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ABSTRACT

This paper analyzes the seeds production of thengezut of a hilly arrhenatherion in Pianari
place in the town of Marostica (Vi).

The year under review is 2010. The datas obtained@mpared with datas from other studies
carried out on three cuts of the same field, th&t tut of the same year and the first and
second cut of the previous year, 2009.

The comparisons have focused primarily on the staflyphenology and identified of
regressions used to the seeds production estiridiid. regard to the regressions that
estimating the production of seed, for each spewias calculated a mean regression
computed with the data of the 4 cuts, so you cath #is much as possible a general formula
and released by annual climate trends. The restilise estimate seeds production obtained
on the basis of the mean regression, were compétbdhose specific regressions identified
cut for cut.

Another purpose of the comparisons between therdifit cuts was the study of individual
species, identifying which of them have during tinge more constants productions regard of
other species, or understand by what parametersnare influenced the change in seeds
production for each species.

Finally, phenological analysis datas, were crossétl those obtained from the total seed
production, with the aim of identifying the mostpappriate method to define the optimal
timing of harvest. In this regard we resorted t® plarameters as thermal sum, that used with
phenological analysis, allows to release the adraet analysis from the specific weather
conditions patterns of the years studied.

RIASSUNTO

Il presente lavoro, riporta la produzione vegetale studio del secondo taglio dell’anno di un
arrenatereto collinare che si trova in localitan@ranel territorio comunale di Marostica (Vi).
L’anno preso in esame € il 2010 ed il secondo daglstato eseguito in data 4 agosto, i dati
ottenuti sono poi stati paragonati con i dati didsteffettuati su altri tre tagli dello stesso
prato, il primo taglio dello stesso anno ed il prira secondo taglio del’anno precedente,
20009. | confronti principalmente si sono focalizzat o studio della fenologia e sulle formule
di regressione usate come metodo rapido per lastetla produzione di numero di semi.



by

Per quanto riguarda l'analisi nei confronti dellevellse formule di regressione, e stata
calcolata una regressione media con i dati degh pa@r ogni specie, in modo da individuare
una formula il piu possibile generale e svincoldtgli andamenti climatici annuali. Un

ulteriore scopo dei confronti tra i diversi tagh,stato quello di studiare con attenzione le
singole specie, individuando quali specie presenta@ tempo produzioni piu costanti di

altre, o da quali parametri € maggiormente infla¢éada variazione di produzione per ogni
singola specie.

Infine, incrociando i dati dell’analisi fenologigper ripetere le stese stime in anni futuri,
ovwviamente piu sopraluoghi per la fenologia si fanmaggiore sara la precisione nel
descrivere I'andamento di produzione, ma possomeressufficienti per avere un idea anche
solo tre rilevazioni) con le formule di regressipakfine di raccogliere il mix di sementi che

piu ci torna utile, e possibile stimare il numelicsdme prodotto da ogni specie in funzione

della somma termica, quindi per ogni data.
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1. INTRODUCTION

The environmental recovery operations of tampemsésaby human activity (caves, road
embankments, areas of passage of gas pipelines agtcas a result of natural events
(landslides, areas of hydrogeological instabilgy;.) contemplate a range of interventions
that have as important goal, the defense of soihferosion (Chisci & Zanchi 1994, Tinsley
et al. 2006) and the inclusion of the work in thersunding landscape (Gisotti 1985). Typical
intervention falling in this recovery environmenbrk and that copes this problem is the
grassing, intended as construction or improveménthe sward, inserted properly in the
environment framework.

In the Alps, restoring eroded areas, took in regeats, an increasing importance. Over 70%
of the area affected by technical grassing withigmtive aim are hilly or mountain areas. The
recovery techniques, that have been used, areutigrehosen and have achieved a high
quality grade.

Much less consideration is given instead to thaaehof species to be used in a lawn. There
are many reasons, among them the most importantagkeof knowledge, search of cheaper
seeds, difficulty or impossibility of finding sulike seed. Several experiments (Krautzer 2006
a al.; Majerus1999; Peratoner 2003) have shownctirapared to mixtures containing variety
of species of plains selected for the productiorioodge, the use of seeds of native species
close to the areas of intervention allows in thedin@ to long term to achieve a better
protection from erosion and greater persistenabeturf, especially in the extreme areas In
terms of climate and edaphic conditions. Suitakdéive species, however, are often of
difficult multiplication, and requires appropriaagricultural and technological knowledges.
Exceeding these limits seems to be resolved throlglseed crops of local ecotypes, which
are farmed on a large scale with conventional fagitechniques, solution that is been studied
in several countries of the Alps (Austria, Switaaed and Italy) and that after an experimental
phase (Krautzer et al. 2003 e 2004) is enteriegptfactice, both for public institutions and
for specialized farms.

As an alternative to the cultivation of suitabletivea species, even the meadows and
permanent pasture are a source of seed of natotgpes. The use of the mixture of seeds
characterized from native species grasses colldobed lawns close to those of application
has been long the object of attention (Dinger, 19B86fact, such a use of land covered with
grass, is also encouraged at the legislative I&a@linstance, in the Friuli - Venezia - Giulia

region (Legge n.24/2005), with the intent to protgant biodiversity and re-evaluate forage
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mountain areas that in many cases, nowadays, aveabandoned or mowed landscapes
purposes only thanks to the public financial cdmition.

In this way the functions traditionally attributed the mixed permanent lawn, that are
summarized in following four points by Van der Mé&094): 1. provide fodder for animals;
2. protect and conserve soil and water resourcegra¥ide a suitable habitat for the life of
flora and fauna; 4. contribute to the beautificataf the landscape; are expanded: the lawn
could become also a “lawn for seed” and performadditional function of preservation of
ecotypes and biodiversity propagation.

In recent years we have realized how the conservaif biodiversity is important. This
aspect is in fact now increasingly present in maéional agreements and Community laws for
instance: the Convention of Biological Diversityigreed during the United Nations
Conference on Environment and Development, heRidnde Janeiro from 3 to 14 June 1992.
That Convention was then implemented at Europezei key the directive 92/43/CEE, related
to conservation of natural and semi natural haditahe of whose objectives is precisely to
reintroduce indigenous species, and ground in IatyLaw 124/94. So far, the recent
regulations of EU promote the protection of biodsiy. There are many Interreg projects
which have adopted the protection, conservation iacteased biodiversity as a guiding
principle.

You can observe three different aspects of bioditxer

biodiversity of species: is the most common aspéobiodiversity, it is simply the number of
different species in an ecosystem;

taxonomic biodiversity: indicates the number of g@n orders, families ... present in an
environment, that is as these individuals are fjartaon the evolutionary ladder;

genetic biodiversity: within the same species, éhare the sub-populations that allow the
species to adapt to different environments.

Of these three aspects, the most interested ipribject, is the last, because one wants to
study ways to revive the areas affected by enviemtal restoration, but preserving the
genetic diversity, i.e. using the seed from the esamginal material area where you must
perform the surgery.

Hence that within the scientific community and pabhstitutions involved in the so-called
ecological restoration, is expected that the pihaaterial used in the restoration comes from
vegetation present in areas geographically andogmallly close to the grassy site. The
methods available to obtain native material arespkcialized crops in the production of seed

of native species; 2. collection of seed from aisestural grasslands and its direct use to
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determine great naturalistic value areas. Unlilefitst, this second method does not require
the intervention of specializing companies in thedopiction of seed, since it is sufficient that
there is a wide availability of semi-natural grassls from which to draw the seed. Over the
last century in most of Eastern Europe and nortBemope countries, species-rich grasslands
have suffered a drastic decline (Poschold and Bd®®8; Eriksson e al., 2002). The
remaining semi-natural grasslands contain a higma@#nce of plant species (e.g. Eriksson
1997; oster e al. 2007), and other groups of osgasi mushrooms (6ster, 2008), insects and
birds (Séderstrém e al., 2001). Hence the semirabgmasslands are considered resources for
the maintenance and creation of other high natak@evgrasslands.

The work presented below is based on this ideapeananent grassland made up of native
species can be used like a source of seed of rMfanmceous species. In this regard there are
currently only a few studies, but despite this,éhbeen many steps forward to define in more
concrete way the steps that can lead to the assassyh productivity of prairie's seed, in
terms of quantity and its temporal distributionidgrthe growing season. In fact, the quantity
and quality of seed production have rarely beepctly studied into permanent grassland
used for forage purposes (Clark 1997).

In order to intervene and to obtain seed from tarip, has been useful to conduct a study
related to the whole annual cycle of the seed efstime meadow phytocoenoses. With the
term cycle, is defined a regular ended succesdienaents or operations. In this case the cycle
begins as a plant that which produces seed throusglous phenological stages. The
dissemination phase of the seed, carries groundebd itself, which can undergo several
destinies: predation by insects or micro mammalianprporation into the seed bank and
subsequent germination with the formation of neginirduals.

In particular, was studied the phenology of sumnegrowth of the grass and the study of
regression, then these data were compared with fdata other cutting periods also of
previous year, in order to obtain a rapid and amteumethod to estimate the number of seeds
produced by each species of grass and find theibestor their collection.
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2. MATHERIALS AND METHODS

2.1. DESCRIPTION OF THE SITE
2.1.1. Location and topography

The examined lawn, where the observations were nimdemountain Arrhenatherion (Fig. 1)
+ location of the meadow (municipality, resort): idstica, Pianari

+ longitude (from Greenwich): E: 11° 37’ 55”

+ latitude: N : 45° 46’ 38”

+ altitude: 435 m a.s.l.

+ aspect: 157 °

+ slope: 19.6 %

+ Corine land cover: 243 (Agricultural areas - Hegeneous agricultural areas - Land

principally occupied by agriculture, with signifiteareas of natural vegetation)

g 1 o 2 2}

photb and tc;pography of t/he studyidm/v

E - e 5
Fig. 1. Aerial
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2.1.2. Description of the climate
As in the considered site no meteorological statsoavailable, the climatic aspects will be
analysed by referring to two stations close to ghe, that of Bassano (fig. 2) and that of

Asiago (fig. 3).

BASSANO (VI) (129 m) ASIAGO (V1) (1046 m)
(29) 13.0 177 (29) 7.4 1444
a A AN 0 R
(e Y A1 T -
283 T el \ 22.0 \\
/1
i i
7T M A
( "
8.6 AL 10.1
4 e & | i
JN
b --JHL\\N
- i L | /'i \ '-LL |
L Y| 4 g
_0'9 = } 1 L | 1 1 1 1 L 1 § "5,4 ’JJ/_/L kL‘\
“14.{} W/ A H/ﬂ _20.0 e / /A V/m
Fig. 2. Climate of the Bassano meteorologj€ad). 3. Climate of the Asiago meteorological
station. station.

As compared to the study site, the two stationd@rated at lower (Bassano) and at higher
(Asiago) altitude. They are located on the samentanside of the Asiago mountains and

have the same general climatic conditions (samecaspame position to the atmospheric
disturbances. For this reason they can be usefamence for the description of intermediate
climatic characteristics of the study resort.

From the data of the two stations the following mebmate characteristics can be derived:

+ mean yearly rainfall (mm): 1266

+ mean rainfall in:

Spring (March-May) (mm) 338

Summer (June-August) (mm) 356

Autumn (September-November) (mm) 340

Winter (December-February) (mm) 232

+ mean yearly temperature (° C): 11.1

+ mean date of vegetation beginning (mean dailytrature 7 °C): 22 March (Julian day 81)

+ mean date of vegetation end (mean daily temper&iC): 25 November (Julian day 329)

+ mean length of the vegetation period (no. of #8348 days

16



The climate is characterized by relatively highnfall. Its distribution in the year is sub-
equinoctial with main maximum in June and secondaayximum in November. In all months
April-November the rainfall is higher than 100 m@nly in the months December — March

the rainfall is less than 100 mm even if it remaaivgays higher than 75 mm.

