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Abstract: In the present work we present the initial stages and first results of the development of a
site-specific intelligent plant protection system for bean cultivation. The aim of the system is to be
used as a decision tool for rational management of the major key pests of bean crop and with the
view to reduce plant protection costs and to mitigate side effects and negative impact on the envi-
ronment. Currently, we have established a telemetric meteorological network which consists of
seven meteorological stations which are distributed in the major bean cultivation area of Greece and
over the border area of the Prespes National Park. Through climate sensors the network delivers
real time weather data to a cloud server to be further used to establish real time risk thresholds of
pest occurrence during the bean growth season. Additionally, the system is passing a stage of pest
models development and risk thresholds using in field phenology data along with weather data
and Growing Degree-days. Particularly, for the development and validation of the pest risk thresh-
olds we have established experimental fields. The risk thresholds include the pests: Helicoverpa ar-
migera, Thrips sp. and Tetranychus urticae. Pest phenology is observed in four experimental fields
which consist of two conventional as well as two organic fields serving as control. The current re-
sults will contribute to a better exploitation of the established meteorological station network and
their real time microclimate data to provide important information on the rational use of pesticides.
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1. Introduction

Given the new Community Directive 2009/128/EC of the European Parliament,
which for the first time adopts at Community level a legal framework concerning the ra-
tional use of pesticides and management of energy inputs to Agro-ecosystems, there is an
urgent need for implementing and improving Integrated Pest Management systems
(IPM). IPM combines information of the pest, host plant and microenvironment, to reach
a long-term sustainable pest control based on multiple plant protection tactics. However,
as a total farm system approach, IPM depends strongly on the delivery of accurate and
real time information to mitigate pest pressure and improve crop production [1, 2].

In particular, controlling agricultural pests requires accurate and site-specific cli-
mate and pest population thresholds data, delivered in near-real time to the farmer’s desk
to be used for decision making and rational use of pesticides [3, 4]. In order to be effective
timely treatments with pesticides must be applied during the period of high pest activity.
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To date, this is particularly important for bio-rational compounds, such as biological con-
trol agents and insect growth regulators, because they are effective against particular
stages of pest development [5]. Therefore, there is a need to forecast the population emer-
gence and succession of pest generations in the crop field.

Hence, several weather driven phenological models and related action thresholds,
have been developed to estimate the time where pest population occurrence is more likely
to appear [6, 7, 8]. Nevertheless, less emphasis is given on the development of automated
decision support systems (DSS) to be used on a regular basis for plant protection decision
making and the initiation of pest control actions by growers.

Common bean production, P. vulgaris is one of the most important crop of the pre-
fectures of Florina and Kastoria in Northern Greece [9]. The Prespa Lakes area particu-
larly, has a long-term established tradition of dry bean cultivation in which the distinct
microenvironmental conditions combined with the extensive genetic diversity have led to
region-specific high-quality product [9, 10]. Nevertheless, due to favorable microenviron-
mental conditions bean cultivation in Northern Greece suffers from the regular presence
of arthropods pests including; the cotton bollworm, Helicoverpa armigera, Thrips species,
such as Frankliniella occidentalis and Thrips tabaci, as well as the two spotted mites
Tetranychus urticae [11]. To protect crop losses, the control of these pests is based on pesti-
cide treatments, which are mostly applied on calendar basis and are often not necessary
nor effective since climate conditions are not suitable for pest emergence. As a result, there
is an unnecessary contamination of soil, water and other vegetation, as well as further
negative impacts on non-targeted species, farmers and the consumers.

The objective of the current project is the development of a DSS and a related wireless
smart plant protection solution that can be used by farmers and agricultural advisors, as
a smart plant protection solution for improved pest management of dry beans. Farmers
could profit by the use of an application which provides close to real time forecasts of pest
occurrences as well as related weather information and decision to take on specific actions.

2. Materials and Methods
2.1. Study site and experimental farms

We are using four experimental bean farms, 0.4-07ha, to run the pest population fore-
casts and to validate later their prediction performances. Two of the farms are being con-
ventional and receiving the region-specific pesticide treatments according to regular cal-
endar-based pesticides schedule. The two other experimental farms consist of organic
bean cultivation which in the past and the current years have not received any conven-
tional pesticides application and serve as control.

