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ABSTRACT

The turfgrassndustry is a sector of great economical and scientific interest. Nowadays the sport turf and in
particular the golf courses are considered the higltagiheered grass ecosystemas.eAthetic assessment and a
perfect playability require prepation proceduresand maintaining techniques that determine a substantial
departure from a natural soil.

The growing substrate dhe putting greens is considered a key factor for a healthy turf ecosystanthis
reasoron the market there swide range of products based on natural stimulantseditm increase the growth

of roots, to promote the interaction in the rhizosphere and finally to raise quality and performance of the
turfgrass. Actually detailed study on the effects of growth promotingieeted biostimulants on a professional
sport turf are very limited.

Thisthesis aimgo study the effectiveness of different microorganisms and biostimulants in order to improve the
knowledge relative to the relationship between the beneficial micraftfataoot apparatus of sport turfs.

The research project was divided in three principal steps:

1) Initially, different commercial products based on biostimulants and microorganisraswere tested on a
Lolium perenneL. essence grown in a controlled environment. Effective microorganisms (EM), plant
growth promoting rhyzobacteria (PGPR) and phytormsoselution were inoculated withia close
hydroponic system utilizing sterilized sand as growing mediline principal galuated parameters were
the habitus and the color of the plants, the biomass production and the length of leaves and roots
addition were studied the capacity of colonization of microorganisms within root tissues and rhizosphere

2) In the second step, othe basis of acquired knowledgewnere developed two different biostimulant
solutiors based on effective microorganisms, mycorrhizae and humic acids. This test was conducted both
on anAgrostis stolonifergutting greerat the Modena Golf Club and withangrowth chambeon aLolium
perenneL. essenceln this secondtrial the effectsof the different treatmentaere evaluated analyzing
morphological, physiological and agronomiparametersin addition were studied thariation of the soil
layers straggraphyand the capacity of inoculants to colonize soil and root tissues. For the whole durate of
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the trial al | chemicals applicat i onmgingthe spuingladndy u't
summer seasonsvere suspended in order to assibgs effectiveness of the inoculants for nutrition and
control of pests.

3) In the last step ahis experimental thesis, different microorganism mixes and biostimulants were tested on
an experimental putting green in the Turf Research CERRC) (Virginia Tech, United States) in a real
managing situationThe effects of different treatments were studied maintaining all chemicals and

mechanicals managements scheduled during a sport season.

The growth chambeesultsshowedchow EM, PGPR and biostimulants mayhance the health of the gréss

and promote the growth of the root apparatasaddition the EM microorganisms that colonized the root
tissues and the rhizosphere were efficiently isolated and charactdPi@®R confirmed their attitude to
improve tle elongation of leaves and roots while EM reduced the growth of both the apparatus. Physiologic
characteristics suchyfeeshratiovaves posdtovatyonsf bodnc
mixes.

The putting green trial conducted at the Modena Golf Club showed a high attitude of the mix composed by
microorganismsand biostimularg to determine ageneralimprovementof the physiological condition. In
particular evapotranspiration, chlorophgtintent and colation of the turf surface werpositively influenced

In addition the thatch was partially degraded by the microbial metabolism and the mineralized substances
determined an indirect fertilization shown by an increased leaves productiobendicial effects on the
pestsd preventions were detected.

The putting green trial conducted at TRC confirmed some results obtained in the previously réAsdartiie
previous studyroots were stimulated by microorganisms and biostimulants. In awlditere confirmed the
positive effectson the color and quality of the turf surface utilizing both visual assessment and instrumental
NDVI evaluation. Physiological determination such as proline content, transpiration and photosynthetic

efficiency have fuher confirmed the positive effect determined by biostimulants and microorganisms mixes.
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1. PREFACE

The turf represents an essential element for the constitution of the green spaces such as urbandgandscap
recreational areas and sirface of sportacilities. Frequently the essences that constitute the turfgrass are posed

in suboptimal or in unnatural conditions without considering their real physiological necessity (McCoy, 1998).
The main purpose of a sport turf is to ensure a range of featudesesthetics in order to optimize the
playability of the game. Indeed, a sport turf has to guarantee aspects correlated at the sporting fruition such as
the safety of the athletes, a correct rebounding and rolling of the ball but also different aspedisgdge

visual appearance such as the greenness, uniformity, density and everything related a good quality of the green
surface (Beard, 1973).

The sport turf is a poor biotic system composed by different mixes of grass posed on a relatively simpée growi
substrate. The soil is principally constituted by sand and coarse layers to ensure a properly drainage for each
weather condition and a correct response to mechanical solicitalibrssunnatural topsoil composition,
associated to periodical chemidatatments is the principal cause of the deviation from an optimal natural
situation for the grass essences.

In order to improve the growing conditions of the turfgrass there are a wide selection of biostimulants that are
specific for the maintaining anaecovering of the sport turfs (Karnok, 2000). These products are principally
composed by organic substances such as sea weed extracts (SWE), humic acids (HA) or aminoacids. In addition
others biostimulants based on plant growth promoting rhyzobacteriaR)P&@ith to promote an igitu
production of phytohormone, antioxidants and an increased nutri¢ake)p

The effective microorganisms (EM) belong to a heterogenic group of bacteria with several beneficial
characteristics, similar but not traceable to PGPaaid, 2009). This group includes bacteria able to promote

the solubilize mineral nutrient otherwise inaccessible for the plants (De Werra et al., 2009), to promote the
production of different phytohormone such as IAA, ethylene, cytokines and gibherglée et al., 2004), to
parasite soil s pat hogens and to accelerate the
Raajimakers et al., 2009). Whereas effects of biostimulants were studied since the last decades making them
convincing prodats in the turfgrass industry, the effective microorganisms for sport turf solution are not

explored and their effectiveness is still largely unknown.

The main objective of this thesis was to improve the physiological condition of a sport turf, throtighout
inoculum of effective microorganisms and biostimulants. In particular were tested different solutions in order to
improve the growing of roots, the quality of the turf surface andirtfstu production of antioxidants and
phytohormons. In addition were evaluated the effectiveness of the treatments considering different agronomical
and physiological parameters such as evapotranspiration, content of photosynthetic piggmiatitsy inthe
rhizosphere composition and-c&culating of the nutrients.
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An expected result of thiesearchs to develop new microbial solutions specific for sport turf on the basis of the

knowledge acquired and integrate these mixes in a management program.
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2. INTRODUCTION

2.1 THE SPORT TURF

A sort turfis a high engineeredgrassy surface whose purpose is to allow the performance of the agonistic
activities. The construction of a turf following the normative standards is a fundameqtasite for the
enjoyment, the safety and playability at every level in which sport can be practiced. For these reesmaTd, in
decades research and scientific experimentation on this field of baglyletached the sport tirbm the
conceptof natual lawn in order to accommodate playingedsfunctional and aesthetic requiremenfsthe
variousoutdoor sports. Nowadays the research on the sport turf sector receives high scientific and economic
interest becauseonstitutes the playing surface of the most spread outdoor sportasandmpleting part of a

large sector of entertainment, includes innovation of agronomic practices, studies of substrates, varietal
selection, maintenance technologies, fertilizer dhtha sciences related to interactiathletes grassland. The

list of sports played on a turf surface is long and variegated and includes disciplines with a great audience such
as soccer, football, baseball and golf. A distinction between the various 8pruse sport turf can be made

terms of wear and tear, depending the activities that take place above and the type quality, color and mowing
height that has to be maintained during the sport season. Another distinction can be made on thiecbase. of t
Indeed some sports need a stsadson playability and others need almost the entire year. A consequence of the
durate of the spodeason will imply the choice of the essences utilized suahragal or perennial.

All athletic fields are subjecteto intense traffic, represented by trampling of athletes, crossing of vehicles for
maintenance and a multitude of environmental factor affect continuously on the condition of the turf as weather
events, soil moisture (Beard, 1973). The sport turf, régssdhe discipline, are widely different from a natural

lawn and as consequence managing techniques are necessary to maintain stable this condition that is not stable

and not seksustaining in a natural condition.

Figure 1: Auburn hills golf club (Virginia)
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2.1.1 THE GOLF COURSE

The golf belongs to a minority of sports that have not a standardized playing field. Any field in the world is
different in its characteristics even if some elements can be found everywhere. Thergthgint in a golf

course is relative at the number of holes that has to be 9 or 18 and the total length that has to oscillate between a
maximum of 6400 m and a minimum of 3700 m. AnhiBe golf course in the United States is generally
constituted by ®,81 1,2 hectares of putting green surface,i0162 hectares of teeing area and 12D hectares

of fairway surfaceTablel).

Table 1. Comparative turf use by area for representativedl8s golf course

Turf Use Area (hectares) Area (%)
Roughwaterwoodland 52,6 72,2
Fairways 16,2 22,2
Building-parking lots 2,1 29
Putting greens 1,01 1,4
Tees 0,93 1,3
Total area 72,9 100,0

Golf course pathmust be designed function of the landscapm order toensure a degree beterogeneitynd
showmanshiguring the coursef the game. Theolf clubs areusuallydivided into severaareasthe playing
field, the club house which typically offers onsite dining, services andrea ofpractice(practiceor driving

range.
The areaf the golf coursés divided intodifferent elementgFigure 3, whichwill be briefly described below

i Teesor starting areas theareain which isplayed thdfirst stroke ofeach holesaidtee shatlit is a flat
areaof several hundredquare metersarefully shavedl to 1.5cm) anddry, to have maximunstability
and on whictthe golferprepareshe shotesting the balbn a tack about 5cmin wood or plasticcalled
tee. In thelonger existtees generallyfour tee maker marked withdifferent cobrs, according to the

statugamateur or professionand gendefmale or female) to whicthey are dedicated.
1 Fairway or paths is the course between thesand the greendt hascrossmown grasg1.5- 2.5cm)

which shall have goodlensity uniformity and flexibility so as to facilitatethe ball gameThese areas

have an extension thean gofrom 90 to550 meterswhile the widthvaries betwee5 and 55meters.
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Rough or uncultivated area iformedby tall grassalmostuncultivated located outsidef the fairways

This area constitutespenaltyfor scoringincorrectlythe previous shot

Bunker or sand trap is pits of varying sizes, filled witing, with the function of making the game more

difficult and challenging.

Water hazard is a made up streams, river, pod|,
pond, lake and sea. It can be natural or artifigie
and it is built to make more difficult the approagh

to the hole.

Green or putting green or pitch of arrival is thg

1%

area of arrival of the gaméFigure 3) This 4.Bunker

surface of the putting green is finely shaved (R(
to 48 mm height) to allow a perfect rolling. This
surface must achieve the maximum uniformity,
homogeneity, strengtéind elasticity.
The size of this area is proportional to the lengitl

of the approach shot and on average remadir
around 600 m The green have slopes more pr [ ]

less pronounced, both to drain the most of th '
water (since the drainage must be perfect), bpt

D

to make the putt of greatest difficulty. Th

position of the hole (& 11 cm) is not fixed, but |s

continuously moved (1 per month) for twp

.?» s :
S i 1.Tee

principal reasons: to make the playability putting

green always different and in order to preven

excessive damage frofoot traffic in the same| Figure2: design project for a new hole at Modena G

area . and Country Club (Maranello).
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Figure 3: Putting green at the end of the hafe3 of the Modena Golf & Country Club

2.1.2 GRASS ESSENCES OF A GOLF COURSE
Grass essences of a tee

Tees are principally sown witAgrostis stoloniferaCynodonspp.,Zoysiaspp., or by a mix ot.perenneF.

rubra and P. pratensigPanella 2000). The choice of seed depends by the latitude, the composition of the sail
and by the intensity of playing. Generally tees are mowédie per week and may be occasionalylaeed

with overseeding or deposition of sods due to frequent shots that remove portion of grass.

Grass essences of a tee

Fairwaydés grass essences are represented Cynodon
vaginatum or by a mix df.perenneF. rubraandP. pratensigPanella 2000). Due to the high managing cost of
a Agrostis only fairway, it is preferred the choice of a mix composeBday pratensis Festuca rubraand

Agrostisspp. Generally the fairways are mowed 8me per week.

Grass essences of a putting green

The grassy essence used in most of putting greens Agtlestis stolonifergFigure 4).It is aperennial cool

season C3 turfgradselongingto the family ofPoaceaeand Genu#\grostis, a large genus of plant that counts
more than 100 specie8grostis stolonifera is characterized by a typical prostrate habitus, with a strongly and
vigorous stolons which developing on the surface of the sail, allowing the ontiatinew roots and new culms

at each node. These characteristics give the possibility to obtain a low mowing height, betwlesm2 and a

dense mat to cover uniformly the whole surface of the putting gréenbe sport fields this variety is the
principal grass specie of the golf putting in Europe and United States, although in the south climate during
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summer with high daytime temperature and warm nighttime temperatures could bring to adverse conditions. For

this reason in the south regions puttingegr is principally utilized a warfiseason C4 turfgrass the hybrid of

Bermuda grass [Cynodon dactylon L. Pers. X Cynodon transvaalensis Burtt Davy].

Figure 4: Agrostis stolonifera L. grown for a growth chamber trial at Virginia Tech (Virginia) andture.

In nature, thehorological element of Agrostis stolonifera is circumboreal and can be found in on edges of ponds
and marshes, banks and uncultivated wet from a height of 0 m to more than 2000 meters over the sea level.
Agrostis stolonifera L. haa height that can teach 2050 cm, creeping culms with rooted nodes and epigeal
stolons. The leaves have blade widé saim and with 1.2 nerves.

Table 2 Agronomical characteristics égrostis stolonifera

PARAMETERS CHARACTERISTICS

Texture On average fine

Density Excellent

Propagation Seed, stolon, sod

Color Light greeni slightly gray

Leaf shape 2-3 mm width, tip spired, pronunced ribbing on the upper pa
Soil Highly fertile, irrigated, fine texture, wefertilized, pH 5,5/6,5
Settlement Low

Potential recovery Moderate

Tolerance to wear / traffic Low

Tolerance to hot Moderate

Tolerance to cold High

Tolerance to drought Low

Tolerance to shade Low-Moderate
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Tolerance to drowing Moderate

Tolerance to sality Moderate

Tolerance tgpathogens Very low

Management required Very low

Mow height 3-15 mm

Nitrogen necessity 0,35/0,65 kg 100 m2 each 30 gg
Water needs Very high

2.1.3 THE SOIL OF A SPORT TURF

The soil is a complex mixture of gasses, liquids, minerals, organic naadea myriad of microand macre
organisms. In the turf science the soil is essential for the development of the turf, because it is subjected to
intense constraints dictated by the technical rec
substances, maintain a certain porosity and air fraction, allowing a proper water drainage for a physiological
growth of the turf and an ideal sport fruition. The air fraction has a fundamental role in the supplying oxygen to
the roots and accelerates tmécrobial degradation of organic residues which tend to accumulate, causing the
thickening of the thatch. The microbial component in the soil plays a central role in improving the physical and
chemical properties in the rhizosphere such as the densistraistlire of the soil, the degradation of the organic
substance and the availability of nutrients (Huhta, 2007).

The percentage of sand, silt and clay constituting the growing medium influence the characteristics of the
mechanical and physiological response of the turf, directing towards to one or another one specificity of
utilization. An important feature in sporfields, that must ensure a proper rebound of the game items such as
balls and in some contact sports the fall down of the athletes, is the response to mechanical compression. The

ground must be able to withstand intense actions of exploitation withang it mechanical characteristics.

2.1.4 THE SOIL OF A PUTTING GREEN

USGA, in the past 30 years has evolved the guide lines about the composition of putting green soilstoin order
bring to a surfacealwaysplayable,according to the highestestheticstandardsanddiscern the responde the
mechanicabtressesf the game (USGA Green Section Staff, 1993).

The USGA guide lines for the construction of putting green growing medium, in the past 30 years has evolved
into artificially constructed soils, bltiifrom a predetermined mixture of 8090 % sand and 1020 % organic

matter (Figure 5) The USGA specifications indicate a soil stratigraphy composed by a topsoil mixture with a

minimum thickness of 30 cm, lying over a 2.% cm of acoarse sand layewhich is above a 10 cm layer of
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washed pea gravel with a particle size of 0.®. 75 cm, which covers other 10 cm tile drain imbedded in the

subgrade of native soil.