2.1.3. Geology
According to the geological map of the VenetianioegBassano del Grappa, Sheet no. 37),

the geological substratum of meadow is Limestone.

2.1.4. Description of the management

In the last 30 years the meadow was managed ksathe farmer, who was once employed in
a factory and now retired. As employer and as pewesi he always practised the farmer
activity as second job. The farmer is owner otttelistable (3 calves purchased at a weight of
80 kg, fattened up to 300 kg) which are fed with fitbrage produced in the study meadow and
in other close meadow and with a small mays megaplsment.

The meadow (about 1.35 ha) is fertilized with tlaenfyard produced in the stable. It is
distributed on the meadow every two-three yearthatend of the vegetative season. The
average yearly nitrogen quantity supplied with ttaemyard is about 20-25 kg. The
production is cut three times per year, kept asddway in the hayloft. In this way the farmer

has also rather high hayflower at his disposal.
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2.2. THE ANALYZED ARRHENATHERION

The arrhenaterion meadows are widespread, in pi@dn the high Po-Venetian plain at a
height which varies according to different geo-tgyagphical situations, between 1000 and
1300 m above sea level of the alpine area. Thewg Wemed as a result of deforestation of
forests attributable to lowland hornbeam, the hdhd low-mountain oak woods and some
types of beech forest; with subsequent spontang@ssing.

However, the two conditions that define a Arrhepatin are:

1. a use made with continuity and timeliness (pet$ormed with regularity);

2. abundant and regular fertilization with threecnoaelements, in particularly high amount
of potassium (result obtained, for example, by gisihmanure).

The Arrhenatherions are present on soils with d#iferent physico-chemical characteristics.
Their broad adaptability to various soil types is@sequence of the abundant fertilizer
distributed. This distribution, in fact, ensureseiich case a balanced nutrition to the various
components of coenosis, but also masks the patichiracteristics of the soil.

These meadows are composed of a different numbspegfies, depending on whether they
are the most productive of low-altitude (15-20 spgcor those of higher altitude (20-25).
The species most frequently and in greater quastdéire:Arrhenatherum elatius, Dactylis
glomerata, Festuca pratensis, Phleum pratense, Poa pratensis, P. trivialis e Lolium perenne
between grassesrifolium pratense, T. repens, Lotus corniculatus, Vicia cracca e Lathyrus
pratensis between legumens§3alium album, Plantago lanceolata, Achillea millefolim, Crepis
biennis, Leucanthemum vulgare, Centaurea jacea, Pimpinella major, Taraxacum officinale
ecc., between the other botanic families. Any deficies of mineral elements result in a
reduction of the best grasses, and a parallel aser@fBromus erectus, Avena pubescens,
Koeleria pyramidata, Briza media, Festuca rubra, Brachypodium caespitosum, Anthyllisv
vulneraria, Medicago lupulina, Galium verum e Salvia pratensis. With the delay in the
execution of the cuts, we favored the presenceHefacleum sphondylium, Anthriscus
sylvestris, Pastinaca sativa, Hypericum perforatum, etc. In principle the Arrhenatherion are
cut 2-4 times per year and provide an output rapgetween 7 and 11 t ha-1 year-1 of dry. If
they are cut 3 times a year, the first cut provisl@$5% of annual production, the second 25-
30% and the third 15-20%.

According to the description of the managementiah&i’s Arrhenatherion, this turns out to
be a rough lawn with a limited production. Thisdiimg is confirmed by the large number of
different species that compose it, and by the m@sef low productivity species.

18



Below is the list (Fig. 4) of plants and, for ea@mily and each species it's written the
percentage of abundance.

POACEAE 73%
Anthyllis vulneraria +
Anthoxanthum odoratum 2%  Arabis hirsuta +
Arrhenatherum elathius 30%  Carex muricata 1%
Avenula pubescens 4%  Centaurea nigrescens +
Brachypodium pinnatum 2%  Colchicum autumnale +
Bromus erectus 1%  Conwlwlus arvensis +
Dactylis glomerata 10%  Crepis biennis 1%
Festuca pratensis 4%  Galium mollugo +
Festuca rupicola 1%  Galium verum
Lolium perenne 2%  Knautia arvensis +
Poa pratensis 2%  Leucanthemum vulgare +
Trisetum flavescens 15%  Myosotis silvatica +
Onobrychis viciifolia +
FABACEAE 6%  Pimpinella major +
Plantago lanceolata 2%
Lathyrus pratensis 1%  Ranunculus acris +
Lotus cornicolatus 1%  Ranunculus bulbosum 5%
Medicago lupulina 1%  Rhinanthus freynii 2%
Trifolium pratense 1% Rumex acetosa 1%
Vicia sativa 2%  Salvia pratense 4%
Sanguisorba minor +
ALTRE SPECIE 21%  Taraxacum officinale +
Achillea millefolium 1%  Tragopogon pratense 3%
Ajuga reptans +  Veronica chamaedrys +
Fig. 4. Floristic composition of Pianari Arrhenatioa.
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2.3. SPATIAL ORGANIZATION OF THE STUDY

The procedure followed for the analysis of seeddpetion and its distribution during the
regrowth must follow some steps.

The first phase is on field, beginning from the etgion to the harvest, during that period
you must do the following operations:

+ compilation of the flora composition.

+ phenology study for each species.

+ analysis of 30 fertile stems at seed maturatenod.

A second phase of laboratory, follow, that consistthe analysis of collected fertile stems,
and the creation of a regression that correlafésr@scence lenght with the number of seed.
The seed production quantification have been chmiat on three 100 frareas (10 x 10)
(WP4 plots) casually distributed in the study meadiog. 5).

10
10
m 55 0sT DH GH NT WP Block 1
Py GH =g osT DH NT Block 2
0sT NT DH WP 55 GH Block 3
- |

O sub-plots, used to collecting samples for analysis

Bl =r=as onwhich were collected the data to phenology (B0xE0 cm)

Fig. 5. Experimental design
each block was divided in:
SS: seed strepper
OST: on site threshing
GH: green hay
DH: dry hay
NT: not treated
WP4: areas where both phenology and seed produmtialysis were done

20



2.4. STUDY OF PHENOLOGY

The knowledge of the phenology evolution of theirenplants community, and the main
pasture species is essential for the proper impiétien of all agronomic practices
associated with the uses of fields and crops irgen

This knowledge allows to program the optimal managet of resources and to identify any
phytocoenoses improvements.

this type of survey is aimed to achieve three nodjectives:

+ characterize the phenological development of esgties present in the field from the
beginning to the end of the growing season;

+ characterize in detail the evolution of the pHegg of each species in the period from the
lowering to seed production

+ identify the optimal time for collecting samplefsfertile stems for laboratory analysis.

A specific study about phenology was done durirgy ihevious regrowing periods, both in
2009 and in 2010, during the second cut of 2018 ptenology was been taken only in two
dates: the first on fjuly and the second the same day of the cuttireyatjon.

The survey was performed on 10 randomly selectemtpl within each plot used for
phenological analysis (WP4). The important aspéth® choice of plants is the randomness.
You should not choose only large plants, that ar@a imore advanced phenological stage,
maybe due to the better conditions of nutritions thituation could be done by a favorable
micro-station.

The phenological stages collected and coded weea éntered into a spreadsheet for further
processing.

These calculations have allowed to define for egmécies the percentage of individuals in
different phenological stages.

For each survey was calculated the accumulatediggodegree day GDD, obtained on the
basis of daily Minimum and maximum temperature datated to a mean of values from
weather stations of Bassano and Asiago. the datdauvad on the ARPAV website.

The use of accumulated growing degree day, on hiemglogical analysis is based on the
assumption that each phase is characterized bytaircéhermo — stage quantified by the
accumulation of heat which corresponds to the catiud daily sum of the useful degrees of
temperature, in °C. The Useful degrees of tempexaare computed as the difference
between the average daily temperature and the wdltieeshold vegetation, at 0°C front 1
of January. The phenological rhythm of a specieas lma also considered for its value as

21



indicator of change, because plants respond cleéatlye weather and climate changes. Below
you find a table that represents the successigoheiologic phases (Fig. 6).

grasses other species

stage Code | stage Code

plant dormancy D plant dormancy D
beginning of vegetation (first leaves

beginning of vegetation (first leaves formed) v formed) v

tillering AC formation of lateral shoots GL
stalk elongation or rosette formation

shoot emergence L (from beginning to end) FA

development of vegetative parts of the plant

(from higher leaf sheath extending, to visibility development of vegetative parts of

of the higher spikelet) Y the plant Y
from button flower to visibility of the

earing (from start to fully visible spike) SP/PF | first petals PF/BF

lowering (from the beginning to the end of
flowering) FI flowering (from beginning to end) FI

caryopsis milky or waxy (from ovary to final size

but with a maximum waxy texture) FLC | fruit development FS

mature caryopsis (final size and hard

consistency) FM ripe fruit FM
fallen caryopsis FC fallen fruit FC

end of vegetation FV end of vegetation FV

_ ) ) % Due to culms of grasses or at fertile stems
Fig.6: succession of phenologic phasesof other species

% Due to flowers, ovaries or seeds

Regarding the methodology of the phenological arslive have to mention also the negative
aspects, that it is important to consider themrdento analyze the results:

» the phenological survey was carried out with sotiye assessment that requires skills
training especially for the investigation

« for the study you have to analyze a large nunatbdertile stems in order to have plausible
values, otherwise analyzing randomly few fertilenss it can happen that in two successive
observations there is, a regression of phenophase.

* it tends to overestimate the number of produceeds, because assigning by seen the
percentages in the methodology the field, you canfigure out the percentage of empty

seeds.
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2.5. REGRESSION CALCULATION
2.5.1. Analysis of the fertile stems at the floweng

At certain dates (specific for each species), Siléeistems at the flowering stages are
collected. the aim, is that of determine the nundjesvules for each flower and the number
of flowers for each inflorescence, during floweritgpme ovules or flowers can degrade after
the flowering. This was made for those plants, vehosituration of the seed doesn't give the
possibility to identify the number of eggs and flaw in the flowering stage, as legumes and
"other species”. It is better to perform the anialgsg collected fertile stems on the material

still fresh. For each inflorescence present onréldestem, you have to count the number of
flowers, and the misuration of one or more dimemsiacharacteristics of inflorescence, in

this way you can compute a regression betweenithengion's inflorescence and the number

of flowers.

2.5.2. Analysis of the fertile stems at the matur&in's seed

At the stage of medium-late ripening of the seed gollect 30 fertile stems for each species,
these should be kept individually paying attentioat you lose the least amount of fruit, the
collection may occur at different dates for eachcggs. The size of the fertile stems has to
cover the entire range of variability of the specie

You counting the number of inflorescences and meathe size of each inflorescence, you
count the number of flowers / fruits per infloresce and number of ovules / seeds per fruit.
This is followed by the calculation of the regressbetween inflorescence size and number

of seeds potential and actual products.

2.5.3. Calculations used to derive the regression

All data collected for each inflorescence abougtenand number of seeds, are filled in a
table in an excel sheet. From this | draw a graghere | put in Y axis the inflorescence
length in mm, and in X axis the number of seedsrder to compute the regression of seeds
or number of ovules for the same with the ovules.

In the graph it is quite simple to draw the tendelivee, and thanks of this line, you obtain its
equation. The equation of the tendency line isregression, that now it is possible to apply
to all length of the fertil stems, in order to &asdbtain the number of ovules or seeds
(depending if it was used regression by seeds olesyin this way you don’'t need to count
one by one all seeds.

