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Introduction

One of the main crop treatments is the management of soil moisture. The most typical questions that
arise for the management of any kind of irrigation method and system are when it is best to irrigate?
and how much water should be provided? for soil moisture to be maintained within the limits of readily
available water. Failure to meet these goal leads to low water use efficiency as less or excessive water
could be applied and of course, in case of over irrigation this is accompanied by energy waste.

The relevant decisions are still based mainly on the grower’s experience or the generic
recommendations of the agronomists. But how can we control effectively something that we do not
measure? a question that is more significant when dealing with crops that have high water needs and
when the irrigation frequency is high as well.

In the framework that:

e aclimate change period is evolving which has direct impact on the availability of water
resources and the need for irrigation of crops,

e in Greece 70-80% of the water resources is used for agriculture while the actual efficiency of
irrigation systems is often lower than 50%,

e Greece has adopted the Directive 60/2000 EU, in the framework of which legislation is
developed regarding the use, costing and billing of irrigation water,

e the efficient operation of Land Reclamation Organisations (OEB)! depends significantly on
water and energy savings,

e the modern quality systems that certify the compliance of cropping systems with good
agricultural practices demand the documentation of the proper use of water -among other
natural resources -, while certifications regarding low water footprint provide adding value to
the final product,

the efficient irrigation is a priority and a significant factor for the achievement of sustainable
agricultural systems.

At the plain of Arta, a participatory system for irrigation recommendations has been developed in the
framework of cross-boundary cooperation programme Greece-ltaly 2007-2013 IRMA. The term
participatory derives from the system’s layered concept in the framework of which a team of end-
users, agronomists, and irrigation experts contribute to a bi-directional flow of information in order to
continuously improve the operation of the system.

The present study regards the evaluation of the DSS when used for the case of kiwifruit orchards at
the plain of Arta. The first orchards of kiwifruit (Actinidia deliciosa) were planted at the plain of Arta
(Region of Epirus / NW Greece) during the early 1980’s. In our days, this crop covers about 1.200 ha,
most of which regards the variety ‘Hayward’ (OPEKEPE, 2016). Kiwifruit crop has high irrigation water
requirements when cultivated in Mediterranean regions, while it is easily susceptible to water stress
(Dichio et al., 2013; Torres-Ruiz et al., 2016).

According to the Greek legislation (GMA, 1989), the limits for irrigation water usage for kiwifruit in the
Region of Epirus range between 6320 and 7800 m? ha! for an irrigation period spanning for April to

1 Organismi Egion Veltioseon / Opyavicpoi Eyyeiwv BeAtiwoswv (OEB) in Greek
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September, without taking into account the efficiency of the irrigation system. The relevant values
when irrigation efficiency for micro-sprinklers according to GMA (1989) is taken into account are 7036
and 8624 m* ha. For a typical kiwifruit orchard in Arta, more than 50 irrigation applications are
performed per year to provide more than 7000 m? of water per ha. Thus, improved irrigation
management matters.
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Materials and methods

The DSS

This precision agriculture decision support system (DSS) covers an area of 46.432,5 ha, inside of which
5 existing and one under formation OEB’s are operating. This system is available continuously from
2015, proving the sustainability of IRMA project results, and is probably the only actually functionable
large scale system of this kind that operates in Greece.

The system was improved in the framework of Interreg Greece-Italy 2014-2020, IR2ZMA project and is
available at https://arta.interregir2ma.eu/ (the system hereafter, Fig. 1).
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Fig. 1 Typical opening screen of the DSS

The basic characteristics of the DSS are:

e ituses free data from agrometeorological stations that are placed on selected sites around the
plain of Arta (https://system.irrigation-management.eu/, (DAEWM, 2015))

e it incorporates weather forecast for three days beyond from free relevant services
(https://agromonitoring.com/)

e itincorporates basic soil moisture levels like saturation, field capacity and wilting point

e using data of the agrometerological stations, basic weather parameters like rainfall, air
temperature, reference evapotranspiration etc are calculated using spatial interpolation
methods, on daily basis for any point within the plain., thus, numerus virtual
agrometeorological stations can be installed in this area using the system

e it provides various options for registration of the irrigation events — the most basic of which
do not use the installation of any relevant sensor at the field

e ituses FAQ'’s irrigation water balance model (Allen et al., 1998) as a basis for the estimation of
soil moisture on daily basis at the site of each virtual agrometeorological station / field, the
model takes into account: (a) measurements of weather parameters from agrometeorological
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stations in the area; (b) soil, crop and irrigation system parameters; (c) time and volume of the
actual irrigation applications and (d) weather data forecasting (Malamos et al., 2016).

e based on the outcomes of the water balance model, it provides recommendations for future
irrigation applications and estimation regarding the level of water stress of the crop,

e itis web based, so that anyone with any type of computer device (computer, tablet or smart
phone) that runs a web browser (ie. MS Edge, Google Chrome or other) can use the system

e the recommendations are also sent via email to each user and her or his supervisor

e all the data and information regarding fields, virtual agrometeorological station, performed
irrigation events etc are available to each user and her or his supervisor.

Pilot fields, period and instrumentation that were used for the
evaluation

Evaluation period

The evaluation was carried out for three irrigation periods, 2018, 2019 and 2020 (from 1/4 up to 30/9),
in commercial orchards of kiwifruit ‘Hayward’ (Clone 8) located at the plain of Arta. The results that
are presented in this report regard the 2019 and 2020 irrigation periods. This is because the version of
the system that was running from the beginning of 2019 irrigation period, incorporated all the
improvements that were developed in the framework of IR2ZMA.