100
Particle Diameter Recommendation
90 Name
(mm) (%)
80 Fine gravel 2.0-3.4 <10
70
& Coarse sand 0.5-1.0
= 60 260
9 Medium sand 0,25-0.5
3 50
c Fine sand 0.15-0.25 <20
g 40
£ Very fine sand 0.05-0.15 <5
g 30
& silt 0.002-0.05 <5
20
<0. <
10 Clay 0.002 3
0 Total fines Very fine + silt + caly <10
0.002 0.05 0.15 0.25 0.5 1.0 2.0 4.0

Particle size

Figure5:Recommended standard granul ometputtinggreen. USGA f or gr ow

The sand component should be contained at least 92%, with particles size suggested by USGA standard
comprised between 1.0 to 0.10 mm, and the remaining fraction composed by less than 5% silt, and less than 3%
clay. Clay content is alwgs maintained in a minimum percentage, above all because clay is higly implicated in
the reducing of cation exchange capacity (CEC) and in the increasing of water retention (Bigelow et al., 2004).
Currently the putting greens of golf courses, includingé¢hpresent at the Modena Golf & Country Club, are
basically constructed according to the USGA directives, which in most cases provide sufficient water retention

of the substrate and a good penetration of the roots grass, reducing problems due to compaction

The organic matter

The organic matter content in putting green topsoil should be arouiid20. The organic matter, even if
present in small percentage, has a great importance both for chemical and for physical characteristics of the soil.
Indeed it promotes the growth and development of turf essences, is a reserve and propagation of solil
microorganisms, and has a significant importance in water retentions and movements in the soils and the
availability of nutrients. Regarding the chemical propertibs, organic matter acts as a reserve of nitrogen,
sulfur and a part of phosphorus and promotes the absorption of other nutrients for the increase of the cation
exchange capacity (CEC). In regard as physical characteristics it improves the soil stiocteasjng the
cohesion soil particles and increasing the water absorption capac#ysports fieldthe addition of organic

mattercan occur naturallypy the deposition ofoliar residuesmown and thereplacementf the roots, or by
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artificial applicaton with seasonal treatmeritsthe topsoil mixture utilizing peat moss, reed sedge peat or other
well-degraded organic matter (USGGA Green Section Staff, 1993)

The C:N ratio

The Carbon Nitrogen ratio (C/N ratio) provides useful information about thedfindganic matter present in

the soil and the degree of mineralization of the nitrogen. It is directly correlated with the activity of
microorganisms that feed by N and expel,CiOthe ratio is less than 20 there is an excess of nitrogen compared
to the necessity of a good humification. This excess is released during demolition of organic matter by
microorganisms and will become part of the mineral component of the soil. If the ratio is high (more-3&an 30
the soil contains a little amount of nitrogewvhich will be fully utilized and as consequence immobilized by the
metabolisms of the microorganisms. For values between 20 aB8, 30ere is a situation of equilibrium and the
nitrogen present in the residues is totally used in the process of htimificBherefore, there is no release or
immobilization. When C:N ratio arrives at values around 10, it means that the process of humification is
finished.

2.1.5 ROOTS AND THATCH OF A SPORT TURF

Roots

The ability of the plants to absorb water and nutrients from the growing medium is related to their ability to
develop a root system. Roots are the primary apparatus for the absorption of all mineral elements necessary for
the plant growth andheir develpmentand extensiorin the soilis strongly influencedby the patches of
nutrients as nitrogen and phosphorus in the &ihgki and Lipiec, 1990Durieux et al., 1994

The importance of the construction ok#icient root apparatus is supported by the 33% of global annual net
primary production, used for finer root production. In addition, more than 50% of daily photosynthetic
production may be utilized in the growth and maintenance of a root appdratuiz(s, 198Y.

High mowing frequency at-3amm height of creeping bentgrass (Agrostis palustris H.) is one of the principal
reasons of the low growth of the root system in the golf course putting greens (Jordan et al. 2003; Shepard,
2000). A deeper root systewith extensive root branching is considered an important characteristic improve
resistance at drought stress favoring the absorption of water (Russel, 1977) and a lower attitude to resists at
environmental stress induced by a shallow rooted turf is kargpbrted (Jordan et al. 2003).

This roots concentration in the upper portions of soil profile does not allow a prolonged capacity to supply water

and as consequence frequent precipitation or irrigation are necessary to avoid drought stress.
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Studies comerning roots in the sport turf industry

In turfgrass industry the root development and as consequence the plant health is a primary topic. Each year new
growth promoters are formulated to ensure a more efficient radical development, and this conceaily dspe
varietiesusedin the putting greeareas. The possibility to develop and use plant varieties with an improved root
growth and a higher droughgsistance has gradually reduced the water consumption but the argument remains
still of great interst. Nowadays the sport turf industry is developing some fertilizers containing precursors to
natural phytohormons, and biostimulants such as microorganisms, sea weed extracts and humic acids. Many
researches describe the Bacillus strains capacity to prgolwgormone (e.g. indofg@ethanol) in a notoxic

form. This kind of interaction betweeplantmicroorganismsespondsnore effectively to thenetabolic needs

and development of the planin different growth phase being metabolitessynthesizeddirectly in the
rhizosphere.

Thatch

The term thatch is referred to a layer of plant material, dead or alive, not decomposed that positioned between
the aerial parts of the plant, immediately below the turf surface and resting on the layer of growing medium
underneathKigure §.

Figure 6: Thatch layer highlighted between two yellow lines. Picture taken at Modena Golf & Country Club.

This layer adversely affects the health and metabolism of the turf, because it goes to altewttergashange
betweenthe atmosphere and soil. Additionally, it facilitates the spread of fungal diseaseSclemtinia
homoeocarpaand Rhizoctoniaspp.) and parasites due to the formation of an optimum microclimate for the
development of pathogens; being the felt layerctizally hermetic, is also reduced the effectiveness of
fungicides and plant protection products administered for the control of these diseases. Another feature of the
felt, is that favors the loss of anchorage of the turf, as, retaining water insididitates a surface development
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of the radical, thus leading to a carpet less stable and more prone to deterioration. Finally, the formation of
shallow root system makes the turf more susceptible to damage from extreme temperatures and/or drought.
The man causes dformation of thatctare

1 the excessive levels of nitrogen fertilization that determine a greater vigor of the epigeal part which,
once cut, will go to increase the layer of thatch;

1 Reducing condition and acid pH are condition that may retheactivity of soil microorganisms and,
therefore, the decomposition of the undecomposed organic matter;

1 Infrequent cuts and excessive cutting heights, together with abandonment in the field of grass clippings

after cutting.

Figure 7: Scheme of a mechanical aerification and an aerification performed at TRC (Turf Research Center, Virginia Tech).

To contain / decrease the felt layer, can be made different operational choices. With the preventive method,
pretty common, you take all thosgronomic practices that promote the decomposition of organic matter, such
as topdressing, pH correction by liming, unpack the soil, the containment of carbon / nitrogen ratd®.01 25

For curative method, however, means the mechanical removal felttiierough the practice of aerati¢irigure

7) (or verticutting), or, alternatively, may be used another technique such as coring.
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2.1.6 QUALITY OF GOLF COURSEO6S TURF

The quality of turf is essential to optimize the playability and to allow apldnger to use the lowest amount of
shots during the competition. A correct maintenance plays a key role to eliminate as much as possible the

negative factors that interfere with the success of the match. The essential qualities of a good golf turfgrass are

AUniformity -t he pl aying field should be as uniform as p
have a proper sliding of the ball, but just as important on the tees to provide a stable base to the player during
the swing.

ADensity - it is expressed as the number of plants per unit area. The density of the mat provides a perfect
support during rolling. This characteristic is achieved by regular maintenance, such as a higher frequency of
cutting heights with the use of optimal grassy esssnused and proper management of fertilizer and
irrigation.

AWeaving - it is dependent on the width of the leaf blade. This feature influences the rolling of the ball,
which is optimal when the texture of a green is mediim®. This quality can be obtained by the choice of
adequate turf essence, the height of the mowfranal the practice of topdressing.

ASmoothness- this parameter is a quality index for a field that does not have damage, obstructions or
depressions which may affect the run of the ball. This is a characteristic has to be preserved by weed, pests
diseasesnd other fungal or pathongens.

Quiality and color of the turfgrass

The aesthetic parameters such as the quality and the color of the green surface are the most important in the
mai ntaining of a golf course, emtpnggeeal |y for the e\
The color parameter considers the mean coloration of the green surface and acquire a high value when leave
have greener/darker coloration. The quality takes in consideration a range of factors affecting the visual
appearance of the grassyrface.

Turf quality of a putting green often decline during summer when golf putting greens are subjected to an high
human traffic and seasonal stresses such as high temperatures and intense solar radiation (Lucas, 1995; Carrow
1996).

Visual assessmén

The evaluation of visual parameters such as quality and color is routinely used to assess aesthetic characteristic
of turfgrass cultivars. Quality and color rating is based on a relative evaluation between the same turfgrass specie
within the same seasomdeed quality and color rating may change significantly depending on the seasons or

agronomic practices that are carried out. The visual assessment of the turf surface, as most as aesthetic rating
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collected on turf grass, is based on-8 fating scaleas reported in the guide lines of National Turfgrass
Evaluation Program (NTEP), an approach that is accepted and used since many years. The NTEP guide line is a
necessary support for researchers and practitioners to evaluate turfgrass health and tandgkenena
decisions.

The visual evaluation traditionally has always been a subjective method that requires good personal practices
and sometime may happen that data can be quite variable and difficult to reproduce due to different evaluation
techniques angbersonal interpretation (Trenholm et al. 1999). This kind of valuation is very useful for golf
course superintendents, sports turf managers, sod growers, lawn care service operators and ground managers il
order to study which adjustments, or seed vasatitilize in the different seasons.

Rating systems are commonly employed to evaluate phenotypic variation in colors, density and uniformity of
turfgrass stands in year. Therefore, quality and color are key components for water and nutrient status often
utilized also in growth chamber or greenhouse trials (Xu and Huang, 2000).

The rating of turfgrass quality is evaluated 9 for the perfect and ideal turf surface and 1 for the poorest quality
aspect. A rating of 6 is generally considered acceptable but filngogreens quality standard would be better

do not fall below of 7. Quality ratings are not based on color alone, but on a combination of color, density,
uniformity, texture, and disease or environmental stress. The rating of the color representeavelaiation

of the greenness of the turfgrass surface and is inherent to the genotype color variation affected by different
treatments and soil or environmental conditions that act on the experimental plots.

This kind of measure, subjected to criticitmntime consuming and subjective characteristics. In the past several
techniques were used to measure objectively the color such as reflectance measurements (Birth and McVey,
1968), Chlorophyll and amino acid analysis (Nelson and Sosulski, 1984) andrismmpaith standardized

colors (Beard, 1973) but all these method have the advantage to be relatively expensive and to be time

consuming.

Instrumental assessment

Nowadays specialized instruments for the turfgrass color analysis allow to slide outdutmective rating and

lead to an objective approach to make color and health evaluation and make management decisions.

New instruments that utilize the spectral proprieties of the plants, give the possibility to analyze the color
proprieties of the turf gtace with a no time consuming method.

Remote sensing technologies that utilize the visible infrared (VIS) and near infrared (NIR) light, measure with

optical sensors the irradiance reflected from turfgrass over which they travel (Bell et al., 2002).
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Figure 8: Vehiclemounted optical sensing utilized Figure 9: relationship between the NDVI raveled with
Virginia Tech. Crop Circle AC&70. vehiclemounted optical sensing and9lrating by visual
assessment (Bell et al. 2002) in Agrostis stolonifera.

The Crop Circle ACS8170 (Figure 8)is an active crop canopy sensor that provides NDVI vegetation index. The
Crop Circle is not limited by ambient lighting conditions because this instrument remove the effect given by the
differences of light by time of the day and weather condition rergotire effects of ambient radiation,
processing only the radiance emitted by the integrated source.
Optical sensors detect the returning irradiance emitted by the instrument and reflected by turf surface at red
radiation (606700 nm wavelength) and at thean infrared radiation (76800 nm wl). VIS reflected by plants is
very low if compared with a soil surface because efficiently absorbed by photosynthetic tissues of leaves
(Knipling, 1970, Tucker, 1979). NIR radiation is poorly absorbed by photosyntissies and more highly
reflected (Daughtry et al., 1992). The relationship established between these two different wavelengths, collected
by the surface of leave plant aterial, is the basis for a relatively simple calculation necessary to obtain the
normalized difference vegetation index (NDVI). The NDVI algorithm is measured as follows:

NDVI = (NIR i VIS) / (NIR + VIS)
Normalized difference vegetation index was widely utilized to determine chlorophyll cortewel{, 1999
Zhao et al., 2003), turf injury and quality (Trenholm et al., 1999; Bell et at., 2000). In addition NDVI parameters
was studied for predictive models relating to plant biomass, plant nitrogen content, stress severity, drought stress
and nitrogen deficiary. Bell et al. (2001) with a vehiclmounted optical sensing, reported a strong correlation
between the visual color assessment and the NDVI instrumental apfFégquote 9) That study was conducted
on tall fescue and creeping bentgrass that shown tasggca coefficient of determination of 0.8 and 0.5
respectively, a good result considering the heterogeneity of the visual prediction modetltheliomparison
was based on.
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2.1.7 PATHOLOGIES AFFECTING A GOLF COURSE

Creeping bentgrassAdrostis stabnifera) has gained the endorsement of superintends and athletes for its
characteristic of density and quality of the turf surface. The interest for this specie is specie was increased in
United States and Europe in the last two decades (White, 1996) velothés specie is a cool season grass and
suffers warm and drought condition that may occur in the hot and dry summer in the south of United States and
Europe. Summer conditions often reduce the quality of color and quality of the grassy surface diaiam ad

these are the precursor of diseases onset (e.g. fungal pathologies) and common physiological stresses (Lawlor,
1995). Environmental stressful condition such as water deficit, high irradiation and high temperature increase the
oxidative stresshatcan causéoss ofvigor to theplant tissugcellular damagand areduction of shoot growth

Less tolerance of summer condition in creeping bentgrass is strongly correlated with a shallow root system and
an excess of shoot growth determined by a fertilared irrigation over applying to reduce the loss of aesthetic
quality (Hull, 1992).An interruption ofelectron transporélong thephotosynthetic procesdetermined by an
increaseof the stress inducedn the plant as solar irradiation and high tempeeatcauses an increase

reactive oxygen specidROS) such assuperoxide, hydrogen peroxide, hydroxyl anions and singlet oxygen
(Scandalios, 1997; Smirnoff, 1995). The removal of ROS can be implemented by superoxide dismutase, an
efficient enzyme for th removal of superoxide anioiiBowler et al., 1992). Habeen shown that seaweed
extract Ascophyllum nodosunabbreviated as SWE and humic acids (HA) have an radical scavenging activity
(Zhang,1997).

Dollar spot

Dollar sport is a serious creeping bentgrass disease of golf course cagddrbiinia homoeocarpa fungal
pathogen member of Sclerotiniaceae family. To measure its global spread, in 1992, the golf course industry in
the United States spent around@3million on fungicides trying to control the dollar spot fungus (Smile et al,
1993). The fungus incites foliar blight leaf tissues with the mycelium forming round ykgjbtsbrow patches

with a 15 diameter sizeHigure 10.
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The grass species mainly affected are Agrostis stolonifera, Poa annua, Poa pratensis, Lolium perenne and
Cynodon dactilon (Couch, 1985; Smile et al., 2007). Dollar ppaliferation occurs in a period between spring

and autumn, when temperature range from 18 and 33°C during and nights are humid and around 10°C. The
difference of temperature from night and day and the dew formation on leaves determine the propatation of
disease (Smile et al., 200Zhntrol of dollar spot can be performed with agronomic practices, through a less
frequent irrigation, avoiding irrigating at night and removing the dew from the leaves in the early hours of the
day. Being the occurrence dbllar spot strongly correlated with moisture in the in the soil, removal of felt or
other treatments implement to increase evapotranspiration can guarantee a lower potential for occurrence of the
disease. The golf courses and especially the putting graleras/s require an aesthetic quality close to
excellence, so at the first manifestations of this disease is necessary to act with chemicals to eradicate the
presence of dollar spot. Many kind of fungicide are labeled to control dollar spot sutitlading
benzimidazoles, carboxamides, nitriles, dicarboxamides, and demethylation inhibitors. thariagt decade

certain strains oflollar spot showedthe earliest forms ofoleranceagainstchemical compoundst is good

practice torotate themfrequentlyto preventthis from happening (Smile et al., 2007). Alternative method to
prevent the occurrence of the dollar spot, have been studied in 90s with poor results. The utilization of effective
microorganisms as antagonistic microorganisms for a biologicdtatarf soil disease was reported in many

works by Lin (1991) and Higa (1994). Kremer in 1999 reported a 4% inhibition of the S. homoeocarpa growth in

plots pretreated with effective microorganisms.

Brown patch

Brown patch is a common pathology affecting the golf courses caused by the fungal parasite Rhizoctonia solani.
It is a fungal disease that occurs during early summer and autumn, indeed its propagation rises for temperature
between 228°C and high air hurdity. With temperatures over 30°C its propagations it suffers a drastic
downturn. This disease can occurs in the sports fields maintained with a low mow height that have a high
concentration of nitrogen in the soil and show case of waterloggiggré 1. R. solani rises throughout round

or irregular patches (2 cin2 m diameter), and grass affected by this disease presents a light brown coloration.
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Figure 3: On the left, Rhizoctonia solani affecting a fairway. On the righgdRani hyphae (Wikimedia Commons).