That makes you spare time, if you need to applyriethod in a future practice use.
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One of the purpose of that thesis, is that of exalthe reliability of the regressions, making a
comparison with some fertile stems where all seegl® counted. another aim about the use
of regression is to find if it is possible use ospecie the same average regression, each year
and each cutting. If this is possible, you can usid@d for which species yes and for which

no.

2.6. ANALYSIS OF WEATHER DATA

The data collected during two or more years, angonisly different also between the same
specie, such differences can be attributed toreifiefactors, as:

+ intrinsic genetic elasticity

+climate

+ fertilization

in order to better understand, in that case ofystwhich are the factors that affect the
observed change in production between the two ysgams need to compare the weather
conditions of these years.

First of all, you must collect the weather datatedperature and rain, as mentioned in
paragraph "description of the climate”, since ther& a weather station close to Pianari, to
obtain a reliable value | consider an average td tam nearby meteorological stations.

The weather datas cover a time span from th@ahuary 2009 to the #&eptember 2010,
enough to cover the period of four cuts.

2.6.1. Temperatures

thanks to the characteristics of temperatsnece the temperature is a value that changes in
gradual way in the space (i.e. thermal gradieng,possible tayet it also if there isn't the
value for the place, by the mean of closer weadtarons, moreover in this case, the place for
which is needed compute the temperature, is indmtviwo station, higher and lower more or
less of five hundred meters of quota.

About temperature in order to understand how tonghabetween two years, | draw two
graphs, the first one about the growing degree @B (fig.7), that we expect to have a
Gaussian shape, but we don't known in which wayreleged the curves related two years.
The second graph (fig.8) will represent the dailgreasing of thermic sum, that we expect to

have a S shape.
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Fig. 8: the daily increasing of thermic sum

At the end of 2009, the termic sum reaches a tatlie of 4771 °C, and on 2&eptember
of both years (day in which it is available lastadaf 2010) the values are: 3964 °C in 2009
and 3665 °C in 2010.

At graph of growing degree day, was add the tenglencve in order to simplify reading,
both two graphs underline a little delay in the pemature value of the second year of
analysis.

It is possible that this little change may shiftiard of a few day the phenophase.

2.6.2. Precipitation

Regarding the precipitations, it isn't possibleltothe same reasoning made for temperatures,

because the rain has not gradual variation in gages but punctual variation. It would be
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possible to do the same compute done for tempesatanly if there would be a high number
of weather stations, and if there would be scattereequal way surround the point of

interest.

So it becomes possible to reconstruct a kind odligrd that approaches the true value, but
this is not our case, because in Bassano and Agiages are subject to orographic origin
rainfall.

But also if it is impossible to get a correct estiran of rain values of Pianari, | reported (Fig.

9) the rain values of two weather stations: Bassamb Asiago, in order to understand the

different of rain values between the two yearsanagal.

60,
.
2
2

&
A\ v\)g Q@é\
6@

\ O bassano 2009 8 bassano 2010 m asiago 2009 & asiago 2010 \

Fig. 9: value by rain gauges of Bassano and Asidgong the 2009 and 2010

In order to better understand the values, | drase@nd graph (fig. 10) with a mean of the

values of the two stations per each year.
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Fig. 10: average values of the two rain gauges
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Please note that in the mounths of may, june alyd2010, it rained more than the same
mounths of the previous year, that is an imponteniod for the plants growth, This may have

favored the production in 2010.

3. RESULTS AND DISCUSSION
3.1. SEED PRODUCTION: PHENOLOGY OF SECOND CUT 2010

To describe the situation and the evolution of ldwen in the second regrowth of 2010, |
begin with the rapresentation of phenology evohutiwe do not have a lot of data because
only two surveys were conducted, but these dateeaceigh to have an idea and make a
comparison.

The two dates of surveys and the correspondingegabfitermic sum are:

DATE THERMIC SUM
19 of July 1019
2 of August 1313

the values of thermic sum reported to the growhefglant, are different respect of the values
seen before for the comparison of the two yearsadse it was used a different reference that
is the date from which start to the sum the dadle (not 1st of january), but it is taken as a
reference the day in which ends to melt the snowl, @ants can start to grow. Below are

reported the graphs of the phenology's study {fig.
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Fig. 11: phenological surveys of Poaceae

27



Trisetum flavescens
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Fig. 11: phenological surveys of Poaceae
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Fig. 11: phenological surveys of Fabaceae
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Trifolium repens Vicia cracca

i “rC [ R
100% 100%
%FM
80% 80%
m %FS/FLC E %FS/FLC
60% [“] % FI 60% I]] % FI
40% gy CSPIBE 40% g OSPIBE
20% ] % SV 20% ] % SV
0% ﬂ % L/FA 0% B % L/FA
1018 1313 °C ™= %AC/GL 1018 1313 °C H %AC/GL
Vicia sativa
100%
80%
ﬁ %FS/FLC
60% m "
40% E %SP/BF
20% g %SV
0% E % LJFA
1018 1313 °C 5 FAC/GL
Fig. 11: phenological surveys of Fabaceae
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Fig. 11: phenological surveys of other species
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Fig. 11: phenological surveys of other species
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Pimpinella major g %fc Plantago lanceolata
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Fig. 11: phenological surveys of other species
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Thanks to these graphs, for the field in questibms possible also for the next years to,
estimate the mixture of seed that it is possibleditect in different dates with different value
of thermic sum. For the cut performed on 2nd of #¥atg2010, we know which are the plants
that were producing fruit, than we are able to tisthe mixture, can then be used.

The mixture of that cut, was composed mainly byptesence of:

+All the three grasses species Arrhenatherunmuslatolcus lanatus, Trisetum flavescens;
+and about the other species: Lotus corniculatusmb®chis viciifolia, Trifolium pratense,
Trifolium repens, Carum carvi, Lychnis flos-cuciiantago lanceolata.

Another benefit of these graphs is the ability &gedt how the phenophase of ripe fruit is
distributed over time, that is calculated on thaltaumber of seeds produced through the use
of regression analysis, we understand how the ptamurates are distributed in the different
dates of observation . This is fundamental in ordemake the comparison between the

amount of seeds calculated by regression and thally counted the seeds on a fertile stalk.

3.2. STUDY OF REGRESSIONS

During the study of the four harvests (1st 2n®009, 1st 2nd of 2010), we obtained the

formulas of regression, depending on the cuts liosé¢ species for which it was possible.

Once obtained all the possible regressions for spebies, we tried to do the mean between
all regressions available for the same specie,vibik was done both for ovules and seeds,
even though we know that are more reliable theessyons of the ovules, as they are subject

to a lower number of stochastic factors of varigbil

3.2.1. Study of regressions of the second harve$§t1®

At the moment of the harvest on th® df August 2010, 30 fertile stems were collected, w
paid attention to lose minimum number of seedsetmh fertile stem. To these fertile stems
were taken measures biometrics, with a total coahtsumber of product seeds, and with a
precise estimate of number of ovules.

Starting from these datas it was possible to cradédle, and a graph, by the graph thanks to
the use of excel, it was computed the formula gfassion, a specific one for the number of
ovules and a specific one for the number of seeds.

Obtained Regressions were applied to biometricssarea, obtained by measuring of all
fertile stems of 12 square meters named WP4. Aticespecies for which was impossible
obtain a regression formula, has resorted to theotiaverage value of seeds per fertile stem.
The species that obtained a regressiarhenatherum elatius, Galium mollugo, Galium

verum, Leontodon hispidus, Lotus corniculatus, Medicago lupulina, Onobrychis viciifolia,
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Plantago lanceolata, Salvia pratensis, Trisetum flavescens, Trifolium pratense, Trifolium

repens.

Instead for:Achillea millefolium andPimpinella majo,we computed an average

Below we reported the graphs used to obtain theessgn formulas specific for each species

at second harvest of 2010 (Fig. 12).
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Fig. 12: graphs used to obtain the regression f@syspecific for each species, at second

harvest of 2010
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Fig. 12: graphs used to obtain the regression fasyspecific for each species, at second
harvest of 2010

but for some species it was impossible find a gjom: Achillea millefolium, Knautia

arvensis, Pimpinella major, Ranunculus acris, $gurulgaris.

3.2.2. In which way was computed the mean regressio

Calculating the mean regression, were used onlgethgpecies that had at least two
regressions related to two different cuts, so yan compute the regressions based on all

available datas to compare with the original regjoess.
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With the mean regression of the specie, was rectadghbe total number of ovules and seeds,
using the datas provided by analysis of all stearsdsted on WP4's areas. To compare the
result of the two regressions was used the stalstinalysis the method of "T of student”,
used to understand if two medium are significadifferent.

Attached are reported the graphs used to obtaim#gium of the years regression formulas
to compute amount of ovules and seeds for eachespgtg. 13)
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Fig. 13: medium of the years regression formulasotmpute amount of ovules and seeds for
each species
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Avenula pubescens
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Fig. 13: medium of the years regression formulasotmpute amount of ovules and seeds for

each species
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Festuca rupicola
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Fig. 13: medium of the years regression formulasotopute amount of ovules and seeds for

each species
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Plantago lanceolata

=00 ovules 200 seeds
yl= -0,0571%% + §,9959:x _ R
400 — @ y =22 442
g R7= D034, . s 150 . ¥ ® FRe=0137
g 300 * z—‘,* J &
a 100 Y >
s 200 s . * +
= g Z 501 +* ¢
100 ) Y -
I:I T T I:I T T
a 20 40 g0 a 20 40 g0
inflorescence length [mm] inflorescence length [mm]
Poa pratensis
700 ovules 380 seeds
can JE= 00425 + 1 2367x . o0l 0,02%% +1,0423% . ¥
8 RZ= 05036 . 7 ® R = 0,4635 pd
= s00 N 250 .
= 400
=] *e
%5 300 Q}‘
%00 % bl
I:I * T T D ‘* T ‘ T
a a0 100 150 1] a0 100 150
inflorescence length [mm] inflorescence length [mm]
Ranunculus acris
a0 avules 35 ovules
* - -
30 4 +* +
i o *
LER s R S s +
= ¥ V¥ =20 4 *
@20 4 + < b
5 Ay + 5151 *
=10 h Y = 23,15 =10 v = 005150 0,8727% + 21 507
R = 0,0069 . ket i '
+ ' 5 FF= 00407
n T T T T n e T T T
0 5 10 15 20 25 0 5 10 15 20 25
inflorescence length [mm] inflorescence length [mm]
Rhinanthus freynii
avules seeds
400 300
-4 220 y = 10,1108 *
f =00 @ Re= 03167 ¥ . T
E Ezﬂﬂ 4’—@0—0—07
5 200 150 ﬁﬂ
: 100 S1oo | *
= R =0,7507 = op L +
I:I T T T I:I ‘ T T T
a a0 100 150 200 1] a0 100 150 200
inflorescence length [mm] infloregcence length [mm]

Fig. 13: medium of the years regression formulasotmpute amount of ovules and seeds for

each species
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Salvia pratensis
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Fig. 13: medium of the years regression formulasotopute amount of ovules and seeds for

each species
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3.2.3 Results of the comparisons of the regressions

Now | report the tables with the results of statetmethod of "T of student”, that had shown

us which average regressions can be used (Fig.14):