Field instrumentation

For monitoring soil moisture, six dielectric capacitance sensors (type 10HS, METER Group, Inc. USA,
Fig. 2) were placed 0.5 m away from micro-sprinklers, at a depth of 15 cm. The generic equation
provided by the manufacturer for calculating volumetric water content in mineral soils was used
(accuracy +0.03 m® m3). Data were stored to field dataloggers (type EM50, METER Group, Inc. USA,
Fig. 3) Soil moisture was considered uniform through the whole soil depth under consideration. Water
usage by the irrigation system was measured using three 25mm volumetric dry dial water meters
(accuracy 1L, type DS-TRP, Madalena S.P.A., ltaly, Fig. 4) placed on selected lateral pipes of the
irrigation system. The analysis was made using MS-Excel. In some cases, IR2ZMA LB LORA flowmeters
where also placed next to dial water meters for evaluation purposes (Fig. 4).

Fig. 2 METER 10HS and its volume of sensitivity (Cobos, 2008)
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Fig. 4 IR2ZMA LB LORA and mechanical flowmeters
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Irrigation recommendations

Irrigation is recommended by the system when soil moisture is estimated to have reached the lower
level of the readily available soil water (FC-(FC-PWP)xAD where FC is the field capacity, PWP is the
permanent wilting point and AD is the allowable depletion).

Irrigation optimizer (IRT) is a parameter of the system which is used to tune the volume of water that
itis recommended to be applied, IRT=1 means that the goal of an irrigation recommendation is to refill
soil moisture up to the field capacity, while IRT=0,5 means that the goal of an irrigation
recommendation is to refill soil moisture up to half the way between the running value of soil moisture
to the field capacity. The lower the value of IRT the more frequent with less amount of water, the
irrigation recommendations will be. Lower IRT could be a better choice in cases that we have numerus
rain events during the irrigation period or during part of it, because as soil moisture remains lower
than the level of FC it has more space to store rain water.

Users are not obliged to follow the recommendations provided by the system, but they registered all
the applied irrigation events.

List of irrigations,

Add irrigation

Date Applied water (m®)

Q Specify volume of irrigation water Oct. 23,2020, 7 am. 2579
@ Specify duration of irrigation Oct. 22, 2020, 7 a.m. 11.46

@ Specify flowmeter readings Oct. 6,2020,7 am. 17.19

Sept. 23,2020, 7 a.m. 17.19

Date and time (YYYY-MM-DD HH:mm:ss) Sept. 17,2020, 7am 248
Sept. 17, 2020, 7 a.m. .3

34.38

34.38
Volume of applied irrigation water (m’)

2579

2579

2579

Update Back .12, ./ a.m. 2579

Fig. 5 Add irrigation utility of the system
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Fig. 6 Brief (up) and analytical (down) irrigation reports and email containing recommendations by
the system
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Fields and DSS parameterisation

During the 2019 irrigation period, three kiwifruit orchards and during 2020 (KL19 — Agria Paraskevi,
TM19 — Kolomodia and EX19 - Neochori), one kiwifruit orchard (KC20 — Plisioi) were used for the
evaluation of the system.

All these orchards use the variety ‘Hayward’ (Clone 8) of kiwifruit, which is the dominant one in the
plain of Arta. Fig. 7 presents the length of growth stages and the relevant generic values of Kc values
for kiwifruit according to Allen et al. (1998).

1,2
1,1
1
0,9
0,8
0,7
0,6
0504 0,4
0,4
0,3
0,2
0,1
0
16/3 5/4 25/4 15/5 4/6 24/6 14/7 3/8 23/8 12/9 2/10 22/1011/11

1,05 1,05

Harvest
period

Fig. 7 Kc values for kiwifruit according to Allen et al. (1998)

The orchards, except of their pilot use for system evaluation, were also used as demonstration sites
for the system.
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Pilot kiwifruit orchard TM19 — Kolomodia

This field is at the area of Kolomodia village (Fig. 8, Fig. 9) at a height of 15 m above sea level. The soil
is of silty clay type. The kiwifruit variety is ‘Hayward’ (Clone 8). The vines were planted in 2001, they
were spaced 4.5 x 4.5 m (distance between vines on the row x distance between rows) and trained to
a pergola type structure of 1.8 m height (Fig. 10).

e

+ >\ T AvBaronog ’ '

f \"=Anthotopos \ 3 | ¥gF
- | % )

%
=B o;p %
ap S
Gavria ‘%% ﬁ%

-/ AyiaTlapagkeun

- —Agia.Paraskevi
i Kahopobia

Kalomodia

Fig. 9 General view of the pilot kiwifruit orchard TM19 — Kolomodia

Irrigation was performed using one micro-sprinkler of 120 Lh per plant (Fig. 10). The actual mean flow
of each micro-sprinkler was found during an audit to be equal to 78,13 Lh™.. The water is provided by
a private drilling in the field.

The grower was very experienced in kiwifruit cultivation (he cultivated kiwifruit professionally for
about 10 years). He had access to the system and received recommendations, but he could follow his
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own decisions regarding irrigation applications. All the irrigation applications that have been
performed were manually registered to the system.

Several sets of parameters for modelling the field at the system were used through the evaluation
period. The parameters of the pilot kiwifruit orchard TM19 — Kolomodia at the system that resulted

the closed to what was actually applied by the farmer regarding the number of irrigation events, are
presented in Table 1.