Control of R. solani can be performed with agronomic practices, through balanced fertilizations of nitrogen,
good | evels of phosphates and potassium in order t
in the topsoil and on the leavesspecially in the shadow areas and a correct managing of the thatch. The active
substances utilized for the chemical control are the Tolclofosmethyl, iprodione and the pyraclostrobin.

Some previously works showed an effectiveness of some microorganighgs dontrol of this pathology. For
expample R. solani inhibitions was showed with bacteria of the rhizosphereasuéh subtilisand B.
lentimorbus These bacteria resulted effective for the in vitro control of growth of R. solani isolate (Montealegre
etal., 2003)

Pythium blight

Pythium is a fungal pathology that rises in golf courses during summer and early d&igome 12) The
infection occurs between 2935 °C. All microterms and some macroterm (especially Cynodon sp.) are the
essences affectedy lthis pathology in the sport turfs. Badly ventilated sport field that have soil with a high
humidity are more subjected. At first stages the disease presents with circular spots that may va#¥ toom 2
about 15 cm diameter. The plants affected appeds; Beown, and greasy and may be covered by a mass of
white cottony mycelium. The insurgence of pythium can be reduced by a properly agronomical maintenance
such as balanced feitrigation, a reduction of the waterlogging, the removal of thatch in exaesincreasing

the air exposition. Some previously research demonstrated the effectivenesscofttmb in reduction of
pythium insurgence. Indeed as Loper (1988) showed the capacRgenfdmonas fluorescems reduce the

colonization and the premergnce caused by Pythium sp.
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Figure 4: Pythium disease at the Auburn hills golf club (Virginia)

2.2 MICROORGANISMS OF THE SOIL

The soil microorganisms play a central role in many edaphic processes and establish oaemgletons
between them, other organisms and pléfigure 13)

Although the study of the micro fauna in agriculture is a topic of great interest since many years, in the sport
fields it is finding interest in commercial and scientific area only récendeed the micréauna stants out as a
determinant for carrying out biotic soil interaction; which explains why the quality of the soil depends primarily
on its microbiological activity (De Luca, Picione, 2009). It also represent the most abundiantdsigionent in

soil and is estimated that in a gram of soil there are hundreds of millions of fungi and bacteria, of which only the
5% in know (Uphoff et al., 2006).

Bacteria and fungi have a key role principally in the rhizosphere where they are priméated to the
maintenance of soil functions. These microorganisms are in fact involved in many processes such as the
formation of soil structure, decomposition of organic matter, removal of toxic substances and recycling of the
elements. They are alsmvilved in the control of diseases by impoverishment of the soil due to high
management practices and changes in vegetation (Garbeva et al., 2004).

The main groups of organisms constituent rhizosphere are bacteria and archaea, fungi, actinomycetes and alga
Bacteria and archaea are most abundant (up to 109 W@ Forming Colony per gram of soil), actinomycetes

and fungi count respectively 14a®7 UFC/g soil, while algae count 105 UFC/g sBagland Clark,1996).
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Figure 13 On the left are represented bacteria on a root (www.indiana.edu). On the right , phungal
iphae in the soil (www.soils.usda.gov).

2.2.1 MICROORGANISMS IN SPORT TURF INDUSTRY

In the managemenf sports fieldsthe useof microorganismss still anot totally explored area of studyut of

growing worldwide interestNatural and undisturbed soil contains high miorganism population but USGA

based sand soil, the commonly utilized standard for the construction of golf turfgrass, do not allow a rich
popuation of microorganisms (Nunan, 2003). In order to obviate this deficiency managers and green keeper
utilize a variety of artificial method and commercial products as biostimulants and ammendands.

Several published works has confirmed the positive effgigen by microbial inoculation associated with turf
grasses, especially in golf industry where there is the concern that these kind of turf system are not sustainable,
due to intensive management (kind of soil, fumigation, pesticide,) that reduce sighfithe microbial
population.

Depending on the mode of action and effects, these products can be useteddizéos plant strengtheners,
phytostimulators and biopesticides (Berg, 2009). The principal positive aspects givenféitilziers are the
improved acquisition of nutrients andsitu hormonal stimulation.

Gol f coursesd putting greens need a management S i
pesticides, fertilizer and irrigation. Newly putting greens undergo a soil gireat that consist in fumigation

with methyl bromide before sowing. This application allows destructing weed seeds, parasitic nematodes and
common Bermuda grass (Cynoddactylor) but reduces tragically the microbial population (Elliot and Des
Jardin, 20@). Although, successive studies demonstrated how after fumigation the population of
microorganisms is able to rebound (Elliot et al. 2004)

A new concept of turfgrass is required not only to avoid chemical treatment abuses and all correlated

problematic, ot also to ensure an healthy turf surface more resistant to abiotic stress as drought and biotic as
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fungal pathologies to reduce the cost managementhhaihowadaysrea crucial stepn the management of

sports fields.

2.2.2 PLANT GROWTH PROMOTING RHY ZOBACTERIA (PGPR)

The term PRPG (Plant growth promoting rhyzobacteria) was coined in 1978 by Koepller and Schroth to indicate
a group of rhyzobacteria able to promote significantly the growth of plants. Podile and Kashore in 2007 defined
rhyzobacteria ableo colonize aggressively the rhizosphere of plants but only a part of th&%)(B also able

to promote the plant growth (Antoun and Koeppler, 2001).

Different kinds of bacteria belong to PGPR, in particular Bacillus and Pseudomonas genre are thimgmedo
(Podile and Kishore, 2007; Singh et al., 2011).

These microorganisms are able to promote directly the growth of plants establishing symbiotic associations with
the root system, and releasing growth regulators or plant hormones such as auxinsinsytgiiberellins,
ascorbic acid and ethylene (Arshad and Frankenberger, 1998).

PGPR exert their action on the main growth parameters, on the health and on the productivity of the plants in

general as a result of multiple mechanisms, closely dependéim species of rhyzobacteria involvg&inghet
al., 2011) PGPR main functions may be devided in six groups:

1 Phytohormone stimulations;

9 Solubilization of inorganic phosphates;

9 production of siderophores that chelate iron making it unavailable to path@jehset al., 1995)

1 Volatility of the compounds that affect the regulation signals;

1 Control of the harmful microorganisms;

1 Competition for space, nutrients and induction of systemic resistance against a broad spectrum of

pathogens.

2.2.3 EFFECTIVE MICR OORGANISMS

EM (Effective Microorganisms) is another microorgar
but not traceable to PGRP (Javaid, 2009). The effects of effective microorganisms have been shown for the first
time in the 60s by Bfessor Teruo Higa (University of the Ryukyus, Okinawa, Japan). Higa discovered the
capacity to grow in the same solution aerobic and facultative anaerobic microorganisms, without compromising
the mutual growth or induce degenerative processes. EMs ardoabhprove growing conditions of plants

(Gaggia et al., 2013) stimulating the photosynthetic process, producing bioactive substances such as
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phytohormone and vitamins (Desoky |.M. et al., 2001;). controlling soil disease and accelerating the

decompositia of lignin in soil (Javaid et al., 2008).

EM i growth promotion in plants

Many studies report the capacity of bacteria to produce phytohormone precursor or stimulate the production
through metabolic cragslk in the plant (Lee eat., 2004). Plant hormones are naturally synthesized by the
plants but the interaction with different kinds of soil bacteria stimulates the production that may take place also
directly in microorganisms as exudates. The phytohormone of which has bededdpe production upon
interaction with microorganisms are inddecetic acid (IAA) (Lee et al., 2004), ethylene (Pierik et al., 2006),
cytokinins and gibberellins. Some bacteria appertainifgaspirillumandPseudomonasp. showed the ability

to addify the growing medium and as consequence to solubilize mineral nutrient such as organic phosphate
otherwise inaccessible to the plant (De Werra et al., 2009).

EM 1 Beneficial effects

Effective microorgani smsdé effect may derive both f
their antagonistic activity against plant pathogen
derives from secondary metaites as antibiotics, antifungal, antiviral, insecticidal and imrrsuqgpressant

agents (Ryan et al., 2008). In addition, inoculated EMs may parasite bacterial pathogens through production of
extracellular cell waldegrading enxymes such as chitinasesBiigP-glucanaseRaajimakers et al., 20D9

EMs applied with a préreatment in creeping bentgrass plots, shown a 4% inhibition effect of the occurrence of
the dollar spot (Kremer, 1999). Other turfgrass disttinbs may result fronfungal, bacterial, angliral attack

has been demonstrated as can be reduced through inoculation with bacterial / fungal entophytes (Sturz et al.,
1996; Kerry et al., 2000; Berg et al., 2006).

EM 1 Main microbial groups

Effective microorganisms include more than 80 microtspkcies but the main microbial groups are
photosynthetic bacteria (Rhodopseudomonas and Rhodobacter spp.), lactobacilli (Lactobacilllus spp. and
Streptococcus spp.) yeast (Saccharomyces spp.) and actimoycetes (Streptomyces spp.).
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Photosynthetic bactera
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Figure1l4 Two photosynthetic bac tReoddpseudoneohas palgstris, Bhodobactésp2).6 gr oup :

The photosynthetic bacteri@lso known aphototrophicbacterid utilize solar energyo metabolizehe organic

and inorganic substancegFigure 14) This phototrophicpotentialis useful particularly in the environmental
field, because they arable toeffectively decomposehe organic materialsPhotosynthetic bacteria incudes
microorganisms belonging to different phyla congéita very diversified group: some of these proteobacteria
belonging to the class afproteobacteriaDue to the heterogeneity withproteobacteriathese arelivided into

5 classesalpha(U) , (bet a g@ hma (@ gahdepsilon (U) . Wi t Ipiotacbaetdrigp bebong
phototrophidbacteria capableo fix atmospheric nitrogeim symbiosis with plants.

In addition thephototrophichacteriaare involved in varioumetabolic system&ndplay an important role the

nitrogen cycleandthe carbortycle, allowing a coexistence with otharsgcroorganisms.

Lactic acid bacteria

Lactobacilli (Figure 15)are a large and heterogeneous group of microorganisms that are characterized by their
fermentative metabolism: lactobacilli by the fermentation of the carbohydrates produce lacfidussidin et

al., 2002) Lactic acid bacteria are heterotrophic andnaioeganotrophic microorganisms adapted to live in
complex substrates, and require important growth factors such as amino acids, nucreotides and vitamins and

carbohydrates as source of energy.
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Lactic acid bacteriamprove mineral availability for plants in the rhizosphere through the production of enzymes
and organic acids (Lopez et al., 2001; Kinjio and Higa 1991) and comraliffusion of different pathogens by

the productions of several compounds. Indeed some in vitro studies showed inhibition effects against pathogenic
fungi (Wang et al., 2011; Wang et al., 2012). Their effectiveness in improving the stability of sitaghevi
production of metabolites that inhibited moulds and fungi propagation has been documented for different species
of Lactobacillus, including some sp. identified in this study such.alsuchnerj L. parafarraginisand L.
diolivorans Moreover wasverified their ability to promote the decomposition of the organic substance
promoting the fermentation and the decomposition of recalcitrant compounds such as lignin and cellulose,
thereby limiting undesirable effects related to the presence in thefamildecomposed materiaGéo et al.,

2008; Valerio et al., 2008).

Yeasts

Yeasts (Figure 16) are eukaryotic microorganismsunicellular,
belonging to the group of the Fungi. Yeasts are devoid of myc«
apparatus, although some species can form a psaydelium that
makes them look like micrmolds. Yeastareknownas promotersf
fermentation processemd producemany biologically active agents
such as amino acidmd polysaccharides. Many studies conducted
the effects of yeasts on plant have shamereasein the growth of
vegetatiorand roots, resistande drought,in containingthe spreaaf
fungal diseasesuch asSclerotiniahomeocarpgandin reducing Stressrigyre 16: Sacharomyces cerevisiaells

caused by the strongaintenance of lawnistensive(Kremeret al., under DIC microscopy (Wikimedia
Commons)
2000)
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Regarding thehizospherethe mainspecies studied for their effectiveness Sporobolomycesmseus(Perondi

et al, 1996) Rhodotorulaspp (Abd El - Hafezand Shehata2001) valid Candidg Rhodotorulaglutinis and
Trichosporonasahii (El - Tarabily, 2004). Thesestudies havat t est ed yeast pléntgeotwth | i t y
andfor this reason they wemefinedgrowth plant - promotingyeasts PGPY. The studies oAbo-Elyousrand
Mohamed(2009 demonstratethe possibility of usinghe speciesSaccharomyceserevisiag Candidasakeand
Pichiamembranifacienor the biological controhgentof Fusarium in maize

2.2.4ANATURAL AMMENDANDS FOR SPORT FIELDS

In the last decades the sport turf industry introduced a wide range of natural treatments which, over the years,
have gained a considerable importance especially in the high quality sport field such as golf couddémrin a
to the PGPR, in most evaluable turfgrass products could be content substances such as humic compounds,

mycorrhizae, and sea weed extract which are described below.

Humic acids

Humic acids are natural acidic polymers component of humic substanice soil humugFigure 17) Humic
substances can be divided in humin, fulvic acid, and humic acid in function of the degree of solubility depending
by the pH (Stevenson, 1994). Humic acid consist of a hydrophobic framework of aromatic rings linked by
flexible carbon chains, with alchol, amide, amine, carboxylic, carbonyl phenol and quinone functional groups
(Davies and Ghabbour, 1998).

HOOC

Figure 175: Example of a typical humic acid, having a variety of components including quimtenol, catechol and
sugar moieties (Stevenson, 1994)
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Organic structure of humic acid is naturally oxidized giving it a negative ch&igare 18) Positive ions

(cations), attracted to broken bonds at the site of the oxidation, create siaisrfmrutrients and microflora.

The actions relatively at the cations allow to the plant to absorb more nutrients holds by HA, improving the

transference
nutient s woul d

charge. It i

S

of t hese
be

hypot hes

mai nt a

absorbed
i ned wunti
i zed that

el

ements at the pla
the rootds negat.i
the mechanism of t|

the micronutrients carried (Humic &s) to move into close proximity of the root system, while the capacity of

the plants to absorb water will complete the final gap.

N

H.O <
™~ "
K \

Caf HO-
hum.c-
acid

numic
acid

Ho (Fe)

-
humic ,—.
acid (P )" H,O
. -

humic .
acid (P /

Fe)

e

plant
root

\
K 3
MO
= -
humic
acid (&8

F e"“

H,0 er/

N humie

acid (P,

Figure 18 scheme of the action of humic acidsto bringmicrat r i ent s t

(0]

pl antdés ro

In order to study the effects bumic acids, several studies have been carried out on crop species. In the last

decade a fervent interest grew around a possible application in the sport turf sector. Studies conducted in

controlled environment have given excellent result regarding feetgef humic acids, such as the increasing of

the root biomass and length (Zhang et al., 2003; Liu, 1998; Cooper, 1998). Studies conducted in growth chamber

on Agrostis stolonifera L., showed positive effects on the photosynthesis rate in plantsvirtatadnic acid

(Liu, 1998; Zhang, 2004)In contrastwith thesegood responsesexperiments conducteih the open field

condition have not yettonfirmedthe same positive effects (Kaminski, 2004). Humic acids present in many

commercial turf products clasnto improve turfgrass performance under environmental stress when used in

conjunction with a standard fertilization program (Sachs, 1996).

The reasons for results tHaave been previously obtaingdcontrolled environment trialsompared at the field

condition experiments could katributeto a multitude of causekirst of allfield trials are not enoughlccurate

to show small effeaetermined by single componeahie to theheterogeneity of the field condition addiction

commercial productdasedon humic acidsmay containother substanceshich could compromise the result

both in grow chamber and in field trial.
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Mycorrhizae

Mycorrhizal fungi are obligate biotrophs soil organisms that develop a symbiotic association with root systems
called mycorhiza (Figure 19) a mutualistic relationship that establishes a network which allows plant to utilize
mineral nutrients from the soil that the root system would not be able to access otherwise (Marschner et al.,
1994).

