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Abstract
This dissertation was written as part of the MSc in Sustainable Agriculture and Business
at the International Hellenic University.
This research is related to the application of precision agriculture methods in cotton
crop at the region of Pella, and more specific Schinas region in the valley of Giannitsa.
The main purpose was to test and pilot Apollo services with real farmers and farmer’s
association in Pella, Greece. Apollo services based on satellite data (tillage and
irrigation scheduling, crop growth monitoring and crop yield estimation) were tested
on an irrigated cotton field and were validated with cotton physiology measurements.
Apollo services presented savings on fuel and water during tillage and irrigation
operations, while the same or higher yield was achieved. Moreover, the Apollo
platform allowed farmers to monitor and organize better their cultivation and harvest
activities due to the better monitoring provided through the crop growth monitoring
and yield estimation services.
First of all, I want to thank my supervisor As. Prof. Mr. Spyros Fountas for his
trustfulness and patience. In addition, my relatives and intimates, especially Ioanna,
Ismini, Giorgos, Manos and Vangelis, for their help and support, to complete this
dissertation.
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Preface
Precision agriculture (PA) can be defined as management of spatial and temporal
variability in fields using information and communications technologies (ICT) (Blackmore et
al., 2003). PA can be also considered as site-specific management in order to increase yield
and reduce environmental impact of the production, due to precision and optimization of
inputs use. The Precision Agriculture steps include data collection and localization, data
analysis, management decisions on applications, evaluation of management decisions. Each
year, data are stored in a database and are used as historical data for future decision making
which is cyclic system. (Fountas et al., 2006; Gebbers and Adamchuk, 2010).
The reaserch was based on the Apollo project, which is an EU-funded innovation
project aiming to develop a market-ready platform of agricultural advisory services aimed
primarily, but not exclusively, at smallholder farmers. The Apollo project aims to bring the
benefits of precision agriculture to farmers through affordable information services, making
extensive use of free and open Earth Observation data, such as those provided by the
European Union’s Copernicus program.
These services will help farmers to make better decisions by monitoring the growth
and health of crops, providing advice on when to irrigate and till their fields and estimating
the size of their harvest. Ultimately, these interventions should lead to the use of less farm
(or agricultural) inputs and higher yields – and therefore reduced costs, increased
profitability and competitiveness, as well as better environmental sustainability. Apollo aims
to open up the precision agriculture market by making affordable, accessible and easy-touse agricultural advisory services available to farmers, farmers’ associations and agricultural
consultants.
During the research, Apollo services (tillage and irrigation scheduling, crop growth
monitoring and crop yield estimation) were tested and piloted with real farmers and
farmer’s associations in Pella, Greece and specifically in Giannitsa valley in association with
Agricultural Cooperative of Pella.
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Precision Agriculture
Precision agriculture (PA) can be defined as management of spatial and temporal
variability in fields using information and communications technologies (ICT) (Blackmore et
al., 2003). PA can be also considered as site-specific management in order to increase yield
and reduce environmental impact of the production, due to precision and optimization of
inputs use.
Introduction in Precision Agriculture
Precision Agriculture is a farm management system which, by using computer science
and electronics in agriculture, assists the producer in the decision-making process for an
advanced farm management (Gemtos et al., 2002). It constitutes a technological advantage
which can significantly increase productivity by reducing inputs and respecting the
environment (Watson et al, 2003). The newly applied technologies in agriculture made it
possible to measure the spatial and temporal variability of production and soil parameters
which enabled the development of Precision Agriculture systems while improving the field
production and reducing the negative impact on the environment by the irrational use of
inputs (Fountas and Gemtos, 2015).
The terms Precision Farming or Precision Agriculture or site-specific management are
defined as the cultivation technique that treats each soil part differently, in terms of inputs,
based on fertility and yield of each particular field part (Earl et al, 1996). Thus, it is achieved
an increase of yields, quality optimization, a more efficient use of fertilizers, pesticides,
seeds, etc., a reduction of energy consumption and the protection of the environment.
(Roberson 2004, Godwin et al, 2003). The use of the current technology along with the data
science processes resulted into having an advanced information-driven management of the
agricultural production with targeted treatments, when and if needed (Gebbers and
Adamchuk 2010).
The success of precision farming is based on the producer being timely and reliably
informed concerning the fertility and other soil properties, the growth and plant
characteristics, weed and insect populations, harvesting and post-harvest handling
(Mygdakos et al. 2004). A key factor of the Precision Agriculture is that instead of the crop
processes being based on the average production and fertility values of the soil, it is possible
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to apply different doses of inputs for each part of the field depending on its real needs
(Gemtos et al., 2003). By recording the diverse needs of fields and the customized activities
per site, a traceability system could be created to facilitate the Precise Agriculture (Fountas
et al., 2011).
As mentioned above, Precession Farming is governed by the principles of data
collection and processing along with the fluctuating rate of input applications. The
technology serving the needs of monitoring, collecting and processing data, identifying
patterns and producing results, includes a large spectrum of technical solutions, from
information and communication technology as well as sensor and application technologies,
farm management and economics. (Fountas et al. 2004)
Chronology of Precision Agriculture
Worldwide, the initial attempts for precision farming are dated back to the late
eighties and early nineties but its adoption did not start until the late nineties. The
combination of yield monitors with GPS receivers was the first approach to map the seed
production, with an aim to perform field-targeted management with variable rate
applications of mainly lime, fertilizer and recently chemicals (Fountas et al. 2004). In this era,
the measurements of the grain flow and humidity were recorded during the operation of the
harvesting machine combined with the recording of the working speed and the geographical
position of the machine, while the estimation of the working width was done by the
operator himself or by a person who was on the machine. The collected data established a
baseline to produce maps showing the spatial distribution of production using geographic
information system software (Fountas and Gemtos, 2015)
Another activity which defined the Precise Agriculture was soil sampling, an activity
which varied amongst the farmers, as the sample size was highly depended to the soil
analysis cost. Even though the sensors measuring the structure of the soil, the water content
(Electromagnetic Induction, EC) and the soil needs for fertilizers (Hydro-Nitrogen sensor)
were presenting a promising potential, the farmers seemed quite reluctant concerning their
reliability and effectiveness. (Fountas et al. 2004)
The first real application of Precise Agriculture was the creation of a system mixing
and distributing fertilizers on-the-go, manufactured by the company Soil Teq in the USA
(Fairchild, 1988). This system processed information derived by aerial photoshoots and soil
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analysis depending on a grid of coordinates in order to produce a map identifying the correct
dose of fertilizer to be applied on the field.
Later on, the use of sensors was introduced to cotton crops (Tomasson, et al., 1999;
Vellidis, et al., 2003), sugar beets (Hoffman, et al., 1995), industrial tomatoes (Pelletier, et
al., 1999) ), herbaceous plants (Auernhammer, et al., 1995; Kromer, et al., 1999; Lee, et al.,
2005) and peanuts (Vellidis, et al., 2001). In fact, the recent years, production mapping
systems have also appeared in fruit and vegetable crops. Arboricultural research is also
conducted by the University of Florida (USA) on citrus fruits. Production mapping systems,
ultrasonic tree canopy volume estimation and variable dose fertilizer and pesticide
application systems have been developed (Zaman and Schumann, 2006). Additionally,
Precise Agriculture is applied on grapes in Australia (Bramley and Hamilton, 2004), Chile
(Ortega et al., 2003), France (Tisseyre et al., 2001) and Spain (Arno et al., 2005). Finally,
Precise Farming entered the tree production with systems developed with the aim of
production mapping, estimating the tree canopy volume using ultrasonic waves and applying
fertilizers and pesticides in customized doses (Zaman and Schumann, 2006).
Precision Agriculture in Greece
An identified pattern related to Greece is the reluctant response in change and
innovative technological solutions and specially in the agricultural domain (sustainable
agriculture, organic agriculture, etc.). This delayed adoption is a result of the bellow listed
reasons (Papageorgiou and Spathis, 2000):
•

The majority of the fields are small and fragmented, slowing down the technological
burgeoning which could increase the producer’s income.

•

The geographical dispersion of the fields and the resulting difficulty in producers to
receive knowledge and information by the competent organizations and services,
which is an additional obstacle in the process of new technologies to be spread.

•

The human factor and more specifically the lack of proper education of those
involved in agriculture, which contributes to the delay of assessing and adopting
innovations and advancements of technology.

•

The high average age of producers resulting in reduced interest in long-term
prospects, limited willingness to seek and apply new technology and a sense of
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professional competence with the consequent rejection of efforts to introduce
improvements, etc.
•

The adherence of producers to the traditional production techniques with which they
have associated a large part of their lives, especially the elderly, along with the factor
that a significant part of their income is secured via EU subsidies, conditions leading
to complacency and reluctance to seek innovative ideas.

•

The slow pace of technological development in general in Greece in relation to other
countries, which, in combination with the rest of the above, provide a holistic picture
of why the application of new technologies and of course of this precision agriculture
in our country is delayed.
Nevertheless, there is an urgent need to reduce the production costs through further