Lateral pipe 1"

/

Support wires
Z

1,80

Column

Micro

. v
sprinkler

0,65

0,40 «—>»

4,50

wetted diameter @2

4l

Fig. 10 Planting distances, support structure and irrigation system (dimensions in m) for the pilot
kiwifruit orchard TM19 — Kolomodia
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Table 1 Field parameters for the pilot kiwifruit orchard TM19 — Kolomodia

Parameter category / name
(unit)

Values

Default values proposed by the system
and Comments

Basic parameters

Coordinates (decimal degrees)

20.96903, 39.09663

Longitude and latitude in WGS84

Irrigated area (m?)

4000

Total area (ha): 0,8

Crop type

Kiwi

Custom parameters

Irrigation type

Micro-sprinklers

Irrigation management

v/v)

Irrigation efﬁciency (%) 50 Default value for selected irrigation type: 80%

Irrigation optimizer (IRT) (% of 25 Default value: 50%

RAW)

Crop

(Maximum) allowed depletion 15 Default value for selected crop type: 35% (Allen et al.,

. 1998)

(% of available water: FC-PWP)

Estimated root depth (max) (m) 0,4 Default value for selected crop type: 1.3 (Allen et al., 1998)

Estimated root depth (min) (m) 0,3 Default value for selected crop type: 0.7 (Allen et al., 1998)

Kc The default values Default value for selected crop type (stage length in days

d and Kc at end of stage), starting from March 16th: 20 and
WEere use 0.4, 70 and 1.05, 120 and 1.05, 60 and 1.05 (Allen et al.,
1998)

Soil

Field ca pacity (% V/V) 39 Default value for selected location: 39% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for
the volumetric levels)

Permanent WiIting point (% V/V) 10 Default value for selected location: 10% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for
the volumetric levels)

Soil moisture at saturation (% 50 Default value for selected location: 50% (according to soil

analysis results for soil type and Twarakavi et al, 2009 for
the volumetric levels)
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Pilot kiwifruit orchard KL19 — Agia Paraskevi

This field is at the area of Agia Paraskevi village (Fig. 11, Fig. 12) at a height of 25 m above sea level.
The soil is of silty loam type. The kiwifruit variety is ‘Hayward’ (Clone 8). The vines were planted in
2011, they were spaced 2 x 5 m (distance between vines on the row x distance between rows) and
trained to a pergola type structure of 1.85 m height (Fig. 13).

Anthotopos \\
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Fig. 11 Satellite view of the pilot kiwifruit orchard KL19 — Agia Paraskevi
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Fig. 12 General view of the pilot kiwifruit orchard KL19 — Agia Paraskevi
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Irrigation was performed using one micro-sprinkler of 90 Lh! per plant (Fig. 13). The actual mean flow
of each micro-sprinkler was found during an audit to be equal to 69,18 Lh!. The water is provided by
a private drilling in the field.

The grower was very experienced in kiwifruit cultivation (he has a BSc in Agriculture and cultivated
kiwifruit professionally for about 10 years). He had access to the system and received
recommendations, but he could follow his own decisions regarding irrigation applications. All the
irrigation applications that have been performed were manually registered to the system.

Several sets of parameters for modelling the field at the system were used through the evaluation
period. The parameters for the pilot kiwifruit orchard KL19 — Agia Paraskevi at the system that resulted
the closed to what was actually applied by the farmer regarding the number of irrigation events, are
presented in Table 2.

Lateral pipe 1"
Support wires /
y4 y
yd

1,85

column

Microfsprinklen
L J Y

5,00
0,50
“ . > 4,15
wetted diameter 2 -+ >
1,25 «—»
» 2,85

Fig. 13 Planting distances, support structure and irrigation system (dimensions in m) for the pilot
kiwifruit orchard KL19 — Agia Paraskevi
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Table 2 Field parameters for the pilot kiwifruit orchard KL19 — Agia Paraskevi

Parameter category / name Values Default values proposed by the system and
(unit) Comments
Basic parameters
Coordinates (decimal degrees) 20.98692, Longitude and latitude in WGS84
39.10257
Irrigated area (m?) 6500 Total area (ha): 1,3
Crop type Kiwi -

Custom parameters

Irrigation type

‘ Micro-sprinklers

Irrigation management

v/v)

Irrigation efﬁciency (%) 50 Default value for selected irrigation type: 80%

Irrigation optimizer (IRT) (% of 75 Default value: 50%

RAW)

Crop

(Maximum) allowed depletion 15 Default value for selected crop type: 35% (Allen et al., 1998)

(% of available water: FC-PWP)

Estimated root depth (max) (m) 0,30 Default value for selected crop type: 1.3 (Allen et al., 1998)

Estimated root depth (min) (m) 0,30 Default value for selected crop type: 0.7 (Allen et al., 1998)

Kc The default values Default value for selected crop type (stage length in days and
Kc at end of stage), starting from March 16th: 20 and 0.4,

d
were use 70 and 1.05, 120 and 1.05, 60 and 1.05 (Allen et al., 1998)

Soil

Field Capacity (% V/V) 28 Default value for selected location: 39% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)

Permanent wiIting point (% V/V) 14 Default value for selected location: 10% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)

Soil moisture at saturation (% 43 Default value for selected location: 50% (according to soil

analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)
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Pilot kiwifruit orchard EX19 — Neochori

This field is at the area of Neochori village (Fig. 14, Fig. 15) at a height of 20 m above sea level. The soil
is of Silty clay loam / Clay Loam type. The kiwifruit variety is ‘Hayward’ (Clone 8). The vines were
planted in 2009, they were spaced 2 x 5 m (distance between vines on the row x distance between
rows) and trained to a pergola type structure of 1.75 m height (Fig. 16).