Mycorrhizal fungi are represented bywo principal groups: ectomycorrhizal and endomycorrizal.
Ectomycorrhizae mainly colonize woody Angiosperms and Gymnosperms, in which Basiodimycetes
Ascomycetes and Zygomycetes develop intercellular hyphae from a mycelian sheath covering the surface of
short lateral roots. Endomycorrhizas colonize plant with an intraradical growth and an intracellular proliferation
which are formed by Basidiomycetes in the Orchidaceae, Ascomycetes in the Ericales and Zygomycetes
(arbuscular mycorrhiza) in most other tetria$ plant taxa (Brundrett, 199Harley and Smith, 1983The most
important group of endomycorrhiza is represented by Arbuscular mycorrhizal fungiy@dgvor AMF), that is
compatible with more than 80% of extant plant families.-AMgi are fundamentdor many ecological aspects

as the capacity to transfer nutrients from plants exchanging with photosynthetically fixed carbon. The
abundantly nutriments uptake and supply resulting from the mutualistic association between mycorrhiza and
plants has beenidely documented for many ions as P, J{HK, Ca, S@”, Cu and Zn (Johansen et at., 1992;
Tobar et al., 1994). Some studies demonstrated that arbuscular mycorrhizal fungi, associated with host plants in
agricultural or natural soil in different climatendition, increase the capacity to uptake amino acid (Nasholm et

al., 1998; Hawkins H.J., et al. 2000) and transfer complex organic nitrogen, otherwise unavailable for uptake by

the majority of plants (Swift et al., 1979).

Figure 69: Arbuscular mycorrhiza seen under microscope. MS Turnel, Unversity of Manitoba, Plant Science Department.
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In addition has been reported an improved photosynthesis and an higher plant growth, probably as consequence

of an enhanced phytormone cytokievel Oriige and Schonbeck1993). Some beneficial bioprotective roles

against adversenvironmental condition were evaluated as an increasedaresasby heavy metal pollutargad

a certain number of common soilborne pathogens (Benthlenfalvay and Linderman, 1992; Fernando W.G.D and
Linderman R.G. 1996).

The results of studies on the apgplion of mycorrhizaein sport turf have shown a marked effect on the
limitations of the growth of weeds such as Poa annua ( Ganges A. , L. Whitfield , 2004) , and in a larger area for
the exchange of nutrients for both symbiotic organisms (Amaranthue(M) 2

Sea weed extract

Seaweed Ascophyllum nodosurdol.) extracts (SWE) is novel variety of organic material that is utilized in
various products that promise protecting turfgrass against oxidative stresses. SWE derivescphyllum
nodosuma comma brown algae belonging to the Fucaceae family, which can be found in the northern Atlantic
Ocean.

The first researches on the effects of SWE are dating back to the early 90s, when Schmidt and his collaborators
studied the effects that A. nodosum has af growth rate and senescence, nutrient uptake, root mass and
photochemical activity (Goatley and Schimidt, 1990; Zhang 1997).

SWE contains different compounds such as amino acids and micronutrients (Fike et al., 2001). In addition was
reported that SWEds a hormonal activity equivalent to 50 mg/L kinetin. Furthermore, Crouch and Van Staden
(1993) utilizing GGMS techniques have quantified auxin and cytokinins in SWE. Also some betaine forms were
found in SWE by Blunden et al (1986).

Nowadays SWE are witleused in various biostimulant product formulations. This compound has been reported

to contain phytohormones and osmoprotectants such as cytokiminss,gpolyamines and betaindis addition,

some researches shown that SWEs have the capacity to arthmyesistance to environmental stresses such as
drought (Zhang, 1997) and salinity (Nabati et al., 1994). Successive researches have demonstrated that the
capacity to resist at the environmental factors could be attributed at an increasing of-tixédanti contents

(Zhang and Schmidt, 1997; Zhang and Schmidt 1999).
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2.3 ENVIRONMENTAL IMPACT OF A GOLF COURSE

A well designed golf course, that respects the principles of environmental sustainability, has a potentially

significant role in environmentaéconstruction/protection and become an integral part of the land use planning.

For thesereasons, the European Golf Association in 1994, has instituted a label unit, the European Golf

Association- Ecology, aims to bring at the public understanding tie that golf can play in the environmental
preservation.

There are severégislations that regulathe construction anchanagement of golf course. In the case that the
golf course was built on a industrial or agricultural land there was a changediméstination us®therwise
urban zones such as green areas for sport and recreational activity include the posdibildyatgolf course.
Furthermore regulationsfor environmental protectionin a territory on may include otherconstraints as
environmental forestry, hydro-geologicalandfaunal limitations.

Green keepers, stakeholders and athletes have the intenesktand playgolf in a healthyandself-sustaining

as possible ared significant amount of research has been done to quantify the potential leaching-afffun

nutrients and pesticides from golf courses (Kenna and Snow, 2000). Innovations in the last years regard

reduction of water consumption with more efficieratyronomical practices and drought resistant grass varieties,

utilization of new generation fertilizer, fuel consumption and noise implicated with machineries utilization that

may interfere with the wildlife, and less use of plant protection products légtmtroduction of Integrated Pest
Management.

These practices are all related with an undirected well maintenance of the territory and a good relationship with

local community. The benefits that a golf course leads to the environment can be summéoiradsas

1 Conservation of biodiversity. Maintenance of native flora and fauna thanks to the ban on hunting and
habitat conservation within the property of the golf club may have the function of " protected area”,
defending the species from the pressuredmactivities HammondandHudson 2007; Beard, 1994);

1 Preservation of the environment andcultural heritage. Within the golf courses, especially in the

oldest, can be preserved pieces of agrasystems, monuments and historical artifacts.

1 Environmental education Managers and green keepers have as their objective to hold high the

standard oknowledge of correct principles of environmental management and the willingness to apply

them in this way can become a new kind of professionals for the environmentally sound management of

the populated areas.

1 Decrease of the damage threshold in the noisEhe grass is able to absorb and refract the sound waves

by reducing the noise of Z80% (Rasmussen, 1981). This characteristic could bring range benefits to

human health in case of recreational area or golf courses close to large city or very busy streets
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91 Daily temperature mitigation. Turf is able to reduce thermal peaks thanks to the absorption of heat
during the day and a slow release of the heat, previously absorbed, during the night (Beard, 1994). It has
been studied that a grassy moderates aboutaf@®at from solar radiation, there was a differential of
10-15 °C between the surface of the golf course and a sidewalk.

1 Absorption of air pollutants and reduction of atmospheric dust Turf surface and trees are able to
absorb pollutants such as nitrogexide, sulfur dioxide and carbon monoxide, ozone and particulate
matter, produced by the gaseous emissions in residential or manufaene@sg(Nowak et al., 2004).

Turfs are also able to capture the atmospheric dust that settles on the plate as timmdemda
precipitation.

1 Production of oxygen Through the process of photosynthesis, trees and grass essences present in the
golf course release into the atmosphere a considerable amount of oxygfeof. tinfnsurface produces
about 5.4 kg of oxygen per day. In addition the production of oxygen relative to a tree, is around 0.31 kg
of oxygen per day.

9 Erosion control. Recently the soil erosion is a common occurrence in hilly and mountain areas, and it is
amplified by the increasing of heavy rainfall. An area such as a golf course that has a high density
vegetation cover, offer a greater degree of protection respect to the erosion.

1 Environmental regeneration. A golf course represent an environmental reatadun if built in an area
previously occupied by industriésr exemple the Modena Golf & Country Club.

Environmental concerns regarding the use of land for golf courses have grown over the past decades. The issues
include the amount of water needed foigation, use of pesticides and chemical fertilizers for maintenance, as

well as the dismantling of wetlands and other important areas of environmental protection during the
construction of the golf club. Following are summarized some environmental adwpaets derived by the

presence of a golf course:

1 Impact on water resources Water consumption is the most significant environmental impact in the
management of a golf course. Nowadays this is a topic of great interest especially for the water
emergency lmost all regions of the world. The United Nations estimates that, worldwide, golf courses
consume about 9.5 billion liters of water per day. On the basis of estimates compiled by the European
Golf Association, the average water consumption for &dl8 urse, is about 1,568,000 cubic
meters of water per day; this corresponds at the consumption of a 8,000 people village or at the water
needed for the production of 2 tons of wheat.

i D u rdrongyt period and in the cases of scarcity of resources waftenjst be ensured, after human
consumption, the priority of the agricultural use" (art.28 Italian national Law n° 36 of 5 January 1994).

A recreational use contradicts the principle of sustainable use of natural resources advocated by Agenda
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21 (Rio DeJaneiro in 1992), is even less tolerated by the community. To minimize this inconvenience
many golf courses are irrigated with rpatable water and rainwater collected in reservoirs constructed
on the site.

Impact on soil andgroundwater: The negative imgactthat a golf course ham soil andgroundwater

can be attributed at the fact thiie turf has to guarantee impeccalaendition of uniformity and
smoothnesgspeciallyin the areas affreensandtees In order to obtain this quality, the green surface
treated withchemicals such dsingicides, pesticideand herbicideswith quantity and frequendyigher

than those useith a normalagricultural cultivationThe Journabf PesticideqReformestimats that in

theUnited Statesn astandardyolf coursewill employ750poundsper year.
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Influence of microorganisms and bieregulators on aLolium perenneL. essence

grown in a controlled environmental system

3.1 SECTION OBJECTIVES

The main purpose of the first experiment was to study the effects that, various growth promoter utilized in
different agronomical contexts, have on perennial ryegtadsin perennd..). During this experiment different
products were chosen among the comna¢smlutions, including the original mixture of effective bacteria-EM

RO®. These products were tested with a hydroponic system inside a growth chamber where light, temperature
and photoperiod were controlled, utilizing a growth medium composed by arspatigof sand, pumice and
vermiculite 8:1:1.

The effects that the microbial mixes induced on the ryegrass plants were studied considering different
physiological and morphological parameters. Furthermore microbiological analysis where conducted s order t

evaluate endophytic colonization of roots by EMEM-RO®) bacterial mix.
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3.2MATERIALS AND METHODS

3.2.1 SEED AND PLANT GROWTH CONDITION

The plant used in this preliminary study was Perennial ryegtadaih perennel.) provided by Fratelli
Ingegnoli (Milan, Italy).Lolium perennes a pilot specie commonly utilized for the preliminary cases of growth
chamber studies (Schweinsbéviickan and Mduller, 2009; Ervin2007). Inside the growth chamber was
assembled a close hydroponicteys composed by four separate lines of irrigafeigure 20) Each irrigation

line was assembled with a 40 L water tank, a submersible electro pump (TO® 2o flow solution up to drip
irrigation stick placed in each pot. The water regime was coatrddy a timer that supplies irrigation solution

for 5 minutes twice per hour at 0,1 L/min per pot.

Pots utilized for the sowing were 10 cm diameter and 12 cm height. Pots were partially closed on the bottom
with a plastic filter 1 mnthick, and then filledwvith 2 cm pumice layer and 12cm of sand, and la&thcm of
vermiculite (Figure 21) The growing medium was sterilized in autoclave before the preparation of the pots.
Lolium seeds were sowed with a density of 0,7 g/pot (50 Kg/ha) and @adegth of 1 cm.

Table 3: Ingredients of Hoagland solutions.

Hoagland components g/L of solution
2M KNO3 202g/L
2M Ca(NQ), x 4H,0 2369/0.5L
Ferro chelato 15g/L
2M MgSQ, x 7H,0O 493¢g/L
1M NH,NO;, 80g/L
HsBO; 2.86g/L
MnCl, x 4H,0 1.81g/L
ZnSQ, x 7H,O 0.22g/L
CusQ 0.051g/L
HsMoO, x H,O 0.09¢/L
1M KH,PO, 136g/L

Trays and water tank are wrapped with aluminum in orde
prevent the entry of light.

To prevent arising and propagation of algae that may inadvertently be found irwvstendank and potsll
areas exposed to light of hydroponic circles, were wrapped with aluminum. This precaution has prevented the
application of growth inhibitors for ghe that could interfere with the microbial metabolism in the hydroponic

solution.
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The nutrient solution was prepared according to Hoagland and Anetimo@Hoagland,1950) and diluted 1:1

(v/v) with distilled water(Table 3) To prevent an ionic accumulati in this close hydroponic solution,
especially on the bottom of the tank, electro conductivity was checked every week.

Plant water / nutrients uptake was weekly compensated with fresh nutrient solution refilled directly in the tanks.
Growth chamber sétigs were set up 24°C and 70% relative humidity (RH) during the day, and 20°C and 50%
RH in night conditions. Light was supplementeith an artificial illumination at 550umol photons iis™.
Photoperiodwas set al6 hous of light and 8 hour of dark calition in accord with Dudeck (1986)

During the experiment, plants were mow 4 cm above the soil level once a week, for 60 days. The experiment
plan was a completely randomized design, consisting of eight pots for each treatment placed in a random

positionon a shelf in the growth chamber.

Figure 21: Perennial ryegrasgdays after the germination

44



3.2.2 TREATMENTS

Different commercial products, composed by microorganisms, phytogsmhationand nutrients were tested in

this preliminary studyTable 4)

Table 4: Table with the different treatments

N° THESIS TREATMENT PRODUCER
1° Control (Only Water) + Hoagland -
2° Embi o Bacteriabs [/ Gr Embio
3° Embio Filtered Bacter.i Embio
4° Agrisystem Phytormones Hoagland FastSpeed Top, Agrisystem
7° EM-1 (1:500) F/NF EM-RO
8° EM-1 (1:500) + Hoagland (F/NF) EM-RO

Green Gold (EMbio, Brunico, Bolzanpltaly) is a base microbial commercial solution marked to integrate in

different contexts, including a lack of effective microorganis ™

in the soil.

Agri systembds phyYHRMrtreaomerd) (Fast |
Speed Top, Agrisytem, Lamezia Terme, Italy) isosnmercial
product containing gibberellic acid (GA3) (1.65 g/l) a
naphthalene acetic acid (NAA) (3.30 gMBefore use, the stoc

solutionwas diluted 1:2000 (v/iin distilled water.

EM-1 (EM-RO®, Okinawa, Japan) is a commercial prod
containing man effective microorganisms in particular lacti
acid bacteria, yeast and phototrophic bacteria.

Before using the microbial products (Green Gold and BMn
activation step was requirexhd it consisted in the addition o
5% (v/v) microbial productsand %6 (v/v) molasses in water
Activation was carried out inside a plastic container wit
specific resistance thamaintaine a fixed temperature 85° +
1°C for five dayqFigure 22) Figure 22: EM-1 activation.
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Pre-Sowing treatments All treatments, including the control, were tested vatid withouta presowing
imbibition of the seedpriming). For each thesisribibition was performed dipping seedstieatmentsolution

at the same concentratiarsedfor the following 5 weeks experimenPriming condition was set at 20°C, an
optimum temperature for Lolium sp. (Copeland, 1978) and in a in dark condition for 6 hours. After hydration,
seedsvere washed with distilled water to remove the solution from the surface and then dried in [RR4h at

for 6 hours (T.K Danneberg et al. 1993gdswith and withouta presowing imbibitionwere sowedin pots

simultaneously

Filtered and Not-Fitlered treatments
In order to study the effect of microbial solusowithout microbial metabolites, eaahicrobial treatments
(Green Gold and EM) were filtered through a 0.20 um nylon filter (Millipor&ltered solutions were diluted

at the same concentration of not filtered treatmeh&00 v/v)in distilled water.

3.2.3 DETERMINATIONS DURING THE EXPE RIMENT

The first mowing was done 10 days after germination, when all plants reached a height of 8 cm. For the whole
experiment duration, plants were mowed weekly at 4 cm height.

Before the weekly mowing, the parametric analyzes focused on the shodits lisigam and leaves together),
colors of the leaves (RGB and HIS scale), tear resistance, electro conductivity and pH of the water solution
inside the tanks. After the weekly mowing, leaves were collected to measure the fresh and dry weight. Other

paraméer as total shoot length, total shoot fresh and dry weight were determined as sum of all measurements.

Leaves growth and biomass

The analysis of leaves growth in height was conducted
before the weekly mowing. A picture for each pot wege
taken with a Canon Reflex EOS 350D placed on a trip,gd_8
with an adjustable height in horizontal position relative o
the plane of the leaves. With &mage analysis process IR

(Figure 23), the heights of the leaves weteterminedn

10 points transversally along the diameter of the pot. The

height of leaves for each pot was measured as average of

the 10 transversally points. After the mowing, clippzd Sampling points
leaves were collected in paper bags to be weighed Figure 23:Lolium perennavithin ligh-box.
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laboratory. Fresh weight was measured immediately after the mowing, instead dry weight was determined

Tear resistance

Before each weekly mowing, tear shoot resistance was tested utilizing a mechanealooheter (PCE
Instrument, Lucca, Italy). The method used consists in measuring the force required to tearing out of the aerial
apparatus. The clamp placed at the base of the dynamometer, composed by small not sharp teeth, was attached t
the base of theteam of the ryegrass plant. A red marker, placed inside the dynamometer, pointed out the
maximum force utilized at the moment of the tear out of the stem from the soil.16 repetition were sampled for
each plot.

Image analysis

Figure 24: Perennial ryegrass within the lighbx during the color evaluation process.

The image analysis was carried out considering both the RGB color. 3p&cpictures necessary to the color
analysis were taken previously at each mow. Pictures were takeriihdgraAlity by a Canon Reflex EOS 350D

and then elaborated with APS ASSESS 2.0 image software. The iris opening and the exposure of the camera
were set respectively to /6,3 and 1/100 seconds.

