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 PHENOLOGY AND ITS APPLICATIONS
The name Phenology ("Phaino" = to appear) defines the study of the events that highlight the
stages of the life of the plants. Phenology can be considered as the observation of the phases of the
life cycle or of the activities of plants and animals, which recur periodically and coincide with
particular phases of the solar year.
In the plant world, Phenology refers to the recording of dates in which different phases of the
plant's life cycle have been observed both in particular species and in plant communities. The
phases that lead to the growth and development of plants are connected and influenced by factors
internal to the plant (biorhythms) regulated by hereditary factors of the species and therefore
"constant" in space and time, as well as by external factors (climate) that act directly in the
induction of the various stages. The study extends to the comparison and analysis of these
recordings and to evidence relationships with external conditions, which influence the growth of
the plant, especially those of the climate (average, minimum and maximum temperatures,
precipitation and day length).
The main observations, necessary to establish the periodicity, characteristic of each plant, depend
on its life form and its behavior; most of the phenological records include the date of the opening
of the buds, the expansion of the leaves, the flowering, the formation of the fruit and the dispersion
of the seeds. These phases of the plant's activity (phenophases) can also be flanked by others or
defined according to particular criteria. For example, in woody evergreens and deciduous species,
the opening of leaf buds is, during the year, a fairly discontinuous phenomenon and, in fact, is
normally limited to a short phase. It is not so important to observe the first date of leafing or
flowering (which for individual plants of the same species does not always coincide) as the time it
takes for the single plant or population to open the buds. One of the most important phenological
observations is the duration of the period in which the plant maintains the functional foliage, since
it can be used to define the length of the annual growing season.

Example of Phenological
Remote Sensing:
NDVI in June over the British
Isles (NOAA AVHRR)
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Particular interest is attributed to the phenological differences of the various species that grow in
the same plant community, where the external influences of time and climate are the same. For
example, in some eastern territories of the United States of America, the opening of the buds takes
place in early April for most trees, but the pre-autumnal coloring of the leaves and their fall begins
in mid-September for the chestnut trees, towards the end of September for the Virginia tulip tree
(Liriodendron) and in late October for the maple tree (Acer saccharinum, A. rubrum). As a result,
these species have growing seasons of different durations (for example 150 days for Aesculus and
200 days for Acer).

The flora of regions with contrasting climates generally presents different phenological cycles. For
example, in temperate deciduous forests, 44% of herbaceous plants bloom in April, 25% in May,
21% in June and only 10% sooner or later. In some desert regions of North America, with scarce
and variable winter rains, there are two seasons of flowering, in April-May and in SeptemberOctober, which also constitute the phase of vegetative growth, separated by summer and winter
seasons in which the plants remain without leaves. In deciduous forests of Eastern Tropical Africa,
most trees have leaves from October to May (the rainy season runs from November to March),
although some species are evergreen. The average flowering period is about 30 days and, for many
trees, it falls towards the end of the dry season that precedes the rains, but is however different for
the various species. In wet tropical forests some plants produce, for a long period, few flowers
daily, while others bloom abundantly for a very short period; these different behaviors are more
related to the availability and behavior of bats and pollinating insects than to weather conditions.