Irrigation was performed using one micro-sprinkler of 70 Lh! per plant (Fig. 16). The actual mean flow
of each micro-sprinkler was found during an audit to be equal to 65 Lh. The water is provided by a
private drilling in the field.
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Fig. 14 Map and satellite view of the pilot kiwifruit orchard EX19 — Neochori

The grower was very experienced in kiwifruit cultivation (he has a BSc in Agriculture and cultivated
kiwifruit professionally for about 10 years). He had access to the system and received
recommendations, but he could follow his own decisions regarding irrigation applications. All the
irrigation applications that have been performed were manually registered to the system.

Several sets of parameters for modelling the field at the system were used through the evaluation
period. The parameters for the pilot kiwifruit orchard KL19 — Agia Paraskevi at the system that resulted
the closed to what was actually applied by the farmer regarding the number of irrigation events, are
presented in Table 3.
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Fig. 15 General view of the pilot kiwifruit orchard EX19 — Neochori taken on 24/5/2019
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Fig. 16 Planting distances, support structure and irrigation system (dimensions in m) for the pilot
kiwifruit orchard EX19 — Neochori
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Table 3 Field parameters for the pilot kiwifruit orchard EX19 — Neochori

Parameter category / name Values Default values proposed by the system and
(unit) Comments
Basic parameters
Coordinates (decimal degrees) 39.06134, Longitude and latitude in WGS84
21.02975
Irrigated area (m?) 15000 Total area (ha): 3
Crop type Kiwi -

Custom parameters

Irrigation type

‘ Micro-sprinklers

Irrigation management

v/v)

Irrigation efﬁciency (%) 50 Default value for selected irrigation type: 80%

Irrigation optimizer (IRT) (% of 100 Default value: 50%

RAW)

Crop

(Maximum) allowed depletion 15 Default value for selected crop type: 35% (Allen et al., 1998)

(% of available water: FC-PWP)

Estimated root depth (max) (m) 0,20 Default value for selected crop type: 1.3 (Allen et al., 1998)

Estimated root depth (min) (m) 0,10 Default value for selected crop type: 0.7 (Allen et al., 1998)

Kc The default values Default value for selected crop type (stage length in days and
Kc at end of stage), starting from March 16th: 20 and 0.4,

d
were use 70 and 1.05, 120 and 1.05, 60 and 1.05 (Allen et al., 1998)

Soil

Field Capacity (% V/V) 33 Default value for selected location: 39% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)

Permanent wiIting point (% V/V) 9 Default value for selected location: 10% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)

Soil moisture at saturation (% 46 Default value for selected location: 50% (according to soil

analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)
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Pilot kiwifruit orchard KC20 — Plisioi
This field is at the area of Plisioi village (Fig. 17, Fig. 18) at a height of 10 m above sea level. The soil is
of Clay type. The kiwifruit variety is ‘Hayward’. The vines were planted in 2015, they were spaced 3 x

5 m (distance between vines on the row x distance between rows) and trained to a pergola type
structure of 1.8 m height (Fig. 19).

Irrigation was performed using one micro-sprinkler of 105 Lh per plant (Fig. 19). The actual mean flow
of each micro-sprinkler was found during an audit to be equal to 90 Lh®. The water is provided by a
private drilling in the field.
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Fig. 17 Map and satellite view of the pilot kiwifruit orchard KC20 - Plisioi (the red triangle bounds
the evaluation area of 0,6 ha (Z3t))
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Fig. 18 General view of the pilot kiwifruit orchard KC20 - Plisioi taken on 14/7/2020

This 9,5 ha, field is property of a major fruit packaging company of Arta. A specialized to kiwifruit
agronomist is in charge for the crop. He had access to the system and received recommendations, but
he could follow his own decisions regarding irrigation applications. All the irrigation applications that
have been performed were manually registered to the system.

Several sets of parameters for modelling the field at the system were used through the evaluation
period. The parameters for the pilot kiwifruit orchard KC20 — Plisioi at the system that resulted the
closed to what was actually applied by the farmer regarding the number of irrigation events, are
presented in Table 4.
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Fig. 19 Planting distances, support structure and irrigation system (dimensions in m) for the pilot
kiwifruit orchard KC20 - Plisioi
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Table 4 Field parameters for the pilot kiwifruit orchard KC20 — Plisioi

Parameter category / name Values Default values proposed by the system and
(unit) Comments
Basic parameters
Coordinates (decimal degrees) 20.94301, Longitude and latitude in WGS84
39.11988
Irrigated area (mZ) 3.000 Total area (ha): 9,5 ha — The evaluation area was one zone
(Z) that has a total area of 0,6 ha
Crop type Kiwi -

Custom parameters

Irrigation type

| Micro-sprinklers

Irrigation management

v/v)

Irrigation efficiency (%) 50 Default value for selected irrigation type: 80%

Irrigation optimizer (IRT) (% of 75 Default value: 50%

RAW)

Crop

(Maximum) allowed depletion 8 Default value for selected crop type: 35% (Allen et al., 1998)

(% of available water: FC-PWP)

Estimated root depth (max) (m) 0,4 Default value for selected crop type: 1.3 (Allen et al., 1998)

Estimated root depth (min) (m) 0,2 Default value for selected crop type: 0.7 (Allen et al., 1998)

Kc The default values Default value for selected crop type (stage length in days and

d Kc at end of stage), starting from March 16th: 20 and 0.4,
were use 70 and 1.05, 120 and 1.05, 60 and 1.05 (Allen et al., 1998)

Soil

Field capacity (% V/V) 40 Default value for selected location: 39% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)

Permanent WiIting point (% V/V) 10 Default value for selected location: 10% (according to soil
analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)

