT applications and
techniques, ICT and e-services adoption, web-based environmental database, GIS employ and supply
chain management. The ability to access huge amounts of data, effortlessly and quickly, is the
incentive for better communication, scientific growth and technology development, thus, the adoption
of ICT combined with organizational and structural change aiming to improve sustainable
development (Tzoulis et al., 2013).
In recent years, new and innovative digital solutions and technologies play an important role within
strategic planning and decision support in wood trade sector. The study and analysis of the current
situation of trade in wood products in the European Union is an important tool in decision-making by
the industries of wood. The information on the supply and demand of various wood products and the
forecast for the future is sufficient by itself to reduce the risk of business (Tzoulis et al., 2014a). The
ability to perform and track the whole follow-up of products in industries has been possible with the
implementation of information systems, of automatic identification, which are capable to create a link
between the product, the database of the product and of process. Traceability information systems
consist of processes to maintain records that expose the trace of a particular input from suppliers to
customers. Wood traceability information systems make sure that wood derives from sustainable
sources and supply a successful technique to fight illegal logging. These Information systems cover
data on the source and movement of wood throughout harvesting area until its final destination. It is
important to achieve detailed tracking of the log production and movement of timber and wood
products aiming to guarantee the legality of the product (Tzoulis et al., 2014).
The purpose of this paper is to study the perspectives of wood trade in Greece, to discuss the
impact of economic crisis and to finally identify the new technologies used as a tool for improved
wood trade.

2. Methodology
The study was conducted in 2015. Data concerning wood production from forests and wood trade
sector globally and in Greece will be presented in detail. The collected findings concerning data of the
Greek wood sector include the description of various wood products from wood cut, annual
production of wood, partial production data in terms of types of wood and consumption of wood,
public forests and private forests productions, imports and exports in combination to various wood
products in trade, were retrieved from the Centre for Renewable Energy Sources, Ministry of
Agriculture, Reports of Greek forest services and FAO. Various relative books and research paper
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findings were also used. An overall assessment of wood production and trade in terms of positive and
negative factors is attempted. Two main categories of data concerning wood deriving from the forest,
construction timber and fragmentation wood, are presented and the annual use of wood and wood
products in Greece. We will also describe the amount of wood production from public and non-public
forests in tables and diagrams. Further, we will discuss how the economic crisis impacts either the
forest ecosystem or the wood trade sector in terms of products, imports and exports. We will further
discuss the impact on the wood trade quoting the consequences.
Additionally, the use of new technologies as a means for the improvement of forest certification
and the enhancement of wood trade sector will be quoted. We will present new IT solutions and
methodologies used in wood trade sector as a major tool in enhancing quality with certification.
Various traceability systems are collected and studied in order to add flexibility and immediate
feedback on the wood market, always in collaboration with the traditional methods used in wood
trade.