agricultural mechanization and reduction in workers' wages, as is the case in the Nordic
countries. Moreover, the growing number of cultivated fields, as well as the need for
traceability of the cultivating interventions will have as a direct result the use of new
practices, such as Precision Agriculture also in the countries of the European South, such as
Greece. Until today, the focus is in developing electronic systems for recording the necessary
data, while the most important stage in applying Precision Agricultural is in processing the
collected data (Fountas and Gemtos, 2015).
In Greece, the initial application of Precise farming started in 2001 on cotton crop.
The first experiment conducted was the cotton production mapping for two (2) consecutive
years, during the harvesting period of 2001 and 2002, in combination with the electrical
conductivity mapping of Karditsa area. It was observed that the systematic factors affecting
the production, as well as the structure and physicochemical properties of the soil,
determined directly the value of the electrical conductivity in every part of the field. Another
interesting result that was identified, was the correlation between the electrical conductivity
and the final yield (Markinos et al., 2003).
Rappos et al. (2005) were the first to investigate the applicability of Precision Farming
systems to apple orchards. The research was carried out in an apple cultivation in the area
Pyrgoi of Ptolemaida and concerned the production mapping by recording the geographical
coordinates using a portable GPS device. The recording of additional quantitative and
qualitative data contributed to the development of production and quality characteristic
maps which resulted to the identification of the significant variability in the field, in the
production and the quality of the crop. Additional apple corps were examined with the aim
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to develop production and quality maps. The research conducted in the area Kozani of
Ptolemaida on an eight (8) stremma apple orchard for 3 consequent years, 2004 to 2006 and
in the area Agia of Larissa on a fifty (50) stremma apple orchard for the years 2006 and 2006
(Aggelopoulou et al.,2007). In 2006, with the aim of drawing different management zones in
an apple orchard of Aetolofos, Larissa, a mapping was conducted for the production, the
quality characteristics of fruits (fruit weight, fruit color, soluble solids content, flesh hardness
and juice acidity) and electrical conductivity (ECa) of the soil (Tanos et al., 2005). As the
process of mapping was spreading across Greece, another attempt to record the variability
in production, quality and soil took place in Damasi and Rapsani, in Central Greece (Tagarakis
et al., 2006; Hatzinikos, 2007) and in vineyards in Northern Greece (Stamatiadis et al., 2007).
Aggelopoulou et al. (2010) and Liakos (2011) analyzed the spatial variability of quality in
apple orchards. They measured various quality parameters such as fruit mass, skin color,
soluble solids and malic acid content, juice pH and flesh consistency. The quality of the fruits
was negatively correlated with the production, while the spatial variability of the quality
parameters was small. In 2013, Liakos et. al. proved the connection between flower number
and yield by connecting vegetation index and yield. That was achieved by adding
measurements of NDVI. In the same time presented that farmers can reach 21% increased
profit and 32,4% decreased amount of N fertilization using variable rate applications of N.
Next year, recorded further increase was recorded for farmer’s profit and further decrease
for N fertilization, 9% and 56.6%, respectively.
Ampatzidis et al., (2007) presented an automated traceability system in the field for
locating boxes full of fruit and correlating them with the trees from which they were
harvested.
In this stage, automation is introduced in production mapping via RFID labels and GPS
in peach orchards and resulted to the identification of high yield variability. The worker’s
productivity was another factor to be examined and improved, thus a monitoring system
was incorporated to record the workers’ steps in order to optimize their efficiency and
streamline their movements (Ampatzidis, 2010).
In 2010, a program called Hydrosense focused on Cotton crop, had as an objective to
prove the value of the technological solutions on the preservation of irrigation water and
fertilizers in correlation with the crop protection. The experiment showed almost one fifth
decreased use of irrigating water, resulting to the use of half the amount of N fertilizers with
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less than 10% of decrease in their efficiency in comparison with the traditional techniques
until then (Evangelou and Tsantilas, 2011).
Chloros (2010) and Fytilis (2011) experimented with maize and winter grains in order
to verify if there was a need for site-specific management zones by installing a yield mapping
and seed moisture sensor on a Claas Dominator 106 harvester. Analyzing the recorded data,
the resulted production and moisture variability in the selected production unit validated
the hypothesis of the experiment in order to manage increase the yield and reduce the
amount of inputs.
A significant era for the Precise Agriculture applications in Greece was when olive
trees and vineyards were included in the crops under research, covering a wide surface of
Greek arable land. An innovative approach by Fountas et al. (2011) resulted to the
introduction of the yield weighing in the process of production mapping. The experiment
took place on a commercial olive tree orchard of 9.1 hectares used to produce olive oil
where soil sampling and analysis was conducted. The results were used as baseline to
develop P, K and pH maps and then calculate the variable rate of fertilizers and lime to be
applied, in order to correct the soil pH. The application of the inputs was performed
manually. For the purpose of the experiment, two different approaches on weed control
were adopted, the rotary cultivation and the use of post emergence herbicides under notillage. The two different strategies relied on the maps indicating the resilience of the field to
inputs. The results were finalized after three cultivating seasons, when it was obvious that
the non-cultivated part of the field presented smaller resilience to inputs along with higher
content of amount of organic matter in comparison with the cultivated part for weed
control.
The yield and quality of vineyards were also a subject of research during the first
decade of 2000 in the context of Precise Agriculture. Soil sample analysis along with the
plant’s characteristics, gave the initial records to develop the necessary mappings and
experiment with the consumption levels of irrigating water. Tagarakis (2014) managed to
reduce the consumption by 20%. The second part of the research was focused on predicting
the number of branches that would be cut off during pruning with the use of a laser scanner.
The second part was completed successfully as well and was also used to estimate the
diameter of olive trees.
The newly acquired knowledge and expertise was then applied on pear orchards by
developing yield maps and defining the variability in the quantity and quality of fruits. Based
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on the mapping the fertilization applications were decreased by 56% and 50% respectively in
two years (Vatsanidou et al., 2014).
Finally, an analysis on the yield, the quality and the electric conductivity was
conducted on a watermelon field, in order to calculate the differentiated water irrigation
and achieve to reduce the consumption of water irrigation. The installation of a soil moisture
measurement system facilitated the process and following the derived metrics, managed to
reduce the consumption by 10% while the marketable amount of watermelons was
increased by 10% in comparison with previous years (Fountas et al., 2015).
PA Technologies
As mentioned in the previous section, the development of new technologies has
contributed to the evolution of Precise Agriculture, enabling the recognition of spatial and
temporal variability of crop needs as well as the systems that assist the management of
inputs. Such technologies are the Global Positioning System (GPS), the Geographic
Information System (GIS), the yield mapping, the Direct Data capture methods, the soil
properties and EC mapping, the management zones, the variable rate input and the remote
sensing.
Global Positioning System (GPS)
Positioning systems were originally used for military purposes and they were initially
developed in 1970 by the US Department of Defense. They were later extended to other
areas of use. The operation of GPS depends on twenty-four (24) satellites moving around the
earth and constantly send radio signals to its surface which are then received by radio
receivers or transceivers. Then, they process the data received and provide information
concerning the location of a point, its altitude, speed and direction of movement. The GPS
consists of three functional segments; the satellite section, the control section and the usage
section.
The factors, on which the quality and accuracy of a receiver's signal depends on, are:
1.

The technology used in the GPS receiver.

2.

The installation of the system.

3.

The selective availability of the system.
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4.

The number of satellites from which the receiver receives signals, as well as

their relative positions.
5.

The ability of differential correction of the system.

6.

The effects of the ionosphere and the troposphere.

7.

The distortions of the satellite signals that may be due to the interference of

objects in the area (buildings, etc.).
8.

Possible errors of the receivers or of the satellite timers.

9.

The reflection of the signal from objects in the area, before it reaches the

receiver.
10.

Orbital errors, e.g. incorrect information transmitted by satellites about their

orbit. (Fountas and Gemtos, 2015)
These 24 satellites, which are in fixed orbit and at known locations around the earth,
emit a coded electromagnetic signal, with information on the identity of each satellite and
the exact time of signal transmission. The GPS receiver, when receiving a signal from three
satellites has the ability to determine the coordinates (longitude and latitude) of its position,
using geometric analysis, while if it receives a signal from a fourth satellite it can also
calculate the altitude of its position. Alternative implementations of positioning systems are;
GLONASS, an acronym for Global Navigation Satellite Systems developed in Russia, Galileo in
EU, BeiDou in China etc.

Figure 1 The 24-slot satellite constellation (Source: https://www.gps.gov)
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The use of GPS in Precision Agriculture offers the ability to locate the field and by
using geographical coordinates, the agricultural vehicles can be located and guided, for
cultivation activities or chemical applications, in any field with an accuracy of two
centimeters (Fountas and Gemtos, 2015), while with the use of computer and appropriate
software, the soil and the production of a field can be mapped.
Geographic Information System (GIS)
The term of Geographical Information System, among others, had been applied to
geographically computer-oriented technology and irrigated systems used in substantive
applications (Maguire, 1990). According to H.F. Reetz, Jr. and J.D. Westervelt (2000), (GIS)
provide a systematic approach to managing the large amounts of data accumulated, along
with the tools necessary for analysis and interpretation. They can also support the
management and modelling of spatially distributed information (Chen, et al., 2010).
Concerning the Precision Agriculture GIS is an important tool that can help in organization,
analysis and processing information, which are depicted as digital maps of the field under
examination. In addition, tools like statistical analysis, simulations and other analytical
methods, used by GIS and help to draw conclusions and decision making (Fountas and
Gemtos, 2015; Reetz and Westervelt, 2000).
A GIS software consists of the following components:
• A spatial data input system, such as information by maps, satellite images etc.
• A data storage and organization of the database system.
• A data output system with analysis results, such as tables, maps etc.
• A data analysis system with a toolbox related with data
• A user interface system with menus and commands for the user to interact with the
program.

GIS can actually provide the user with an interactive map for a specific geographical
position, which makes up by several data layers that refer to precipitation, temperature,
humidity, nutrients, providing the variability of the relative field. The shape of the field,
sampling points, nutrient maps, weed population, yield map can be some significant
information that a farmer will need in order to achieve a ration farm management and
better decision making. (Chen et al., 2010; Reetz. and Westervelt, 2000)
-13-

Management zones
There is no specific method for defining Management zones, each field presents a
different behavior and needs a different approach. The separation of zones depends on the
collected field data and the ability to evaluate them in order to determine the Zones based
on these data. The nature of the field also is considered of great importance, i.e. if it has
significant variability of some of its properties and therefore can be divided into Zones (Kvien
and Posknee, 2000). The management of zones can be defined based on the variability in
production and soil properties or problems related to soil fertility, weed control, drainage,
soil compaction, etc. The information gathered from the analysis of production maps for
several years can change the way the producer applies the inputs to the field.

Figure 2 Measured crop yields and nitrogen fertilizer application rates used in a randomized complete
block design (Source: Mulla and Hernadez, 2006)
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Yield Mapping
According to Blackomore B. et al. (2003) “Precision Farming is not simply the ability
to apply treatments that are varied at local level, but must be considered as the ability to
precisely monitor and assess the agricultural enterprise at a local and farm level and to have
sufficient understanding of the processes involved to be able to apply the inputs in such a
way as to be able to achieve a particular goal”. Having that in mind, he considers yield
mapping to be one of the first stages in implementing PA.
Along with the yield mapping, the production and the location are recorded
simultaneously in many parts of the field, in order to investigate which factors affect the
production. Yield maps can be combined with soil maps and other data (meteorological,
remote sensing, etc.) to begin the process of developing a Precision Agriculture system.
Regarding the yield mapping, in combine harvesters, there is a need to know the
material flow in a harvester system, the speed and the actual working width of the harvester
(Fountas and Gemtos, 2015). According to Morgan and Ess (1997), common yield mapping
systems consist of sensors for measuring the production, the seed moisture, the speed and
the harvester position, as well as a Central unit with display and GPS receiver. The above
system needs to be calibrated before use, while the data must be stored on a PCMCIA
(Personal Computer Memory Card International Association) card so that it can be processed
on a computer through a relevant GIS program. In addition to grain, in recent years yield
mapping has been conducted to other crops of industrial plants, vegetables, fodder and
vines.
The producers now acknowledge the spatial variability in crop yields. Also, during the
harvest they may have a sense of how different the yield is in different parts. With yield
mapping, however, the differentiation of production is recorded quantitatively and
therefore, the ability of spatial recording is given, something that the producer is unable to
achieve by simple observation. In addition, a database is created that provides the time
variability. Thus, by studying the respective yield maps, it is possible to investigate the
causes of the variability of production (Fountas and Gemtos, 2015).
In cotton picking machines the yield mapping system consists of the central unit, the
measuring sensors, the measuring mechanism, the storage switch and the GPS indicator.
This way, the producers can identify the parts of the field with the highest or lowest
productivity or even the parts with many weeds.
-15-

This type of sensors measures the flow of seed in the machine and its operation is
based on the attenuation of light emitted by a source. Lamps emit light which is transmitted
to the receivers on the opposite side of the tube. When the seed from the cotton passes
through the tube, the intensity of the light that reaches the receivers decreases, resulting to
a decreased potential difference. On the contrary, when there is no cotton seed, the light
reaches the receivers, thus producing a measurable potential difference. The measuring
mechanism records the speed of the machine, while the switch is used to stop the storage of
measurements. And finally, the GPS which is placed at the highest point of the machine and
provides information about its position at any time (Barocco et al., 2017).

-16-

Earth Observation

Remote sensing
Remote Sensing was initially defined as the acquisition of information on an object
without immediate contact with it. It includes the data acquisition technique with the help
of a medium that is at a distance from the object, and the data analysis for the
interpretation of the object (Gupta, 1991).
Lillesand, Kiefer and Chipman (2003) define Remote Sensing as the science and art of
achieving information on an object, area or phenomena through the analysis of data
acquired through a medium that is not in contact with said object, area or phenomena that
is being examined.
Parchadis I. (2015) giving a more wide definition, described Remote Sensing as
modern technology that is being used for the acquisition of information about a target,
through data analysis that have been acquired in relation to the target from a distance, the
basic parts of which are the targets (object or phenomena in an area), the data acquisition
and their analysis by specialized software.
At the same time, Remote Sensing as a scientific branch of data collection through
technical means and without physical presence, for an object that exists on the surface of
the earth or its atmosphere.
Earth Observation
Even though the term Remote Sensing can be generalized as any action of recording
from a distance and analyzing the resulting data (even those produced by the human eye),
due to its multitude of facets and the pre-existence of aerial photography, the use of the
term for the recording and analysis of satellite images has prevailed.
In essence due to the evolution and development of satellites, (Satellite) Remote
Sensing was born. Thus the main part of Remote Sensing is closely related to the (artificial)
satellites and the corresponding satellite images that they record and produce (Perakis,
2015).
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Electromagnetic Spectrum (EMR)
Electromagnetic radiation is only detected when it comes in reaction with a material.
So, remote sensors receive electromagnetic energy that doesn’t come straight from the
source (sun) but after its reflection, diffusion and transmission after absorption in other
materials such as clouds, clean atmosphere, land surface, water surface etc. (Perakis, 2015)
In this way, the satellites sensors receive electromagnetic radiation from Earth, which is
nevertheless in different zones of electromagnetic spectrum. Electromagnetic spectrum
includes a big range of different wavelengths but only a small range that is visible to human
eye (between 400 and 700nm).