Soil moisture at saturation (% 47 Default value for selected location: 50% (according to soil

analysis results for soil type and Twarakavi et al, 2009 for the
volumetric levels)
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Results, Discussion and Conclusions

Water usage limits for kiwifruit according to Greek legislation

According to the Greek legislation (GMA, 1989), the limits for irrigation water usage for kiwifruit in the
Region of Epirus range between 6320 and 7800 m? ha® for an irrigation period spanning from April to
September, without taking into account the efficiency of the irrigation system. The relevant values
when the irrigation efficiency for micro-sprinklers according to GMA (1989), is taken into account are
7036 and 8624 m3 ha (or 703,6 to 862,4 mm) (Fig. 20 and Fig. 21).
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Fig. 20 Limits of irrigation water usage according to GMA (1989): table for the region of Epirus
(Hydrological Region No 5), kiwifruit is listed in category VI

For a typical kiwifruit orchard in Arta, the typical irrigation period spans from May to late October,
while more than 50 irrigation applications are performed per year to provide more than 7.000 m? of
water per ha. Thus, improved irrigation management matters (Tsirogiannis et. al., 2017).
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Fig. 21 Limits of irrigation water usage according to GMA (1989) estimated average daily water usage
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Number of irrigation events, effective rain and water usage of pilot
fields

Pilot kiwifruit orchard TM19 — Kolomodia

The set of parameters that is presented in Table 1, which was the one that resulted the closed to
what was actually applied by the farmer regarding the number of irrigation events, resulted for the
system to recommend during the 2019 irrigation period, 104 irrigation events during the irrigation
period, while the grower applied 104.

The total effective precipitation (from 15/3/2019, date of initiation of the irrigation period for the DSS
up to 25/10/2019, date of the last irrigation event) was 414 mm.

The total recommended by the system irrigation water amount was 1.022 mm, while the total applied
irrigation water amount (from 30/3/2019, date of the first irrigation event, up to 25/10/2019, date of
the last irrigation event) with reference to the total area was 1.083 mm (percentage difference: 6,0%).
The irrigation performance chart and file of the system has registered 2.166 mm but that was referred
to theirrigated and not the total area of the field). Fig. 22 presents the soil moisture fluctuation during
the irrigation period as registered by soil moisture sensors along with the levels of FC, PWP and RAW,
the effective precipitation and the irrigation events for the pilot kiwifruit orchard, while Fig. 23
presents the irrigation performance chart as provided by the system.

For the case that IRT was set equal to 50% (instead of 25%) while all the other parameters remained
as presented in Table 1, the system would propose 58 irrigation events during the irrigation period
instead of 104 (the grower applied 104 as already mentioned). The respective total recommended by
the system irrigation water amount would be 1.046 mm.

The rationale behind the low irrigation efficiency value (50%) is that the mean water flow value per
mini-sprinkler that was used, was obtained from a single irrigation audit was used and this does not
depict the probable fluctuations of water flow during the irrigation period.

The harvest was made on 2/11/2019 and the yield was 35 tn.
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Fig. 22 Soil moisture registered by soil moisture sensors (VWC average for the depth of 0-30 cm),
levels of FC, PWP and RAW (15% of available soil water), effective precipitation and irrigation events
for the pilot kiwifruit orchard TM19 — Kolomodia
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Fig. 23 Irrigation performance (screenshot from the system) for IE=50%, IRT=25% and RAW=15% for
the pilot kiwifruit orchard TM19 — Kolomodia
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Pilot kiwifruit orchard KL19 — Agia Paraskevi

The set of parameters that is presented in Table 2, which was the one that resulted the closed to what
was actually applied by the farmer regarding the number of irrigation events, caused the system to
recommend during the 2019 irrigation period, 95 irrigation events during the irrigation period, while
the grower applied 104.

The total effective precipitation (from 15/3/2019, date of initiation of the irrigation period for the DSS
up to 25/10/2019, date of the last irrigation event) was 390 mm.

The total recommended by the system irrigation water amount was 1.112 mm, while the total applied
irrigation water amount (from 12/3/2019, date of the first irrigation event up to 25/10/2019, date of
the last irrigation event) with reference to the total area was 1.069,50 mm (percentage difference: -
4%). The irrigation performance chart and file of the system has registered 2.139 mm but that was
referred to the irrigated and not the total area of the field). Fig. 25 presents the soil moisture
fluctuation during the irrigation period as registered by soil moisture sensors along with the levels of
FC, PWP and RAW, the effective precipitation and the irrigation events for the pilot kiwifruit orchard,
while Fig. 26 presents the irrigation performance chart as provided by the system.

For the case that IRT was set equal to 50% (instead of 75%) while all the other parameters remained
as presented in Table 2, the system would propose 115 irrigation events during the irrigation period
instead of 95 (the grower applied 104 as already mentioned). The respective total recommended by
the system irrigation water amount would be 1.098 mm.

The rationale behind the low irrigation efficiency value (50%) is that the mean water flow value per
mini-sprinkler that was used, was obtained from a single irrigation audit was used and this does not
depict the probable fluctuations of water flow during the irrigation period.

The harvest was made on 26/10/2019 and the yield was 50 tn.
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Fig. 24 Soil moisture registered by soil moisture sensors (VWC average for the depth of 0-30 cm),
levels of FC, PWP and RAW (15% of available soil water), effective precipitation and irrigation events
for the pilot kiwifruit orchard KL19 — Agia Paraskevi
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Fig. 25 Irrigation performance (screenshot from the system) for IE=50%, IRT=75% and RAW=15% for
the pilot kiwifruit orchard KL19 — Agia Paraskevi
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Pilot kiwifruit orchard EX19 — Neochori

The set of parameters that is presented in Table 3, which was the one that resulted the closed to what
was actually applied by the farmer regarding the number of irrigation events, caused the system to
recommend during the 2019 irrigation period, 97 irrigation events during the irrigation period, while
the grower applied 103.