2.2. Pest population monitoring

We are conducting indirect and direct population monitoring based on the observa-
tion of pests captured on traps as well as on the presents of immature stages on plants and
related plant damage. Monitoring of H. armigera moths is done with pheromone traps
and for Thrips species with sticky traps. We have placed two traps for each species per
experimental farm. Observations are carried out two times per week starting from mid to
late April and all captured individuals are removed after each observation. To detect the
period of the emergence of the immature stages of H. armigera as well the appearance of
T. urticae we are performing direct measures-observations of infested plants. Briefly, 10-
15 bean plants/experimental farm are randomly selected and 15 leaves/bean plant are in-
spected for the presence of H. armigera immature stages and damage caused by T. urticae.
Specifically, for T. urticae we are using damage identification keys and NDVI image pro-
cessing to rank the percentage of leaf damage caused by the two-spot mite. Observations
are carried out twice each week starting one week after bean-plant germination.

2.3. Meteorological network, whether data and software



In order to have real time whether data to be further used for the DSS and as inputs
for pest population forecasting and the initiation of risk action thresholds, we have estab-
lished 7 meteorological stations which collect real time data. Currently we work our me-
teorological network that collects data with a default data sensed software. The data in-
clude, among other, air and soil temperature, air and soil moisture, relative humidity and
leaf wetness. Data are delivered to cloud server using the Adcon® telemetry software. The
software works in a cloud environment, collecting data and exploits large data sets on a
remote server to be used later on as inputs for generating pest risk thresholds and some
default plant disease models.

To generate real time pest risk alerts the software has to be first parameterized by the
user on a GUI environment to generate then real time forecasts. However, if the parame-
ters are not known a priori, or may even be region/species specific, they have to be esti-
mated first and/or calibrated with phenological field trials. The pest threshold forecast are
based on heat summation assumptions and related degree-days to complete a particular
developmental stage.

3. Results
3.1. Study site and phenological network

Figure 1 illustrates the particular location where the study is performed as well as the
experimental bean farms and the site-specific placement of the pest population observa-
tion network (i.e., traps). The overall region for which the DSS is developed and validated,
covers an area of approximately 10 square kilometers but could potentially be increased.
The main area is situated in the borders of the Prespa Lakes, which is located in Western
Macedonia in Northern Greece.

)

Figure 1. The particular location where the study was performed in the prefecture of Florina in Northern Greece. Points
correspond to the trap network established to observe the phenology of H. armigera.

3.2. Whether data recording and interface of the of the DSS

Figure 2 illustrates one of the meteorological weather stations that were installed in
the bean cultivation area of interest over the Prespa lakes in the prefecture of Florina (a)
and the respective temperature recording (b). We have set as Biofix for heat recoding and
related degree-days heat summation (are not shown) 1st of January. Note that temperature
recordings which are higher than 10,1°C, which is the lower developmental threshold of



H. armigera have been mostly recorded after the end of March. Figure 3 shows a second
weather station (a) and the temporal evolution of the relative humidity levels as recorded
on IstJanuary and afterwards till now (b). Suitable and moderate to high relative humidity
levels are considered important for H. armigera egg hatch and development as well as for
predatory mites, whilst T. urticae growth is mostly favored by dry conditions. Hence the
information delivered by the meteorological network so far is essential for indicating the
time periods which are suitable for their growth.
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Figure 2. Daily real time temperature recording in one of the meteorological stations that have been placed in the Prespa

Lakes area in the prefecture of Florina in Northern Greece. Left bar indicates the meteorological station as well as the other
options available for the user.
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Figure 3. Daily real time relative humidity levels (%) recorded in one of the meteorological stations that have been placed

in the Prespa Lakes area in the prefecture of Florina in Northern Greece. Left bar indicates the meteorological station as
well as the other options available for the user.