Figure 3 Comparison of wavelength, frequency and energy for the electromagnetic spectrum. (Source:
NASA's Imagine the Universe)

From the total scope of spectrum of electromagnetic radiation, remote sensing
utilizes only the region that has wavelength and includes the ultraviolet radiation, visible
light, near and mid infrared, heat infrared and microwaves. Every object has a unique
spectral signature, as it is called, that it is the amount of electromagnetic radiation that is
reflected from an object. This amount is recorded from the receiver as a specific value for
every electromagnetic sprectum region. Depending on every examined spectrum’s region,
for the same object, a different information can be carried out. (Argialas, 2000)
Electromagnetic radiation can take different forms in place. As radiation that:
1. is passing through a material
2. can be absorbed from a material and deliver her energy mainly for heating the
material.
3. is emmited from a material as a result of its structure.
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4. is diffused to all directions and is lost either due to absorption or due to further
diffusion.
5. is reflected from material surface with reflection’s angle equal and opposite to
angle of incidence.
(Fountas and Gemtos, 2015)
Electromagnetic wave
A multi-spectrum satellite image consists of many images of the same region on
Earth surface that are recorded at the same time but on different wavelength. The different
objects on Earth surface react different to electromagnetic radiation of sun – in many cases
and for passive sensors- and appears lighter or darker depending on electromagnetic
spectrum wavelength that is reflected to them. In this way, we end up having images of the
exact same region recorded the same time but with different light intensity of the different
part of the image. This diversity of the recording on different wavelengths (not only on
visible spectrum and also on ultraviolet spectrum and its thermal region of electromagnetic
spectrum) is an important principle on which remote sensing is based. (Perakis, 2015)
The basic properties that characterize a satellite image are four. These properties
compose the distinctive ability of the satellite’s sensor:
1. Spatial resolution refers to the minimum size of Earth surface that the specific
sensor can distinguish.
2. Spectral resolution refers to the number of frequency bands that compose the
specific satellite image.
3. Radiometric resolution refers to the number of different intensities of recorded
radiation that the specific sensor can record
4. Temporal resolution refers to the time of re-entry (and also re-registration) from
the same Earth region.

Vegetation Indices
A Vegetation Index (VI) can be defined as the derivative of reflectance with respect to
wavelength, which is an indicator of the abundance and activity of absorbers in the canopy
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(Myneni et al., 1995). There is a number of VIs, published in scientific literature and used in
practice, developed as the combination of various wavebands and related to various canopy
parameters. Their purpose is to enhance the vegetation signal and minimize soil background
effects.
Vegetation Indices are based on interaction of electromagnetic radiation with plant’s
leaves. Therefore, the understanding of plant’s spectrum behavior, and especially the one of
leaves, is considered fundamental for the remote sensing applications for investigation of
vegetation’s characteristics.
Vegetation’s biophysical properties affect the absorption, reflection and transmission
of electromagnetic radiation on different wavelengths of electromagnetic spectrum.
(Perakis, 2015)
Different ratio’s combinations were developed occasionally for more systematic
observation of vegetation. These ratio’s combinations were developed by using wavelengths
ranged from 0,7 to 1,1 μm of electromagnetic spectrum along with 0,6 - 0,7 μm. (Parcharidis,
2015)
Normalized Difference Vegetation Index (NDVI)
The most widespread vegetation index that is being used is Normalized Difference
Vegetation Index (NDVI), that has the ability to minimize topography’s effect. Additionally,
the scale of values has the preferable form of -1 to 1, with 0 to be the limit to absence of
vegetation. NVDI is calculated by the followed general equation:
NDVI=NIR-RED/NIR+RED
where NIR stand for spectral reference measurements acquired in near-infrared
regions and RED stand for spectral reference measurements acquired in the red (visible)
region. (Parcharidis, 2015)
NVDI had been used for estimation properties such as Leaf Area Index (LAI), biomass,
chlorophyll concentration in leaves, plants productivity, fractional vegetations cover, total
rainfall etc. (Fountas and Gemtos, 2015)
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Ratio Index
This is the simplest form that is based on the contrast between red bands and near
infrared bands for the pixels that account for vegetation, with high values for the index if low
value for RED and high for NIR are combined. (Parcharidis, 2015)
Ratio Index= NIR/RED
Soil-adjusted Vegetation Index (SAVI)
SAVI developed aiming the reduction of soil’s brightness’s effects. (Heute, 1988). For
this aim there is soil’s adjustment factor L that receives values according to the spectral soil’s
characteristics. L values depends on vegetation’s density. (Perakis, 2015)
Enhanced Vegetation Index (EVI)
EVI developed for applications of MODIS satellite’s data. EVI is a NDVI’s modification
aiming to show better results by using a canopy adjustment factor, L, and two coefficients
that correct atmosphere’s influences. (Heute,1988; Perakis, 2015)
Modified Soil Adjusted Vegetation Index 2 (MSAVI2)
Modified Soil Adjusted Vegetation Index 2 (MSAVI2) developed aiming the correction
of soil’s brightness in different vegetation’s cover conditions. (Heute,1988; Perakis, 2015)
Weighted Difference Vegetation Index (WDVI)
WDVI is a relatively simple but quite efficient index. The adjustment factor γ stands
for the soil’s line slope. (Perakis, 2015)

There are many other indices used in agricultural science in order to count
characteristics in soil (NDSI), characteristics in water (NDWI), vegetation moisture (NVMI).
Furthermore, there are others that came up from NDVI. VIs can be used as proxy to some
characteristics of vegetation or as input in the models for estimation of biophysical
properties of vegetation.
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Leaf Area Index (LAI)
Leaf Area Index is a key biophysical parameter of vegetation characterizing the
structure and functioning of vegetation cover (Delegido et al., 2011). It determines the size
of the interface for exchange of energy (including radiation) and mass between the canopy
and the atmosphere and also the transpiration, the interception and absorption rates of
solar radiation by vegetation. LAI is an important variable of innumerous land surface
models. Assimilation of LAI derived from remote sensing data into crop models has been
shown to improve biomass and yield estimation (Liu et al., 2012). LAI is a good metric to use
in estimating crop vegetation status (Bobee et al., 2012).
Chlorophyll content
Chlorophyll content is one of the most important biophysical characteristics of crops.
Chlorophyll can be related to photosynthetic capacity, thus, productivity, developmental
stage, and canopy stresses (Ciganda et al., 2008). Information on canopy chlorophyll or
nitrogen (N) content, in addition to properties like leaf area index, biomass and fraction of
absorbed photosynthetically active radiation, is important in understanding plant
functioning and status. Photosynthesis, occurring in so-called reaction centers containing
chlorophyll, is one of the key processes in plants that is responsible for the energy and
carbon balance (Clevers and Gitelson, 2013).
Canopy Chlorophyll content is highly correlated with canopy level N content (Baret et
al., 2007). The Canopy Chlorophyll content is aphysically sound quantity that represents the
optical path in the canopy, where absorption by Chlorophyll dominates the radiometric
signal. Thus, absorption by Chlorophyll provides the necessary link between remote sensing
observations and canopy-state variables that are used as indicators of N status and
photosynthetic capacity (Schlemmer et al, 2013). Since chlorophyll concentration is related
to nitrogen, it is a key measurement parameter in plant canopies.
Crop biomass
Crop biomass is the major biophysical parameter that shows crop growth. In
agriculture, biomass is a very important quantitative characteristic of crop condition and can
be an effective tool for forecasting yield capacity and nutrient management.
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Earth Observation Systems
There are two main Earth Observation systems:
1.

Active systems record electromagnetic waves that are emitted by an external

source or the sensor itself. Usually, the sensor emits electromagnetic radiation towards
earth surface and after the reflection receives and records the “echo” of the system. A
representative example of active systems is Radars that emit in the range of microwaves.
Active systems have high energy needs so their operation is discontinuous and
2.

Passive systems that record “natural” radiation during day -as sun shines- and

night -as the energy percentage is capable to recorded. These systems use the range of
spectrum between 0.4μm and 1000μm

Following, two systems, one of each category were selected indicatively to be
presented and provide a comprehensive example of how the systems function and assist the
process of precise agriculture. The systems chosen are Copernicus program’s Sentinel 1 and
Sentinel 2.
Copernicus
Copernicus is the European Union's Earth Observation Programme, funded,
coordinated and managed by the European Commission in cooperation with European Space
Agency (ESA). It is responsible for monitoring Earth and its environment in order to delivers
data, information and services based on satellite Earth Observation data and in-situ (nonspace) data.
The Copernicus programme includes a set of dedicated satellites (the Sentinel family)
and contributing missions (existing commercial and public satellites). The Sentinel satellites
are specifically designed to meet the needs of the Copernicus information services and their
users. The first satellite to have been launched was Sentinel-1A in 2014. Since then, the
European Union has initiated a process to place 20 satellites in orbit until 2030.
Today, there are seven Sentinel satellites in orbit, of four different types. Copernicus
also collects information from in situ systems such as ground stations, which deliver data
acquired by a multitude of sensors on the ground, at sea or in the air and it aim is to
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transform these data into valuable information for European citizens. (Copernicus.eu;
Perakis, 2015)
Sentinel-1 (Active systems - RADAR)
The Sentinel-1 mission comprises a constellation of two polar-orbiting satellites that
operate during day and night. It performs C-band synthetic aperture radar imaging, enabling
them to acquire imagery regardless of the weather and is designed to conduct research both
on ground and the oceans, working in a pre-programmed operation mode in order to avoid
conflicts and to produce a consistent long-term data archive built for applications based on
long time series.

Figure 4 Sentinel-1 (Source: European Space Agency)

Sentinel-1 consists of 2 satellites in orbit, Sentinel 1A and 1B, with a distance of 180°
in between and can cover Earth in six days and it continuously transfers data to European
Data Relay Satellite System (EDRS) and ground stations all over the world. (Copernicus.eu)
Sentinel-1 aims to contribute to observation of earth, forests, water and agriculture
fields and to support mapping in case of natural disasters. It can also help in observation of
climatic change, sea environment, oil slicks and icebergs (Perakis,2015).
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Sentinel-2 (Passive systems)
Sentinel-2 consists of 2 satellites with a distance of 180° in between and can cover
Earth in five days. Sentinel 2A and 2B satellites set in orbit in 2015 and 2016, respectively.