The total effective precipitation (from 15/3/2019, date of initiation of the irrigation period for the DSS
up to 27/10/2019, date of the last irrigation event) was 289 mm.

The total recommended by the system irrigation water amount was 1.337 mm, while the total applied
irrigation water amount (from 14/4/2019, date of the first irrigation event up to 27/10/2019, date of
the last irrigation event) with reference to the total area was 1.144,5 mm (percentage difference: -
14%). The irrigation performance chart and file of the system has registered 2.289 mm but that was
referred to the irrigated and not the total area of the field). Fig. 26 presents the soil moisture
fluctuation during the irrigation period as registered by soil moisture sensors along with the levels of
FC, PWP and RAW, the effective precipitation and the irrigation events for the pilot kiwifruit orchard,
while Fig. 27 presents the irrigation performance chart as provided by the system.

For the case that IRT was set equal to 50% while all the other parameters remained as presented in
Table 3, the system would propose 141 irrigation events during the irrigation period instead of 97 (the
grower applied 103 as already mentioned). The respective total estimated irrigation water amount
would be 1.297 mm.

The rationale behind the low irrigation efficiency value (50%) is that the mean water flow value per
mini-sprinkler that was used, was obtained from a single irrigation audit was used and this does not
depict the probable fluctuations of water flow during the irrigation period.

The harvest was made on 5/11/2019 and the yield was 123 tn.
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Fig. 26 Soil moisture registered by soil moisture sensors (VWC average for the depth of 0-30 cm),
levels of FC, PWP and RAW (15% of available soil water), effective precipitation and irrigation events
for the pilot kiwifruit orchard EX19 — Neochori
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Fig. 27 Irrigation performance (screenshot from the system) for IE=50% IRT=100% and RAW=15% for
the pilot kiwifruit orchard EX19 — Neochori
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Pilot kiwifruit orchard KC20 — Plisioi

The set of parameters that is presented in Table 4, which was the one that resulted the closed to what
was actually applied by the farmer regarding the number of irrigation events, caused the system to
recommend during the 2020 irrigation period, 91 irrigation events during the irrigation period, while
the grower applied 95.

The total effective precipitation (from 15/3/2019, date of initiation of the irrigation period for the DSS
up to 5/11/2020, date of the last irrigation event) was 294 mm.

The total recommended by the system irrigation water amount was 1.200,50 mm, while the total
applied irrigation water amount (from 6/5/2020, date of the first irrigation event, up to 5/11/2020,
date of the last irrigation event) with reference to the total area was 714 mm (percentage difference:
-41%). The irrigation performance chart and file of the system has registered 1.428 mm but that was
referred to the irrigated and not the total area of the field). Fig. 28 presents the soil moisture
fluctuation during the irrigation period as registered by soil moisture sensors along with the levels of
FC, PWP and RAW, the effective precipitation and the irrigation events for the pilot kiwifruit orchard,
while Fig. 29 presents the irrigation performance chart as provided by the system.

The rationale behind the low irrigation efficiency value (50%) is that the mean water flow value per
mini-sprinkler that was used, was obtained from a single irrigation audit was used and this does not
depict the probable fluctuations of water flow during the irrigation period.

The harvest was made on 4/11/2020 and the yield was 4,9 tn for the evaluation area (0,6 ha) while the
total yield for the whole field was 107 tn.

50,00 o
45,00
| [
L 100
40,00 v \\h\l
35,00
80
—s
30,00
—FC
— PP
25,00 b . .
Refill point
® ——Avg 10HS 0-40cm
o ® Effective rain (mm)
40 Irrigation applied (mm)
15,00
10,00
@ 20
@
5,00 ° ®
@ (3 ]
0,00 ©% o o §
/6 157 307 14/8  29/8  13/9  28/9 1310 28/10

37



Fig. 28 Soil moisture registered by soil moisture sensors (VWC average for the depth of 0-40 cm),
levels of FC, PWP and RAW (8% of available soil water), effective precipitation and irrigation events
for the pilot kiwifruit orchard KC20 - Plisioi
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Fig. 29 Irrigation performance (screenshot from the system) for IE=50% IRT=75% and RAW=8% for
the pilot kiwifruit orchard KC20 - Plisioi

Summarised results and discussion

Synoptical information regarding pilot fields, DSS parameters and results is presented in Table 5. It has
to be noted that 3 of the pilot fields were evaluated during 2019 while one was evaluated during 2020.

Kiwifruit (variety ‘Hayward’ (Clone 8)) was cultivated in all pilot fields. The density of plants ranged
from almost 500 to 1000 plants per hectare while their age at the year of evaluation ranged from 5 to
18 years.

Root depths according to grower estimation as a goal were set to be between 0,1-0,3 m (minimum
value) and 0,2-0,4 (maximum value). According to FAO (Allen et. al., 1998) the relevant estimations fro
kiwifruit are 0,7 to 1,3 m.

Regarding crop coefficient fluctuation (Kc) the generic periods and values that are provided by FAO
(Allen et. al., 1998) were used in all cases (starting from March 16th: 20 and 0.4, 70 and 1.05, 120 and
1.05, 60 and 1.05). This probably does not depict accurately the situation of KC20 — Plisioi pilot field
where that plants were very young.

The irrigated area was estimated to be 50% of the total area in all cases.