The main sectors of Phenological research are:
• Search with remote sensing
The remote sensing techniques defined as "remote sensing" have been found to be very important
with regard to phenological studies, in particular allowing to overcome the main limitation of
phenological observations due to the scarce geographical coverage that can be studied on the
ground.
In this regard, satellite observations make it possible to enlarge individual local observations on a
much larger scale, validating the phenological data and the resulting regional models.
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The same phenological observations are in turn indispensable for calibrating the satellite images in
the early stages of the study and allowing their adequate use.
• Research in the medical field
The role of Phenology in relation to allergies and diseases spread by vector insects has increased
dramatically in recent years, above all due to the increasing prevalence of the same allergies.
In this regard, it can be remembered that allergies have increased in recent years in a decisive
manner (in Europe 15-20% of the population is affected by "hay fever" caused by grass pollen) and
how public spending is growing to faced with this urgency.
The importance of phenological studies in this sector lies in the possibility provided by phenology
to predict the pollen seasons and in the recent possibility of modeling disease distributions.
These opportunities make it possible to obtain in advance information on the periods of danger up
to spreading also thanks to phenological monitoring networks "alarms" in the form of public
announcements in large regions of the territory.
Currently in Europe the phenological monitoring network (EPN) allows to follow the development
of allergenic species and to predict when the antesic periods and the pollination peaks will be
realized in them.
• Research in the education field
Phenological observations are ultimately considered an easy tool to interpret natural
transformations and not at a global level, in fact, the interest of both the public and governmental
organizations for phenological monitoring is growing more and more.
Phenological observation is simple to apply and therefore understandable even by young students.
It is also interesting because it is linked to global climate change phenomena.
To this end, new educational programs are advocated and financed to create a closer network of
phenological monitoring on the territory and to educate young people to observe the surrounding
area. Such programs brought directly into schools aim to explain the use of data provided by
remote monitoring, indicating the effects on human health, agriculture etc. up to the modeling of
the development of future scenarios.
• Research in the field of ecophysiology
5
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In this context it should be remembered that phenological observations are important for studying
the relationships between different species and the environment to define the degree of
competition between species and the specific composition of the ecosystem.
Phenological study allows us to define and interpret the processes implemented in the ecosystem
such as carbon organization, nutrient and water flows, species distribution, migration and
reproduction periods, inter-specific interaction such as pollination and food availability.
• Agricultural research
In the agrarian field, the phenological observations find a particularly interesting sector of use in
order to determine the length of the growing seasons of the species of interest and to know the
main periods of thermal, water or phytopathological stress.
In particular, the phenological researches are fundamental to adapt the varietal selection in fruit
and horticultural fields to specific cultivation areas, above all reducing the risk of frost damage.
As regards the relationships between parasites and host crops, it is necessary to say that the
phenological study of both subjects allows to control their development phases and to predict the
periods most susceptible to attacks, allowing the development and application of modern
integrated defense techniques in order to rationalize the administration of pesticide products.
The phenological data are, as mentioned before, of great interest also for the definition of the
irrigation volumes for the different crops as well as for the adoption of particular agronomic
techniques, up to the practice of fertilization decidedly linked to the vegetative development
phases.
Among the most studied fruit species in Phenology, it is necessary to include the Vine (Vitis
vinifera L.), the Olive (Olea europaea L.), the citrus fruits in general in the south of Italy and the
Drupacee.
Among the forest tree species, we can list those that are used as guide species in the phenological
gardens, namely: Crataegus monogyna, Salix acutifolia, Robinia pseudoacacia, Sambucus nigra
etc.
The most recent field of application of Phenology is represented by the study of relations with
climate change, where the key concept of this application predicts that the phenological data
represent the response of the natural system to climate change and that also they allow to assess
the climate impact on the species considered.
6
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Also in this field our experience on the olive tree, considering the thermal trends over the last 20
years and those of pollen emission, leads us to highlight a close relationship between actual
climate warming recorded especially in two periods (between 1984-1990 and 1996–2001) and the
consequent vegetable response. In fact, our research shows that in the last 20 years the flowering
period in olive trees, in the province of Perugia, has been achieved with a progressive advance. In
recent years (1998-2001) the flowering period began at the end of May, while on average in the
early 1980s it was only realized in mid-June.
The new value of the Phenology understood as "the first alarm mechanism for climate mutations"
has brought its knowledge also to the general public to which it is easy to communicate
phenomena that affect changes in processes known to all as those of the flowering of “guide”
species or that of the opening of the leaves.
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 PHENOLOGICAL MONITORING AREAS (PMA) IN URBAN ENVIRONMENT