Plants were placed inside a lightx, assembled specifically rfahis experiment, in order to take pictures in
homogeneous lighting conditions throughout all the duration of the trial.-bmhtwas equipped with a red
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background (mean values®0, G105, B115) to maximize the contrast with the green ofldeves Figure

24). Two different groups of coakhite LED provided lighting inside the lightbox: the front LEDing
provided to a frontal lighting and the lateral illumination deleted the shadows from the background to
homogenizehe image.

3.2.4FINAL DETERMINATIONS

Root growth and biomass

60 days aftesowing, plants were removed from pots and with a camera Canon EOS 350D were taken pictures
from each plant within the lightbox.

After this picture sampling, 50 grams of soil, cointaining rhizosphereaotd from each pot, were collected for

future analysis of microbial flora. After that, roots were washed lightly in a tray with distilled water. Washed
plants were extended on a flat surface and then measured in length.

Leaves and washed roots were sejgarautting the Lolium at the base of the stem. Roots and leaves were dried
completely utilizing an absorbent paper and then measured the fresh weights were determined. After 5 days at
50°C in a hoven respective dry weight were measured.

Mycorrhizal analysis

Mycorrhizal presence within root tissues was analyzed from 2 gra
roots for each sample. According with techniques utilized by Brundre\m
al. (1984), roots of Lolium were washed lightly but accurately in distil
water and then transferred in a g@o 10% (w/v) KOH in a 50 ml in an
autoclaveresistant jar for tissues discoloration. Roots were comple
submerged by KOH solution to remove cell contents and cell \
pigments, a widely used protocol for viewing internal features in pl
tissues (Galner, 1988). Different root thickness may affect the succ
of this discoloration process but in order use a standardized methq
was always utilized one hour heating at 90°C in a hoven. Samples \
removed from the hoven and lightly washed agait wiionized Water.'\%'
Roots were moved in a staining solution of 0.03% (w/v) CBE (Chlore A

7o)

Black E, SigmaAldrich) in lactoglycerol (1:1:1: lactic acid, glycerol anf . .
Figure 25: MEIJI microscope utilizec

water) and soaked within an autoclaesistant jars. Samples werfor the acquisition of the mycorrhiza

48



stained 1 hour at 90° i€BE. Roots were washed lightly and abundantly with deionized water in order to
remove all the CBE solution from the surface of the root tissues. Before to observe VA mycorrhizal
colonization, roots were plunged in a 50% glycerol solution and were ran@dorahyged in a petri plastic dish
(90mm diameter, Sterlf) marked on the bottom with a grid line (split 1cm squarest) that act as a device for the
observation of the mycorrhizal hyphae inside the roots (Giovannetti & Mosse 1980; Brundret et al., 1996).
Sanples were observed with microscope in dark field phase contrast (MEIJI, Japan) with a 400¥-znoen

25). Images were successively elaborated with the software ImageJ 1.31 (open souvaditdéayan order to
increase the image contrast and improwedhalyzing of the samples. The presence of fungal hyphae within the
root tissues was expressed as the percentage of squares with hyphae / total square of the petri plastic dish.

3.2.5 MICROBIAL ANALYSIS

Microbial analysis of the EM-1® mix

Microbial quantification

The original mix of bacteria known as effective microorganisms,—l@l\/hvas used to determine the bacteria
concentration before and after the activation step
activated) were suspendad 90 mL of sterile water. Throughout successive dilutions, and after incubation, the
number of colony forming units/ml (cfu/ml) dfactobacilli, aerobic mesophilic bacteria and yeasts were
counted. This analysis was replicated three times to have a more accurate response. Specific growth medium
were used for each genera of bacteria. Lactobacilli were inoculated in de Man, RogokarpedB®oth (MRS,

Merck, Darmstadt, Germany) containing 0.2% (w/v) sorbic acid (Sigidaich, Milan, ltaly) and 0.1% (w/v)
cycloheximide (SigmigAldrich) to inhibit growth of yeasts, and incubated anaerobically foBZlays at 30°C.

Aerobic mesophilic beteria were inoculated in Nutrient Agar (NA, Merck) containing 0.1% (w/v)
cycloheximide and incubated for 3 days at 30°C. Yeasts were enumerated by inoculation on Sabouraud Dextrose
Agar (SDA, Merck) containing 0.1% (w/v) chloramphenicol (SigrAdédrich) after 3/ 5 day incubation at 25°C.

20-30 colonies from each growing medium were selected, purified and steBff@tfor successive phenotypic
identification.
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Phenotypic identification

The colonies of microorganisms were examined by the stereomiceostopder to identify the morphological
characteristics and then group them by different isolates. These isolates were characterized phenotypically by

Gram stainds test, catal ase test, oxida®sTesI).test and

API® Test

The performance of carbohydrate metabolism was tested with APl 50 CH kit (Biomérieux) for Lactobacillus
identification in 48 hours. APl 208UX kit was used for yeast identification after-48 hour growth of cells in
Sabouraud Dextrose Bio(SDB, Merck).

PCRT genre identification

The isolates of EM solution were analyzed for genotypic characterization, after a previous extraction of genomic
DNA. The extraction was performed utilizing a commercial kit, the Wfz&dnomic DNA Purificatin Kit

(Promega, Madison, USA), which allows the extraction from a pure culture. The bacterial solution were initially
grown overnight. Subsequently the bacterial cells were extracted from 2 mL of culture by centrifugation at 6000
rpm for 10 minutes, andibjected to a prreatment to promote cell lysis by the additionof 8200 o f | ys o zy
(20 mg/ mL) and 5 eL of mut anolisina (50 U/ eL). T
transferred to 1,5 mL eppendorf and incubated for two ho8%°& + 1° C. Then samples were centrifuged 2
minutes at 18000 rpm and the supernatant was removed.

The bacterial cells were resuspended in®&@0 of Nucl e Lysis Solutiah, then
°C for 5 minutes and cool down to room fgrar at ur e. Successively, 3 ¢l of
were agitated and then incubated at 37 ° C £ 1 ° C for 40 minutes and then the samples were cool down to room
temperatur e. Subsequently 200 ¢l o f les Wwer@inhcebiated ofPicee c i p
for 5 minutes, and then centrifuged for 4 minutes at 18000 rpm to recover the supernatant containing the
extracted DNA. To carried out the precipitation of DNA, the supernatant was transferred into new eppendorf, in
whichwasprevousl y di spensed 600 ¢l of isopropanol and s
18000 rpm and removal of the supernatant was recovered DNA. Then proceed to the washing with the addition
of 600 ¢l of 70% et han dihal peetipitatian dyrcentriiigatore 2 minutes at 1800@ n d
rom. The supernatant was removed and DNA was dried overnight in a sterile hood. Subsequently DNA was
suspended in 100 ¢l of DNA Rehydratat i on akBsplagetati on ¢
-20 °C.
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The quantification and the purity of DNA were determined with a TECAN Infinite 200, at the laboratories of
Agricultural Chemisty of DiISTA. An acceptable purity level of DNA was i1.8.0. Genusspecific PCR was
performed according t@/alter et al. (2001) to confirm the affiliation to the genus Lactobacillus.

Molecular biologybased grouping of lactobacilli and aerobic isolates was performed by-E®RC The
amplification reaction was performed utilizing the primers ERI@nterobacterial repetitive intergenic
consensusand ERHI (Ventura and Zink, 2002):

T ERI C TIATG T GCT CCT GGG GATTCAQ 3 6
T ERI C NTAAGTAAG TGACTGGGGTGAGCA 36

The amplification was performed in a 20 pL solution composed by 2 pL [p¥éviously diluted at 12ng/pL
concentration) and Master Mix composed by 10 pL Hot Start Taq Plus Master Mix, 1,5 pk, Mg@L ERIG

I, 1 uL ERICII, 4,6 pL H,O and 2 uL DNA. The samples were separated by electrophoresis with a 2% wi/v of
agarose gel a0 V for a durate of 4 hour@-igure 26) Samples were stained with ethidium bromide and
visualized with visualized with the gel documentation system Gel DocTM XRRBd Hercules, CA, USA).

Figure 26: samples stained with ethidium bromide within &ékectrophoresis chamber

An Image Lab software (Bi®ad) was used to elaborate the images taken from the extraction and a binary
matrix has been constructed. In order to obtain the phylogenetic trees, based on 4jeigihigomethod
(Tamura et al., 2011)yyas utilized softer Mega 5.1.
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Microbial analysis of the samples of roots and soil

DNA extraction

At the end of the experiment the bacterial DNA for POBGE analysis, was extracted from the growing
medium (sand), from the roots and from the activ&®dl. For the DNA extraction from the soil and roots was
utilized the PowerSoil DNA Isolation KitMO BIO Laboratories, Carlsbad, CA, URA

After being surface sterilized with consecutive washes in ethanol 70%, deionized water, NaOCI (2%) and
deionized wadr for three times (Hardoin et al., 2011), root samples were frozen in liquid nitrogen and then
minutely grinded in a mortar.

0,250 grams of growing medium and 0,100 grams of roots were utilized for the extraction of metagenomic DNA,
followingthemanuf act urer és protocol with some adjustment s
lysozyme (50mg/mL) were added to the growing medium and roots powder samples. Subsequently the samples
were incubated at 37 £ 1°C on a rotary shaker for 120 miiefese before chemical (SB®ntaining solution)

and mechanical (bead beating on vortex at maximum speed for 10 min) cell lysis

The elution of DNA wagerformed in 100 pl of TE buffer pH 8.0 and, accordinglacumin et al. (2009).
bacteriaDNA was obtained from the activated product (lacumin., 2009). In order to determine the concentration
of the extracted DNA, the ratio of the absorbace at 260 and 280 nm (nfinitel 200 PRO NanoQuant) was

measured.

Characterization of bacterial communitiesby PCR-DGGE

The PCR- DGGE analysis was carried out on all the samples of soil and roots. A negative control to confirm the
absence of contaminati@mplifying 16S (rDNA) was used. The forward primer G857 and the revers primer
907 R universal primer357f (Sass et al., 2001) was used:

1 GC-357clamp 50CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCCCTACGGGAGGCAGRAG

1 907 R50-CCGTCAATTCCTTTGAGTTT30

A further PCRDGGE targeting LAB (Lactic Acid Bacteria) was performed on metagenomic DNA extracted
roots, activeed EM and lactobacilli isolates, following a specific protocol (Walter et al., 2001) and using
primers:

1 Laclf 56AGCAGTAGGGAATCTTCCA30)

1 Lac2r with GC clamp 50CGCCCGGGGCGCGCCCCGGGCGGCCCGGGGGCACCHRIG

Using these primers a PCR fragment of about 600 dddbp respectively were obtained; these two primers

were appropriate for a following DGGE analysis.
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Figure 27: The DCode system for DGGE analysis (BRAD).

All the analysis in PCEDGGE were carried out in 50 pyl volume containing 1.5 U AmpliTag GoNA
polymerase (Applied Biosystem), 5 ul of 10xPCR Gold Buffer (Applied Biosystem), 200 uM of each
deoxynucleotide triphosphate (Fermentas GmbH, St. {Rmin Germany), 1.50 mM Mgg&l(Fermentas), 0.45

UM of each primer (MWG), 2.5% (w/v) bovine serum albanfFermentas), 4 ul DNA templateand sterile
MilliQ water.

The PCR with universal primers was performed under the following theyelmg program: 5 min initial
denaturation at 95°C; 35 cycles of 95°C for 30 s, 55°C for 60 s, 72°C for 40 , and byedingation step of

72°C for 7 min. In according to Walter et al. (2001), the PCR with the primers Laclf and@@ddtlowed the
manufacturerds instructions. 2 mL of samples were
product by 1,5% agase gel (w/v) electrophoresis and ethidium bromide staining.

The DGGE analysis was basically performed as first described by Muyzer et al. (1993), using a DCode System
apparatus (BidRad). Polyacrylamide gels [7% (w/v) acrylamide:bisacrylamide (37.5:brRRd)] in 1 x Tris
AcetateEDTA (TAE) buffer were prepared using a BRad Gradient Delivery System (Model 475, Bad),

using solutions containing B55% denaturant [100% denaturant corresponds to 7 M urea (S\pnah) and

40% (v/v) formamide (SigmigAldrich)]. The electrophoresis was run at 55 V for 16 hours at 60°C. Gels were
stained in a solution of 1x SYBRBreen (SigmgAldrich) in 1x TAE for 20 min and their images captured in UV
transillumination with Gel DocTM XR apparatus (BRad).
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Selected domant bands were cut from the gel with a sterile scalpel and DNA was eluted by incubating the gel
fragments for 16 hours in 50 pl of sterile deionized water at 4°C. 2 pl of the solution were then used as template
to reamplify the band fragments using tbeeme primers without the G&famp and the same PCR conditions.

Sequence analysis of 16S rDNA of pure cultures and DGGE bands

On the basis of phenotypic and genotypic investigations, representative isolates (lactobacilli and aerobic
bacteria) were selectahd the 16S rDNA amplification performed with universal primers 27f and 1492r (Lane
D.J., 1991). The amplified 16S rDNA were then purified (PCR elggarMachereyNagel GmbH & Co. KG,
Germany) and sequenced (Eurofins MWG Operon, Ebersberg, Germany)rri@und@CRDGGE bands, the
obtained amplicons were sequenced with primer 907r and Laclf. Sequence chromatograms were edited and
analyzed using the software programs Finch TV version 1.4.0 (Geospiza Inc., Seattle, WA, USA) and obtained
sequences were subjedtto taxon classification using RDP classifier, an available tool at thellIRiébsite
(http://rdp.cme msu.edlclassifier/classifier.jsp). Moreover, SeqMatch search was used to find the closest match
for each 16S rRNA fragment (http://rdp.cme.msu.edyn'sgch/segmatch_intro.jsp) (Cole et al., 2009).
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3.3 RESULTS

3.3.1MORPHOLOGICAL AND PHYSIOLOGICAL DETERMINATIONS

Growth of the leaves

Perennial ryegrasd.¢lium perennel..) clods were extracted from respective pots at the end of the 60 days
experimental periodFigure 28) Preliminary observation of the perennial ryegrass plants showed visual
differences determined by microbial treatments (Embio andliEMind phytormonesolution. Plants treated
with Embio and phytohormonic solution appeared more vigorous if compared to the contral.nikés

determined an habitus more compact with leaves and roots shorter than the control and other treatments.

Figure 28: Lolium perenelL. habitus after the60 days experimental period. From left to right are shown Lolium clods
thesis: 1Control, 2Embio NF (Embio not filtered),-Embio F (Embio filtered), £M-1 NF (EM-1 not filtered), 5SEM-1 F
(EM-1 filtered), 6HRM (Green Gold hormansolution).
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Table 5:

Effects of different treatments on leaf apparatus. Leaf analysis on Leaf length at 60 DAT (LL), Leaf Fresh Weight at
60DAT (LFW), Leaf Dry Weight/Leaf Fresh Weight percentage ratio (LDW/LFW) and Lead Dry Weight/ Leaf Length
(LDWY/LL).

Leaf analysis Control Embio NF Embio F EM-1 NF EM-1F HRM
LL (cm) 7,04+058% 6,32+08x 7,95+0,6la 4,68+024 4,43+0,64 7,94+0,66
LFW (9) 405+054 6,33+128 6,11+1,1 3,35+0,20c 3,69+0,67c 9,86+ 1,62

LDW/LFW (%) 1884 +192 13,47+0,7d 13,82+0,69 20,54+14m 20,62+4,13% 1264+1,7d

LDW/LL

(mg/cm) 1,08+0,1%x 1,39+0,27ab 1,07+0,1& 1,48+0,16ab 1,70+0,2& 1,56 +0,17ab

Not filtered and filtered Embio determined opposed effects on the LL values, inducing respectively a reduction
of 10% and a growth of 12% respect to the control. Thelgkicrobial mix determined similar effects for filter

and not filtered conditions inding a reduction of foliar length of 37% and 34% compared to the control. Green
Golf hormone solution promoted the length of the leaves similarly to filtered Embio, showing significant
difference respect to the control. Leaf fresh weight (LWF) was incrdasedcrobial mixes without statistical
differences between filtered and not filtered conditions within the same product. Hormones solution determined
the higher foliar biomass production at the end of the experimental period, increasing the foliaf 4880
compared to the control. The dingsh weight ratio (LDW/LFW) showed a significant and similar effect of
Embio NF, Embio F and HRM solution in the diminution of the dry biomass content with a reduction of 28%,
27% and 31% respectively compared te ttontrol. The leaf dry biomass per unit of foliar height (LDW/LL)
showed similar effects for EM microbial mixes and HRM solution, whereas Embio microbial mixes had
different results. EML preparation determined a 56% improving of LDW/LFW ratio comp&retie control.
However, Embio and EM not filtered and Hormone solution increased the biomass yield per cm leaf if

compared to the control.