The irrigation efficiency was set equal to 50%. The rationale behind the low irrigation efficiency value
is that the mean water flow value per mini-sprinkler that was used, was obtained from a single
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irrigation audit was used and this does not depict the probable fluctuations of water flow during the
irrigation period. It also counts for other probable errors regarding registering the irrigation events. So
what is proposed is either to perform more than one audits in order to have a more accurate picture
of the system flow, or to install a central water meter or smaller water meters on representative pipes
in order to measure the actual water flow.

For the irrigation optimizer (IRT) (% of RAW), values between 25 up to 100% were used. So, a value
between 50 and 75% could probably be a generic recommendation for kiwifruits. Regarding the
(Maximum) allowed depletion (% of available water: FC-PWP) a value of 15% was used for the mature
plantations while for the young trees of KC20 — Plisioi pilot field a value of 8% was used. It has to be
noted that FAO (Allen et. al., 1998) proposes the value of 35% as maximum.

The set of parameters for the DSS that are presented in Table 5 had as goal to result the same number

of irrigation events as the grower would apply. This was made in order not to change all the notion of

irrigation for kiwifruit that the grower had already developed, something that would made her/him be
more doubtful to accept and apply the recommendations provided by the system. Also because the

amount of irrigation water that was presented in the irrigation performance chart and file (csv) of the

system in mm, was the result of the sum of the amounts in m3 that were registered by the users for

irrigation events, divided by the irrigated area (in m2), in order to be compared to the water needs and

the limits of water usage, it was referred to the total irrigated area of the field. To do so it was

multiplied by the percentage of the total area that was irrigated.
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Table 5 Synoptical information regarding pilot fields, DSS parameters and results

oultet average actual flow

Default values* TM19 - Kolomodia | KL19 — Agia EX19 — Neochori KC20 - Plisioi
Paraskevi

Location Kolomodia, Arta Agia Paraskevi, Arta Neochori, Arta
Gower experience High High High High
Field coordinates (decimal degrees) 20,96903 20,98692 21,02975 20,94301

39,09663 39,10257 39,06134 39,11988
Heigh of field (m above sea level) 15 25 20 10
Total area (ha) 0,8 1,3 3 0,6
Irrigated (weted) area (ha) Irrigation system 0,4 0,65 1,5 0,3

dependent
Percent irrigated area (%) 50% 50% 50% 50%
Soil texture Site dependent Silty clay Loam Silty clay loam / Clay
Clay Loam

Crop type Kiwifruit** Kiwifruit Kiwifruit Kiwifruit Kiwifruit
Variety Hayward (Clone 8) Hayward (Clone 8) Hayward (Clone 8) Hayward (Clone 8)
Planting year (y) 2001 2011 2009 2015
Age during evaluation (y) 18 8 10 5
Distance between vines on the row (m) 4,5 2 2 3
Distance between rows (m) 4,5 5 5 5
Crop density (plants / ha) 494 1000 1000 667
Pergola height (m) 1,8 1,85 1,75 1,8
Water source Private drilling in Private drilling in Private drilling in Private drilling in

the field the field the field the field
Irrigation type Micro-sprinklers** Micro-sprinklers Micro-sprinklers Micro-sprinklers Micro-sprinklers
Outlets per plant 1 1 0,5 1
Distance of outlets from ground (m) 0,65 0,5 0,65 0,4
Wetted diameter of outlet (m) 2 2 3,2 2
Outlet nominal flow (L h-1) 120 90 70 105
Oultet average actual flow (L h-1) 78,13 69,18 65 90
Number of audits for calculating the 1 1 1 1
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Default values* TM19 - Kolomodia | KL19 — Agia EX19 — Neochori KC20 - Plisioi
Paraskevi

Irrigation efficiency (%) 80% 50% 50% 50% 50%
Irrigation optimizer (IRT) (% of RAW) 50% 25% 75% 100% 75%
(Maximum) allowed depletion (% of 35% 15% 15% 15% 8%
available water: FC-PWP)

Estimated root depth (max) (m) 1,3 0,4 0,3 0,2 0,4
Estimated root depth (min) (m) 0,7 0,3 0,3 0,1 0,2

Kc

starting from March
16th: 20 and 0.4,
70 and 1.05, 120
and 1.05, 60 and
1.05

Default values

Default values

Default values

Default values

Field capacity (% v/v) Site dependent 39% 28% 33% 40%
Permanent wilting point (% v/v) Site dependent 10% 14% 9% 10%
Soil moisture at saturation (% v/v) Site dependent 50% 43% 46% 47%
Date of initiation of irrigation period 15/3/2019

Date of first irrigation event 30/3/2019 12/3/2019 14/4/2019 6/5/2020
Date of last irrigation event 25/10/2019 25/10/2019 27/10/2019 5/11/2020
Effective rain during first and last 414 390 289 294
irrrigation dates (mm)

Number of recommended by the DSS 104 95 97 91
irrigation events

Number of applied irrigation events 104 104 103 95
Percentage difference regarding 0% 9% 6% 4%
irrigation events (%)***

Recommended irrigation water volume 1022 1112 1337 1200
(RI, mm)

Applied irrigation water volume (Al, mm) 2166 2139 2289 1428

- as registered in the irrigation
performance file of the DSS (m3 of water
registered by the user divided by the
irrigated area)
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Default values* TM19 - Kolomodia | KL19 — Agia EX19 — Neochori KC20 - Plisioi
Paraskevi