To study the environmental influences on plant species vegetative and reproductive
developmental phases, in each CLIVUT municipality (Perugia, Bologna, Thessaloniki and Lisboa)
several shrubs and trees will be planted. The same species will be planted in three areas per
municipality to study biological trends in each sit, in each municipality and for comparing the
same municipalities.
In particular in each urban area 3 PMA will be inserted with 100 plant/each, in total considering 4
cities with 3 PMA with 100 plants/PMA, 1200 plants will be planted and monitored continuously.
To limit the genetic variability of these plants a unique nursery will be considered that will furnish
directly to the local Project responsible certificated plants coming from restricted origin areas (with
low genetic variance) useful for PMA realizations. As far as possible also clone plants will be
furnished as in the case of Poplar trees.
When the plants will be sent to the municipality Project responsible , we recommend to plan
exactly the planting works in the different sites that have to be realized in few days for avoiding
plant sufferance (limiting the plant grow failing).
Moreover, the meteorological data availability will be indispensable for the various environmental
interpretations of phenological data and essentially for the plant growth and development
modelling. Therefore, we recommend to verify in advance the validated meteorological data
availability considering that they have to be recorded at the most within 10 km from the PMA.
Therefore, the PMA must have the availability of meteorological station nearby with at least the
sensors of precipitation, temperature, humidity and solar radiation.

The installation of the phenological monitoring areas (PMA) in the 4 municipalities involved in the
CLIVUT project must follow common criteria that lead to reduce variability due to disturbance
conditions for obtaining comparable data in the different geographical areas.
The planning of plant operations from site selection, position and exposure, up to the plant layout
definition and agronomic practices, must be determined by the need to place the identified
common plant species in an urban environment that does not negatively affect their development.
8
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Furthermore, the location of the areas must be representative of the main micro-climatic zones of
the 4 cities involved in the Project avoiding particular and unique conditions.
Generally, in the PMA, human interventions (weeding, irrigation, fertilization, etc.) will be limited
to highlight the "natural" response of plants to climatic-environmental conditions.
The observation and detection of the phenological phases will be carried out by or in collaboration
with trained personnel (Phenologist) who with constant commitment and objective evaluation will
be able to correctly interpret the development of the plants in accordance to recording forms
common to all the PMA.

 PMA PLANTING
Choise of the site:
The sites have to be chosen in the urban area and therefore subjected to the typical urban
environmental stresses or at most in per urban areas.
The site's location and exposure must reflect the main features of the study areas.
The areas will have to be placed preferably near the school complexes involved in the phenological
monitoring actions or be easily accessible via urban roads.
An un-shaded place that is away from buildings, trees, or other obstacles.
• The distance from a two-lane road should be at least 8 meters. The distance from a large
highway

should be at least 25 meters.

• Easily accessible.
• Where there is no risk of plants being trampled by people or animals.
• On a level surface. If you have a hilly landscape, avoid if possible the low areas that can delay
shrub development in the Spring.
In soil commonly found in your area. Avoid planting in soil, such as a garden, that has received
heavy applications of manure or compost.
• Where there are no special microclimates (such as frost pockets or windy slopes) for plants.
9
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• Avoid places with lots of artificial light.
PMA soil preparation:
Correct good agronomic practices should be considered in the PMA soil preparation considering
that initial soil conditions should encourage the first plant growth while minimising successive
anthropic influences on adult plants. So, particular soil tillage, irrigation and fertilizations could be
realized at planting to compensate specific local deficiencies avoiding initial plant’s problems in
the difficult root-growing phase during the first weeks-months.
Planting layout:
It depends on the shape and size of the areas identified.
For medium-large sized trees, the distance between the rows and on the row must be at least 5-6m,
while in the case of shrubs at least 2-3m to limit the foliage overlap.
Each species must be present, in order to perform phenological observations, in at least 5
individuals. On average, each site must have a surface area of at least 0.3-0.4 Ha to allow the
correct planting of the 100 selected plants/PMA.
Planting time:
Three-years plants (1-1.5m height tree and shrubs) will be furnished from the first months
of 2020 (about March) for planting. We recommend to plan exactly the planting works in the 3 sites
that have to be realized in few days for avoiding plant sufferance (limiting the plant grow failing).
Above all during the first summer in Mediterranean areas some irrigations may determine
plant survival and Project correct development (planning accurately).
Irrigation:
Above all during the first summer in Mediterranean areas some irrigations may determine plant
survival and Project correct development (planning accurately). After the first development
phases, from second PMA year, irrigation providing should be utilized only to avoid particular
drought periods for not modify significantly the plant response to environmental conditions.
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 PMA MANAGING