Tear resistance

The tear test was conducted on the Lolium plants at the end of the experimental period. T belgre{@&raph

1) shows the values obtained by tearing the leaves at the base of the collar with a mechanical dynamometer.
Embio NF and EML NF determined the higher values, with values improved by 59% and 53% respectively if
compared to the control. Embidtered mix and phytormone solution showed similar significant differences
respect to the control improving the tear resistance by-338% compared to the control. EMfiltered mix did

not determined tear off effects.
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Graph 1: Tear off resistance of Lolium perenne L. Analysis were conducted at the end of the experimental trial (60 DAT)
in a growth chamber at DiSTA.

Image analysis

The image analysis was conducted measuring individually the values of the three color charR@&8sspace.
The pictures were captured within a ligiix in order to homogenize the lighting conditions of the environment
(Figure 29 and were afterward analyzed with Assess software (for a complete description of the picturing

process and analysis reterthe relative Materials and Method section).

Figure 29: Leaves of a Lolium perenne L. pot. Pictures were isolated from the red screen in the background and analyzed
only from the 4 cm mowing height. Leaves section utilized for the color analysispnmressed in Assess image analysis
software.
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The | eaves 06shaonvs dndntensHicataoh of the celor due to the tested product. Ryegrass treated with
Control thesis (water and Hoagland solution) is placed at higher values for Red, Green atiieBlimre the

grassy surface showed the brightest coloration. Between the different tested products the phytohormone thesis
seemed to havearkened the colasf the leaves.

To assess the statistical significance of dikéerences highlighted in graph, 2z MANOVA test has been
conducted: The red, green and blue color values measured from different pots (130 sampling points for each pot)
have been used as dependent variables, while the treatments / control as fixed factors. The test reported a
significant dfference between the factors (F (15, 2131) = 64,043, p<0,005), and it was therefore followed by a
T uk ey 6hoc apatysit The pesibc test showed that the Control was significantly different from all the
treatments in the whole color space, while ERBI and Phytohormone, instead, resulted not significantly
different from each other in the whole color space. EM1F and EM1NF showegigmiiicant difference in both

red and green, but a significant difference in the blue. For a detailed report of ttesuéstrefer to Table X in

the Appendix.

Treat

© Control
@ EM1F
O EM-1NF
@ EmbioF
@ Embio NF
@ Phytohormone
—— Control
EM-1F
EM-1 NF
——Embio F
Embio NF
— Phytohormone

Blue

Graph 2: 3D scatter plot of the color space in RGB mode. Three axes indicate different color variables X:Green, Y: Red, Z:
Blue

A cluster analysis (squared distance, signle linkage) has been conducted rintoordlgtain a graphic
representation of the differences suggested by MANOVA test. The following plot (Fig X) shows a dendrogram

of growth chamber trial where the different treatments / control were clustered on the basis of the RGB

variables.
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Graph 3: Dendrogram representing the differences by mean color obtained for different treatments within growth chamber.

The treatments Embio NF, Embio F and EMNF form a well distinct cluster, while the Control is a clearly
separate entity with a much longewustering distance. EM and Phytohormone treatments are clustered
independently and separated comparing to the control.

Growth of roots
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Graph 4: Root growth values at 60 DAT.

The roots of the perennial ryegrass showexhighest growthvith the application of phytohormone treatment,
with an increasing of 73% if compared to the control. Embio bacterial mix induced a growth ef388&4not

filtered and filtered respectively) comparing to the control. A statistical difference was ediedebetween the
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two Embio treatments. ENMl showed a root development less pronounced then Embio theses but higher

comparing to the control. A significant statistical difference was found between the twb tEddtments

examined.

Biomass of roots
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Graph 5: Dry biomass of roots/Fresh biomass of roots percentage ratio (DWR/FWR %) at 60 DAT.

The dry / fresh biomagstio showed different effects determined by theses tg&eaph 5) Embio treatments
determined d48%- 21% decreasing compared to the control and did not show statistical differences between not
filter and filtered solutionNot filtered EM1 mix showed an increasing of 19,3% comparing to the control
otherwise filtered EML did not determined a siditant difference respect to the control. Phytohormone
solutions, similarly to Embio solutions decreased the dry / fresh ratio by 27,4% comparing to the control.

+15,5%
14 a
1- a -29,4%
’g 1 I b
S -49,9%
g 1 - -49.6% . -54.1%
_ c ¢
5t [ T
X o -
=
) 0 -
O T 2leleld T T T T 1
Control Embio NF Embio F EM-1 NF EM-1F Phytohormones

Graph 6: Dry weight of roots / length of roots ratio grafgthe DWR / LR ratio indicated thag of root per cm of roots.
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DWR / LR ratio showed a similar effect of both Embio solutions to determine a decreasing of dry biomass for
length of root. Not filtered EM. bacterial solution determined an increasing by 15,5% of the DWRI/LR ration if
compare to the control. Filtered EM solution decreased the DWR/LR ratio by 29,4% with significant
difference with the control thesis. Phytormones solution showed a similar effect compared to Embio theses.

Mycorrhizal analysis

The presence of entophytic mydazal within the root tissues was conduct utilizing Chlorazol Black E (CBE), a
specific stain for fungal hyphae, as described in the concerning paradgvi¥ (). The analysis of
mycorrhizal presence in the root tissukg not reveal theresenceof mycorrhizalhyphae for all treatments
applied Some death spores were foumat were presumablya remnant of thesandused aggrowth medium
before to beautoclaved. As showim the picture belowFig 30) following the root pigments removal through
KOH treatment, root tissues was devoid of b&iained hyphae characteristic of arbuscular mycorrhizae

presence focused by CBE.

Figure 30: microscope captured picture lodlium perenneoots.
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3.3.2MICROBIAL ANALYSES

Microbial analysis of the EM-1® mix

Microbial quantification

Lactobacilli, total aerobic bacteria and yeasts were counted on MRS agar, SDA and NA respectively. The

bacteria counts evidenced that activation step revitalized the inoculum but did not increase the bacterial number

(Graph 7).Lactobacilli were the most represented group of microorganisms, being at levefaf/a0, while

total aerobic bacteria and yeast were counted®afiiml and 18cfu/ml respectively.
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Graph 7: total yeastaerobic bacteria and lactobactibntent (UFC/mL) in the NeActivated EM1 and Activated EML.

Phenotypic identification

The isolated colonies were observed at the stereomicroscope and have been identified the main morphological
characteristics. The morphological analysis of the isdlat@lonies conducted with the optical microscope
allowed to certify, for all strains isolated, presumptively lactic acid bacteria, the presence of stick morphology.
The bacteria isolated in TSA showed a-sbiped and could form groups of two, three, oreniidividuals. The

morphological observation of the isolates in Sabouraud DA confirmed their belonging to the group of yeasts.
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Figure 31: View with a optical microscope by immersion (1000X) of a group of lactobacilli (gram stained).
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API® Test

Thephenoypic identification conducted on lactobacilli and ydasthe analysisf the fermentation profileand
assimilationof differentcarbon sourcesas alloweda preliminaryidentificationto species levebf microbial
isolates The metabolic profiles of lactobacilli and yeasts were analyzed with APIWEB® software, utilizing two
different kit: API50 CHL® and API20 C AUX® for lactobacilli and yeasts respectijelgure 32) Utilizing

the API50 CHL® test,tsainsLA2, LA3, LA6, LAS, LA9, LA10, LA11 andLA12 were attributed to the specie

Lactobacillus brevis, while strain LA7 was instead identified as Lactobacillus buchable{).
= -:fm““ii i ﬂmﬂf
98805558 ~§000E0es
== e =
: 888  G-988660 §
NEESE0T5F  GRees0sTE

Figure 32 Fermentation profile of 50 galleries APl 50 CHL® obtained after 72houiermfentation. On the left: LA6
strain, identified as Lactobacillus brevis 2; on the right LA7, identified as Lactobacillus buchneri.

ol 500

The identification ofyeasts isolated waserformed with the API2C AUX® test.Yeasts identified strainsere
L1, L2 and L3to L4 species a€andida utilisandthe species aSandidakrusei/ inconspicugTable8).

STRAIN Identification % STRAIN Identification %
LA1 nd L1 Candida utilis(99.8%)
LA 2 Lactobacillus brevis3 (94,0%) L2 Candida utilis(94.8%)
LA 3 Lactobacillus brevig (95,1%) L3 Candida utilis(97.3%)
LA4 nd La Candida krusei/inconspicua
LAS nd (84.5%)
. . 0
::2 S t:;ft?:gilllltjss g&i‘giﬁ%{;’ Table 8 specie of yeastsdentified with the metabolic
,9%) .
LA 8 Lactobacillus brevi& (99,7%) profile elaborated by APIWEB software
LA9 Lactobacillus brevi (99.9%)
LA 10 Lactobacillus brevi8 (99.8%)
LA 11 Lactobacillus brevis 3 (78,9%
LA 12 Lactobacillus brevis (97,3%)
= brixggg €e Lactobacillus brevis8 (99,7%)

L. buchneri4005 Lactobacillus buchner(95.4%)

Table 7: specie of lactobacilli identified with the analysis
of metabolic profile and elaborated by APIWEB software.
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Most of the Lactobacillus fermented-drabinose, ribose, -Rylose, galactose, glucose, fructose, mannose,
melibiose, gluconate and-chetegluconate. Six of the isolates (LAl, LA4, LA5, LA13, LA14 and LA20)
fermented only galatcose, glucose, fructose diter days incubationSix strains (LA6, LA9, LA15, LA17,
LA22, LA25) could also grow on mannitol , maltose, melezitose, raffinose aadliitol.In addition LA6 and
LA25 ferment melibose and sucrose. A group of six isolates was positive to arabinose, bxylose,
galactose, glucose, fructose and gluconate. The remaining seven strains fearedinhase, ribose, galactose,
glucose, fructose, gluconate andeéiogluconate and hydrolyze esculin; five of them were also positive to a
methytD-glucoside cellobiose, maltose, melibiose and raffinose, while the other two to sucrose and xylitol.

PCR1 genre identification

The identification of lactobacilli and aerobic bacteria was performed with a method of molecular identification,
based on a PCR clustagiraggregation. Previously the extraction of genomic DNA was necessary. DNA

extracted from isolated strains was quantified and reported in the following table:

Table 9: Concentration of Lactobacilli. Table 10: Concentration of aerobic bacteria.
Lactobacilli DNA Aerobic bacteridNA
Strain Coneanieten RATIO Strain Concentration RATIO
ng/m ng/m
LA 1 41.8 2.15 Al 243.7 2.06
LA 2 66.8 1.89
LA 3 32.7 2.16 A2 92.9 2.01
LA 4 414.3 2.11 A3 666.7 1.48
LAS 152.4 1.90 A4 374.5 2.06
LA 6 246.9 2.17 A5 116.2 206
LA7 - -
LA 8 97.3 1.97
LA9 57.8 2.06
LA 10 62.8 2.01
LA 11 49.9 1.89
LA 12 673.7 1.95

The DNA extraction conducted allowed obtains a high purity degree of genomic material, with main values
between 1.89 and 2.17. Only the strain A3 had a value significantly lower (1.48), which has indicated a
contamination by protein and the subsequentusimh from future tests.

The identification of lactobacilli by API® test has decreed the belonging to the Lactobacillus genus from many

strains. The confirmation was obtained running a RERre specific (specific fdractobacillu3 performed on
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all isolaed strains and the positive contital brevisATCC 14869 (L. br). The amplification confirmed the
presence of a single band and then the belonging to the genus Lactobacillus for all thé-gjtam83.
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Figure 33: PCRgenre specific: fingerprints ddictobacilli strains

s W, i

The isolated of lactobacilli and aerobic bacteria were genetically grouped using BRIERICII.

The amplification of the DNA extracted from lactobacilli was shown by electrophdféigisre 34.a).The
analysis of fingerprintig allowed to group 12 strains from the ElVsolution in 6 groups. On the basis of the
fermentation patterns and genotypic results a representative isolate from each group (LA1, LA3, LA6, LA7, LA9
and LA12) was selected for sequencing of the 16S rRNA gene.

The amplification of the DNA extracted from aerobic bacteria was shown by electrophbrggie 34.b)The
genotypic grouping and the sequencing results allowed the selection of five groups. As for lactobacilli a

representative isolate from each groud{#6) was selected for sequencing of the 16S rRNA gene.

Lodd. LAL LA2 LA2  LA4 LAS LA6 LAT LAg  LAS LAIO Lodd.  Lodd. LALL LAL2 Cneg Cneg A1 A2 A4 AS Ladd

. ¢ — — <= —— & ey e p—

Figure 34: ERICHfingerprinting.34.alactobacilli electrophoresi84.b Aerobic bacteria electrophoresis.
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Strains belonged to Stenotrophomonas maltophilia (ten isolates, three different sivhanspacterium
trichotecenolyticum (seven isolates) and Escherichia coli (eight isoldtdse(1). Twentyfive yeasts isolated

from SDA were identified by API20C AUX1 as Candida utilis (15 isolates) and Saccharomyces cerevisiae (ten
isolates).

Table 11: Strains isolated from EM product.

Isolated strain bp  Accessior Closest match Accession S_ab DGGE Ercc;nis
Lal 1371 Uncultured compost bactium FN667288 0.972 8 F-EM, EM
La3 809 JX42608¢ Lactobacillus buchneri HM162413 0.995 p7 EMR1
La6 1439 JX426087 Lactobacillus parafarraginis AB262734  1.000
La7 808 JX42608¢ Lactobacillus buchneri AB425940  1.000
La9 1390 JX42608¢ Lactobacillus parafarraginis AB262734 1.000  p5,3 EM, EMA
Lal2 1441 JX42609C Lactobacillus diolivorans HM218272  0.996
Al 1382 JX426091  Stenotrophomonas maltophilia ~ HM355743  0.999
A2 1386 JX42609z  Stenotrophomonas maltophilia  HM355743  1.000
A3 1395 JX42609:  Stenotrophomonas maltophilia ~ HM355615  0.999
Ad 1385 JX426094 Escherichia coli CU928161  0.996
A5 1370 JX42609% Microbacterium HM032796 0994

trichothecenolyticum

Microbial analysis from the samples of roots and soil

Utilizing the Power Soil DNA Isolation Kit (M@ BIO) the microbial DNA was extracted from the roots and
the growing medium. With this isolation kit was obtained a good level of purity of genomic DNA as shown in

the following table:

Table 12 Concentratio of the DNA extracted from roots (left) and from soil (right), with purity ratio.

Roots Concentrationr{g/m) RATIO Soil Concentrationr{g/) RATIO
CTRr 54.0 1.86 CTRs 5.20 1.37
NFI r 71.0 1.86 NFI s 3.20 1.68
NFNI r 45.6 1.83 NFNI s 3.00 2.50
Flr 57.9 1.82 Fls 3.50 1.40
FNIr 51.1 1.82 FNI s 2.80 3.50
GG2r 32.6 1.88 GG s 2.40 2.00
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The DNA extracted from the roots shown a good quality level, with a ratio between 1.81 and 1.88. The DNA
extracted from the sand had a very loencentration and shown a low quality with ratio values diverging from

the optimal range values.

Characterization of bacterial communities by PCRDGGE

Genomic DNA from sand and surfasterilized root was used to evaluate the impact of the difféhesis on

their microbial profile using a PCRGE. Sixteen PCBDGGE bands have been identified by sequenciiadple

13).

The PCRDGGE analysis revealed the presence of a complex variety of microorganisms in the roots (Fig X.B)
and sand (Fig35.A). Thermt s profiles reveal ed a - andBEMsltthesist bac
(Fig 35.B . The band nA16 was t heDGGE,ggrespanding @ the chlproplast o ot
DNA and the preferential amplification of have reduced the yaéldmplification of microbial DNA, which

clearly has given rise to fainter bands, difficult to be excised. Band n°13 was present in all root profiles, and
subsequent sequencing revealed a clos similariBhtaekwangia kribbensins

Sand and root profilshowed high similarity of band n° 14 and 15 (root DGGE) and n°2 and 3 (sand DGGE).
Exclusively in FiltereeEM-1 were presence bands n° 8, 9 and 10, correspondifgatmbacteriumsp.
Leptospiraspp. andCytophagasp., microorganisms generally presentia water.