Applied irrigation water volume (Airef, 1083 1069,5 1144,5 714
mm) - with reference to the total area of
the filed
Percentage difference, amount of 6% -4% -14% -41%
irrigation water ((Airef-RI)/RI), %)***
Min limit for irrigation water usage for 703,6 703,6 703,6 703,6 703,6
kiwifruit according to the Greek
legislation (GMA, 1989) - for
microsprinklers and for irrigation period
from April to September (mm)
Max limit for irrigation water usage for 862,4 862,4 862,4 862,4 862,4
kiwifruit according to the Greek
legislation (GMA, 1989) - for
microsprinklers and for irrigation period
from April to September (mm)
Harvest date 2/11/2019 26/10/2019 5/11/2019 4/11/2020
Yield (tn) 35 50 123 4,90
Yield (tn/ha total) 43,75 38,46 41,00 8,17
Yield (kg/plant) 88,59 38,46 41,00 12,25

* Irrigation efficiency (%) for the selected irrigation type; (Maximum) allowed depletion, Estimated root depth (max) (m), Estimated root depth (min) (m), Kc

according to (Allen et al., 1998 for the selected crop type)

** Selected by user

*** Possitive percentage (+) means that more was applied than what was recommended
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Conclusions

The system under evaluation is a computer/mobile device based, open and free modular software that
provides soil moisture estimations and irrigation recommendations based on the outcomes of a water
balance model that followed the principles of FAO’s paper 56.

The results of the evaluation for kiwifruit, are very promising regarding the ability of the system’s
model to reflect the soil moisture at the field and lead to water, energy and labour savings.
Improvements regarding the model, the sets of parameters and the registration of irrigation
applications are on their way.

The main recommendations are:

1. Atthefield parameters the total area of the field should be provided along with the percentage
of irrigated area. That would be made more straightforward the results that are presented in
the irrigation performance chart and file.

2. Crop / variety / age of plants specific sets of growing periods and Kc values would be very
valuable. Also, feedback from any field that use the system would be valuable. In this
framework the incorporation of remote sensing data to the system, for actual Kc calculation
and feedback regarding the water status of the crop would be recommended.

3. Another the recommendation is for multiple irrigation system flow audits to be made or for a
flowmeter to be installed at the field and provide information regarding irrigation events.

In every case experimental trials where kiwifruit would be under different irrigation treatments
(irrigated according to grower decisions and irrigated according to DSS recommendations using various
sets of parameters) would provide more insight regarding the optimum set of parameters and the
effect on yield (quality and quantity), plant physiological condition, cost of irrigation / cropping etc.
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Synopsis in English language

In Greece —like many Mediterranean countries- irrigation is by far the major water user. In this
framework the development of operational tools that support decisions and provide
recommendations aiming to improved irrigation management is of great importance. In this report the
web-based participatory system for irrigation management (the system hereafter) that operates from
2015 at the plain of Arta (NW Greece) and has been improved in the framework of IR2ZMA project, is
evaluated for the case of kiwifruit, an evolving crop for the area which is characterized by high water
requirements. The results of the evaluation for kiwifruit, are very promising regarding the ability of the
system’s model to reflect the soil moisture at the field and lead to water, energy and labour savings.
Improvements regarding the model, the sets of parameters and the registration of irrigation
applications are on their way.
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Z0voyn otnv eEAAnVIKN YAwooa

TNV EAAAS o —OTw¢ TTOAAEG LECOYELOKEG XWPEG— N dpdeuaonh elval o peyaAUtepog xpnotng vepou. Etot,
N aVAmTuén EMLXELPNOLAKWY €PYAAEiwV TOU umooTnpilouv amodACELC KOL TIAPEXOUV CUOTACELG UE
oTox0 th BeAtiwaon tng Slaxeiplong tng dpdeuong eival e€alpeTIKA ONUAVTLKA. € aUuThV TNV avadopq,
To SLASIKTUAKO CUMMETOXLIKO cuothnua Staxeiplong dpdevong (edbe€ng To ocuotnua) mou Aeltoupyel
amo to 2015 otnv nedlada tng Aptag (BA EANada) kat £xel BeAtiwOel oto mMAaiolo tou £pyou IR2ZMA,
afloloyeital ywo tnv mepintwon Twv aktwidiwv, e€eAlooopevn KAAALEPYELQ YLl TNV TIEPLOXN TIOU
xapaktnpiletal and vPnAég anattroslg o vepo. Ta amoteAEopaTA TNG AELOAOYNONG YLO TOL OKTLVISLA,
gival moAU eAmibodopa CXETIKA HE TNV LKOAVOTNTA TOU UOVTEAOU va avTlkaTontpilel Tnv uypacia Tou
edadoug oto xwpadl Kal va odnyel og e€olkovounon VEPOU, eVEPYELAG Kal gpyaciag. Bplokovtal
BeATLWOELG OXETIKA HE TO MOVTEAO, TA OUVOAQ TOPOUETPWY KOL TNV KATAXWPLON TwV £hapUOywWY
apbeuong.
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Sinossi in lingua italiana

In Grecia, come molti paesi del Mediterraneo, l'irrigazione ¢ il principale utilizzatore di acqua. Quindi,
lo sviluppo di strumenti operativi che supportano le decisioni e forniscono raccomandazioni volte a
migliorare la gestione dell'irrigazione € di grande importanza. In questo rapporto viene valutato per il
caso del kiwi, un coltura caratterizzata da un elevato fabbisogno idrico. | risultati della valutazione per
i kiwi sono molto promettenti per quanto riguarda la capacita del modello del sistema di riflettere
['umidita del suolo sul campo e portare a risparmi di acqua, energia e manodopera. Sono in corso
miglioramenti per quanto riguarda il modello, i set di parametri e la registrazione delle applicazioni di
irrigazione.
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