3. Results
Wood is the raw material of various primary industrial processing products (sawn timber, plywood,
etc.), which are materials for production of other secondary processing products (eg. furniture, paper).
Both the primary and secondary wood products can be produced by mechanical or chemical treatment
(Voulgaridis, 1996a). For the main forest products we distinguish three phases or development stages,
which are: Primary use: it begins immediately after the pre-labelling to the logging trees and ends with
the production of raw feedstock products in the cutting area, the forest road or in the yard of the
factory, the Forest Harvesting. Secondary use: it contains the use of raw forest products, such as
heating with firewood and the production of semi-finished products, eg. sawn timber, sleepers, piles,
veneer etc. Tertiary use: includes full refining and use of forest products in perfected form in their
final use, such as parquet, wood paneling, furniture, paper, packaging, wood etc. The wood products
are divided into two categories, sawn wood (primary and secondary) and industrial wood (plywood plywood, chipboard, MDF etc.). The production of quality wood starts in the forest. There the timber
is cleaned, collected and forwarded to sawmill. There, the trees are cut or placed together. Then
ventilation and drying follows, which can be achieved naturally (lasting up to 4 years), or artificially
with a drying period of 7 to 10 days. Almost nothing is left unused by a log tree. The top of the tree is
usually converted into firewood, while below the top part of the trunk has many branches and is used
for production of cellulose and plywood. The next lower section is cut only on simple, square cuts.
The middle and lower parts are those that can be cut into planks, cords and slats, which are those that
give the materials to carpenters, professionals and amateurs.
Forests provide many benefits to society and the economy and play an important role in preserving
biodiversity and mitigating the climate change, they also covering 177 million hectares (42% of the
land area) of the 27 EU Member States. Public sector holds 41% while private and other are holding
59%. In Greece covers about 20% of its surface. The Greek forests and woodlands are characterized
by high ecological value and biodiversity. Of the total forest, 22% are conifers (pine, spruce, etc.),
30% broad-leaved deciduous forests-primarily oak and the remaining 48% are non-industrial forests.
The wood-stock that forests are giving is: coniferous: 54 m3 / ha, deciduous broadleaf: 27,8 m3 / ha,
total forest ecosystem: 21,2 m3 / ha. From the total timber produced quantity that serves as firewood is
70 % of the timber, while in Europe the same category is 7-10%. The remaining 30% of the wood
harvested, is used as construction wood and industrial wood.
The annual wood production from the forests globally aiming to meet human needs approaches
3.5-4 billion cubic meters, while forecasts show that wood consumption is increasing (Tsoumis, 1983).
Our country is not characterized by sufficient land with structured forests and a significant part is
covered with degraded forest and woodland. Nevertheless, our country is strong deficit in wood and
wood products and imports significant quantities of round and sawn timber, wood pulp, etc. that are
representing a total of 2,000,000 cubic meters of round wood equivalent per year. The forest cover rate
(25.4%) of industrial forests is considered relatively small for a mountainous country. In the
composition of our forests broadleaved species dominates having a percentage of 57% against the 43%
of coniferous species. An additional percentage of 23.9% of the country's area is covered by nondoi: 10.17700/jai.2015.6.3.231
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industrial (non-productive wood) forests composed mainly of evergreen broadleaved (Ministry of
Agriculture, 1992). Two main categories of wood is initially produced into the Greek forest: a.
Industrial timber includes: (1) The construction timber, which is called round wood and technical
wood and (2) fragmentation wood (or industrial), which is used after the conversion into particles by
crushing for particleboards, fiber and paper. (3). Firewood that is pieces, round or slit, and are
destinated for household needs. From the total country's public forests 2.707 million cubic meters
timber are produced annually (786,000 cubic meters of industrial timber and 1.921 million cubic
meters firewood, ratio 29: 71). Those quantities estimated to be added another 400,000 cubic meters
Industrial timber and 650,000 cubic meters firewood from private forests and plantations, community,
monasteries and other non-public forests (Voulgaridis, 1996a).
Overall, the annual consumption of wood and wood products in Greece is approximately 3,100,000
cubic meters equivalent round wood (not including amounts of produced firewood). The part thus of
the domestic production from industrial timber is only 30-35% of the country's needs (Voulgaridis,
1996). Other species that produce small quantities of wood are: cypress, birch, plane tree, maple,
walnut, helm oak and other broad-leaved evergreen, etc. Natural forests of our country although they
are growing satisfactorily in mountainous and hilly areas, remain in poor condition in terms of quality
of the growing stock and the ability to produce technical wood. In the last decade the problems are
increasing related to the availability of these small amounts of the produced timber art. This is due to
small and fragmented throughout the mountainous Greece production volumes, the unstable and often
poor quality of the product, the constantly growing production costs, and the lack of industries
producing finished products and powerful competition that exists on imported products. The result is
either the distribution of the technical timber be done by loggers directly to small scale local crafts,
and utilized in low value added products, whether it remains unsold and is offered at prices below
production costs or compromising on firewood. The evolution of the technical production of wood
from the Greek forests is obvious that during the last thirty years has a drop in its production of 60%.
Moreover, while imports in the early 80s covered only marginally the production, in the early 90s
accounted for more than twice, and arrived in the early 00s to more than five times. Similar was the
trend in terms of production of firewood (Data source: Forest Services Report, 2009). In the case of
firewood we observe that since the late 90s outstanding import firewood is found, approximately
200.000 m3 / year on average. The main producer of forest products, and therefore firewood in our
country is the Forest Service, which was expected considering that forests owned by approximately
64% in the Greek public sector, and 36% to individuals. It should be pointed out the extremely low
firewood production from conifers. Additional negative factor is the technical inadequacy of the tree
for a particular use, and extremely low offer prices from the fragmentation products of timber
utilization industries. Furthermore it should be accepted that there are quantities over 200.000 m3
(approx. 20% of total production), trafficked illegally and are therefore not included in official
estimates. So overall production is up to 1.200.000 m3.
Their exploitation is made by their owners in accordance with the management studies, with their
care, and approved by the local forest services. Regarding forest products produced therein, other than
wood, they include Christmas trees, ornamental plants and herbs. Non-public forests constitute 36% of
the Greek forests. In terms of composition and capacity these forests are not lacking at all against
those from public, on the contrary too many outweigh.
Table 1. Total forest area per category, MPREE, (2011)