Ajuga reptans
1st regrowth of 2009
ovules regression

seeds regression

Dataset 1 2
Sample num. 3 3
Average 315 297
St. deviation 289 272

t 0,08

degrees of freedom 4

P (significance level ) 0,94

the difference between the observed
means

is not significant due p<0,05

Dataset 1 2
Sample num. 3 3
Average 265 200
St. deviation 243 184

t 0,37

degrees of freedom 4

P (significance level ) 0,73

the difference between the observed means

is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2
Sample num. 7 7
Average 53 91
St. deviation 40 69

t 1,26

degrees of freedom 12

P (significance level ) 0,23

the difference between the observed
means

is not significant due p<0,05

Dataset 1 2
Sample num. 7 7
Average 45 84
St. deviation 33 63

t 1,46

degrees of freedom 12

P (significance level ) 0,17

the difference between the observed means

is not significant due p<0,05

Anthoxanthum odoratum
1st regrowth of 2009
ovules regression

seeds regression

Dataset 1 2
Sample num. 7 7
Average 364 405
St. deviation 231 263

t 0,31

degrees of freedom 12

P (significance level ) 0,76

the difference between the observed
means

is not significant due p<0,05

Dataset 1 2
Sample num. 7 7
Average 333 403
St. deviation 209 262

t 0,55

degrees of freedom 12

P (significance level ) 0,59

the difference between the observed means

is not significant due p<0,05

Fig. 14: results of statistical method of "T ofdat".
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1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 11 11 Sample num. 11 11
Average 814 782 Average 755 686
St. deviation 818 786 St. deviation 757 689

t 0,09 t 0,22

degrees of freedom 20 degrees of freedom 20

P (significance level ) 0,93 P (significance level ) 0,83

the difference between the observed means
is not significant due p<0,05

the diffe rence between the observed means
is not significant due p<0,05

Arrhenatherum elatius
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 4351 4119 Average 4019 3899
St. deviation 2132 2004 St. deviation 1976 1897

t 0,27 t 0,15

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,79 P (significance level ) 0,88

the difference between the observed means
is not significant due p<0,05

the diffe  rence between the observed means
is not significant due p<0,05

2" regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 1331 1130 Average 1200 1062
St. deviation 704 595 St. deviation 636 559

t 0,76 t 0,56

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,46 P (significance level ) 0,58

the difference between the observed means
is not significant due p<0,05

the diffe  rence between the observed means
is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 5972 6527 Average 5536 4896
St. deviation 3497 3882 St. deviation 3250 2911

t 0,37 t 0,51

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,72 P (significance level ) 0,62

the difference between the observed means
is not significant due p<0,05

the diffe  rence between the observed means
is not significant due p<0,05

Fig. 14: results of statistical method of "T ofdat".
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2" regrowth of 2010

ovules regression

Dataset 1 2
Sample num. 12 12
Average 420 520
St. deviation 224 276

t 0,98

degrees of freedom 22

P (significance level ) 0,34

the difference between the observed means

is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 12 12
Average 372 372
St. deviation 199 197

t 0,00

degrees of freedom 22

P (significance level ) 1,00

the diffe

is not significant due p<0,05

Avenula pubescens
1* regrowth of 2009
ovules regression

Dataset 1 2
Sample num. 12 12
Average 655 623
St. deviation 509 485

t 0,15

degrees of freedom 22

P (significance level ) 0,88

the difference between the observed means

is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 12 12
Average 514 423
St. deviation 399 329

t 0,61

degrees of freedom 22

P (significance level ) 0,55

the diffe

is not significant due p<0,05

1* regrowth of 2010
ovules regression

Dataset 1 2
Sample num. 12 12
Average 1399 1518
St. deviation 502 539

t 0,56

degrees of freedom 22

P (significance level ) 0,58

the difference between the observed means

is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 12 12
Average 1102 1107
St. deviation 395 393

t 0,03

degrees of freedom 22

P (significance level ) 0,97

the diffe

is not significant due p<0,05

Brachypodium pinnatum
1* regrowth of 2009
ovules regression

Dataset 1 2
Sample num. 5 5
Average 514 3299
St. deviation 27 1938

t 3,21

degrees of freedom 8

0,01

P (significance level )

the difference between the observed means

is significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 5 5
Average 407 2483
St. deviation 21 1458

t 3,18

degrees of freedom 8

0,01

P (significance level )

the diffe

is significant due p<0,05

Fig. 14: results of statistical method of "T ofdat".
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1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 3 3 Sample num. 3 3
Average 7857 8370 Average 6218 6298
St. deviation 2939 3180 St. deviation 2325 2393

t 0,21 t 0,04

degrees of freedom 4 degrees of freedom 4

P (significance level ) 0,85 P (significance level ) 0,97
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05

Dactylis glomerata
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 11 11 Sample num. 11 11
Average 3711 3288 Average 2157 1568
St. deviation 3233 2841 St. deviation 1875 1354

t 0,33 t 0,85

degrees of freedom 20 degrees of freedom 20

P (significance level ) 0,75 P (significance level ) 0,41
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 10 10 Sample num. 10 10
Average 3188 6876 Average 1828 1901
St. deviation 3583 8088 St. deviation 2036 2103

t 1,32 t 0,08

degrees of freedom 18 degrees of freedom 18

P (significance level ) 0,20 P (significance level ) 0,94
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05

Festuca pratensis
1st regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 7 7 Sample num. 7 7
Average 1381 1387 Average 825 647
St. deviation 1059 1053 St. deviation 632 491

t 0,01 t 0,59

degrees of freedom 12 degrees of freedom 12

P (significance level ) 0,99 P (significance level ) 0,57

the difference between the observed means
is not significant due p<0,05

the diffe

rence between the observed means
is not significant due p<0,05
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1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2
Sample num. 12 12
Average 1813 16821
St. deviation 1165 10761

t 4,80

degrees of freedom 22

P (significance level) 0,00

the difference between the observed means
is significant due p<0,05

Dataset 1 2
Sample num. 12 12
Average 1079 1080
St. deviation 694 691

t 0,00

degrees of freedom 22

P (significance level ) 1,00

the diffe rence between the observed means

is not significant due p<0,05

Festuca rupicola
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2
Sample num. 4 4
Average 827 675
St. deviation 661 521

t 0,36

degrees of freedom 6

P (significance level) 0,73

the difference between the observed means
is not significant due p<0,05

Dataset 1 2
Sample num. 4 4
Average 325 144
St. deviation 307 111

t 1,11

degrees of freedom 6

P (significance level ) 0,31

the diffe rence between the observed means

is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2
Sample num. 8 8
Average 1233 1439
St. deviation 1412 1696

t 0,26

degrees of freedom 14

P (significance level) 0,80

the difference between the observed means
is not significant due p<0,05

Dataset 1 2
Sample num. 8 8
Average 454 75
St. deviation 548 90

t 1,94

degrees of freedom 14

P (significance level ) 0,07

the diffe rence between the observed means

is not significant due p<0,05

Lotus corniculatus
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2
Sample num. 6 6
Average 250 855
St. deviation 182 638

t 2,24

degrees of freedom 10

P (significance level) 0,05

the difference between the observed means
is significant due p<0,05

Dataset 1 2
Sample num. 6 6
Average 230 178
St. deviation 168 130

t 0,61

degrees of freedom 10

P (significance level ) 0,56

the diffe rence between the observed means
is not significant due p<0,05
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2" regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 4556 20056 Average 4281 5278
St. deviation 2202 9677 St. deviation 2067 2564

t 541 t 1,05

degrees of freedom 22 degrees of freedom 22

P (significance level) 0,00 P (significance level ) 0,31

the difference between the observed means
is significant due p<0,05

the diffe rence between the observed means
is not significant due p<0,05

Myosotis sylvatica
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 2 2 Sample num. 2 2
Average 70 129 Average 59 66
St. deviation 10 14 St. deviation 8 7

t 4,93 t 1,02

degrees of freedom 2 degrees of freedom 2

P (significance level) 0,04 P (significance level ) 0,42

the difference between the observed means
is significant due p<0,05

the diffe  rence between the observed means
is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 3261 1012 Average 2744 514
St. deviation 1770 543 St. deviation 1489 216

t 4,21 t 5,10

degrees of freedom 22 degrees of freedom 22

P (significance level) 0,00 P (significance level ) 0,00

the difference between the observed means
is significant due p<0,05

the diffe  rence between the observed means
is significant due p<0,05

Onobrychis viciifolia
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 5 5 Sample num. 5 5
Average 781 1071 Average 268 303
St. deviation 755 988 St. deviation 262 280

t 0,52 t 0,20

degrees of freedom 8 degrees of freedom 8

P (significance level) 0,62 P (significance level ) 0,84

the difference between the observed means
is not significant due p<0,05

the diffe rence between the observed means
is not significant due p<0,05
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2" regrowth of 2009

ovules regression

seeds regression

Dataset 1 2
Sample num. 5 5
Average 1193 1129
St. deviation 1076 1021

t 0,10

degrees of freedom 8

P (significance level) 0,93

the difference between the observed means
is not significant due p<0,05

Dataset 1 2
Sample num. 5 5
Average 420 545
St. deviation 378 493

t 0,45

degrees of freedom 8

P (significance level ) 0,66

the diffe rence between the observed means
is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2
Sample num. 7 7
Average 1920 1737
St. deviation 1153 1002

t 0,32

degrees of freedom 12

P (significance level) 0,76

the difference between the observed means
is not significant due p<0,05

Dataset 1 2
Sample num. 7 7
Average 666 817
St. deviation 403 471

t 0,64

degrees of freedom 12

P (significance level ) 0,53

the diffe rence between the observed means
is not significant due p<0,05

2" regrowth of 2010
ovules regression

seeds regression

Dataset 1 2
Sample num. 6 6
Average 569 524
St. deviation 424 402

t 0,19

degrees of freedom 10

P (significance level) 0,86

the difference between the observed means
is not significant due p<0,05

Dataset 1 2
Sample num. 6 6
Average 197 246
St. deviation 147 189

t 0,51

degrees of freedom 10

P (significance level ) 0,62

the diffe rence between the observed means
is not significant due p<0,05

Plantago lanceolata
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2
Sample num. 11 11
Average 585 777
St. deviation 347 468

t 1,09

degrees of freedom 20

P (significance level) 0,29

the difference between the observed means
is not significant due p<0,05

Dataset 1 2
Sample num. 11 11
Average 306 347
St. deviation 192 209

t 0,47

degrees of freedom 20

P (significance level ) 0,64

the diffe rence between the observed means
is not significant due p<0,05
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2" regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 1339 2339 Average 693 1780
St. deviation 580 2324 St. deviation 272 1769

t 1,45 t 2,10

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,16 P (significance level ) 0,05
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is significant due p<0,05

1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 10 10 Sample num. 10 10
Average 4504 4566 Average 2706 2949
St. deviation 3776 3784 St. deviation 2257 2444

t 0,04 t 0,23

degrees of freedom 18 degrees of freedom 18

P (significance level ) 0,97 P (significance level ) 0,82
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05

1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 12885 11893 Average 7667 6512
St. deviation 12805 11826 St. deviation 7618 6476

t 0,20 t 0,40

degrees of freedom 22 degrees of freedom 22
P (significance level ) 0,85 P (significance level ) 0,69
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05

Ranunculus acris
1* regrowth of 2009
ovules regression

1* regrowth of 2010
ovules regression

Dataset 1 2 Dataset 1 2
Sample num. 11 11 Sample num. 11 11
Average 82 560 Average 296 1811
St. deviation 51 557 St. deviation 292 2259

t 2,84 t 2,21

degrees of freedom 20 degrees of freedom 20

P (significance level ) 0,01 P (significance level ) 0,04
the difference between the observed means the diffe  rence between the observed means

is significant due p<0,05

is significant due p<0,05
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1* regrowth of 2009

ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 10316 11265 Average 5732 8522
St. deviation 10211 11102 St. deviation 5680 8399

t 0,22 t 0,95

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,83 P (significance level ) 0,35

the difference between the observed means

is not significant due p<0,05

the diffe

is not significant due p<0,05

rence between the observed means

1* regrowth of 2010

ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 11 11 Sample num. 11 11
Average 3890 4273 Average 2130 3232
St. deviation 4210 4635 St. deviation 2307 3506

t 0,20 t 0,87

degrees of freedom 20 degrees of freedom 20

P (significance level ) 0,84 P (significance level ) 0,39

the difference between the observed means

is not significant due p<0,05

the diffe

is not significant due p<0,05

rence between the observed means

Salvia pratensis

1* regrowth of 2009

ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 11 11 Sample num. 11 11
Average 3497 4853 Average 2698 3695
St. deviation 2047 2766 St. deviation 1584 2106

t 1,31 t 1,25

degrees of freedom 20 degrees of freedom 20

P (significance level ) 0,21 P (significance level ) 0,22

the difference between the observed means

is not significant due p<0,05

the diffe

is not significant due p<0,05

rence between the observed means

2" regrowth of 2009

ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 8 11 Sample num. 8 11
Average 57 4853 Average 43 3695
St. deviation 41 2766 St. deviation 32 2106

t 4,87 t 4,87

degrees of freedom 17 degrees of freedom 17

P (significance level) 0,00 P (significance level ) 0,00

the difference between the observed means
is significant due p<0,05

the diffe
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1* regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 9235 9524 Average 7294 7774
St. deviation 6533 5646 St. deviation 5344 4608

t 0,12 t 0,24

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,91 P (significance level ) 0,82
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05

2" regrowth of 2010
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 9 9 Sample num. 9 6
Average 1151 997 Average 894 209
St. deviation 678 583 St. deviation 526 63

t 0,52 t 3,14

degrees of freedom 16 degrees of freedom 13

P (significance level ) 0,61 P (significance level ) 0,01
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is significant due p<0,05

Trisetum flavescens
1* regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 12 12 Sample num. 12 12
Average 8192 11109 Average 7831 9353
St. deviation 10410 14057 St. deviation 10015 11834

t 0,58 t 0,34

degrees of freedom 22 degrees of freedom 22

P (significance level ) 0,57 P (significance level ) 0,74

the difference between the observed means
is not significant due p<0,05

the diffe  rence between the observed means
is not significant due p<0,05

2" regrowth of 2009
ovules regression

seeds regression

Dataset 1 2 Dataset 1 2
Sample num. 9 9 Sample num. 9 9
Average 709 555 Average 511 468
St. deviation 884 687 St. deviation 643 579

t 0,41 t 0,15

degrees of freedom 16 degrees of freedom 16
P (significance level ) 0,69 P (significance level ) 0,89
the difference between the observed means the diffe  rence between the observed means

is not significant due p<0,05

is not significant due p<0,05
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1* regrowth of 2010 ovules regression

Dataset 1 2
Sample num. 12 12
Average 8224 7909
St. deviation 5581 5279

t 0,14

degrees of freedom 22

P (significance level) 0,89

the difference between the observed means
is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 12 12
Average 7887 7744
St. deviation 5403 5169

t 0,07

degrees of freedom 22

P (significance level ) 0,95

the diffe  rence between the observed means
is not significant due p<0,05

2" regrowth of 2010
ovules regression

Dataset 1 2
Sample num. 9 9
Average 385 394
St. deviation 375 376

t 0,05

degrees of freedom 16

P (significance level) 0,96

the difference between the observed means
is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 9 9
Average 256 21
St. deviation 258 20

t 2,73

degrees of freedom 16

P (significance level ) 0,01

the diffe  rence between the observed means
is significant due p<0,05

Trifolium pratense
1* regrowth of 2009
ovules regression

Dataset 1 2
Sample num. 11 11
Average 1339 2837
St. deviation 1436 3048

t 1,47

degrees of freedom 20

P (significance level) 0,16

the difference between the observed means
is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 11 11
Average 751 661
St. deviation 868 711

t 0,27

degrees of freedom 20

P (significance level ) 0,79

the diffe rence between the observed means
is not significant due p<0,05

2" regrowth of 2010
ovules regression

Dataset 1 2
Sample num. 12 12
Average 583 636
St. deviation 666 736

t 0,19

degrees of freedom 22

P (significance level) 0,85

the difference between the observed means
is not significant due p<0,05

seeds regression

Dataset 1 2
Sample num. 11 12
Average 350 426
St. deviation 414 497

t 0,40

degrees of freedom 21

P (significance level ) 0,69

the diffe rence between the observed means
is not significant due p<0,05

Fig. 14: results of statistical method of "T of stdent".
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Below there is a table (Fig. 15) that summarizesgbecific regression formulas for each cut
and those average calculated. In the table, theuias that are written in italics are
significantly different from mean reversion regtiess for P <0.05 calculated with the

"student t".
Ajuga reptans Anthoxanthum odoratum  Arthenatherum elatius
09_| owuli|y=2,4819x0,9043 y = 8,3669x0,5522 y =0,0011x2 + 0,1237x
semi|y =1,6742x0,9043 y = 8,2468x0,5522 y=0,0066x1,7154
09_II  ovuli y =0,0067x1,7033
semi y = 0,0063x1,7033
10_1 owuli |y =5,9159x0,7681 y =-0,0038x2 + 1,6809x y = 0,0035x2 - 0,2292x
semi |y =5,4278x0,7681 y =-0,0033x2 + 1,4737x y =0,0032x2 - 0,2122x
10 11 owuli y = 0,0007x2 + 0,1459x
semi y = 0,0005x2 + 0,1045x
media owvuli |y =2,6809x0,9005 y = 2,8074x0,8377 y = 0,0034x1,8851
semi|y = 2,219x0,9042 y =1,8167x0,9376 y = 0,0022x1,9564
Avenula pubescens Brachypodium pinnatum  Dalctylis glomerata
09_| owuli|y=0,7895x0,8606 y = 14,191x0,4039 y =4,1386x - 12,135
semi |y = 0,5437x0,8606 y =11,279x0,4039 y =2,5746x - 7,549
09 Il owvuli
semi
10_1 owuli |y =0,0011x2 + 0,3333x |y =-0,0028x2 + 1,0132x y = 0,0069x2 + 4,4622x
semi |y =0,001x2 + 0,3x y =-0,0022x2 + 0,8053x y = 0,0038x2 + 2,4374x
10 11 owuli
semi
media owvuli |y = 0,5558x0,9461 y =-0,0045x2 + 1,3196x y =0,0128x2 + 3,5821x
semi|y = 0,3768x0,9775 y = -0,0036x2 + 1,0488x y = 0,0052x2 + 2,2223x
Festuca pratensis fFestuca rupicola Lotus cornicul atus
09 I owuli|y=2,4176x0,7657 y = 2,6815x - 140,4 y =0,0207x2 + 0,1078x
semi |y =1,3216x0,7657 y =0,6561x - 34,353 y =0,0099x2 + 0,3113x
09 Il owvuli
semi
101 owuli |y =0,3566x1,1532 y =0,0024x2 + 1,2882x
semi |y =0,2232x1,1532 y = 0,0009x2 + 0,4966x
10 11 owvuli y =0,0155x2 + 0,5378x
semi y =0,0144x2 + 0,5019x
media owvuli |y =-0,0002x2 + 0,804x |y =0,0057x2 + 0,8574x y = 0,0062x2 + 0,591x
y =-0,0002x2 +
semi | 0,4905x y = 6,3933x0,4177 y = 0,0034x2 + 0,5982x
Myosotis sylvatica Onobrychis viciifolia Plantag o lanceolata
09 I owuli|y=0,154x + 7,7665 y =9,2334x0,4201 y =-0,112x2 + 12,608x
y =-0,0278x2 +
semi|y = 0,1511x + 7,3427 y = 3,0741x0,4476 3,1343x
09 Il owvuli y =0,6207x0,8211
semi y = 1,2865x0,8211
10 I owuli |y =0,5311x y = 3,2438x0,5966
semi |y = 0,3014x y = 0,6245x0,5966
10 I owuli y = 4,3973x0,5124 y = 8,2179x0,9023
semi y =2,0667x0,5124 y = 6,2547x0,9023
y =-0,0017x2 + y =-0,0371x2 +
media owvuli | 0,5116x y =-0,0025x2 + 0,8255x 8,9959x
y =-0,0008x2 +
semi | 0,3321x y =-0,0005x2 + 0,2612x y = 22,442x0,3799

51




Poa pratensis Ranunculus acris Rhinanthus freynii
y =-0,0103x2 +
09 | owuli|y=2,8589x1,0596 y =-1,7429x2 + 13,46x 3,7054x
y =-0,0077x2 +
semi|y = 1,8464x1,0596 y =-1,5251x2 + 10,904x 2,7889x
09 Il ovuli
semi
10_| owuli |y =0,0105x2,2322 y =-0,0525x2 + 2,4555x y =-0,005x2 + 2,6932x
y =-0,0019x2 +
semi|y = 0,0192x2,2322 y =-0,0432x2 + 2,0085x 1,0455x
10 11 owvuli
semi
y =-0,0093x2 +
media ovuli |y =0,0423x2 + 1,2367x |y = 23,352x0,0268 3,3476x
semi|y = 0,02x2 + 1,0423x NO REGRESSIONE y =10,11x0,5346
Salvia pratensis Trisetum flavescens Trifolium pr  atense
09 I owuli|y=6,7581x0,711 y = 0,0234x2,0282 y = 20,708x0,5031
semi |y =5,145x0,711 y = 0,0193x2,0282 y =10,162x0,5031
09_Il  ovuli|y=1,0031x1,024 y = 0,6568x1,0408
semi|y =0,7637x1,024 y = 0,554x1,0408
10 | owuli|y=6,2056x0,7075 y = 0,0155x2 + 0,4899x
semi |y =5,0648x0,7075 y =0,0151x2 + 0,4794x
10 I owuli|y=0,0001x2 +1,1821x |y = 0,4169x1,202 y =5,6679x1,2161
semi |y = 0,0001x2 + 0,8999x |y = 0,0222x1,202 y =2,2124x1,5028
media ovuli |y = 1,8842x0,9332 y = 0,0094x2,1595 y =12,178x0,7599
semi |y = 1,3305x0,9537 y = 0,0263x2 - 0,7406x y =10,221x0,5753

Fig. 15: specific regression formulas for eachand those average calculated.

3.3 COMPARED FOR EACH SPECIES IN DIFFERENT CUTS
AND YEARS

With the aid of charts and graphs, have been cangp#re values of the inflorescence length,
number of eggs, and density of eggs on the fedilm for the different cuts. These
comparisons, are made to understand, if for diffespecies, the relation between length of
inflorescence and number of products ovules, isenooress constant through different years
and different cuts period. Is possible note if acsps production is more affected by climatic
conditions of the year, or if a specie is more @#d by the cut period, (an extreme example
are no reheading species). This analysis allows usmderstand which species were more
predictable than other on the seed production.

As a comparison value is used number of ovulesausrespect to the seeds, is less affected
by stochastic factor, and report more accuratedypibtential of the plant.