Figure 5 Sentinel-2 (Source: European Space Agency)

Sentinel 2 carries an innovative Multi-Spectral Imager sensor, that records in 13
spectral bands between 443nm and 2190nm. In this way, the mission provides information
mainly on agricultural and forestry practices, helping food security management.
(Copernicus.eu) Satellite images are used to measure several vegetation indices, related to
the presence of leaf chlorophyll and water content, which is significant for applications
related to management of land use changes and plant population development and
recording forest areas and disasters, coastal and lake areas pollution and natural disasters
floods, volcanic eruptions, landslides) (Perakis, 2015)
Earth Observation Applications
Earth observation in agriculture gives the opportunity to collect and use data with a
relevant low cost and quickly while total regions can be studied. On the other hand, data’s
quality depends on the environmental conditions and the knowledge of using a personal
computer and specific software in order to process the data.
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Below are some cases of applications of earth observation and remote sensing in
agriculture.
Crop monitoring and yield forecasting
Factors like date of planting soil condition and moisture, air temperature and day
length can influence on crop growth and development. Therefore, it is critical for crop
monitoring at regular interval in order to record any stress factor that can affect plant
productivity and conditions, and measures to be taken for decreasing probable loss of yield.
(Shanmugapriya et al., 2019)
Earth observation technologies can detect possible changes on spectral reflectance
that have occurred due to physiological changes. (Menon, 2012).
Vegetation indices such as NDVI and PVI can be used in crop monitoring as they
characterize crop growth and plant conditions. According to Reed et al. (1994) Annual NDVI
profiles characterize agricultural vegetation response to varying climatic and land
management practices
The crop yield depends on several parameters such as variety, soil water and
nutrients, weeds population, pests and diseases, weather and climatological parameters.
Crop forecasting uses earth observation, spatial data and yield maps of previous crop
years. Agronomic models that calculate and combine vegetation indices (NDVI, SAVI, TSAVI,
IPVI, LAI etc.) can also be used in forecasting.
In cases of quantifying the green biomass size of the leaf area index during the
growing season, the use of NDVI is preferred, while it can be combined with the use of yield
maps of previous years in order to distribute the variability of estimated yield. (Wood et al.,
1998).
Aparicio et al. (2000) and used NDVI, SR, PRI to estimate the changes of biomass, leaf
area and crop forecasting in wheat. While, Shanahan et al. (2001) used NDVI, TSAVI and
GNDVI to estimate the same parameters in corn seed yield.
Nutrient and water status
Nutritional status can be assessed either using earth observation or with laboratory
analyzes on spatially determined soil or plant samples

-26-

Soil N can be calculated through the measurement of spectral reflection of plants
with the use Earth Observation and Nitrogen Reflectance Index (Near Infrared / Green)
(Diker and Bausch, (1998). The results of their research show that remote sensing methods
can be used either estimate the available soil N or the fertilizer needed in each part of the
field, using vegetable N as an indicator.
NDVI had also considered as accurate index for N concentration in leaves. That
conclusion came after the research of Aguera et al., (2011) during which they compare
multispectral images captured by UAV and ground truth measurements.
Jia et al. (2011) showed that the vegetation indices of NDVI, GNDVI, RVI and OSAVI
correlated well with the nitrogen status parameters of wheat and that high-resolution
satellite imagery was a useful tool for managing nitrogen fertilization.
Water management and crop evapo-transpiration
Remote sensing is playing a major role in the water management for agricultural
system, as irregularities in rainfall and increase of soil temperature. This can be further
enhanced by the development of hyper spectral sensors and linking the remote sensing data
with other spatial data through GIS and GPS technologies. Several vegetation indices have
been used to describe the relationship between plant thermal characteristics and water
stress such as Crop Water Stress Index (Jackson et al., 1981), Surface Temperature (Jackson
1986), Stress Index (Vidal et al., 1994) Water Deficit Index (Moran et al., 1994).
(Shanmugapriya et al. 2019)
Furthermore, it is possible to assess the water status of plants and their
concentration in water using NDWI (Gao, 1996) or SIWSI (Fensholt and Sandholt, 2003).
Weed identification and management
The combination of remote sensing and precision agriculture can carry a positive
impact in weed management. It has been proven that image–based remote sensing can be
applied in weed detection, based on the difference in the spectral reflectance between crop
and weeds (Lamb et al., 1999).
Kaur et al., (2013, 2014) reported that by using radiance ratio and NDVI pure wheat
can be distinguished from pure weed populations such as Rumex spinosus and Malva
neglecta.
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Heisel and Christensen (1998) created a system, consist of camera and software, in
order to identify weeds and reported that herbicides’ applications between the rows can
consume fewer spray volume compared with over the rows applications.
Furthermore, the use of remote sensors that calculate NDVI and SIPI can assess the
population of Eurygaster integriceps in wheat crop (Genc et al., 2008).
Pest and disease infestation
Even though, remote sensing methodologies need to be perfected for identification
of insects, assessing and monitoring insect defoliation has been used to compare differences
in spectral responses to chlorosis, yellowing of leaves and foliage reduction over a given time
period as a tool of monitoring crop stress, caused by biotic or abiotic factors (Shanmugapriya
et al. 2019)
With the same thinking, Hatfield and Pinter (1993) concluded that earth observation
and remote sensing can be used in disease identification, with result the good practices
concerning the use of pesticides.
Symptoms of Phytophthora infestans on tomato crop can be identified by studying
the spectral reflectance in NIR region (Zang et al., 2003) and premature symptoms of
Alternaria alternata in rapeseed crop by studying the spectral reflectance in SWIR region
(Baranowski et al. 2015)
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Cotton Crop

Cotton is grown on all continents in the world except Antarctica, in more than 100
countries (Figure below), including China, India, Pakistan, Brazil, Uzbekistan and the USA
(Galanopoulou - Sendouka, 2002; Papakosta - Tasopoulou, 2013), contributing in up to 80%
of the worldwide production. European Union (EU) cotton production is estimated to be
almost 300,000 tonnes, representing 1% of the total production. With 230,000 tonnes,
Greece represents 85% of EU production, while Spain covers the remaining 15% (European
Commission, 2013). Cotton is an important crop in many developing and transitional
economies, making an impact on producers’ side as much as on the nation’s side. It
constitutes a significant exportable product and its contribution to the gross domestic
product (GDP) in agricultural related countries is substantial. Additionally, it is a key factor in
the development of many rural areas. The Food and Agriculture Organization (FAO)
estimates that approximately 100 million rural households are involved in cotton production
worldwide.

Figure 6 Cotton production in the world (Source: farmhub.com)

Crop and economical significance
Cotton is a plant of high economic importance and thus its cultivation is vital
worldwide. It is cultivated in more than one hundred (100) countries around the world and
its influence in shaping the economic size of the countries in which it is produced, is
substantial (ICAC, 2002).
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It belongs in the category of textile plants, appearing in the tropical/subtropical areas
and is an agricultural product, widely used in the manufacturing industry. (GalanopoulouSendouka, 2002). Its value derives out of its fiber, seed, as well as of its oil, which is a rich
source of protein for both humans and animals. Many remaining subproducts, such as
broken or short fibers, are used to fabricate medicinal cotton or pulp, while cotton seed can
be used in industry to produce paints, lubricants or varnishes. Furthermore, the residues
which remain after receiving the oil, the so-called cotton pie, is a high nutritioned food for
cattle. (Papakosta-Tasopoulou, 2013)
A number of indications lead us to believe that cotton was cultivated during the
prehistoric period. It remains unknown in which countries exactly, it was firstly cultivated.
Relevant research, however, illustrates that it was first developed possibly, in two separate
and very far from each other regions, India and America (Tolis, 1988). In Greece, cotton is
mentioned for the first time by Pausanias around 174 BC. with the name ”vyssos”. More
specifically, Pausanias describes that in Ilia, the residents cultivated “vyssos”(cotton) and
used it to produce scarfs and dresses (Tolis, 1988). In the 10th century, cotton was already
spread throughout the entire Greece. In the era of the Turkish occupation, it was cultivated
in Thessaly, Serres and in Kifissos’ valley.
The increased spread of cotton in Greece is depicted by the number of cultivated
acres per year, where in 1911 it was 90,500 acres and while in 1930 it was more than
doubled, on 201,980 acres. (Tolis, 1998). The foundation of the Cotton Institute and
Organization in Greece in 1931, resulted to a rapid and systematic progress. In only a few
years the crop spread to all Greek provinces, except the mountainous ones where cotton
does not thrive due to climatic reasons. In 1963, the areas where cotton was cultivated,
peaked at 2.4 millions of acres. The next years the levels of cultivated acres fluctuated and
dropped to the level of 1.5 million acres until 1981, while with the accession of the country
to the European Community, a new impetus was given to the cultivation, resulting to a total
cultivation area of 4 million acres. At the same time, significant progress was made in
increasing the acreage yield and in improving the quality of Greek cotton. The average
acreage yield of the country quadrupled since 1938 and doubled compared to the yield of
the five years 1960-4 so placing Greece amongst the five countries with the highest acreage
yield even though is located on the borders of the cotton cultivation zone. Moreover, the
quality improvement of cotton contributed to the Greek cotton being among the best of the
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Upland type (Gossypium hirsitum) and being considered as irreplaceable in the domestic
market and sought after in the foreign (Galanopoulou, 1995).
Today, it is one of the national products of Greece and the most important arable
crop since it occupies 45-50% of the arable land while it is cultivated mainly for its fiber. The
cultivable areas of cotton amount to approximately 2,700,000 acres (OPEKEPE, 2019), ie
9.8% of the arable land (YPPAT, 2019). Greece produces 250,000 tons per year, or set in a
larger scale the 1.2% of the total amount of cotton fiber produced worldwide.

Table 1 Cotton cultivation in Greece (Source: OPEKEPE)

ha

2019
2018
2017
2016
2015
291421.3 273446.2 256483.8 234330.4 263618.5

Cotton exports rank in the fourth (4th) place of the total exports of Greece
(Voloudakis et al., 2015) and place Greece in the top twelve (12) countries in the world
which export cotton (ICAC, 2018). Greek cotton monopolizes the interest within Europe as it
represents 80% of the total European production (USDA, 2018) while retaining high
standards and high added value.
During the last years the cotton cultivation has experienced a sharp increase in the
production cost, without an equal increase of the financial return as the product price
remained stable or even presented a small decrease. The inconsistency between cost and
profit, resulted to the dependancy of the cotton producers by the EU subsidies.
According to the EU Common Agricultural Policy, cotton producers are eligeble to
receive, based on a set of criteria, a subsidy devided in two parts. The first part characterized
as an income aid, which is the 65% of the total amount, in the form of a single decoupled
payment and the second part characterized as a production aid, in the form of an area
payment.
With a focus on Greece, a limit is set to the eligible areas for the production aid. The
threshold is defined to the 250,000 hectares of arable land. The producers, who cultivate the
crop in areas which are included in the designated number of hectares, have to fulfill some
additional criteria.
The criteria are related to the location of the arable land, the variety of the crop and the
harvesting conditions. In details, the arable land should be categorized as authorised for
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cotton production by the EU, the crop shoul belong in one of the authorized by EU varieties
and should be allowed to reach normal growing conditions before harvested. The abovementioned criteria of the second part of the subsidy aim in producing cotton of safe, solid
and merchantable quality. The method of calculating the production aim is a multiplication
between the fixed reference yields and the fixed reference amounts for each country for
each hectare of the eligible arable land of the producer.
Production aid = (fixed reference yields x fixed reference amounts for each country) x
hectares of eligible area
The fixed reference amount per hectare for Greece is priced at 234.18 euros. Here,
there is a need to define the constant based on which a threshold is set for the eligible area
cultivated by each producer, called “maximimum base area”. If the cultivated area is bigger
that the above described constant then the production aim is descreased proportionally per
hectare. To illustrate the size of the financial aid to producers via the EU subsidies for cotton,
the year 2017-2018, Greece received an amount of $225 million in total for production
(ICAC, 2018) whereas the previous year received $205 million in total.
Table 2 Estimated Assistance Provided by Governments to Cotton Sector (Source: International
Cotton Advisory Committee)