Since the purpose of PMA is to monitor the natural behavior of individuals of indicator species in
relation to the environment in which they live, these should be allowed to grow as naturally as
possible without any particular cultivation care, however, given that the PMA are in environments
strongly anthropized, targeted cultivation treatments may be necessary.
Soil tillage and fertilizing:
In PMA, the soil uncovered should be kept grassed with rustic herbaceous species. The
fertilizations could be realized at planting to compensate deficiencies that compromise normal
plant development. In PMA, usual agronomical techniques will be applied for tree and shrubs
planting according to site specific requirements.
Pruning and pesticide treatments:
The only pruning operations required in the management of PMA are cuts to remove dry
parts (source of infection inoculation). In tree species it is advisable to eliminate suckers up to one
meter in height. Pesticide treatments should not normally be performed, but exceptions may be
envisaged.

Plant guide species:
In each PMA 100 plants will be placed, 10 species will be selected as arboreal species and as
many as shrubs. The selection of 20 species will mean that each one will be represented by 5
individuals to constitute 100 plants/PMA. The presence of some Plant individuals/species will
allow to evaluate the phenological variability among plants of the same species, in order to
elaborate collected data through statistical comparisons.

Measurement of meteorological parameters for modelling plant response to the
environment abiotic variables:
The meteorological data availability will be indispensable for the various environmental
interpretations of phenological data and essentially for the plant growth and development
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modelling. Therefore, the PMA must have the availability of meteorological station nearby with at
least the sensors of precipitation, temperature, humidity and solar radiation.
Moreover, once the phenological phases have been defined the main meteorological variables have
to be considered for evaluating the relationships between the abiotic and biotic parameters.
The temperatures are mainly considered in terms of temperature amounts calculated through CU
(Chilling Units), GDD (Growing Degree Days). The daily GDDs are summed from fixed dates (1
jan., 1 feb., 1 mar.) to the days when the main phases occur.
There have been several models developed in the last decades dedicated to predict the date of
budbreak and flowering of several woody species, but few of them have been used to forecast the
evolution of these dates following different climate change scenarios. These models describe how
buds respond to temperature and photoperiod during their development and mainly differ by the
development phases they consider (either only ecodormancy, or both endo and ecodormancy) and
the reaction norms of bud development to temperature and photoperiod during each phase.
Models that consider only the ecodormancy phase make the assumption that endodormancy is
always broken before adequate climatic conditions for cell growth occur. Models which consider
both the endodormancy and ecodormancy phases predict the date of endodormancy break, which
varies from year to year depending on the climatic conditions during the endodormancy phase.
Experimental studies have shown that the response functions to temperature differed substantially
between the endodormancy and the ecodormancy phase, the former ones having their optimum
for cooler temperatures (around 5 °C) and the latter ones for warmer temperatures (optimum
around 25 °C) with potentially large variations among species. Response functions to temperatures
can also vary among populations within the distribution of each species.
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 PMA Descriptive Table: at PMA planting a descriptive Table should be fulfilled.

Site name (give your site a unique name): ______________
Coordinates: Latitude: ____ N or S; Longitude: ____ E or W;
Elevation: _____ meters
Source of Location Data (check one): - GPS - Other (If other, describe:_________)

After the garden is planted, draw a map of the garden showing the locations of each plant. Identify
the latitude, longitude, and elevation following the GPS Measurement Protocol.

Include on the map:
-Site name and address. –Date. -Directions: North, East, South, West.
-Distances between plants in meters

Identify each plant in the PMA with a clear and durable label attached.
Stand in the middle of the garden and take photographs in the North, East, South, West directions.
Identify or acquire information about the texture and pH of the PMA soil.
Share map and photos with other CLIVUT partners using the Project WEB page.
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 PMA PLANT SPECIES
Ten tree species and ten shrub species will be considered as “guide” species, so a total of 20 species
represented by 5 individuals/species will be planted in each PMA.
The following shrub species will be considered:
1.

CORNUS SANGUINEA L.