To describe the behavior of species, begin withgtiasses, we know that the density of fertile
stems per square meter, is affected by the temperaf the previous year, because are the
weather conditions of the previous year that affeettillering, therefore for that species only

watch the weather patterns of this year, may leadrong conclusions.
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We know and will consider, that at ecological lethed interactions are more complicate than

we can analyze to create a "operational work system
Arrhenatherum elatius

In the following table (Fig. 16), are reported #fle datas obtained by application of
regression, biometric measures and calculated saifrrhenatherum elatius,

year 2009 2010

cut period I | Il I | Il
Average length of inflorescence 132,5 92,5 139,0 72,5
n°ovules/m2 4119 1130 6527 520
n°fertile stems / m? 119 72 150 36
n°ovules/fertile stems 34 16 43 15
ovules density on fertile stem 0,26 0,17 0,31 0,20
n°seeds/fertile stem 28,0 149 32,6 105
seeds density on fertile stem 0,21 0,16 0,23 0,14
inverse of the density [mm / N°of seeds] 4,7 6,2 4.3 6,9

These is the species that gives its name to thedftawn and is always present. On average,
the inflorescences are long half in the secondtan the first, instead the number of ovules
per square meter, is also 10 times less in thenselearvest compared to the first. This means
that in addition to lowering the number of fertdeems per square meter, it also reduces the
density of production per unit length of infloreace.

Is possible note that on 2010, the first cut preeldianore than first cut of 2009, but the
second cut produced less than second cut of 2008,observation is based on ovules
production per square meter.

the percentage of production between the two autsiaverage: 86% of production in the
first cut, and 14% in the second cut, the percenti#goroduction into the year can fluctuate
with a standard deviation of 10%. To collect thedseof this species, it is better to intervene

in the first cut.
Trisetum flavescens

In the following table (Fig. 17), you can see rdépalt datas obtained by application of

regression, biometric measures and calculated saliiE isetum flavescens,

year 2009 2010

cut period | I | I
Average length of inflorescence 92,0 51,7 925 457
n°fertile stems / m* 459 104 447 71
n°ovules/m2 11109 351 7909 296
n°of ovules / fertile stem 242 34 177 42
n°seeds / m2 9353 351,3 7744 157
seeds/ fertile stem 96,1 33,7 1851 2,2
inverse of the density [mm / N°of seeds] |1,0 0,7 2,0 0,049
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It is the second reheading grass, thus presenbih buts, that over the years seems to
maintain a very constant inflorescence length amthber of fertile stems per square meter,
with 45 fertile stems at first cut and 10 at theos®l. Between 2009 and 2010, instead, also if
inflorescence length and number of fertile stemsspgeare meter remain constant, it changes
a lot the density of ovules in the fertile stem.

With these values you can think that it might depen the weather, that if very similar in the
fall, allow a similar tillering, but if the followig spring there were different weather
conditions have favored the production of a yeantthe other. the percentage of production
between the two cuts is on average: 97% of produdti the first cut, and 3% in the second
cut, the percentage of production into the yearéctically constant over the years, with a
standard deviation of 0,38%.

Unlike many other species, it showed a slightlytdrgiroduction in 2009. To collect the seeds
of this species, it is better to intervene in tingt fcut.

Other species:

About the other species (unlike the grass which fiamily with flowers very similar to each
other), the kind of inflorescence and the type ioiretrics measures can be very different

each other.
Achillea millefolium

In the following table (Fig. 18), | report all databtained by application of regression,

biometric measures and calculated valuesabfllea millefolium,

year 2009 2010

cut period L L
total n°heads /m2 65 198 7 166
n°fertile stem /m ? 6 19 1 12
n°ovules/m2 1187 3608 10 2898
n°ovules/fertile stems |{190 195 17 252
ovules /head 18 18 1 17
n°seeds / m2 703 1963 70 2047
seeds/ fertile stem 112 106 120 178
n°seeds / head 11 10 10 12
heads / fertile stem 10 11 12 14

There is much difference in production betweenfitis¢ and second cut from 3 to 15 times in
favor of the seconds cuts. This species find mpeeea and resources in the second harvest
period, this is probability due to the strong dodmrasses competition. The value that shows
an important change is the number of fertile steen gquare meter. The percentage of
production between the two cuts is on average: @Bpsoduction in the first cut, and 87% in
the second cut. In order to collect seeds of théxie, you must intervene in the second cut of
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the year. For this species we are unable to makerae#tions about the change in density of
the seed on single fertile stem, because theraatravailable the regressions for each single
cut. Also for the second cut of 2009 was used éigeession of the first cut 2009, the same for
the 2010.

Galium mollugo

In the following table (Fig. 19), | report the databtained by application of regression,

biometric measures and calculated valueSaifum mollugo,

year 2009 2010

cut period L L[
n°fertile stem /m 2 4 71 23 49
Average length of inflorescence |69 110 15 118
n°ovules/m2 1838 9885 589 5863
density of ovules on fertile stem |6 1 2 1
n°seeds / m2 850 4574 307 3058
n°seeds/ fertile stem 193 64 13 63

Data from the first cut of 2009, appear to be teliabnormal compared to the other three.
Specie present in all cuts, but most productivéhensecond cut of the year, almost 6 times
compared to the first cut, the percentage of probdadetween the two cuts is on average:
12% of production in the first cut, and 88% in gexond cut, the percentage of production
into the year fluctuate with a standard deviatibb%. That value is due by a high number of
fertile stem per square meter and a greater lepfgthflorescence. But there is a countertrend
value that is the density of ovules on the fedtiem, that is greater in the first cut of the year
than than the second cut of the year.

Galium verum

In the following table (Fig. 20), you can note d#itas obtained by application of regression,

biometric measures and calculated valueSafum verum,

year 2009 2010

cut period L[ 1|
n°fertile stem /m 2 1 5 7 12
n°ovules/m2 295 1553 119 1972
density of ovules on fertile stem [393 316 17 161
n°seeds / m2 136 717 27 437
n°seeds/ fertile stem 393 146 4 36
Average length of inflorescence |109 72 13 114

It presents the same behaviorGsdlium mollug, but with a lower production, due to a lower
density of fertile stems, and lower production @d per square meter. Also for this specie in

order to collect the seed the second cut of theigdzetter.
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Knautia arvensis

In the following table (Fig. 21), | report all databtained by application of regression,

biometric measures and calculated valudsrafutia arvensis,

year 2009 |[2010
cut period I | Il Al
n°fertile stem /m ? 8 24
n°ovules / m2 1642 4533
n°seeds / m2 607 1689
n°seeds / fertile stem 95 70
n°head / m2 32 2 77

Species found almost exclusively in the second loetause absent in the first cut in 2009,
and present in the first cut of 2010, with justéatis to rh The year 2010 must have been
very favorable for this species, as it has neaipfed the seed production, about the density
of ovules on head, we can’t do a consideration Umxdo do the calculations was used the
same regression formula, that generated by seadrizD& 0.

Exclude that this large gap between the secon@@d® and the second cut 2010, is due to

poor ability to observation because it is a spee&sy to investigate.
Leontodon hispidus

In the following table (Fig. 22), | report all databtained by application of regression,

biometric measures and calculated valudseohtodon hispidus,

year 2009 2010
cut period Lo [ [
n°fertile stem /m 2 2 1 3 2
n°ovules / m2 121 114 87 101
density of ovules on fertile stem |81 81 26 55
n°seeds / m2 62 58 45 98
n°seeds / fertile stem 41 41 13 54

Species with few specimens per square meter, bt aiconstant presence, of 2 or 3 per
square meter. The few data available, give us & @oinstant situation through different cuts
period. Even if slightly favorable the cut to operan order to collect the seeds is the second

of the year.
Lotus corniculatus

In the following table (Fig. 23), | report all databtained by application of regression,

biometric measures and calculated valudsotdis cor nicul atus,
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year 2009 2010

cut period I Il I Il
n°fertile stem /m 2 2 50 6 81
n°ovules / m2 428 31721 1012 20056
density of ovules on fertile stem |233 641 184 248
n°seeds / m2 89 7109 167 5278
n°seeds / fertile stem 70 144 30 65
Average length of the pod 20 22 17 17

st. dev of pod length 7 21 6 4
density of ovules per mm of pod |2,51 2,37 3,30 3,08

standard deviation of 2,5%.

Lychnis flos-cuculi

pod and also the density of ovules inside the pod.

Specie always present in the meadow, with fewléestiem in the first cut, in mean the 97%

of the ovules production is concentrate in the sdarut period, fairly constant value with a

In 2010 despite a 40% increase in production diléestem per square meter, there was still a
35% decrease in seed production. Drop of productimely be due to a decrease of pods's
length. the decrease is about of 20% between this tuts and of 30% between the seconds

During the same year, the lengths of the pods mewe@istant, for this we can assume that the

weather condition influence both number of feritems per square meter, both the length of

Peak production occurred in the second cut of 200@re there wasn't the largest number of

fertile stem per square meter, but there was tkeatgr average length of pods, equal to 22

In the following table (Fig. 24), you can observié @datas obtained by application of

regression, biometric measures and calculated salileychnis flos-cuculi,

year 2009 [2010
cut period Ll [ o
n°fertile stem /m ? 0 05 03 93
average of flowers per fertile stem 47 4 39

between 4 and 5 flowers per fertile stem.

Almost not at all represented during the springoedh, in this field we have 10 fertile stem

per square meter, the average number of flowerdedile stem remains very constant,

When developing less fertile stem, they produceh eat average more flowers until 4,7.
While in the second cut of 2010, where there wasntlaximum density of fertile stems per

square meter, each fertile stem on average prodi&dtbwers.




Medicago lupulina

In the following table (Fig. 25), | report all databtained by application of regression,

biometric measures and calculated valudgledicago lupulina,

year 2009 2010

cut period I | Il I Il
n°fertile stem /m 2 7 5 26 25
n°ovules / m2 881 798 2133 2272
density of ovules on fertile stem 120 174 84 89
n°seeds / m2 369 334 1240 1321
n°seeds / fertile stem 50 73 49 52
average length of total raceme per fertile stem |15 31 24 26
density of seeds on raceme 3 2 2 2

For this species the year 2010 was most favourélgleveraging of the same years, there is
from 2009 to 2010 a increase of 77% of n° fertiens/m2, an increase of 62% of n° ovules /
m2, an increase of 73% of n° seeds / m2, a deciase seeds / fertile stem of 23%, the

more the production increases, the more the nuofisgeds per fertile stem decreasing.

It is a specie always well represented in both,eten if it has a slightly greater presence in
the first cut. It was calculated the total lengfiracemes for each fertile stem and averaged
for each cut, datas show that while in 2010 theieslare constant, in 2009 there is a wide
swing. Since it is a small species, with regardhe first cut of 2009, you can think that the

cause may be lack of experience of investigation.
Onobrychis viciifolia

In the following table (Fig. 26), | show all thetda obtained by application of regression,

biometric measures and calculated valueQmadbrychis viciifolia,

year 2009 2010

cut period I | Il I Il
n°fertile stem /m 5 10 16 6
n°ovules / m2 446 471 1012 262
density of ovules on fertile stem 85 47 64 46
density of ovules on raceme 09 06 06 0,6
n°seeds / m2 126 227 514 123
n°seeds / fertile stem 21 23 30 22
average length of total raceme per fertile stem |92 79 107 76
density of seeds on raceme 02 03 03 0,3

This specie seems to have no strong relation oflymtion between cuts and years, it is
always present on the meadow, but with a so skoessof data, it is difficult to say which is

the best cutting period in order to collect thie@p. But you can note, that on the first cuts,
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there is a greater length of raceme for each éestiém. this value allows in the first cut of
2009 a production a high amount of ovules per sgoaater.

Looking the number of fertile stems per square medéso for this specie the weather
conditions of the 2010, were more favourable comgan 2009.

The only value that remains more or less constattié density of ovules per unit length of
raceme and of consequence the number of seedsiptngth of raceme.