Finally, it is also estimated that arround 100,000 people in rural and 80,000 in urban
areas are directly or indirectly involved in cotton cultivation in Greece, thus securing work
and income (Avgoulas et al., 2005).
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Main Variaties
The cultivated cotton has four distinct species. The first is G.hirsutum, representing
almost the 90% of worldwide production, the second is G.barbadense representing arround
10% of worldwide production and the other two, G.herbaceum and G.arboreum
representing less than 1% of worldwide production. The statistics reveal the the most
cultivated cotton varieties worldwide spectrum belong to the species Gossypium hirsulum.
Many attempts have been made in the past to cultivate in a larger scale a variety of
Gossypium barbadense, but without particular success due to its late nature. (PapakostaTasopoulou, 2013)
In Greece, the first years of the expansion of cotton cultivation, mostly varieties of
the species Gossypium hirsutum, it was observed that the imported varieties did not appear
sufficient adaptability, as the environmental conditions were not particularly favorable.
Thus, in 1931 the Cotton Institute was founded with the aim of guiding the development of
cotton cultivation in Greece. The Institute recognized the need to improve the imported
varieties and possibly to create Greek varieties. Today, a large number of cotton varieties is
introduced, which have a higher earliness and resistance to adromycosis, as well as a better
seed quality. (Papakosta-Tasopoulou, 2013)
The different varieties of cotton can be distinguished according to other
characteristics, such as: a) the early maturing: hyper-early, early, mid-early, mid-late and late
varieties b) the fiber length: long, medium-long, medium and short varieties c) the fiber
thinness: thick fibers, medium fibers and thin fiber varieties d) the fruition: varieties of
continuous and limited fruiting e) the type of branching and fruiting method: varieties with
low branching growth and concentration of fruiting bodies near the main shoot, varieties
with moderate growth and varieties with great branching development on which there are
fruiting organs. (Danalatos, 2018)
The following table illustrates the ten (10) most cultivated variates for 2018-2019 in
Greece in total and depicts the differences appearing in a local level, by presenting the ten
most cultivated varietes in the municipality of Pella. The most cultivated varieties in a
national scale show a 60% match with those cultivated in a local scale in the municipality of
Pella. ST 402, ELPIDA, CELIA, ST 318, HERSI and PRG 9811 are the common varieties
appearing in a national and local level.
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Table 3 Most preferable cotton varieties in Greece and Pella Municipality (Source: OPEKEPE)

Greece

Pella Municipality

Variety

Eligible
Area (ha)

Usage
Percent

ST 402
ELPIDA
CELIA
ST 318
HERSI
ELSA
DP 332
PRG 9811
ST 474
DP 396

67,948.31
29,041.70
23,920.02
19,576.95
14,545.86
10,300.91
8,394.35
8,118.74
7,831.23
6,143.02

23.32
9.97
8.21
6.72
4.99
3.53
2.88
2.79
2.69
2.11

Variety

Eligible
Area (ha)

Usage
Percent

5523.62
1506.17
715.82
639.81
398.01
369.59
341.05
338.93
284.51
273.56

43.71
11.92
5.66
5.06
3.15
2.92
2.70
2.68
2.25
2.16

ST 402
ST 318
ELPIDA
IRINI
PRG 9811
CELIA
FIONA
CARMEN
HERSI
PHY 983

The most preferable variety, according to the table above, is ST 402 with 23.32% of
the total cotton production. This variety shows a compact growth, with strong lateral
development of fruiting organs. It is a medium height plant with small – medium size, semismooth leaves and thin foliage which helps controlling the green worm. A strong advantage
of ST 402 variety is the rapid reproduction of its fruiting organs. It develops many bolls of
small - medium size and the first (1st) one appears at the fifth (5th) node. It illustrates high
resistance to insufficient irrigation, a positive response to dense sowing with narrow sowing
rows and tolerance to cultivation mistakes. The use of growth regulators should be under
specific conditions. (Corteva Agriscience, Catalogue 2020)
Table 4 ST 402 metrics
Length
Micronaire
Resistance (gr / tex)
Fiber yield

29.5 cm
4.4
31.0
38.2%

The number two (2) variety in the table with 29,041.70 cultivated hectares is ELPIDA,
an early variety cotton with very high production capacity. ELPIDA presents high adaptability
to different soil and climatic conditions and has Very high fiber yield. It is an open type,
medium-sized plant with light bolls (6gr – 6.6 gr) and hairy leaves. It is a plant of medium to
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high height and develops the first (1st) boll between the fourth (4th) and fifth (5th) node. It
illustrates high resistance to adromycosis and Empoasca as well as to heavy rainfall.
(http://www.spirou.gr/elpida/)
The next in row is CELIA variety which is a mid-early variety with a relatively defined
growth pattern, deep root system and a strong central stem which keeps the plant from
bending. Celia shows very good adaptability to many soil types and high resistance to
adromycosis, offering excellent seed and fiber performance as well as superior quality
characteristics of gin under various conditions. The use of growth regulators is considered
less

necessary.

The

suggested

number

of

plants

per

meter

is

14-16.

(https://www.cropscience.bayer.gr/el-GR/Products/Seeds/Cotton/FibermaxVarieties/Celia.aspx)
Table 5 CELIA metrics
Length
Micronaire
Resistance (gr / tex)
Fiber yield

29,9 cm
4.0
30.0
38.0%

The fourth place in the table is occupied by the ST 318 variety which is a plant with
smooth leaves and heavy bolls. It is an early flowering variety presenting an early and solid
opening of the cotton bolls. ST 318 has an easy plantation management and shows a very
good fruit holding. It is also suitable for fertile fields of dry or non-dry cultivation, but the use
of growth regulators is recommended. ST 318 is additionally available with Genius Coat
lining for excellent germination and better initial growth and is an ideal choice for
CottonBest® Traceability and Quality Program. The recommended plant density is 20 - 22
plants /'s. (Corteva Agriscience, Catalogue 2020)
Table 6 ST 318 metrics
Length
Micronaire
Resistance (gr / tex)
Fiber yield

29,2 cm
4.2
31.2
38.0%

HERSI is the next most cultivated variety is Greece and a mid-early variety with very
high production capacity. HERSI variety is easy to grow while having high boll weight and
retention. It develops a deep root system and thus it presents high resistance to ttlting.
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HERSI has great adaptability to all soils and high tolerance to andromycosis. (Greenco,
catalogue)
Table 7 HERSI metrics
Length
Micronaire
Resistance (gr / tex)
Fiber yield

>30 cm
4.0-4.2
>32
37-38 %

ELSA is an early variety which stands out for its fast initial growth and strong root
system, which makes it an ideal variety even for weak soils. It shows very good response in
conditions of stress and lack of water, while it is distinguished for its rich and continuous
fruiting. Its tolerance to adromycosis is excellent. ELSA has a very high grain production
potential, a great tolerance to adromycosis and considerable quality fiber characteristics. It
is a variety suitable for regular to late sowing and ideal for all soil types. Also recommended
for light - solid soils. The variety shows good response in conditions of stress and lack of
water. The use of growth regulators is recommended. In particular, better control of plant
growth is achieved when applications begin in the early stages of their growth. The foliage
should be kept clean from the beginning to the end of the cultivation. The crop should be
defoliated at the right time, when all the nuts have matured and not in a hurry (opening>
65%)

(https://www.cropscience.bayer.gr/el-GR/Products/Seeds/Cotton/Fibermax-

Varieties/Elsa.aspx).
DP 332 is also an early variety which constitutes a unique combination of early
cultivation and substantial while stable yield potentential. Its wide adaptability to all
environments and excellent initial development, makes it really ease to manage. It offers
rich fruiting, very good boll opening, high fiber performance with great technological
characteristics, while it remains highly tolerant to adromycosis. (Andriotis Catalogue)
PRG 9811 is a mid-early variety retaining constantly high performance. It has a very
high production capacity in combination with wide adaptability and a very strong root
system. The boll fruiting and maturing are timely concentrated. PRG has a sparse and
smooth leaf surface, fruiting branches with a large number of fruiting organs producing
medium-sized bolls and high fiber yield high advanced technological characteristics. PRG
9811 variety has moderate needs for irrigation, very good response to dry cultivation and is
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really

tolerant

to

adromycosis

and

Alternaria.

(https://www.efthymiadis.gr/default.aspx?lang=el-GR&page=448&ProdID=490)
The ninth place is occupied by the ST 474 variety which is a mid-early variety with
high production even under difficult conditions, fast germination and solid initial
development. It is a sturdy plant, with hairy leaves, strong and deep root system. The
recommended plant density is 15 - 25 plants /'s. (Corteva Agriscience, Catalogue 2020)
Tha last variety of the ten (10) most cultivated varieties is DP 396, an early variety
with very high yield potential. Its deep and strong root system makes it adaptable to all soil
types and easy to manage. DP 396 has a rich and continuous fruiting, hairy leaves with
resistance to infestation by jasmines. It is quick and easy to harvest, with high efficiency and
fiber quality while remaining satisfactory tolerant to adromycosis. (Andriotis Catalogue)
Sowing
The early, quick and uniform sprouting, as well as the assurance of favorable
conditions during the early stages of development of the seedlings are important factors for
the success of the crops. The cottonseed itself is of great importance. It should be of high
quality and germination (over 80%), disinfected and disinsected.
The proper season for cotton sowing is determined by the climatic conditions of each
area. The soil temperature and moisture levels play an important role in the precise sowing
date.
Early sowing has significant importance as there is enough time for resowing, but the
germination period, as well, resulting in:
●

Sufficient time for blooming and maturation

●

Avoiding damage from pink worm

●

A good and early harvest

The sowing depth depends on the physical condition, the soil moisture and
temperature, the sowing season and the use of abnormal seed or not. In light, sandy fields
that get warmer faster but lose moisture quickly, sowing is done at 5-7cm, while in wet
sand-clayey field at 3-4cm.
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In early seeds the sowing depth should be shallower, while in late ones the seed can
be placed deeper. This is because the soil temperature is higher allowing the young seedling
greater strength in overcoming the greater sowing depth
The quantity of the cottonseed required for a good plantation depends on the seed
quality and variety, the sowing season and the soil texture. It ranges from 1,8 to 3
kg/stremma
In machine-collected cotton crop the line distances should be at 96cm while in handcollected cotton plantations lines usually span between 75-80cm
Irrigation
Cotton crops' water needs fluctuate in accordance to the plant's growth stage.
Consequently, irrigation should be in accordance to the development of the various
biological stages of the plants in the various cultivation areas. In Greece, cotton crops are
being cultivated in three zones:
a)

The small biological cycle zone (Drama, Ksanthi, Evros) with accumulated

degree-days equal to 1000-1200DDs
b)

The medium biological cycle zone (Komotini, Serres, Thessaloniki, Imathia,

Pella, Karditsa, Fthiotida, Viotia) with accumulated degree-days equal to 1200-1400DDs
c)