3.3. Degree-days and phenological data of H. armigera

Here, we present the results for estimating region specific forecasts and validations
of the first flight of H. armigera moth emergence and population peak. Figure 4a shows the
overall phenology of H. armigera moths recorded so far in the four experimental fields in
the area of the Prespa Lakes in Northern Greece. The first captures of adult moths were
observed on 3 of May and the population continued to increase the following days. The
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population of the first flight peaked during the second week of May and male moth cap-
tures were observed till the end of May. However, overall, the captures so far are at low
levels and only few individuals have been captured so far. Nevertheless, the species com-
pletes usually three to four generations, depending on the region, annually and thus we
expect to observe higher populations during the growing season as well as the larvae of
the first generation which damage the bean plants and fresh crops during their develop-
ment. Figure 4b shows the predicted degree days for the peak of the first flight of H. armi-
gera, according to published estimates from trials performed in the past in Northern
Greece [6, 12], along with current observations that correspond to the period were male
captures were higher. To date, the accumulated degree-days were calculated using the
simple average method [8], with a lower developmental threshold of 10,1°C and an upper
temperature cut off: 36,50 [12].

Based on the current preliminary results, there is a difference of 30 degree-days be-
tween the observed and predicted moth captures and these values correspond to a time
period of approximately 3-4 days. These data will be later compared and calibrated with
degree-days threshold prediction of published works and will serve to set up the final
region-specific pest population thresholds of the DSS and related smart application. Ad-
ditionally, we are performing a series of degree-days heat summations and phenological
observation to estimate the degree-days needed to occur certain developmental events of
other bean key pests in the field including Thrips species and T. urticae. Since these anal-
yses are in progress the results for these pests are not presented.

300

250

200

=[DD]
o
o

100

@ o 9§ » ©
Q Q
\i \bfl« be\"l/ Q,\{Lb \Q\'L 0‘3{1’0 Q@’I«Q Q{r)\"lzg ch\qle 6’}‘19 Q‘,Q\’LQ 50
& @ @ WA YW
0
DATE Predicted Observed
(a) (b)

Figure 4. Total moth captures of H. armigera as observed by pheromone traps in the Prespa Lakes area in the prefecture of
Figure 10. C lower developmental threshold and 36,5° upper temperature cut off.

4. Conclusion

The Prefecture of Florina is a region of western Macedonia in Northern Greece which
is characterized by very suitable climate conditions for the cultivation of a high-quality
bean crop. As aresult, bean cultivation has intensified in recent years to meet the growing
demand. This fact, in combination with the favourable conditions for pest growth, has led
to the emergence of seasonal population outbreaks and an increased use of control
measures and insecticides particularly. However, when it comes to translate IPM in praxis
it is primarily based on pest field monitoring and relative thresholds establishment, in
which mostly pesticides are used at a need basis if alternatives are either non available or
non-efficient.

Nevertheless, since IPM emphasizes on timely decision making, knowledge and in-
formation which are delivered in real time and in a scientific sound manner, is a prereg-
uisite for successive pest management [1,2]. The particular project emphasized on the de-
livery of timely decision making support system to provide timely regions specific pest
risk information to be implemented by bean farmers in one of the most important produc-
tion area in Greece.



Conceptually, the crucial part of the proposed DSS, as well as for any DSS, is interop-
erability between agro-mathematical algorithms that collect site specific weather data
from automated weather stations to be used along with pest population models and
thresholds to provide real time forecasts [4]. Since the current research work is in progress,
we expect to improve decision, after careful assessment of the other bean pests and which
are not presented here (i.e. Thrips species and T. urtciae), to include timely and pest spe-
cific risk alerts as well as information for the selection of appropriate control options for
each case.

From a practical standpoint, we expect that the particular DSS will timely advise
growers to take control actions, such as either apply or not pesticides and/or perform spe-
cific cultivation practices, to mitigate the impact caused by pests and improve bean qual-
ity. The proposed DSS, although in phase of development and validation is combining the
inherent strengths of pest phenology modeling and information technology to deliver at
the end-user information concerning the time periods where the pest risk is higher and
related actions should be performed. Therefore, the current work, although preliminary,
is considered essential for the development of an automated decision-making tool helping
plant protection managers to make better decisions and improve yield and qualitative
characteristics of the final bean dry product.
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