Pimpinella major
Below (Fig. 27), you note all datas obtained byl@pgion of regression, biometric measures

and calculated values Bfmpinella major,

year 2009 |2010
cut period Lo il
n°fertile stem /m ? 08 18
n°ovules / m2 143 1844
density of ovules on fertile stem 172 1054
n°seeds / m2 60 1560
n°seeds / fertile stem 72 892
average n. of umbel simple per fertile stem 50 80

Species present only in the second cut of the yeakjng almost all parameters: number of
fertile stems per square meter, number of ovulesgaare meter, density of ovules on fertile
stem, number of seeds per square meter, numbezeolfs per fertile stem and number of
umbel simple per fertile stem, all these factorsvslthat there was a production of 26 times
higher in 2010 than in 2009. It is maybe due towleather condition of the 2010,that were
favourable compared to 2009. Of 12 points on tle&lfivhere the data were collected, on

2009 this species was found only in one plot, wiml2010 it was detected in 7 plots.
Plantago lanceolata

You can find below (Fig. 28), all datas obtained dgyplication of regression, biometric

measures and calculated value®laintago lanceolata,

year 2009 2010

cut period I Il I Il
n°fertile stem /m ° 5 52 1 29
n°ovules / m2 712 7047 84 2339
density of ovules on fertile stem 147 135 101 82
n°seeds / m2 318 3149 64 1780
n°seeds / fertile stem 61 60 77 62
average length of inflorescence 13 12 17 13
density of seeds in unit length of inflorescence |46 5,2 4,7 4,8
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This species is more productive during the secartebtthe year, probably due to the lack of
competing of the reheading species, the seed ptioduor each fertile stem seems to be very
constant over time. You notice a trend, that ah&iglensity of fertile stems per square meter
(1; 5; 29; 52), the length of the inflorescencerdases (17; 13; 13; 12).

A very important value because of its consistenegrdime is the density of seeds in unit
length of inflorescence: for every millimetre offlorescence 4.8 seeds are produced, this

value can be safely used to do a rapidly regression
Ranunculus acris

All datas obtained by application of regressiomniétric measures and calculated values of
Ranunculus acris are reported (Fig. 29).

year 2009 2010

cut period Lo [
n°ff / m2 3 1 11 3
n°ovuli/m,2 514 307 1660 210
density of ovules on fertile stem (n° of ovules permm) |150 217 149 84
n°semi/ m2 421 252 1362 173
n°semi/ FF (n° of seeds per mm) 178 178 122 69
media fiori /ff 6,1 88 60 34

This species is not evenly spread across the lawhitais more present during the first
regrowth. For Ranunculus acris 2010 was more fdlerthan the previous year, but as we
have already had occasion to note for other speicigbe second cut of 2010 the production
was slightly lower than in the second cut of 2008is is not noticeable by the number of
fertile stems per square meter, but from the prodoof eggs and consequently of seeds per
square meter. Looking at the data, however, wesegrthat the decline in the second cut of
2010 is due to drastic reduction in the numbefaférs on fertile stem.

The regression of the first cut of 2009 has begiieghto all cuts, to this species.

60



Slvia pratensis

(Fig. 30) all datas obtained by application of e=gion, biometric measures and calculated

values ofSalvia pratensis are reported.

year 2009 2010

cut period I 1l Il
n°ff / m2 26 1 37 5
n°ovuli/m,2 4448 27 9524 748
density of ovules on fertile stem (n° of ovules permm) |168 33 260 155
n°semi/ m2 3387 21 7774 105
n°semi/ FF (n° of seeds per mm) 103 25 235 22
media L tot spighe per ff 88 29 194 130
densita (mm of inflorescenze/n° of seeds) 09 12 08 6,0

The species is always present in the lawn but mesl@8% of annual production during the
first cut. the 2010 was the most productive of 2@@H an increase in production of eggs of
56.4% that is almost the same for the productionsedd. This also indicates that the
percentage of eggs that fail to reach the stagseefl remains constant over the years,
percentage equal to 76%. Since this species foryem#t you have available the specific

regression, we can see by both the data of deosgggs on fertile stem both by the number

of seed on fertile stem as in the first cuts thexlsés denser on the inflorescence
Saturgja vulgaris

You can find below (Fig. 31), all datas obtained dgyplication of regression, biometric

measures and calculated valueS&attireja vulgaris.

year 2009 2010

cut period I | Il I Il
n°ff / m2 2 33 2 17
n°owvuli/m,2 71 2975 105 1007
density of ovules on fertile stem (n° of ovules permm) |37 91 47 58
n°semi/ m2 36 1487 69 662
n°semi/ FF (n° of seeds per mm) 19 46 31 38
n°fi/ ff 9 23 12 15

This specie is always present in the lawn butodpces 95% of annual production during the
second cut. The most seed production per squarernvetich occurs in the second cuts is
due both to increased production of fertile stemisgguare meter, and to the highest number
of flowers per fertil stem. This species didn’t baa real regression because each flower
produces always 4 eggs, so is corrected the nuafl@oduced eggs, and the more uncertain

value is the number of produced seeds.

61



From observations made it longer make commentso@nthe species is present in different
plots WP4 on which was made the analysis. Durimegdfitist cuts the species is found only on
half of the plots, while in the seconds cuts, whee species has the highest production, the

specie covers more or less uniform across the lawn.
Trifolium pratense

In the following table (Fig. 32), | show all thetda obtained by application of regression,

biometric measures and calculated valuebrdblium pratense.

year 2009 2010

cut period L | L
n°ff / m2 20 20 10 9
n°owvuli/m,2 2600 3161 765 636
density of ovules on fertile stem FF (n° of ovules permm) |131 155 78 73
n°semi/m2 606 738 539 426
n°semi/ FF (n° of seeds per mm) 35 36 55 49
media somma L infiorescenza 82 91 88 86
N°fi ogni mm di infiorescienza 42 40 6,2 57

The species is present in both the cuts and agemsyou can observe a slight difference in
production between the first and second cut. Th&eovation can be made only by the values
of the number of fertile stems per square meternmitby the number of eggs or seeds
produced, for the two cuts of 2009 it was usedstrae regression calculated with the values
of the first cut. The same regression, | applyZ0t0 for which it was used the values of the
second cut.

Comparing the different years, for this specie§®®@as more productive, in terms of fertile
stems per square meter. In parallel we note tha0i® produced inflorescences more dense,
with an increase of 44% compared to 2009.

A value that appears to remain constant is the ageerof the sum of the lengths of

inflorescences per fertile stem.
Trifoliumrepens

You can find below (Fig. 33), all datas obtained dgyplication of regression, biometric

measures and calculated value3ofolium repens.

year 2009 |[2010

cut period 1 L
n°ff / m2 9 1 3
n°ovuli/m,2 1776 154 511
density of ovules on fertile stem (n° of ovules pe r mm) 199 263 180
n°semi/ m2 313 75 187
n°semi/ FF (n° of seeds per mm) 35 129 66
L media racemo 48 6,0 44
X seme ognhi mm di racemo 7 22 15
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The species is always present in the lawn evehwasn't found in the first cut of 20009.
Looking at the number of fertile stems per squaetem there is a greater output in the second
cut. In the first cut the length of the racemate lam increase of a third, moreover the
inflorescence of the first cut is also more derfsgeed.

A value that does not appears very constant isligtebution in the meadow. Among the 12
plots of observation, it is hardly found in thesficut of 2009, and present on 9 plots in the
second cut of 2009, and in 2010 was observed ragelgoon 1 and 7 plots.

3.3.1. general observations on the behavior of grelands essences

From the observations made it can be seen thatiffierent species, Arrhenatherum elatius,
Achillea millefolium, Galium verum, Onobrychis vifalia, Ranunculus acris, while in 2009
the values were close to each other, the firsicR010 was more productive than the same in
2009 and the second was less than the second ¢ 200

In fact, the drop in seed production by the gragsveen first and second cut is equal to about
one quarter in 2009, while about half in 2010.

Having studied the species of the second cut o 20ibst of those analyzed have the highest
production during the second cuAchillea millefolium, Galium mollugo, Galium verum,
Knautia arvensis, Leontodon hispidus, Lotus corniculatus, Lychnis flos-cuckoos , Pimpinella
major, Plantago lanceolata, Saturgja vulgaris, Trifolium repens), because most of the
production of the first cut, is given by Poaceadjclv mostly does not reconstruct fertile
stems in the second cut.

As for the difference in production between oneryaal the other, 9 of the analyzed species
(Trisetum flavescens, Achillea millefolium, Galium mollugo, Galium verum, Leontodon
hispidus, Lotus corniculatus, Plantago lanceolata, Saturgja vulgaris, Trifolium pratense) had

a higher yield in 2009 and &i(rhenatherum elatius, Knautia arvensis, Lychnis flos-cuckoos,
Medicago lupulina, Onobrychis viciifolia, Pimpinella major, Ranunculus acris, Salvia
pratensis) had a higher production in 2010.

There aren't species that show over the differeting periods, a particular constancy in
growth or in the production, but certainly most af is the value of the length of the
inflorescence of Poaceae, which is very constatwden the first and second cuts each year.
A species that has a certain constant is Ranuneghiss taking into account that we have for
this specie the regression of both the first cdtshe two years, you will notice that each
fertile stem produces a value very consistent ia. About Salvia pratensis, however, that

there are all four regressions, we observe thatsgpecies seem very consistent in the
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production of fertile stems per square meter, thotigen there isn't a constant on the

production of seed.

3.4. ESTIMATE OF THE REAL SEED PRODUCTION REFER TO A

SPECIFIC DATE

From the graphs obtained with the study of the plugical analysis, we can see that the
inflorescences, simple or composed of differentcg®se do not produce the seed so
concentrated in a time, but they have a gradualragbn. This means that each species of
grass has a longer or shorter period during whicbntinues to spread. Applying the formula

of regression on the length of the inflorescensegithe total production of seed throughout
the period of cutting, since, as just mentionee, ldngth of the inflorescence matures and
spreads in a period of shorter or longer time.

In order to know the real value of production oéddor a species or the entire lawn in a
particular date, you must cross the result obtaibgdthe use of regression with the

percentages obtained from the study of the pher@bgnalysis.

For the 18 species previously considered in theessjpn study, below (Fig. 34) | show the

values of the number of seeds produced by eachespaicthe time of the cut, which therefore

correspond to the real production that there wakyravailable for collection.