EM-1 treatment showed the presence the bands n°12 and n°14, respectively close related to Bacteroidetes

bacterium (bacteria of water) ahlydrogenophagapp.(root endophyte).
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Table 13: PCRDGGE bands from soi

mmm mmm treated microorganisms and phytohormon:

DGGE Phylogenetic group
band
1 Lewinella(28%)

2 Hydrogenophag#100%)
3 Fibrobacter (55%)

4 Vogesella100%)
5
6
7

Polaromonag97%)
Lactobacillus(99%)
Acidovorax(50%)

8 Flavobacterium(100%)

9 Leptospira(100%)

10 Cytophagasp. (55%)

11 Niastella (100%)

12 Ohtaekwangig90%)

13 Ohtaekwangig100%)

14 Hydrogenophag#100%)

15 Fibrobacteres (44%)
16 Chloroplast

Figure 35. DGGE bands obtained by amplifyimgetagenomic DNA with universal primers from sand (A) and roots (B).
Treatments was: CTR (control), HRM (hormoneEM (Filtered EM1 solution), EM (EML1 solution)

A further PCRDGGE was performed, utilizing specific primers targeting LAB (Lactic Acidt&a&) to better
investigate the presence of lactobacilli within root tissues. The colonization of lactobacilli obtained by CTR,
HRM, FEM and EM1 treatments and.actobacillus isolates actobacillus sp. LA1, L.buchneri LA3,
L.parafarraginis LA9 and L. diolivorans LA12) were shown in the PRDGGE profiles (Fig X), and in the
alongside table are reported the bmstch identified bandd.. parafarraginis (LA 9) was found in the root
tissues of plants treated with EM (bands 3 and 5). Lactobacillus spp.)(lsaslobserved in the roots treated
with EM and FEM (bands n°8). Bands 2, 5, 6 and 7, found in roots treated with EM, were closely related to
sanfranciscensisBand n°1 was found in roots treated with EM and revealed a closely maltctpémtosus
Differently by plants treated with EM, the EM® activated product did not show the presence of LA1,
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sanfranciscensiandL. pentosusControl and HRM treatment did not revealed the presence of microbial profile,

due to the absence of lactobacilli in thstiled water and in the phytohormone solution respectively.

Table 14: Lactobacilli identified from the root tissues of
Lolium perennd..

band

DGGE Phylogenetic group

Closest match

1

A W N

0 N o O

p2
p3

p4
p5
p6
p7
p8

P9

Lactobacillus (100%)
Lactobacillus (100%)
Lactobacillus (100%)

Exiguobacterium
(100%)
Lactobacillus (100%)

Lactobacillus (100%)
Lactobacillug100%)

Lactobacillus (100%)
Lactobacillus (100%)

Lactobacillus (99%)
Lactobacillus (100%)

Lactobacillus (100%)
Lactobacillus (100%)
Lactobacillus (100%)
Lactobacillus (100%)
Lactobacillus (100%)

Lactobacillus (98%)

Lactobacillus pentosus
Lactobacillus sanfranciscensis
Lactobacillus parafarraginis
Exiguobacterium sp

Lactobacillus sanfranciscensis
Lactobacillus sanfranciscensis
Lactobacillus sanfranciscensis
Uncultured compost bacterium

Lactobacillus diolivorans
Lactobacillus farraginis
Lactobacillus parafarraginis

Lactobacillus diolivorans
Lactobacillus farraginis
Lactobacillus parafarraginis

Lactobacillus parafarraginis
Lactobacillus parafarraginis
Lactobacillusbuchneri

Lactobacillus diolivorans
Lactobacillus farraginis
Lactobacillus zeae
Lactobacillus casei
Lactobacillus paracasei

Figure 35: DGGE bands obtained amplifying DNA with Lactobacillus spp. specific primers from root samples, activated
EM_1W and pure cultures (LAL, LA3, LA9, LA12). CTR, control; HRM, treatment with hormone rich solutié™,F
treatment with filtered/activated produ&M, treatment with activated product; EM_1W, the activated product.
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3.4 DISCUSSION

In the first step of the experimental thesis has been studied the effects that different commercial products based
on microbialmixes or biestimulantshaveon the grass essentelium perennd.. (perennial ryegrass). The
plants were sown in aterilized growing medium angrigated with a hydroponic system within a climatic
chamber in order to simulate the growing condition of a professional sport turf.

The primarily characterization of the Bl mix showed the presence of a high number of lactobacilli and yeast

in the microbial solutonNo si gni fi cant differences between fiact.i
were detectedThe taxonomic iderfication of the isolates allow to ascriltlee lactobacilli to the speciek.
brevisandL.buchnerj while yeasts wererincipally identified asC. utilis andC. krusei These lactobacilli and
yeasts species are known for them activity in thecbiatrol aginst phytopathogens and pathogens of food
(Gaggia et al., 2011)in addition these species were described asidgwaders of organic substances, and
therefore potentially valuable in soils with accumulations of undecomposed organic subftapeaset &,

2011; Gao et al., 2008; Valerio et al., 2008)

The morphological and physiological results allowed to determinentie effects of the different microbial
treatments on the perennial ryegrass. The commerciabligd¢rmix Embio determined the mosigorous
habitus and shown the highest elongationrobts and leave compared with the other microbiteatments.
However this pronounced growtletermineda substantial lowering of the dry/fresh biomass. On the bidned

EM-1 microbial mixesdeterminé a reduction of thgrowth ofroots and leavesvhile dry/fresh biomass ratio

and DWI/L (dry weight biomass/lengtere both significantly increase@hese results can be related with a
protective role against oxidative stresses by effective microorgarfitiga T. and Parr JF, 1994) and an indirect
stimulation of bier egul at or s such as {Akhad apd Faamkenberger; 198@Batehdss A B 7/
important role in plant response to abiotic stress (Zhang et al., 2006).

The different growth of the rootseated with the two microbial mixes (EMand Embio) is an interesting result

that could be interpreted as a different microbial composition within the two products. IRGEHI mainly
content in the Embio solutidmave the attitude to promote the growfiroots with a phytohormoHre activity

(Arshad and Frankenberger, 1998)jile EM effectiveness would derive by the synthesis of compounds which
protect the plants by a stress reducti@erhardtet al. 2009), such aghe degradation of contaminants,
protection from pathogens, provision of essential nutrients.

The tearoff test showed the highestalues forthe Embio-NF and EM1 treatments Phytohormone solution
detemined lower values for teaff although it showed higtstvalues of elongation anddynass for both roots

and leavesThis result can be related with a general influence of rhizosphere microorganisms on the root growth
and morphology, because some of them not stimulate root elongation but also late(&8chdoiwitz and
Ziegler, 1989) andoot hair formation (Martin et al., 1989)
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The color analysis of thdeaves showeda significant effect given by microbial treatments if compared with
phytohormone and control: EmbiF, Embiof and EM1 NF determinedhe darker coloration and therefae

better visual performanaespect to the controlvhile thephytohormone and theontrol were definitely two
separated entity. This data is a further confirmation that microorganisms, inoculated in a soil lack of microbial
biodiversity and with a simpleomposition can improve the physiological conditions of the turfgrass.

At the end of the two monshexperimental period, the clods of perennial ryegrass were colleciedler to
analyze the bacterial colonization within root tissues and in the rhizespBefore to proceed with the
identification of the bacteria that colonized the root tissues, has been conducted a microbiological
characterization of the products containing effective microorganisms. This solution shoed a high presence of
lactobacilli andyeasts. The preliminary taxonomic identification of the isolates allowed to ascribe at the
lactobacilli group mainly the speciés buchneriandL. brevis while yeasts were principally identified &

utilis andC. krusei All these species are knowrr fileir biocontrol activity against food pathogens (Gaggia et

al, 2011) and in addition to producing useful metabolites and degrading the organic substance (Gao et al., 2008).
The genomic DNA extraction performed for the root tissues showed abgmbetrial colonization; while in the
rhizosphere the genomic DNA concentration resulted significantly lower. This difference may be attributed at
the initial sterilized condition of the growing medium that determines a higher difficulty for the bacteria to
colonize this kind of substrate (Elliot and Des Jardin, 2001).

The realtime PCR analysis showed significant increasing ofdbecentration of lactobacillvithin the root

tissues forll theses if comparkto the control, indicating good colonizatioropriety of this group of bacteria.

The high concentration of bacteria founded in the plants treated with the phytormone solution may be
determined by the rhizodeposition that stimulate as carbon source the macrobiotic proliferation (Mueller and
Kussow, 208). In addition the low concentration of bacteria detected in the control thesis is probably
determined by the initial condition of the seeds that were not sterilized before the sowing.

Lactobacilli are not widespread as plant growth promoting bactetizeisport turf market but these positive
results could lead to a possible use as beneficial bacteria and recycling of the organithatatégresent a
objective problem in many golf coursda addition, considering some in vitro studies on their stiagtiyity

against plant pathogens may have a contrast function on the onset of common turf(Bisepst al, 2006;

Kerry, 2000).

The profile of microbial communitieperformedwith the DGGE showed a higher complexity in terms of
number of species present in the root treated withlEMspect all other treatments. Species isolated in this
study L. buchneri, L. parafarraginis and L. diolivoranand those identified with PGRGGE (L. pentosus and

L. sanfranciscensjsare commonly utilized to improve the stability of silages, thanks to the production of a wide
range of metabolites inhibiting moulds and fuigolzer et al, 2003; Zhang et al, 2010he yeastsdentified

within roat tissues are common residents of soil and rhizosphere, with role of growth promotes -hodnsoll

fungal antagonists.
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Concerning the aerobic bacteria isolated in-EMolution, some strain belonging $tenotrophomonasp., and
Microbacteriumsp., wergound in strict association with plant hoSt. maltophiliaf ound i n r yegr as:¢
growth promotion properties previously described for some commercial crop: it promotes the production of
antifungal metabolites and phytohormons (IAA, GA and ABA).
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Effects of original biostimulants containing effective microorganisms and growth

promoters on anAgrostis stolonifergoutting green in a semifield condition

4. 1SECTION OBJECTIVES

In the secondstep of this thesisthanks to the knowledge acquired during the previexjseriments were
devebped two different original mixes composed by biostimdasmd effective microorganisms. These
solutions were tested with a water only control and a commercial product Agrestis stoloniferaputting

green in a servfield condition.

The main experiment waserformedon aprofessional golf coursputting green within the Modena Golf &
Country Club near Maranello (MO, ltaly). Furthermore the experimental trial was repeated avigninwth
chamber adopting the same protocol utilized in previous tests in order to compare the data of the two original
mi crobial stimulants with the first sectionébés resul
The experimental trials were performed during July and August Z[Hig.two moiths period was chosen
because temperature and intensity of solar radiation typical of the summer period are limiting factors for the
guality of a putting green surface. In addition the top soil temperatures of the summer were supposed to allow a

rangeofpt i mum devel opment for the inocul ated bacteri af¢
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4.2 MAT ERIALS AND METHODS

4.2.1 LOCATION

The second step of this experimental thesis was performed testing different treatments principally based on
biostimulants and effective bacteria, baetithin a growth chamber and on a professional creeping bentgrass
(Agrostis stolonifera putting green. The putting green is located inside the Modena Golf & Country Club
(Modena, ltaly), a sport facility spreaatross an area ofver one hundred hectardbat includes two types of
trails,anl1&h ol e fAiBeanhard Langer o championship Cour se, p ¢

9-hole Executive Course, par 27, 976 meters long.

Figure 36: A section of the Modena Golf & Country Club.

Thegolfcl ub was designed in the early 680 and the cons:¢
and tees, smoothly winding fairways and numerous bunkers and five large waternRepaeB6). Actually the
Modena Golf hosts high level competit®auch as the International Open, the National Championship and other

competitions throughout the sport season.

Weather conditions

Maranello is located in the NortBast of Italy, a temperate sebntinental region, with hothumid summers

and cold- rigid winters. The regime of precipitations is characterized by two peaks, spring and autumn, which
do not differ much by them for quantity, while the summer is the dry season.

In the last two decades in Emilia Romagna was measured a wide change of thknatalif compared to the
reference period 1960 1990, with significant increase of the mean temperatures (+1,1°C) during the whole

durate of the year and of the summer peaks (+ 2°C) (Arpa ERuollaagnd Weather).
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Meteorological data utilized for thithesis were collected with reference to the ARPA weather station of
Maranello (MO, lItaly), placed 14 Km from the Golf Club of Modena. The temperatures measured during the
experimental trial showed values within the means of the period. The precipitatisniseen near zero for the
whole duration of the test, with a heavy downpour at the end of August as shown by the graf{stzgiovg.
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Graph 8: Observed temperatures (°C) and precipitations (mm) measured by the meteorological serviéeafrthetica
Militare, from the weather station of Modena.
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4.2.2TREATMENTS

In this experimental trial were examined two original microdiedigned andformulatedby the Departmendf
Agricultural SciencesUniversity of Bolognand identifiedwith the initialsDiSTA andDiSTA plus. In order to
compare the results a negative and a positive control were testethtie (5. The four thesis tested were a
negative control (distilled water), a positive control (commercial bacteria solutioh, EM-RO®, Japan), the
DiSTA solution (bacteria only) and DISTA PLUS solution (bacteria with mycorrhiza and humic acid).

Table 15: Treatments examined and dilution applied for the experiment

N° THESIS TREATMENTS DILUITION PRODUCER
1° Distilled water -
2° EM-1 (1:500) 1:500 EM-RO
3° DISTA 1:500 DISTA
4° D-PLUS 1:500 DiSTA
*No additional fertilizers utilized in the putting trial
** Nutrient solution (Hoagland) added in the growth chamber trial

As negative contra[Thesisn® 1) was used distilled water with the addition of Hoagland nutrient solution only in
the growth chamber trial; indeed no additional nutrients were administered in the field trial in respect of the
fertilization schedule of the current season. As positivérab(lhesis n° 2) was usetie commercial product

EM-1 (EM-RO®, Japai), containing effective microorganismactic acid bacteriayeasts anghotosynthetic
bacteria plus Hoagland solutioiithe "activation” of the producEM-1® was performed according tihe
procedure reporteby the manufacturemwhich plans talissolvein distilled watera quantity ofproductequal to

5% (v/ v), together wittb% (v/ v) of molassesThesolution thus preparedas leftin an incubator a85 ° for 5
days.Before treatmetn the product wasurther dilutedin water to afinal dilution of 1:50Q The choice of this
producthas been made dhe basis of previousxperiments conductdaly the research grougpordinated by

Prof. Dinelli and the Groujpf Microbiology, coordinatedy Dr. DianaJoy (Gaggiaet al, 2013).

On the basis of the results obtained in previous growth chamber trials, were formulated two original microbial
based mixes, DiSTA (thesis n°3) andPRUS (thesis n°4)The mixtures of microorganisms were prepared
weekly starting from pure strains reared separately according to their respective needs and growth times and then
mixed just before the field/growth chamber inoculatibiSTA and DISTA PLUS were composed by tame
bacteria matrix but differed by the following addition of furthermore biostimulants. These solutéres
preparedweekly, using asthe growth mediumrespectively, théRS agar(Merck, Darmstadt, Germanynd

the groundSabouraudextrose AgalMerck, Darmstadt, Germany The bacteriavere incubatedor 4 daysat
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37 °under anaerobic conditionahile the yeasfor 48hours at 25 aerobically The differentgenera of bacteria
after the incubation periodeachedan average concentration of®lffc. The concentration of bacteria in the
microbial mixtures was checked by plate counts.

The colonieswere removedand resuspendedn saline(NaCl 0.8%) and thenwere diluted1:500in distilled
water.The producDiSTA pluswereadded3 g of sporesof mycorrhizaand 3mL of humic acid Within a few
hours after preparatiaof the productstheywere transported to trexperimental fieldor the application.

The bacterial mix of DISTA and DISTA PLUZ able 16)were composed by the following ingredients:

Table 16: DiSTA (Blue) and DPLUS (Red) content.

St r ai n § Ildentification Origin Probable action

Bacteria

LB2 L. buchneri Corn silage Antagonistieprotective action (competitor
against pathogens such as fungal and
bacteria)

LB6 L. parafarraginis | Corn silage Antagonistieprotective action (competitor
against pathogens such as fungal and
bacteria)

LB8 L. diolivorans Corn silage Antagonistieprotective action (competitor
against pathogens such as fungal and
bacteria)

LB9 L. plantarum Corn silage Antagonistieprotective action (competitor
against pathogens such as fungal and
bacteria)

TS1 Stenotrophomong Forest soil Degradingdestructive action (reduction of

s maltophilia the thatch)

TS12 Bacillus subtilis | Forest soail Degradingdestructive action (reduction of

the thatch);

Anti-bacterial and anfiungal action against
pathogenic species

SB1 Candidasp. Forest sail Antagonistieprotective action (competitor
against pathogens such as fungal and
bacteria)

Mycorrhizae

Glomus Forest soil Protective function, reduction of biotic and
intraradices abiotic stresses. Increasing of the nutrient

up-take and translocation of mineral
elements through internal arbuscular

structures.
Humic acid
Leonardinte Biodegradation | Improving of the electronic cation exchang
of lignite and physical and ch
proprieties, promot
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Application of the products in growth chamber and on the putting green

Thetreatments werappliedweekly for a period of two monthbetweenJuly 10and September 12012. For

the growth chamber trial, the different treatments were spilled in relative water tank and brought in circulation
from the pumps of the close hydroponic system.