The large biological cycle zone (Larisa, Aetolia-Acarnania, Ilia) with

accumulated degree-days 1400DDs
The crop stage is an important period in which the root layer of the plants is formed.
A rich root system assures the max utilization of water and a high turnover. Irrigations start
with the appearance of squares, under the assumption that soil moisture reaches at active
root depth and in accordance to the soil composition Too early and/or excessive irrigation
can cause intense vegetation, fall of squares and a late harvest. Recommended irrigation
dose is 20-30 m³/stremma. In blooming, around the mid-June (large cycle areas) to the midJuly (small-medium cycle areas), recommended irrigation increases at 30-40 m³/stremma
(every 10-15 days). At maximum maturation the recommended irrigation reaches a higher
dose of 50-60 m³/stremma. This occurs around late July to early August in large cycle areas,
and in early August in small-medium cycle areas.
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Crop nutrition
Sufficient and balanced crop nutrition is vital to an optimal yield and high quality of
produced cotton. The most important macroelements for this crop are Ν, P, K, Ca, S and Mg
and the most important trace-elements are Fe, B, Mn and Zn. Greek areas where cotton
grows -from Thrace to Central Greece- do not demonstrate the same climatic conditions nor
the same germination periods. As a result, plants react differently to fertilization. Lately, the
main trend is the integration of a certain amount of N with the base fertilization and
application of the rest on the surface at a later time. This is not true for northern areas, as
Thrace, where only base fertilization is applied. The rest of the elements (should they be
deemed necessary) are always applied during base fertilization
Preplant application
Preplant fertilization in cotton is performed via dispersion of the fertilizer throughout
the whole surface of the soil. Next follows its integration at a depth of 3-10cm with either a
cultivator or a disc harrow. Alternatively, it can be performed in a linear fashion at a certain
depth during sowing, given the availability of appropriate seeding machines that carry
fertilizer distributors.
Nitrogen
Nitrogen mostly affects cotton yield and less so the quality of the fibres. A lack of
nitrogen reduces vegetative growth as well as fruition while an excessive amount of nitrogen
can result in increased growth at the cost, however, of fruit development stage. Sufficient
amounts of nitrogen prolongs the maturation, increases seed weight and consequently nut
weight.
According to variety, water adequacy, previous crops, area, sowing season and
expected yield a total of 8-12 kg N/stremma is recommended for the full duration of the
crop season. Of those, 6-8 kg N/stremma are used during preplant fertilization, the rest
during afterplant fertilization.
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Phosphorus
Phosphorus is necessary for the growth of the root system and mainly for the
acceleration of early maturing of production, while it has not been observed significant in
the quality characteristics of the fiber and seed. Phosphorus deficiency can cause dwarfism
of the plants, a deep green coloration on the leaves and later on rust-colored spots on the
circumference of the leaves. Usually 4-6 kg P2O5/stremma are administered. Fertilization
with phosphorus is not required in the case of previous crops (i.e. winter cereals) that have
been adequately fertilized with this element.
Potassium
A sufficient amount of potassium is an important factor for cotton growth, as it helps
the plant to grow normally and increases yield. Potassium fertilization is especially
performed in light-washed and acidic soils, but also in clay soils. It is possible that 5-8 kg
K2O/stremma are required, analogous to the area
Macroelements
From macroelements, cotton needs calcium (Ca) - for the liveliness of the seedlings
as well as their shielding from diseases -, sulfur (S) and magnesium (Mg). It is rare to observe
results of calcium or sulfur deficiency, as only small amounts are removed from the soil with
cotton harvesting. In contrast, nutrient deficiency of magnesium is often observed in sandy
soils or after increased dose of potassium fertilizers, since potassium is antagonistic to
magnesium.
For macroelements, in cotton crops, most attention should be directed to ferrum
(Fe), boron (B, essential to the formation of nuts), manganese (Mn) and zinc (Zn). In greek
cotton crops iron or boron deficiency is observed in solid with high pH or a significant
concentration of calcium carbonate, while nutrient deficiency of manganese or zinc is rare.
After plant applications
Afterplant nitrogen fertilization, according to the area and the number of
applications, is mostly performed during seedling growth and just before blooming. In rare
cases it can be performed after blooming, should the soils present nitrogen deficiency. When

-40-

surface fertilization is applied in 2 stages, it is recommended that the first application
happens at the plants’ younger stages and the second after the appearance of squares.
Afterplant fertilizers are applied in a variety of ways and machinery. I.e. dispersed
throughout the whole surface, in a linear fashion next to the sowing line, or diluted in the
water of artificial rain or water drop irrigation (liquid-fertilization)
Pests of Cotton
Cotton bollworm (Helicoverpa armgera, Lepidoptera: Noctuidae)
The cotton bollworm is a noctuid moth
and is one of the most significant agricultural
insect pests worldwide due to its extremely
wide geographical distribution ( Tay et al.,
2013). H. armigera is a significant pest of
cotton, pigeonpea, chickpea, tomato, sorghum
and cowpea (Joußen and Heckel, 2016).
Figure 7 Larva of Cotton bollworm (Source:
cabi.org)

It presents a wide distribution with
result its adaption to seasonal changes so

cotton bollworm is able to survive from wet–dry tropical to cool temperate regions
(Mironidis et al., 2010).
Cotton bollworm overwinters as diapausing pupa in the soil, until the spring
emergence on April. After the end of diapause it develops 3-4 generations until September,
with the second one in the field to be the most significant one concerning crop damage.
(Mironidis, 2014)
The larva infects the squares, flowers and bolls of the cotton. Infected squares and
bolls have a larval entrance hole near their base, while in the bolls fresh feces may be visible
around the base of the bolls. The larvae devour the inside of the nuts which, depending on
their stage of development, either fall or rot on the plant.
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Pink bollworm (Pectinophora gossypiella, Lepidoptera: Gelechiidae)
Pink bolloworn is consider one of the most
significant pests of cotton and one of the most
dominant pests in Thessaly, Macedonia and Thrace.
Also, it ihabitats in more specific regions such as Larissa,
Almyros,

Giannitsa

and

Thessaloniki,

where

clomatological conditions help its development.
The overwintering larvae pupate mainly
into seeds of cotton or in bolls in crop residues or

Figure 8 Larva of Pink bollworm (Source:
cabi.org)

into the soil. It emerges as adults late in the spring or early in the summer. Larvae of the
second generation infestates squares and bolls of cotton, but the most significant (3rd
generation) cuases severe damage to bolls. In warmer regions, a fourth generation appears
in early October.
P. gossypiella larvae tunnel and eat the inside of bolls, which either rot or open
prematurely and imperfectly. That leads to reduction of quality of lint (discoloration,
reduced fiber length, and strength) and seed. (Cariere et al., 2001)

Red spider mite (Tetranychus urticae, Acari: Tetranychidae)
Tetranychus urticae is a highly polyphagous, cosmopolitan species, which is readily
spread on the wind. Under optimum conditions, it reaches a high population density, and its
presence can cause a reduction in crop yield. Its life cycle includes egg, larva, prtonymph,
deuteronymph and adult, both as male and felame (Raworth, D. A. et al., 2001). Red
spidermite presents a range of hosts, such glasshouses vegetables and flowers, trees and
grapevines but cotton is an important host, as well.
T. urticae overwinters as an adult female, end diapause in the spring and can cause
significant damage in young cotton plants until the stage of first square.It causes pale spot
on the leaves which turn bronze, while it can cause chlorosis or even premature leaf-fall in
case of high infestations. In case of premature infestation it can have high impact on yield
(Gore et al., 2013). Red spider mite also produces great amount of web that can cover all the
surface of the host plants.
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Nevertheless, T. urticae has many natural enemies that can control its population.
The most important enemy during the
cultivation is Frankliniella occidentalis
(Trichilo and Leigh, 1986).
Cotton aphid (Aphis gossypii: Hemiptera,
Aphididae)
Aphis gossypii is a cosmopolitan
polyphagous, aphid species. About 900
host plants are known worldwide (Blackman and Eastop 2000). In Greece, cotton is probably
the most important host. Under suitable conditions A. gossypii can complete its growth (5
instar stages to adult) and reproduce within a week, thus creating numerous generations as
its reproduction is mostly asexual. (Ebert
Figure 9 Aphis gossypii - Adults and larvae (Source:
cabi.org)

and Cartwright, 1997)
It appears mainly on the lower

surface of the leaves. It has impact on the loss of production and the quality degradation,
due to the secretion of honeydew and the effective infection of the fruits. A. gossypii is also
responsible for transmitting viruses. It settles in the tender vegetation and form colonies
(Tolis, 1988)
The small cotton plants are initially infested with winged adult females that give birth
to wingless nymphs. The second period of infestation is placed later, in mid to late June.
In many species have developed symbiotic relationships with ants, which collect
honeydew secretions protecting aphids from various enemies (Dixon 1973).
Thrips: Onion thrips, Western flower thrips
(Thrips tabaci, Thysanoptera: Thripidae) (Frankliniella occidentalis, Pergande)
Trips tabaci infects seedlings from the cotyledon stage causing silver discoloration.
The leaves are deformed, torn or browned. When the weather conditions are not conducive
to the rapid growth of the crop it can cause serious damage to the young plants of the early
seeds.
Frankliniella occidentalis infects buds and leaves of seedlings, causing deformation
and dormancy in larger plants and as a result falling and cachectic growing of bolls. However,
-43-

the benefit of thrips, as a predator against the spider mite compensates for the damage it
causes·since as the temperature rises the crop can outperform the damage caused at
younger stages. Something that does not happen, when low temperatures are observed in
June.
Western tarnished plant bug (Lygus hesperus, Heteroptera: Miridae)
Lygus bug is considered a significant pest of cotton. Recentely, L. hesperus has
evolved in a more common mid-season problem due to the reduction of insecticides used to
control (Crow et al., 2003). It develops 3-4 generations and overwinters as an adult in native
vegetation or crop residues.
Infected plants presents discoloration, deformation of shoots and stems, curling of
leaves, and lesions on the plant tissues. Lyngus bugs can have significant impact on yield,
seed weight, flower and seed numbers, especially if the infection take place during the
flowering stage.(Gavloski, 2019).
The period between the stage of first squares and the initiation of bloom is critical for
cotton crop. The insect prefers to feed on squares which shed. Early-season square loss can
have significant impact on yield or can delay crop maturity. In addition, larger squares can be
discolorized.
Silverleaf whitefly (Bemisia tabaci, Hemiptera: Aleyrodidae)
Bemisia tabaci is a polyphagous and world spread sucking insect and has about 600
host plant species. It usually develops 7-8 generations every year and it overwinters as an
adult native vegetation or crop residues. Silverleaf whitefly as a larva usually causes chlorotic
spots, by removing nutrients from the plant. The insect also produced honeydew, which has
a negative impact on fiber quality (Secker et al., 1993; Costa et al., 1993). In large
populations, it can also result in poor growth, defoliation and boll shed.
It is considered important pest of cotton worldwide, but it is a pest of minor
importance in Greece. Nevertheless, it has recorded in some cases as vector for Cotton leaf
crumple virus (Papayiannis et al.,2008).
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Diseases of Cotton
In Greece, the most
dangerous period for diseases
caused by cotton is from
sowing to the emergence of
plants and a few days later,
while few pathogens cause
serious

damage

to

larger

plants. The use of certified cotton seed or its disinfection, the maintenance of moisture at
normal levels, the integration of crop residues, but also crop rotation are the basic measures
for the treatment against main diseases of cotton. Cotton diseases are mainly caused by
fungi or bacteria.
Cotton root rot diseases
The most significant fungi in Greece are soil-borne, such as Pythium ultimum,
Rhizoctonia solani, Chalara elegans. These pathogens are favored by relatively low
temperatures and increased soil moisture. They infect the seed individually or in
combination, during germination, and the base of the stem or the roots of the seedlings.
They usually cause root rot and plant necrosis, with important impact in the crop that can
lead to replanting. Rarely do plants create a protective layer and new healthy roots,
overcoming the infestation.
Cotton wilts (Hadromycosis)
They are due to the fungi Fusarium spp. and Verticillium spp. The climatic conditions
of our country and the cultivated species of cotton almost exclusively favor Verticillium sp.
and that is why the disease is called verticillium wilt.
Verticillium dahliae is kept in the soil for a long time (more than 10 years), enters the
root system of young cotton plants, grows and clogs the vessels of plants resulting in nonintake

of

water.