Α. CONIFERS
Fir-spruce
Aleppo-pine
Black pine
Other
Β. BROADLEAF
Oak
Beech
Other
Evergreen

AREA (acres)
3.297.620
4.757.770
1.370.470
237.870
AREA (acres)
7.475.490
2.190.700
1.017.650
4.776.610

%
13,1
18,9
5,5
0,9
%
29,8
8,7
4,1
19,0
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But there are factors that greatly influence the rational exploitation of non-public forests and such
are: small size in terms of surface, the capital investment reluctance infrastructure and culture and
development of these forests. The capital investment reluctance is mainly because there is reduced and
long-term performance of forests and the social character of forest ownership and the emergence of
many co-owners so there are discrepancies regarding the correct management. Following there are
details on the development of imports and exports of wood products and paper in Greece during the
decade 2004-2013, where in some categories the decline observed in recent years is vertical (Data
source: FAO, Global Forest Resources Assessment, 2015).
Table 2. Imports of wood and paper products (2004-2013), (FAO, 2015)
Round wood
Industrial roundwood
Industrial coniferous
Industrial non-coniferous
Wood fuel
Wood chips & particles
Wood residues
Wood charcoal
Sawnwood
Sawnwood coniferous
Sawnwood non-coniferous
Wood-based panels
Veneer sheets
Plywood
Particle board
Fibreboard
Wood pulp (chemical)
Recovered paper
Paper and paperboard

UNITS x 1000
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Metric t
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Cubic m
Metric t
Metric t
Metric t

2004
651
280
137
143
371
193
1
51
918
725
193
482
23
58
133
268
113
6
597

2005
328
282
117
165
46
358
3
54
874
705
170
427
27
68
134
198
102
10
710

2006
285
216
128
88
68
429
6
63
898
796
102
506
24
82
180
220
76
8
1044

2007
490
170
86
84
320
24
9
62
928
820
109
417
29
65
142
182
80
4
701

2008
490
170
86
84
320
429
9
62
670
538
132
413
29
61
142
182
80
4
701

2009
365
165
113
52
200
3
6
66
446
365
81
328
39
62
94
133
124
11
732

2010
410
140
100
40
270
26
11
56
370
315
55
274
31
55
92
97
162
6
720

2011
380
154
87
68
226
49
27
59
289
251
38
235
24
41
79
90
128
9
572

2012
483
93
55
38
390
8
97
61
227
196
31
146
11
33
74
29
130
19
486

2013
379
93
55
38
286
14
55
63
223
188
35
195
11
51
103
29
152
12
537

3.1. The impact of economic crisis on Greek forests, and trade of firewood
Lately, an economic crisis has affected Greece since 2009 with a significant impact in wood trade
aspects and on forest ecosystems as well. The consequences are quoted and discussed: a) Technical
timber production has been always low, now it has been vanished because there is no demand for
technical wood, due to development degrade, b) Firewood demand is increased and firewood trade is
booming, mainly oak and other hardwoods as well as beech, c) Great pressure from local mountainous
populations to satisfy most of their heating needs from local and usual public forests which is shown
by the return on woodstoves and fireplaces; the demand for these appliances is also increased, d)
illegal-logging and possibly trade has been intensified in continually high rates, with focus on
firewood, even for species that so far were considered unfit because of wood characteristics, e) the
price of firewood of beech and oak has been increased and will be further increased, f) imports of
firewood from Bulgaria are growing in quick rates, g) major boost in the number of firewood
entrepreneurship is registered, h) the phenomenon to increase the price depending on the distance from
their place of production of primary products up to their final consumption areas, will be further
intensified, i) intensive pressure to meet production needs for biomass from crushing timber in order to
produce wood particles (pellets), or by use of logging residues either by direct mechanical collection
of forestland occupied by low shrubby vegetation.
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Figure 1. Imports of wood and paper products (2004-2013)