2.

SPARTIUM JUNCEUM L.

3.

LIGUSTRUM VULGARE L.

4.

EUONYMUS EUROPAEUS L.

5.

PHYLLIREA LATIFOLIA L.

6.

PUNICA GRANATUM L.

7.

BERBERIS VULGARIS L.

8.

SALIX CAPREA L.

9.

CORYLUS AVELLANA L.

10.

SAMBUCUS NIGRA L.

The following tree species will be considered:
1.

PRUNUS AVIUM L.

2.

SORBUS DOMESTICA L.

3.

QUERCUS ILEX L.

4.

QUERCUS PUBESCENS Willd.

5.

TILIA CORDATA Mill.

6.

ACER CAMPESTRE L.

7.

CERCIS SILIQUASTRUM L.

8.

ALNUS GLUTINOSA L.

9

FRAXINUS ANGUSTIFOLIA Vahl.

10.

POPULUS CANESCENS (Aiton) Sm

In attachment, each species will be presented with a singular profile.
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PMA GENERAL MONITORING CRITERIA

Phenological monitoring must be carried out in compliance with the following informative criteria:
A) The detection must be representative of the phenological development of each species, allowing
to describe the sequence of phenological events in its essential features.
B) The survey must be as far possible objective, to allow the comparison of data coming from
different in field operators: attention must be taken that the methodology adopted to carry out the
surveys will reduce subjective interpretations by the expert technicians.
C) The survey must allow to evaluate the phenological variability among plants of the same
species, in order to be able to submit the data collected to statistical comparisons: for this reason in
the Phenological monitoring areas more specimens of each species are cultivated and observed
(normally from 3 to 5 plants) to have a mean species result.

Periodicity of the monitoring
The periodicity of the plant observations should follow the timing of the phenological
development of the species to observe, to have at least one observation for each phenophase. For
practical reasons, however, it is suggested to carry out surveys with a fixed weekly frequency
throughout the growing season. Only during plant dormancy periods, in last autumn-first winter
phases, the surveys could be suspended in accordance with botanic considerations shared with all
the phenological experts of the Project. In cases where the transition from one phase to the other is
faster than the monitoring periodicity, as during flowering, observations may be realized every
two days or it is always possible to obtain an estimate of the appearance date of the missing
phenophases by interpolating the data.
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 PMA PHENOLOGICAL SCALE (BBCH)

The growth stages of development of many plants (cultivated and not) have been described by
numerous scientists according to the principles of the extended BBCH scale within the last
decades. The BBCH scales, adapted to various plants, are now well known worldwide and are
used by research, administration and practise in agriculture and horticulture, as in the phenology
as an integrative science in environment, meteorology and climatology.
The extended BBCH-scale is a system for a uniform coding of phenologically similar growth stages
of all mono and dicotyledonous plant species.
The decimal code, which is divided into principal and secondary growth stages, is based on the
well-known cereal code developed by ZADOKS et al. (1974) in order to avoid major changes from
this widely used phenological key. The abbreviation BBCH derives from Biologische
Bundesanstalt,
Bundessortenamt and CHemical industry.
The basic principles of the scale
– The general scale forms the framework within which the individual scales are developed. It can
also be used for those plant species for which no special scale is currently available.
– Similar phenological stages of each plant species are given the same code.
– For each code, a description is given, and for some important stages, drawings are included.
– For the description of the phenological development stages, clear and easily recognised (external)
morphological characte-ristics are used.
– Except where stated otherwise, only the development of the main stem is taken into
consideration.
– The growth stages refer to representative individual plants within the crop stand. Crop stand
characteristics may also be considered.
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The entire developmental cycle of the plants is subdivided into ten clearly recognizable and
distinguishable longer-lasting developmental phases. These principal growth stages are described
using numbers from 0 to 9 in ascending order.