Early

infestation causes drying of the Figure 10 Symptoms of Verticillium wilt of cotton plants (Source:
Fahad Albukhari)
plants, while the latest one
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leads to wilting, partial defoliation, small growth and production, but also premature
opening of the nuts. Depending
on the infection, the fibers are
also damaged. Verticillium wilt
is favored by high humidity,
relatively low temperatures (2125°C) and a lot of nitrogen
fertilizers. It is mainly treated
with

the

varieties

use
and

of

resistant

less

with

cultivation measures.
Fusarium oxyspiorum advances in acidic soils, under higher temperatures than
Verticillium dahliae. It has similar symptoms and is treated similarly.
Alternaria leaf spot
Alternaria alternata infects the
Figure 11 Symptoms of Alternaria alternata in
cotton leaves (Source: cottoninc.com)

leaves, starting with the cotyledons, stems,
bolls or fiber when the bolls are open. it
forms round spots of of 1 - 2mm diameter
on the leaves, with gray-brown color and
dark brown or violet on the periphery. The
disease usually occurs late, and it is favored
by low temperatures and humidity. It
usually affects weakened and cachectic
plants. It is treated mainly with cultivation
care aimed at the normal development of

the crop, such as weed control, appropriate irrigation and fertilization or copper spraying.
Also, crop rotation with alfalfa or corn reduces, same as with verticillium wilt.
Figure 12 Characteristic angular shapes of Bacterial Blight
(Source: cottoninc.com)

Bacterial blight of cotton
Bacterial

blight

affeects

cotton

resulting by the infection of Xanthomonas malvacearum. The bacteria infects almost all parts
-46-

of the plant during all stages. It infices the cotyledons, especially on the lower surface after
rain and necrotic spots appear on the leaves of the plant, which angular, dark at first and
later brownish-black. The spots on the stems are elongated dark green and on the bolls
black, oily. It affect the bolls openong and the quality of fiber. It can also cause falling leaves,
flowers and small bolls. Bacteriosis is favored by rain and irrigation. It is transmitted by
infected seed, bolls or other plant parts. Destruction and integration of crop residues, use of
healthy seeds and resistant varieties and avoidance of artificial rain irrigation are
recommended.
Growth regulation
Cotton has two phases of growth, the germinal, which predominates up to the
scallops, and the reproductive, which must predominate at the beginning of flowering. All
crop management should aim at balancing germination with productive growth.
The ideal height of cotton plants for maximizing production is 1-1.1m. In this case the
nuts have the possibility of 1st place. This is important since 80% of the final production of a
field comes from them. So it grows, yielding by adjusting the height of the plant.
Excessive vegetative growth prevails to the detriment of fruiting, in case of excessive
fertilization or irrigation or non-use of growth regulator. This results in very tall plants with
long internodes, with excessive foliage and lateral shoots, bolls falling and a late harvest with
low yield.
The use of growth regulator is not recommended in every case, but only in fields that
favor the excessive germination of cotton. The growth regulator can be applied either in a
single dose or in multiple microspheres.
Defoliation
Chemical defoliation is a significant action in cotton cultivation in order to maximize
yield in the first phase (80-90% of total). Resulting, yield is secured from the dangerous
climatological conditions of autumn, boll rot, main source of stain and trash. Furthermore,
proper defoliation benefits in Faster and more efficient picker operation, which can begin
earlier in the day, and straightening of lodged plants (Craig, n.d.).
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Measuring percent open boll has been the standard defoliation technique for many
years and is still the “old standby.” It is generally safe to defoliate when 60 percent of the
bolls are open. However, this strategy may not work well in situations where fruit has been
set over a varying period of time due to plant stresses. In some situations, defoliation at 60
percent open boll would be premature and cut short the development of the top bolls,
therefore reducing yield and micronaire. On the other hand, a crop set in a short period of
time could be safely defoliated at 40 to 50 percent open boll. Many producers underestimate percent open boll and wait until 70-80 percent open to defoliate.
Defoliation timing can also be estimated by calculating Degree Days from the stage
NAWF 5 (5 Nodes After the White Flower). Generally, bolls are safe for defoliation after they
have accumulated 850 or more DD60s, but some studies have shown that 950 DD60s may be
safer. This method usually recommends defoliation sooner than other methods and can
sometimes be too early. DD60 accumulation after NAWF should always be accompanied by
percent open boll.
To calculate DD60s we use the following formula: Daily DD60 = ((Daily Max Temp. +
Daily Min. Temp.)/2) – 60, where the temperature is in °F and 60°F is the base temperature.
Other ways to estimate defoliation timing are: Node Above Cracked Boll (NACB)
method, Sharp Knife Technique and Hal Lewis Method (Craig, n.d.).
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The Apollo Project

The Apollo project was an EU-funded innovation project aiming to develop a
market-ready platform of agricultural advisory services aimed primarily, but not
exclusively, at smallholder farmers. The Apollo project aims to bring the benefits of
precision agriculture to farmers through affordable information services, making
extensive use of free and open Earth Observation data, such as those provided by the
European Union’s Copernicus program.
These services will help farmers to make better decisions by monitoring the
growth and health of crops, providing advice on when to irrigate and till their fields
and estimating the size of their harvest. Ultimately, these interventions should lead to
the use of less farm (or agricultural) inputs and higher yields – and therefore reduced
costs, increased profitability and competitiveness, as well as better environmental
sustainability. Apollo aims to open up the precision agriculture market by making
affordable, accessible and easy-to-use agricultural advisory services available to
farmers, farmers’ associations and agricultural consultants.
Apollo services will be available anywhere, at any time, through the web
interface and mobile application. The web interface will provide full access to all Apollo
services and data, while the mobile application will be used for basic reporting and
alerting. Apollo services will be applicable for multiple crop types (e.g. arable crops,
field vegetables, etc.), and although tailored for smallholder farmers, will also be
available to farms of other sizes.
Following there is a detailed presentation of the Apollo Project accurate
information derived from the public documentation of the project. (apollo-h2020.eu)
Concept and Target Markets
Apollo was designed to meet a number of challenges the agricultural sector
faces and in particular, small farmers. The increase of world population means that by
2050, producers should double their crops in order to be able to feed the 9 billion
population of the planet. At the same time, available land for agricultural production is
constantly declining, due to the expanding population, soil erosion and water scarcity.
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Finally, producers face social and regulatory pressures that require more efficient
management of natural resources - for example, under the new "green" rules in the
Common Agricultural Policy - and reducing environmental impact by reducing the use
of herbicides, fertilizers, water and fuel. In response to this challenge, European
agricultural productivity must be increased, ensuring sustainability through improved
and more efficient use of resources.
A promising approach for addressing these challenges is precision agriculture,
i.e. the practice of optimizing the application of agricultural inputs. Detailed crop
development information allows farmers to use chemicals and water in exactly the
required quantities and only where and when needed. Precision farming techniques
have been available to European producers for about fifteen years. Their use is
spreading in parallel with the availability and use of satellite and cartographic
technologies, including Satellite Remote.
In Europe there are two types of farms: the vast majority of farmers cultivate
relatively small areas, while a small number cultivate very large areas. Most precision
farming and agro-information services are targeted at large-scale agricultural
enterprises, and these services are often adopted in hot spots. For example, in East
Germany farms are often larger than whole farms in other parts of Europe.
For the majority of small farm owners, the potential that Satellite Remote
Sensing and precision farming can offer remain untapped due to the combination of
high costs, high risks and smaller economies of scale. Therefore, there is a market for
affordable, easy-to-use services aimed at small farm owners, which will be specialized
to serve their needs.
The Apollo Concept
Apollo was designed to meet a number of challenges the agricultural sector
faces and in particular, small farmers. The increase of world population means that by
2050, producers should double their crops in order to be able to feed the 9 billion
population of the planet. At the same time, available land for agricultural production is
constantly declining, due to the expanding population, soil erosion and water scarcity.
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Apollo aimed to open up the precision agriculture market by making its
consulting services affordable and easy to use for producers, agricultural associations
and agricultural consultants. Apollo has developed and tested affordable and easy-touse agricultural consulting services based on free available Earth Observation (EO)
data, with a priority to small farm owners as well as agricultural associations and
agricultural councils. The central idea of Apollo project was to create services
affordable, accessible and easy to use.
The availability of free and open data from the European Union Copernicus
Program (and other open sources, i.e. Landsat), Automated Processing Methodologies
and the use of Sentinel-1 data for soil moisture assessment offer to small farmers the
opportunity for economical, personalized services, without the use of expensive and
cumbersome sensors.
Apollo services were designed to be fully accessible through online platform
and mobile application, in order farmers have access to services and data or basic
reports and alerts, respectively. Farmers can apply multiple crop types and use all
services with the help of relative documentation, which is available in three languages.
Apollo services that delivered to farmers-users through an easy-to-use interface, based
on suggestions and remarks of the two agricultural association and a mall and
medium-sized enterprise that take part in the consortium.
Target Markets
Small farmers do not have the opportunity to invest in new technologies, in
order to develop their crop production. This is a deterrent factor for getting with the
benefits of satellite remote sensing on a massive scale.
At the same time, small farmers (up to 5 ha) make up 70 of the total EU
farmers, with the average size of agricultural land reaching 12 ha. These are the main
target group of Apollo, while in the same time, its services could be provided to
agricultural cooperatives and consultants, either as direct clients or as intermediaries
to their collaborating producers.
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Technologies and Services of Apollo
Apollo services development relied on the use of several technologies in the
fields of Earth Observation and Agronomic Modelling.
Concerning Earth Observation technologies, Apollo makes use of the open and
free data of Copernicus program’s Sentinel 1 and 2 and meteorological station
producing information about surface soil moisture, mean, maximum, and minimum
temperatures, precipitation, NDVI (to estimate Leaf Area Index, Chlorophyll and
Nitrogen content) and biomass.
Relative observation data were used in agronomic models in order to produce
significant and useful information for the users concerning tillage and irrigation
scheduling, crop growth monitoring and yield estimation.
Tillage Scheduling
Effective tillage is highly depended on the amount of water in the soil. In case
of high-water content, tillage can produce large clods or cause structural damage that
will affect plant growth. In the opposite case -of low soil water content - tillage results
in severe soil degradation, which is a major threat to both environmental and
agricultural sustainability, and crop quality. Tillage in between accepted soil moisture
levels can minimize both the problems mentioned above.
Specifically, the Apollo platform offers information if the soil can be tilled or
not and if the tillage application will be done in optimum soil moisture conditions or
not along with information on soil moisture level. Apollo Tillage Scheduling service was
based: (i) on the daily estimation of soil moisture using the soil water balance model,
(ii) the soil moisture derived from the satellite data and (iii) weather forecast for
providing predictions on soil workability. This information can be provided for the next
seven days on a daily time step using the soil moisture data from Sentinel-1 satellites,
while the soil moisture will be estimated using the soil water balance model when the
Sentinel-1 data aren’t available. Moreover, the tillage scheduling service can provide
forecast on soil moisture conditions and advices on tillage application based on
weather forecast for the 7 following days. Consequently, Apollo’s tillage scheduling
service offers maps with the soil moisture content in v/v % and color based advices
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and maps for tillage operations (red means tillage isn’t applicable at this soil moisture
level, yellow means tillage is applicable at this soil moisture level but it isn’t for
optimum tillage and green means optimum soil moisture level for tillage). This
information will be communicated to Apollo users through Apollo platform website,
mobile phone application, email and SMS.
Irrigation Scheduling
Irrigation scheduling occurs the specific amount of water on specific time and
status of the crop, concerning also the soil moisture content and the weather
conditions. It involves a range of costly and time-consuming methods and equipment
for determining the soil moisture and the crops’ water needs.
Using the soil moisture data from Sentinel-1 satellites and the soil water
balance model concerning the soil moisture level (v/v %), the time of irrigation (don’t
irrigate or you need to irrigate, the irrigation dose (amount of irrigation that is
needed), the reference evapotranspiration (mm), the temperature (°C) and the wind
speed (m/s) can provide the user with information about irrigation needs daily.
Consequently, Apollo’s irrigation scheduling service will offer maps with the soil
moisture content (v/v %), maps with recommendations on irrigation dose (m3/ha),
maps with crop evapotranspiration (m3/ha) and graphs with temperature,
precipitation (mm) and wind speed. This information will be communicated to Apollo
users through Apollo platform website, mobile phone application, email and SMS.
Crop growth monitoring
Crop condition information (status, growth trends) during the biological cycle
are essential for delineating management zones at sub-parcel level. This information
can be used in order to conduct a plan for applications of fertilizers and plant
protection products. Current methods for monitoring crop growth include costly andtime consuming aerial or field surveys which involve many different sensing
instruments, such as hyperspectral cameras.
Crop growth monitoring provides information related with basic crop
parameters that are correlated with crop status. These parameters include crop
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phenological stage, LAI (Leaf Area Index), Biomass, Chlorophyll content and Vegetation
Indices such as NDVI and Growing Degree-Days (GDD).
Crop Vigor is calculated on Sentinel-2 imagery and is available 2 days after each
acquisition. Crop Vigor is expressed on a scale between 0 and 1 and is presented as
per-parcel and sub-parcel number. Crop Vigor can also be presented as a regional
difference map between two Sentinel-2 acquisitions, indicating relative changes in
vigor. In addition, biomass is also calculated using Sentinel-2 imagery and is expressed
in tn/ha. Leaf Area Index (m2/m2) and chlorophyll content (g/m2) are calculated on
Sentinel-2 imagery and are also available 2 days after each acquisition and are
presented as per-parcel and sub-parcel number.
Yield Estimation
Analysis and comparison of field productivity can be an important tool for the
farmers in order to decide at farm, and for enabling effective transfer from farm to the
industry. Crop yield estimation can have essential role on assessing the field
productivity.
Crop Yield is calculated using Sentinel-2 imagery for the calculation of biomass
and the crop related harvest index (HI) and is available 2 days after each acquisition
and during the last month of crop period. Crop Yield is expressed tn/ha and is
presented as per-parcel and sub-parcel number. Based on this rationale the Crop
Residue Yield is presented which is the crop yield’s leftover. Crop Residue Yield is also
expressed in tn/ha. Finally, Apollo platform provides information on crop quality for
specific crops based on optical satellite imagery data and empirical algorithms.
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Materials and Methods