3.2. The aspect of technologies in wood trade certification
The adoption of new technological developments and innovative management practices will offer
flexibility and immediate feedback on the marketing of timber space (Tzoulis and Andreopoulou,
2013, Tzoulis et al., 2013; Tzoulis et al., 2014). Information and Communication Technologies (ICT)
and innovative tools and services offer huge opportunities for everyone to advance and take advantage
and new opportunities for economic development, better service, social and cultural developments in
wood production and in wood market (Tzoulis and Andreopoulou, 2013). Advances in information
technology have been identified as drivers of entrepreneurship in the field of commercial timber
(Reuber and Fischer, 2011). The international wood trade should necessarily come from sustainablemanaged forests, as defined by FSC and PEFC systems. These two certification systems of sustainable
forest management have been developed: a) FSC: Forest Stewardship Council and b) PEFC: Program
for the Endorsement of Forest Certification schemes (ACE UK, 2012). Forest certification schemes
have emerged in recent years to become a significant and innovative venue for standard setting and
governance in the environmental realm.
Using the FSC label requires chain-of-custody certification, which involves tracking the origin of
forest products all through the supply chain and guaranteeing that products meet specific content
requirements. Initially, only products with 100% FSC content had access to the label. The rules have
since been revised, gradually reducing the percent thresholds, introducing new restrictions delineating
acceptable non-FSC content, and developing an FSC label for 100% post-consumer recycled paper. In
regard to reducing pressure for deforestation, researchers have also been skeptical about certification's
potential impacts. Certification provides an inadequate counterbalance to larger economic incentives
for land-use conversion. In 1998 and 1999, European forest owners' associations joined together to
create the Pan-European Forest Certification (PEFC) scheme to facilitate the mutual recognition of
national schemes and to provide them a common eco-label. The PEFC Council, composed of national
governing bodies primarily representing forest owner associations and the broader forestry
community, approves national schemes if they are developed in conformance with the criteria,
indicators, and rules of the umbrella scheme.
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Table 3. Exports of wood and paper products (2004-2013), (FAO, 2015)
UNITS x 1000
Cubic m
Round wood
Industrial roundwood
Cubic m
Industrial coniferous
Cubic m
Industrial non-coniferous
Cubic m
Wood fuel
Cubic m
Cubic m
Wood chips & particles
Cubic m
Wood residues
Metric t
Wood charcoal
Cubic m
Sawnwood
Sawnwood coniferous
Cubic m
Sawnwood non-coniferous
Cubic m
Cubic m
Wood-based panels
Veneer sheets
Cubic m
Plywood
Cubic m
Particle board
Cubic m
Fibreboard
Cubic m
Metric t
Wood pulp (chemical)
Metric t
Recovered paper
Metric t
Paper and paperboard