Principal growth stages
Stage

Description

0

Germination / sprouting / bud development

1

Leaf development (main shoot)

2

Formation of side shoots / tillering

3

Stem elongation or rosette growth / shoot development

4
organs

Development of harvestable vegetative plant parts or vegetatively propagated

5

Inflorescence emergence (main shoot) / heading

6

Flowering (main shoot)

7

Development of fruit

8

Ripening or maturity of fruit and seed

9

Senescence, beginning of dormancy

The principal growth stages alone are not sufficient to define exactly application or evaluation
dates, since they always describe time spans in the course of the development of a plant.
Secondary stages are used if points of time or steps in the plant development must be indicated
precisely. The two-digit code is a scale which offers the possibility of precisely defining all
phenological growth stages for the majority of plant species.
The time span of certain developmental phases of a plant can be exactly defined and coded by
indicating two stages. For this purpose two codes are connected with a hyphen. Thus, for instance,
the code 51–69 describes the developmental phase from the appearance of the first inflorescence or
flower buds until the end of flowering.
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In case of the BBCH-scales the descriptions are based on the actual characteristic features of the
individual plant. If the scales are used for the definition of the development stage of a plant stand,
the description should apply to at least 50% of the plants.
So, inside each PMA, considering the entire sample of each species (the total 5 individuals), if at
least 3 plants show a specific development phase, that phase will be attributed to the species.
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 PHENO-PHASES CONSIDERED IN CLIVUT PMA (Phenological Monitoring Areas)

During the weekly monitoring, all the 5 plants/species have to be observed and recorded.
Successively and automatically, the phase will be attributed to the species.

VEGETATIVE PHENO-PHASES
PRINCIPAL GROWTH STAGE 1: LEAF DEVELOPMENT
- BBCH11: Leaf unfolding (First leaves visible and unfolded)
- Looking a singular plant we would notice at least the 10% of the leaves as unfolded.
- BBCH19: First adult leaf
-Looking a singular plant we would notice the 90% of the leaves that have reached the
complete morphological development (adult leaf).
PRINCIPAL GROWTH STAGE 9: SENESCENCE
- BBCH93: Leaf senescence
-Looking a singular plant we would notice the first fallen leaves (senescence).

REPRODUCTIVE PHENO-PHASES
PRINCIPAL GROWTH STAGE 6: FLOWERING
- BBCH61: Flowering beginning
-Looking a singular plant we would notice at least the 10% of the flowers as open with
evidence of anthers releasing pollen.
- BBCH65: Full Flowering
-Looking a singular plant we would notice at least the 50% of the flowers as open with
evidence of anthers releasing pollen.
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PRINCIPAL GROWTH STAGE 8: MATURITY OF FRUIT
- BBCH85: Advanced ripening: increase in intensity of cultivar-specific color
-Looking a singular plant we would notice the majority (>50%) of the fruits increasing their
specific fruit color.
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 “PHOTO BOOK” OF THE MONITORED TREES

During the phenological monitoring realized in each PMA, also a photo book can be created to
testify the vegetative and reproductive development in the different considered plants. Photos can
be taken weekly at least inside one of the three PMA/municipality with common camera or also
smartphone during monitoring of the principle plant cycle phases. Photos should be taken at about
4 metres from the plants to have a picture of the entire individual, while some “Macro” Photos at
about 20 cm from the Plant organs should be useful to show the leaves or flower/fruit growth.
Successively comparisons between the traditional in-situ phenological monitoring carried out
weekly and the remote photo interpretation by operator on the available pictures will be realized
also to test the consistence of the same plant interpretation and to validate the biological data.
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Fig 1. Example of photos taken at about 4 m from a plant of Ligustrum vulgare L.
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Fig 2. Monitoring with the “55” camera lens for Ligustrum vulgare L.
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Fig 3. Example of photos taken at about 0.2 m from a plant of Ligustrum vulgare L
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Fig 4. Monitoring with the “macro” camera lens Ligustrum vulgare L.
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Attached 1: Phenological monitoring of Shrub species:
European distribution area of the species.
Estimated calendars (time intervals) of the vegetative-reproductive phases for each species.
Images of the principal pheno-phases to observe and record.

Attached 2: Phenological monitoring of Tree species:
European distribution area of the species.
Estimated calendars (time intervals) of the vegetative-reproductive phases for each species.
Images of the principal pheno-phases to observe and record.
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