Apollo services were tested and piloted with real farmers and farmer’s
associations in Pella, Greece and specifically in Giannitsa valley in association with
Agricultural Cooperative of Pella. The Giannitsa region has a transitional climate zone
that is characterized by cold winters and hot and dry summers. Giannitsa valley
receives high precipitation during winter but less during summer. Its fertile land is
cultivated with a variety of crops such as cotton, maize, wheat, peaches, apricots,
cherries and others, and a significant proportion of Giannitsa’s population is occupied
with agricultural activities. Farm and field sizes in the region are small, with fields
spanning 1-2 ha on average and total farm size ranging between 10 and 30 ha.
Experimental cotton field
Apollo services were tested in 2018, on a 4.97 ha irrigated cotton field with coordinates 40°42'05.3"N 22°24'19.4"E (Figure) located at Schinas, Pella. Sowing date of
the crop was April 24th 2018 with cotton seed of DP332 variety.
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Figure 13 Experimental field coordinates (Source: GoogleEarth)

The field was divined in to 4 plots and the plot arrangement was:
Table 8 Plot arrangement of experimental field
Plot No

Parcel Id

Description

Area (ha)

1

691

Farmer’s Tillage Scheduling

1.62

2

692

Apollo Irrigation Scheduling

1.62

3

689

Apollo Irrigation Scheduling

0.9

4

690

Apollo Tillage and Irrigation Scheduling

0.83

Figure 14 Plot arrangent of experimental field (Source: GoogleEarth)
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Soil analysis had been conducted in the field, regarding percentages of sand,
silt, clay, organic matter and soil texture class. The results per plot are presented in the
table following:
Table 9 Soil analysis results of experimental field

Parameter

Plot 1

Plot 2

Plot 3

Plot 4

Sand (%)

16.98

15.12

14.7

14.7

Silt (%)

36.14

33.14

36.36

36.36

Clay (%)

46.88

51.74

48.88

48.88

Organic Matter (%)

4.54

5.23

4.63

4.63

Soil Texture Class

CLAY (C)

CLAY (C)

CLAY (C)

CLAY (C)

The farmer applied the common agricultural practices as following:
April 15th: Tillage the whole experimental field
April 24th: Sowing
April 25th: Light irrigation for germination*
May 15th: Tillage between the rows for the whole experimental field
June 17th: Fertilizing with 27-0-0 (N-P-K)
June 18th: Light irrigation for fertilizer incorporation*
July 1st: Sprayed application with liquid fertilizer 0-30-20 (N-P-K), growth regulator and
insecticide
August 13th: Irrigation in plot 1 and 2
November 5th: Plowing under average condition in plot 1 and 3 (fuel consumption:
38L/ha). Action decided empirically.
December 11th: Plowing under average condition in plot 2 and 4 (fuel consumption:
37.7L/ha). Action took place after Apollo advice.
September 25th: Harvest
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Measurements and Results
Tillage scheduling
The evaluation of APOLLO tillage scheduling service took place during
November and December 2018 on ploughing (primary tillage operation). The farmer
tilled using moldboard plough attached on his tractor. It is worth mentioning that the
farmer tilled according to his experience on average soil conditions, while he followed
the APOLLO tillage scheduling service when the soil conditions were good. The reason
for waiting for the optimal soil conditions was that the time window for conducting
this operation was too short due to the very rainy weather in the previous weeks. The
results of the evaluation are:
Table 10 Tillage scheduling service evaluation
Tillage schedule

Date

Soil condition

Velocity (km/h)

Consumption
(L/ha)

Empirical

November 5th

Average

6.2

38

Apollo

December 11th

Good

6.8

37.7

Figure 15 Fuel consumption during tillage
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Figure 16 Operation speed during tillage

Although the fuel savings weren’t significant (1%) the farmer stated that the
soil preparation was better following Apollo tillage scheduling service compared to
empirical tillage practices. It was also mentioned that when following the current
tillage practices the tractor was shaking during ploughing and the soil had big plough
pans after finishing the operation. On the contrary, when he followed the APOLLO
tillage scheduling service the tractor didn’t present so high vibrations and the soil had
finer quality. One other advantage of using the APOLLO tillage scheduling was that the
tillage operation was conducted faster by 10%.
Irrigation scheduling
The evaluation of irrigation scheduling service took place in 2018. The farmer
irrigates using public water pipelines from the local irrigation network. It is worth
mentioning that precipitation during the evaluation period was very high (339 mm)
and this resulted in decreased number of irrigations. Actually, the farmer conducted
irrigation once, applying 40 m3/ha at the ending of the irrigation period, while the
Apollo irrigation scheduling service consulted otherwise. The respective are presented
below.
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Figure 17 Water amount according irrigation scheduling

The main crop water needs were covered through precipitation, while a small
percentage covered through irrigation. Concerning Apollo services, there was no
suggestion for irrigation compared to the current farmers’ practice which included
irrigation once. Thus, the Apollo irrigation scheduling service achieved 11% water
savings compared with the current irrigation practice.
Crop growth monitoring
Aim of the crop growth monitoring products was to assess the crop vigor
parameters in relation to the application of the different APOLLO platform
recommendations. Τhe crop growth monitoring products were used from the APOLLO
platform for the different experimental plots. Specifically, the maximum values of
biomass, CI-index, LAI and NDVI were used for the validation of the crop growth
monitoring
The results of the APOLLO platform’s crop growing products on the cotton field
evaluation experiments are presented below.
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Table 11 APOLLO platform’s crop growing products
Parcel

Parcel Name

Biomass (g/m2)

ChL (max)

LAI (max)

NDVI (max)

691

Reference-Plot

1251.6

5.0476

6.2724

0.9066

692

Tillage-Scheduling-

1193.8

4.5356

5.4398

0.9032

ID

Plot
689

Tillage-Irrigation-Plot

1215

4.5538

6.08

0.899

690

Irrigation-Schedule-

1249.6

4.9002

6.338

0.9128

Plot

Figure 18 Accumulated biomass among the different experimental plots

Figure 19 Max Cl-Index among the different experimental plots
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Figure 20 Max LAI among the different experimental plots

Yield estimation
Apollo yield product was validated by comparison with in situ data collected on
the pilot field during the project. The yield measured after the harvest was compared
with the yield estimated by Apollo service.
The mean harvest date estimated by Apollo services was 29/09/2018, while
minimum and maximum harvest date were 19/09/2018 and 21/10/2018, respectively.
The actual harvest date was 25/09/2018, 4 days before the mean estimated harvest
date.
As farmers need yield estimation before harvest, the accuracy of yield provided
by APOLLO service one month before harvest was calculated, as the main quality
parameter. In addition, a search for the dates when the Apollo yield estimations fit the
measured yield best.
The statistics including accuracy measures RMSE and CV are presented below.

Table 12 Summary statistics for yield difference

Min

RMSE

Max

CV%

One month before

-2.2

0.9

1.2

16.4

Best date

-1.9

0.5

0.8

9.1
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The results of the validation protocol show that the models for yield estimation
produce good results one month before harvest. Analysis of the temporal distance
between the harvest date and the date when yield estimation was the best, revealed
that an earlier yield estimation (more than one month before harvest) would achieve
even better accuracy.

The crop yield estimation service was also used for evaluating the tillage and
irrigation scheduling services. Based on the results there are no significant differences
between the APOLLO tillage and irrigation scheduling services with the current
agricultural practices regarding cotton yield for the two fields.

The average yield per plot was:
Table 13 Average yield per experimental plot
Parcel ID

Parcel Name

Yield (avg) in t/ha

691

Reference-Plot

5.5

692

Tillage-Scheduling-Plot

4.98

689

Tillage-Irrigation-Plot

5.2

690

Irrigation-Schedule-Plot

5.4

Figure 21 Average yield per experimental plot
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Conclusions and Discussion

Conclusions
The purpose of this research was to explore the capabilities offered by utilizing
precision agriculture and earth observation systems, mostly for the benefit of small
producers.
In this context, the services of the Apollo platform were presented and after being
tested on an experimental field with irrigated cotton, were evaluated against groundtruth data. The services concerned tillage and irrigation scheduling, crop growth
monitoring and yield estimation. The research carried out revealed the following:
1. Apollo tillage scheduling can increase farmers’ productivity by tilling more area
in less time and minimize damages on farmer’s equipment (tractor, tiller etc.).
Saving in fuel consumption can also be achieved, even though it was not
recorded during the specific experiment, due to particularly rainy weather.
Even under these conditions, Apollo service had impact in fuel consumption,
decreasing it by 1%.
2. Regardless, high precipitation (339mm) during cotton growing period, Apollo
irrigation scheduling service presented 11% water savings.
3. Aim of the crop growth monitoring products was to assess the crop vigor
parameters in relation to the application of the different APOLLO platform
recommendations.
4. Apollo yield estimation service presented good results concerning the harvest
date even one month before the harvest. It was also a parameter for tillage and
irrigation scheduling evaluation.
To summarize, Apollo services presented savings of fuel and water during tillage
and irrigation operations while the same or higher yield was achieved. Moreover, the
Apollo platform allowed farmers and crop consultants to monitor and organize better
their activities due to the better monitoring that it was provided through the crop
growth monitoring service. Furthermore, crop yield estimation service of Apollo
allowed farmers to better organize their harvest activities

-65-

Discussion
Apollo platform can be a promising solution/tool that will help farmers on
achieving a more sustainable crop production. However, more field trials are needed
for more crops and more years in order to assess better the true potential of the
Apollo platform.
Moreover, the platform and its components were developed in order to
address their needs not only to current farming operations, but to their future ones
also. The modular design of Apollo solution allows further development by adding
more crop species and new services in order to cover other specific needs (e.g. orchard
support, prescription maps for variable rate applications) and get full benefit.
Finally, Apollo project developed a promising solution that can work as a
paradigm shift that farmers and the agriculture stakeholders in general can use, in
order to move from conventional ways of farming to more sustainable and efficient
ones, like smart farming and precision agriculture.
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