2004
16
1
0
1
15
0
0
0
18
2
16
201
1
10
167
23
7
104
73

2005
16
0
0
0
16
0
0
0
13
5
8
200
1
11
155
32
5
141
72

2006
27
21
20
1
7
0
7
0
9
4
5
81
1
13
30
37
1
154
68

2007
36
30
23
7
5
0
0
0
14
5
9
82
2
13
34
33
1
195
119

2008
36
30
23
7
5
0
0
0
11
2
8
80
2
11
34
33
1
195
119

2009
7
5
4
1
2
0
17
0
17
4
13
150
2
12
81
55
1
364
82

2010
6
5
4
1
1
0
12
0
19
11
8
155
1
12
77
65
2
315
89

2011
11
8
6
1
3
0
12
0
25
14
10
232
1
38
96
97
0
238
92

2012
27
21
17
4
6
0
4
1
26
16
11
257
1
22
127
108
0
321
86

2013
26
22
8
14
4
0
13
2
19
8
11
178
1
26
74
77
2
269
87

In 2003, PEFC restructured itself and went global, changing its official name to the Program for the
Endorsement of Forest Certification schemes while retaining the PEFC acronym. The certification
model now exists in numerous sectors, covering an ever-expanding suite of production processes
(Auld, G. et al., 2008). The wood trade presents forest change, as it relates forest stock change to net
trade of wood products by localizing the origin of wood consumed in a given nation (Kastner et al.,
2011). Wood for trade should not come a) from illegal cuttings, b) areas of natural value, c) genemodified trees, d) areas with social conflicts, e) natural forests transformed to other use (Korsnäs,
2012; Tzoulis et al., 2014). This situation was the first indication of the necessity for developing and
implementing systems of products follow-up (Stevens, J. et all 1998) and to increase the efficiency of
the process and its technologies, (Töyrylä, 1999) highlights that it is possible to improve the logistics
chain, the management, the supply and the optimization of raw material. Much remains to be
determined regarding the application of international trade law to multicriteria environmental and
social labels.
The objective of traceability in timber is to prevent the circulation of illegal timber, and explore
ways in which it can eliminate the export and import of illegally harvested timber. Businesses have a
growing interest in wood as overall current trends in modern society, the timber and timber products,
is the raw material for various industrial primary processing products such as poles, sawn wood,
veneer, plywood, particleboard, fiberboard, wood pulp, etc., which are the materials for the production
of other products, such as furniture and secondary processing paper (Tzoulis et al., 2013).
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Figure 2. Exports of wood and paper products (2004-2013)
Modern innovative wood traceability systems certify the supplier and the buyer that wood comes
from sustainable sources and is a successful way to fight illegal logging. Information systems include
data on the origin and movement of wood throughout the collection area to its final destination, ie
throughout the supply chain of wood. The most common traceability systems in timber trade also
include the traditional methods such as stamping / punching, the color marking, barcodes (barcodes),
the engraving dimensional code QR (quick response code), Micro Wave Sensor , microchip RFID
sensors, innovative digital DNA of the cluster, etc.. These traceability and tracking systems are quoted
in recent research (Tzoulis & Andreopoulou, 2013, Tzoulis et al., 2014).
It should be mentioned that the traditional labeling with a metal plate label including basic trade
and production data is widely used still in Greece. Various innovative methods, such as satellite
systems and remote sensing systems, have been proposed in international level and other are still
under research (Brack et al., 2002). The wood certification and traceability systems are summarized in
Table 4, where is also presented the cost impact of the technology, the efficiency, the sector of use and
the features.
The web-database technologies are also utilized in the marketing of wood, for example in a DB for
European and tropical woods, which lists the species of wood, the physical and chemical properties
and their characteristics and their potential uses (Tzoulis et al., 2014a). Specifically, in the modern
competitive timber business, integrated digital management systems utilize databases incorporated in
governance and automated management systems. The business environment requires fast, efficient and
reliable management of huge amounts of information on timber for products, suppliers, customers,
materials, machinery, facilities, financial-accounting firm, office support and many more items
(Tzoulis et al., 2014a).

4. Conclusion
Our country has a deficit in wood. Thus, the larger amounts of wood now imported from abroad.
Most Greek forests nowadays are "non-productive" forests that mainly produce firewood and only
small amounts of technical timber, timber with good quality.
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Table 4. Forms of traceability (Tzoulis et al., 2014)
Year

Cost/Confrontation
of economic crisis

Efficiency

Punching

1896

Low cost, possible
increase

Paint

1930
Originates
from long
path*

Barcode

1952

Technology

Sector Of
Use

Features

Now less
efficient

Logs

Symbols
and marks
detected by
a camera,

Low cost

Simple
Difficult to
fake

Logs

Fluid
marking
with paint

Low cost

Now less
Efficient

Fresh
products,
cars, objects,

Plastic
étiquettes

Track
vehicle parts,
environment
& agriculture
Logs

QR Code

2002

Low cost

Fairly
efficient in
all sectors

Micro Wave
Sensor

2004

Experimental

Not yet
fully
developed

RFID

2009

Potential for low price,
expected to decrease

Fairly
efficient in
all sectors

DNA
Fingerprinting

2010

Experimental

reliable
verification
tool

Mobile
phones,
wood
products, etc.
Every kind
of wood-log,
environmentfauna

Simple with
the use of
smart
phonesdevices
Intrinsic
signature of
the wood
Wireless
data
transmission
reference
database of
samples

In trade, the species derived from the Greek forests are mostly fir, beech, black pine and poplar
(plantation), while up to that time there was ample production amounts and from other wood species
such as, walnut, chestnut, cypress, ash (ash, honey), elm (elm), pine vitiligo (robolo), juniper (cedar),
maple and linden. There are multiple social and economic problems arisen because of the economic
crisis impact on forests and wood trade in our country. People while in economic crisis usually
destroy forests but they can also recover later. It is important to adopt the adequate both to confront
the threat and take advantage of on the opportunity. Therefore, the adoption of new technological
solutions and innovative digital management practices of all data is required, that will provide
flexibility, immediate feedback and fast decision making.
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