Achillea millefolium Ajuga reptans
2009 2010 2009 2010
| I | 1l | 1l | 1l
%fenology 0 0 0 0 %fenology 2,5 0
n°seed by regression 646 1963 7 2047 n°seed by regression 50 49
n°seeds at cutting time 0,0 0,0 0 0,0 n°seeds at cutting time 1,3 0,0 0 0,0
Anthoxanthum odoratum Arrhenatherum elatius
2009 2010 2009 2010
| 1] 1l | 1l | 1l
%fenology 39,7 24 %fenology 31 7 10 73
n°seed by regression 235 629 n°seed by regression 1213 1062 629 372
n°seeds at cutting time 93,4 0,0 151 0,0 n°seeds at cutting time 377,3 8180 63 2705
Avenula pubescens Brachypodium pinnatum
2009 2010 2009 2010
| I | 1l | 1l | 1l
%fenology 16 40 %fenology 71 0
n°seed by regression 423 1107 n°seed by regre ssion 1034 1574
n°seeds at cutting time 68,5 0,0 443 0,0 n°seeds at cutting time 737,0 0,0 0 0,0
Carex contigua Centaurea nigrescens
2009 2010 2009 2010
| 1] | 1l | 1l | 1l
%fenology 100 0 %fenology 0
n°seed by regression 3 5 n°seed by regression 10,8
n°seeds at cutting time 3,3 0,0 0 0,0 n°seeds at cutting time 0,0 0,0 0 0,0
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Cerastium fontanum

Crepis biennis

2009 2010 2009 2010
| I | Il | I | I
%fenology 50 %fenology 0 50
n°seed by regression 844 n°seed by regressio n 365 45
n°seeds at cutting time 0,0 0,0 421,75 0,0 n°seeds at cutting time 0,0 0,0 23 0,0
Dactylis glomerata Festuca pratensis
2009 2010 2009 2010
| Il | Il | I | I
%fenology 75 0 %fenology 80 0
n°seed by regression 1437 1584 n°seed by regr ession 378 1080
n°seeds at cutting time 1080 0,0 0 0,0 n°seeds a t cutting time 303,0 0,0 0 0,0
Festuca rupicola Galium mollugo
2009 2010 2009 2010
| I | Il | I | I
%fenology 85 50 %fenology 0 99 5 24
n°seed by regression 48 50 n°seed by regressi on 850 4574 307 3058
n°seeds at cutting time 40,9 0,0 25 0,0 n°seeds at cutting time 0,0 4529 15 725
Galium verum Holcus lanatus
2009 2010 2009 2010
| I | Il | I | I
%fenology 0 70 0 32 %fenology 20
n°seed by regression 136 717 27 437 n°seed by re gression 114
n°seeds at cutting time 0,0 502 0 141 n°seeds at cutting time 0,0 103 0 0,0
Knautia arvensis Lathyrus pratensis
2009 2010 2009 2010
| Il | Il | I | I
%fenology 1,25 11 %fenology 0 0
n°seed by regression 607 1689 n°seed by regression 4 6,125 0
n°seeds at cutting time 0,0 7,6 0 192 n°seeds at cutting time 0,0 0,0 0 0,0
Leontodon hispidus Leucanthemum vulgare
2009 2010 2009 2010
| Il | Il | I | I
%fenology 30 20 50 34 %fenology 0 0
n°seed by regression 62 58 45 98 n°seed by regre ssion 294 491
n°seeds at cutting time 18,5 12 22 33 n°seeds at cutting time 0,0 0,0 0 0,0
Lotus corniculatus Medicago lupulina
2009 2010 2009 2010
| I | Il | I | I
%fenology 72 68 15 79 %fenology 20 18 4 23
n°seed by regression 89 6945 167 5278 n°seed by regression 369 334 1240 1321
n°seeds at cutting time 63,9 4722 25 4170 n°seeds at cutting time 75,0 60,2 50 299
Myosotis sylvatica Onobrychis viciifolia
2009 2010 2009 2010
| Il | Il | I | I
%fenology 45 27 %fenology 53 22 17 45
n°seed by regression 11 514 n°seed by regress ion 126 227 476 123
n°seeds at cutting time 50 0,0 139 0,0 n°seeds at cutting time 66,2 488 81 554
Pimpinella major Plantago lanceolata
2009 2010 2009 2010
| Il | Il | I | I
%fenology 37 %fenology 23 76 a7 63
n°seed by regression 60 n°seed by regression 318 3149 64 173
n°seeds at cutting time 0,0 22 0 0,0 n°seeds at cutting time 72,9 2393 30 1095
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Poa pratensis Ranunculus acris
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 47 45 %fenology 26 9 23 4
n°seed by regression 2457 6512 n°seed by regr ession 421 252 1362 173
n°seeds at cutting time 11655 0,0 2931 0,0 n°seeds at cutting time 108,8 23,7 311 6,6
Rhinanthus freynii Rumex acetosa
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 25 0 %fenology 0 5
n°seed by regression 8522 2963 n°seed by regr ession 265 60
n°seeds at cutting time 21286 0,0 0 0,0 n°seeds at cutting time 0,0 0,0 3 0,0
Salvia pratensis Sanguisorba minor
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 45 88 30 11 %fenology 41 0 0
n°seed by regression 3387 21 7774 105 n°seed by regression 7 6 10
n°seeds at cutting time 1515 18 2332 11,0 n°seeds at cutting time 2,7 0,0 0 0,0
Satureja vulgaris Taraxacum officinale
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 0 71,5 0 13 %fenology 0
n°seed by regression 36 1487 69 662 n°seed by re gression 8
n°seeds at cutting time 0,0 1063 0 83 n°seeds at cutting time 0,0 0,0 0 0,0
Tragopogon pratense Trifolium campestre
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 0 31 %fenology 89 0 14
n°seed by regression 45 29 n°seed by regressi on 234 52 69
n°seeds at cutting time 0,0 0,0 9 0,0 n°seeds at cutting time 208,0 0,0 10 0,0
Trisetum flavescens Trifolium pratense
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 33 40 0 77 %fenology 59 96 0 56
n°seed by regression 9353 351 7744 16 n°seed by regression 606 738 539 426
n°seeds at cutting time 3040 140,55 0 12,1 n°seeds at cutting time 357,0 709 0 2408
Trifolium repens Veronica chamaedrys
2009 2010 2009 2010
| Il | Il | Il | Il
%fenology 0 0 97 %fenology 50 0
n°seed by regression 313 75 187 n°seed by regre ssion 36 1902
n°seeds at cutting time 0,0 0,0 0 181 n°seeds at cutting time 180 0,0 0 0,0
Vicia cracca
2009 2010
| Il | Il
%fenology 0 0
n°seed by regression 2 24
n°seeds at cutting time 0,0 0,0 0 0,0

Fig. 34: calculations needed to obtain number etisgoroduced by each species at the time
of the cut
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By the graphs that we have already reported wighddta of phenological analysis, you can
not understand when the species reach their pepkodictivity, whereby it is hecessary to
represent data in a high way. In the following th#Fig. 35) you can see the permanence of
the phenophase over second cut of 2010 (thick)linsisg as reference the thermic sum. In
the graphs you can also see the comparison withaime cut of the previous year (thin lines),
S0 you can see the similarity of trend with the samount of thermal sum.

The graphs show the two Poaceae in the courseeofs¢écond cut and 4 species more

productive of the other families, for a total of%64f egg production of the second cut 2010.
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80 80
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— %sP/BF201 —__ %SP/BF 2010
© % FI12010 40 — %FI2010
0,
20 HESIFLE 20 20 %FS/FLC 2010
— %FM 2010
0 ~ — %FM 2010
0 — %FC 2010
800 1000 1200 1400 1600 1800 %FC 2010
800 1000 1200 1400 1600 1800
i i %SP/BF 2009
Andamento delle fasi fenologiche - Andamento delle fasi fenologiche % FI 2009
Knautia arvensis % F12009

Gallium mollugo
%FS/FLC 2009

%FS/FLC 2009

80 %FM 2009
%FM 2009 120
60 100 __ %FC 2009
%FC 2009 o
— %FI2010
40 %SP/BF 2010 60
~ %FS/FLC 2010
— — 40
2 _— \\ % F12010 0
— e N — %FM 2010
o %FS/FLC 2010 0 —
—__ %FC 2010
800 1000 1200 1400 1600 1800 %EM 2010 800 1000 1200 1400 1600 1800
Andamento delle fasi fenologiche 11 2010 Andamento delle fasi fenologiche 112010
%SP/BF 2009 % FI2009
Arrenaterum elatius 0 Achillea millefolium
% FI2009 %FSIFLC 2009
%FS/FLC 2009
100 %FM 2009
%FM 2009
80
% 9%FC 2009 %FC 2009
60 %SP/BF 2010  ° % LIFA 2010
40
© % F12010 —_ %SP/BF 2010
20 %FS/FLC 2010 2° ——
~— / % F12010
0 — %FM 2010 0 ——
800 1000 1200 1400 1600 1800 %EC 2010 800 1000 1200 1400 1600 1800 %FS/FLC 2010

Fig. 35: permanence of the phenophase over seadraf 2010 (thick lines) and second cut
of 2009 (thin lines).
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Considering that in the second cut 2010, only tlermlogical surveys were made orf"19
July and on ?' August, while for the second cut in 2009 they wewae 5 from July 16to
August 28", you may notice a good overlap of data for eagnpphase inside common time
interval (total heat). This confirms both the ekeel capacity of the thermal sum as a
reference measure for the different years, andaiseamption that by using the thermal sum
with one or two phenological surveys you can ugesime lawn as seeds source for several
years without the repetition of the entire procekstudy, but based on data obtained during

the phenological study.

4. CONCLUSIONS

The maximum production of meadow seed, takes placeg the first cut and it is mainly
due to the regrowth of grasses in spring, whiledtiner species contribute only marginally to
this production.

To understand how much can be attest the decliseed production between the two cuts, in
respect of the years under examination, we carthegebetween the first and second cut of
2009 there was a drop in seed production at 34 Pdevihe decline in production in 2010
was 57%.

The factors that determine the seed production, are

+ the floristic composition of the meadow, undeost@s the density of fertile stems of the
species: the percentage of presence of speciegacgrirom year to year depending also by
the climate, which may encourage some to the detrirof others and determine different
productions;

+ the morphological characteristics and productafnreproductive organs of different
species, or the biometric characteristics of thiriescence, the number of fertile stems per
stalk growing, the number of flowers per fertileratand the percentage of fertile flowers that
produce seed (floret site utilization, FSU).

Another important quality feature is the vitality the seed, however, in this work was not
taken into account.

It ‘can be seen that the seed production variegtlgrehroughout the season and this is the
reason why it's very important to choose the rigdite of collection. The identification of this
optimal time to harvest the seed is interfere lyy different phenological rhythms of many
species. While taking the proper precautions omend avoid a loss of product for natural

dissemination.
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A goal of this paper is to provide a quick methoddstimating the number of product seeds,
in order to identify the best mix for different paises. As we have shown, once identified a
donor site for a zone, the analysis carried othénfirst year can afford to collect the desired
mixture for several years, before performing furthealysis to confirm an immutate situation
over time, or useful to correct estimates in aniremvent that may have undergone some
change.

Another important element is the evolution overtihee of the seed production of individual
species and the population as a whole. The knowledghis aspect becomes particularly
important when the lawn is cut with the aim of ahitag seed more than the crop. In fact, in
consequence of the different phenological rhythnmhef various species of the prairie, the
quantity, quality and composition of the seed amgy vary greatly depending on the time of
intervention.

The useful analysis for the study of the lawn & $kudy of phenology, which through the use
of thermic sum, allows each year to identify thestmiavorable period for the collection of
seed for each species. The advantage of the theumalis that by adding the degrees day
after day can be predicted even if at short notlee date of surgery.

The second analysis required to estimate the nuofig@oduced seeds is the identification of
regressions that appear more influenced by theatfintrend. As for the lawn under
consideration, having been studied more yearsag possible to detect even if not for all
species a mean regression, which is statisticatlgermobust for use in the following years to
use in the lawn in question.

The determination of the number of mature seedseptefor the various species to the
progressive increase of the thermic sum, allow dmmgared production between different
species. This result is important for two reasons:

the choice of composition of mixtures of seed ttah be achieved by deciding to cut at
different dates according on the different uses yba want to do with the material collected,
or to different characteristics of the station e§tination for the collected seed.

It helps us to consider another factor in the tgnof collection. For example about the
estimation of the production of eggs, in the exadiout, the production of the alone 5 most
productive species has covered 77% of the totadymioon of the lawn, and the onlytus
corniculatus species most production in this cut, has prodimednly 44% of the total. This
can lead us to understand even for which speciesiit necessary to catch at the time of it's
maximum production. Disadvantage it, because tineelstof their seed is guaranteed by the

large amount of its production, and highlights #haspecies for which due to a lower
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production, not properly evaluate the collectioniget may lead to not collection of the seed
produced by these species, which in the study ezhrout are:Leontodon hispidus,

Ranunculus acris, andOnobrychis viciifolia.
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