Inthegolfcous e s t r i al (Figule 8)were apaliedlueéng thaclosing dayto avoidany leakager
contaminatiorgiven by therampling ofathletes. Two shouldgrump were used to spray the different solutions:
one pump was first used for spraying of theexanly control and then of the EM microbial solution, while

the other pump was used for spraying the DiSTA microbial solution and thehUS microbial and
biostimulants solutionwithin a few minutes from the application of the treatmémésrrigation system around

the experimental area was turn fon two minutes tgromote washing of the products from the leaves and the
absorptiorin deeper layersf the turf.

Figure 37: pictures featuringwo subsequent stepsf t he t r e at methetputing geeenpSpiing the produsts o n
on the left and the successive washing by the irrigation system on the right.

Growth chamber trial

For the entire durate of the growth chamber tfidagure 38)was followed the same protocol utilized in the
previousexperiment in order to grow up the plants in the same condition and to compare the new data with those
collected in the first step. The perennial ryegrass was sown in 12 cm of autoclaved sand growing medium, with 2
cm pumice on the bottom and 0,5 cm ofmieulite as upper layer. Water and nutrient solution (Hoagland
diluted 1:1 with distilled water) were supplied with four separated closed hydroponic system, in order to
maintain constantly separated the different microbial treatments.

Light was supplemead with an artificial illumination at 550 umol photons®sit. Photoperiod was set at 16

hours of light and 8 hour of dark condition. Growth chamber settings were set up 24°C and 70% relative
humidity (RH) during the day, and 20°C and 50% RH in night itimmd.
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Figure 38 Perennial ryegragslantsin the early stagesf growthinside thegrowth chamberin the pictureare showrthe
potswith drip irrigation systenand the aluminunwhich closeshe spac®f light infiltration.

The Hoaglandnutrient solution (Table 17)added to each thesis to ensure a balance micro and macro nutrient

supply had the followingnineral composition:

Table 17: Hoagland solution components

Hoagland components g/L
2M KNO3; 202g/L
2M Ca(NQ), x 4H,0 2369/0.5L
Iron chelate 15¢g/L
2M MgSQ, x 7H,0 493g/L
1M NH;NO; 80g/L
H3BO3 2.86g/L
MnCl, x 4H,0O 1.81g/L
ZnSQ x 7HO 0.22g/L
CusSQ 0.051g/L
HsMoO,4 x H,O 0.09g/L
IM KH,PG, 136g/L
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Putting green trial

The experimentalgreenon whichwas held thefield trial was locatedn the Modena Golf & Country Club
(Modena, Italy). The putting green was built and managed in according with the USGA guideline (USGA,
1994). It was placed at the end of the hole n°6 and consisted in a total surface 6{R§0na 39).

As well as all ¢her puttinggreenof the Modena Golf clubthe onlygrassyessenceontained within was the
Agrostisstoloniferg variety Penncrossthe most common specigilized for this kind of sports turf surfacen

the northern Italiardistribution areaThegrowing medium of the putting green was composed by an artificially
constructed soil. This was textured with a 30 cm layer composed by a mixture of 80% sand and 20% peat, 10 cm
of gravel and then the drainage system.

During the two months of the experimahperiod, the mowing of the grass was reduced from a frequency of
five times per week to one time per week. This management changing was decided in order to study the effects
of the different thesis on leaves. In addition, even some extraordinary maicgengere interrupted from June

until September such as the aerification.

During the test run, all chemical treatments, such fungicides and pesticides were interrupted in order not to
interfere with the metabolism of the microbial component present iapghked treatments. Furthermore this
interruption has also allowed to verify the effectiveness of the thesis tested against some common diseases of the

putting green such as dollar spStlerotinia homoeocarpa

Figure 39: The putting green n°6 at the Modena Golf , before the beginning of the treatments (May 2012).
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Fertilization schedule

In agreementvith the program schedulebly the green keeper of the Golf Clube 27" March2012, wasnade
the firsttreatment of theseasorusing agranularfertilizer starterLebanon(Herbatech, Italy)basedvieth-Ex 40
methylene urearlhe nitrogerpresent in thgproductwas released itimes rangindetween &nd 12 weekafter
application Subsequently, a second treatmentesfilizer was applied to the completion of the test, in daté 29
August 2012 This second treatmentas carriecbut with Nitrophoska®Start18-24-05 (Compo, ltaly)to ensure
proper nutrient balance ofhe turf surface at the end of the summer sea3dwe characteristics of both the

fertilizersused areshown inTable18 below:

Table 18: Specsand dosagesf treatments

L EBANON (HERBATECH, ITALY) NITROPHOSKA ® START (COMPO, ITALY)

Title: 16 7 2571 12 Title: 187 2471 05

Tot al Ni t reedgen .(éN)E .. Total Nitrogen (N)éfé

11.8% Ammoniacal Nitrogen 1.6% N Nitric Nitrogen

1.2% Water Insoluble Nitrogen 4.8% N Ammoniacal Nitrogen

0.9% Urea Nitrogen 5.0% Urea Nitrogen

2.1% Other Water Soluble Nitrogen 6.6% N isobutilidendiurea
Available Phosphate (Bs) é é é € . 2| Available Phosphate {Ps) ¢ é € . € é .

,,,,,,,,,

Soluble Potash ()O) é . é éé é é . | SolublePotash(}O) é é é é € éééé5

,,,,,,,,,,,

Sol fur (S) éééeéééeéélron (Fe)ééeééecéecécekd

,,,,,,,,,,,,,

Chlorine (Cl) not nmZnc(Zn)eéééeéeéeeeéeée.

,,,,,,

Manganese (Mn) éééééé

Dosage: 20 g/rh Dosage: 25 g/th

Date of application: 27/03/2012 Date of application: 29/08/2012

162542
MESA_ '
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The test was structured according to a randomized block design with three replications. The parcels had
dimensions of 1 m wide and 1 m in length, with a total area of one square meter. Each experimental plot resulted
spatially isolated from the other, witlistances between the various parcels of 2 matensler to lowethe risk

of interferencebetween the different microbieatmentgFigure 40.

Figure 40. Scheme of the putting green experiment: randomized block design with three replic&bdms. white
(Control), Blue (EML1), Yellow (DiSTA) and Red (EPlus) represent the different treatments.

4.2.3 GROWTH CHAMBER ANALYSIS
Growth of leaves and biomass production

Every week the growth of leaves and the biomass production were determineeJuwarthe height of leaves a
picture of the plots was taken inside a ligoix with cool led lighting and red background to maximize the
contrast of the leaves.

A picture for each pot were taken with a Canon Reflex EOS 350D placed on a tripod withssabéeljoeight in
horizontal position relative to the plane of the leaves. With an image analysis process, the heights of the leaves
weredeterminedn 10 points transversally along the diameter of the pot. The height of leaves for each pot was
measured aaverage of the 10 transversally points. After the mowing, clipped leaves were collected in paper
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bags to be weighed in laboratory. Fresh weight was measured immediately after the mowing, instead dry weight

was determined weighting dry biomass after fiaggiat 50°C in a hoven.

Color of leaves in RGB space

The color of leaves was assessed with a digital analysis process utilizing Assess 2.0 (American
Phytopathological Society, APS press), an image analysis software for plant disease quantificapmturEise

were taken in a lighibox (Figure 41) The background of the light box had the average color values Red (R) =
195 £ 9, Green (G) = 72 + 7 and Blue (B) = 194 + 8. The shape of the leaves was extrapolated from the
background thresholding with redrpaneters of 105 190. The leaves were evaluated over the 4 cm mowing
height. The values considered for the image assessment were the RGB (red, green and blue) color space.

Figure 41: Acquisition of the RGB values from the leaves of perennial ryegtasshe left the lighbox with red screen on
the background and illumination supplied from cool white led. On the right the pot of perennial ryegrass placed within the
light-box.

Chlorophylls and Carotenoids content

The analysidor the determinatiof the contentn leaf pigmentgclofofilla a, chlorophyll b, carotenoids)nto

the plant tissuesvas performeds describetly StrcklandandParsong1972. The leavesvere mowed from the

pots, weighed50 mg for sampleand frozenin liquid nitrogen.Afterwards frozen samples weceushedin a
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mortaradding 10mg of magnesium carbonaf{®gCQ;) to neutralizethe acidityof the solutesand preventhe
conversion othlorophyll ain PhaeophytinAt the materiacrushedwere added 0 mL of acetoneThe solution
thus obtained waglacedin dark condition forl2 hours. After the extraction period, the sample were vortex and
then centrifuged &0 ° C for 10 minutes at 100@ppm An aliquotof the supernatantas collectechindadded to
cuvetteswith optical path legths of 1 cm for reading spectrophotometerThe readingwas performedat
wavelengthsof 661.6 nm (which is the maximumabsorption pealof chlorophyll a), 644.8 nm (which is the
maximumabsorption pealbf chlorophyll b) and 470nm (which representshe maximumabsorption pealof
carotenoids To calculate the concentratiaf the leaf pigmentshave been usethe formulasdescribed by
Lichtenthaleretal., (2000):

- Ca (pg/mL) = 11,24 * '%61,6]' 2,04 * A644,8
- Cp (ug/mL) =20,13 * A@44'8'|' 419* A6616
- Cew (MG/ML) = (1000 * Azol 1,90 * i 63,14 * ¢) / 214.

Tearing

Tear shoot resistance was tested by dynamometer (PCE Instrument, Lucca, Italy) at the end of the experimental
period. The method used consists in measuring the force requiteatitty out of the aerial apparatus with the
dynamometefFigure 42) The clamp placed at the base of the dynamometer, composed by small not sharp teeth,
was attached to the base of the stem of Lolium. A red marker, placed inside the dynamometeroyioineed
maximum force utilized at the moment of the tear out of the stem from the soil. 4 measures were sampled for

each plot.

Figure 42 measuring sequence of the needed force to tear out a plant of ryegrass
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Growth of roots and biomass production

The deéermination of the root biomass was performed at the end of the experimental period. The sandy clod was
removed from the pot and washed gently dipping the sand and roots within in a tank filled with water. Shaking
gently the plant the sand was removed. Tésidues of sand remained adherent to the roots were removed
brushing lightly with hands the surface of the roots. The roots were the dried on an absorbent sheet and then
fresh weight was measured with a precision balance. Roots were successivelympiatdwdven at 50°C for 5

days and therefore the dry biomass was detected.

Mycorrhizal analysis

Mycorrhizal colonization within root tissues was analyzed at the end of the experimental trial on the plant of
Lolium perennd.. following the same protocol desbed in the Material and Method, section 1.

4. 2.4 PUTTI NG GREENG6 S ANALYSI S
EC and pH of sail

Analysis on the electroconductivity and pH of soil were conducted on sample of putting green topsoil. A portion
of soil 5x2,5x2cm volume was extracted from the putting green to be analyzed in laboratory. The volume of soil
were weighted and adjusted at XX grams removing vertical slices.

Sample of soil was placed in a 500 mL beaker and 100 mL of deionized water were addsanpleéevas
mixedfor 15 minutes witra magnetic stir bar. Values of EC and pH were analyzed with INSTRUMENT 1 AND

2 rispectively.

Chemical analysis (C/N)of soil

Soi l portion of 2.5x2.5cm section and 8chomadletiet h wa
samples was discarded the first 5 mm layer constituted principally by stolons. The remaining portions of topsoil
w utilized for the analysis of the Carbon and Nitrogen content. The samples were completely dried in a hoven at
50°C for one week The samples were finely crushed in a ceramic mortar grinding until obtaining a
homogeneous powder. Tisamples were storadhtil further analysisjnside aglass bellreduce themoisture

content. The elemental analysis of the content of carbon and nitrogen was conducted with a ECS 4010 CHNSO

analyzer, according to the method Dumas (1831). The carrier gas (helium) circulates inside the analytical circuit
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which consists in a combush reactor for CHNS. The carrier gas carries the combustion gas to a separation
column gas chromatography (GC) and a thermal conductivity detector (TCD) for the CHNS analysis. 35mg (+/
1mg) of sample were placed in a tin capsule and at intervals felinatitally by gravity in the combustion
reactor. The gas flowas 100ml / min for a time of50 seconds. The sample and tin capsule reacted with a
volume of oxygen and burned at a 17A8D0°C. Thegasseparated from th@ C columnis detectedequentially

by TCD. The TCDgenerates a signaroportional to the amourtf each elemenin the sample. Theoftware
compares th&CS elementalpeakwith a peakof a compoundtandardand generates a repodf analysis for

each elemergxpressed as a percentédyeveight.

Moisture of soil

In order to detect the soil moisture determination was a collected a sample of soil of 2.5x2.5 cm section and 8 cm
of depth from each plot. Samples were immediately weighted, coarsely fragmented and then placed in semi
closedaluminum containers. Samples were dried in a hoven for approximately one week until the completely
desiccation. Finally, the value of soil moisture was calculated as the difference in initial weigthtweight of

the soil sample.

Profile of soil
The thickness of the principal layers of the puitti | I PR T
greends soil was meas : 16 SRR
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Figure 43: Soil profile analysis. Thatch (yellow) and humus (red) thickness was measured sampling 10 points a
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Biomass of thatch and roots

The fresh and dry biomass of roots and thatch was measured from sods collected in the experimental putting
green. Thatch and roots biomass were measured in a single value. Samples were cut at 0.5 mm from the surface
in order to remove leaves and stolons. Sasplf sods were washed on a lab sieve (Retsch®, sieve mesh 0.5
mm). Portions of roots and thatch were collected to measure the fresh weight. Samples were dry for 5 days at

50°C to determine the dry biomass.

Organic component

The method applied for the @emination of the organic component in the soil was described in Milne et al.
1992, with some adjustment. The soil organic mattes analyzed by portions of soil extracted from a depth
ranging between and2 cm from the grassy surface. From each ploteveollected three replicates in random
position. In order to remove the humidity contained in the soil, the extrpot&idns were weighedndthen
driedat 50°Cfor 4 days until completedesiccationAt the endof this phasgthe sample waweighedagainand
thenincineratedin a muffle furnaceat 550°Cfor 3 hours.Onceremovedfrom the muffle the samplesvere
cooledin a bellin absence of moistur@ndthen weighedo determine thamount of organic carbdncinerated

Evapotranspiration

Evapotraspiration was evaluated utilizing subparts of sods removed from the different experimental plots
(Figure 44. These portions of soils had a surface area of 2.5 x 2.5 cm and a depth of 5 cm. Each sample was
immersed for 15 minutes to a depth of 4.5 cm &tews, avoiding to soak the parts constituted by leaves and
stolons. Subsequently samples were drain off for a few seconds and then wrapped with parafiim. A further
insulating tape was placed on in order to keep the parafilm adherent to the portion Dhesghmples were
weighted with a precision scale and placed in a growth chaarb&cially lighted with a photoperiodf 16h

light and 8 h darlanda temperature of 28C/ 20° C day/night.

Theweight losof eachplatewas measured evePd hoursup tototal desiccation of theoil.
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Figure 44: Clods ofsoil processed fodeterminatiorof evapotranspiration

Production of leaf biomass

The analysis of thieaf biomasavas conductetbkinginto consideration both thieesh and the dry biomass of
the leavesOnce a weela patch oflawn was samplednd,at the return in the laboratorigaveswere cutand
weighedto obtainthe weight offresh biomassSubsequentlyhe leavesvere placedn a hoven at 50 °Cfor 4
days for drying.Whenall the moistue contained in thdeaf tissuesvas evaporatedthe leaves have beesa-
weightedto determine thdry biomass.

Tearing

Ever on the greenwas performedo determine the resistante tearingof the leafusinga dynamometefor

measuringmechanicalPCE Instruments Lucca, Italy).The end of thedlynamometergquipped witha pair of
tweezerswasattached to the basé# the stenof a plant ofAgrostisstoloniferafor each plot 16 by performing
sampling andeplicating theest in threesessiongbeginning middle andend oftrial). The method usedonsists
in measuring théorce required tdearseedlingirom the soil.
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Color analysis

Figure45Anal ysi s of the putting greends color.

The color of thegrass surfac&vas measurethking pictures witha cameraCanonEOS 350D in RAW image
format. The pictures had a pixel dimension X: 2304 and Y: 3486 homogeneity ofaptured picturavas
obtainedby maintainingthe same settingsf exposure and aperture: 1/800 sec, aperture f/16, focal length 18,0
mm and ISO 1600. With software Adobe Photoshop Lightroom 4, each picture relative at field plot was divided
in 10x10 square@igure 45) Each square was analyzed singularly for the values of the color in RGB scale and
mean for each plot was calculatad mean of 100 stduares. To analyze thigital pictures was used the
softwareAPSASSESS2.0.

Chlorophylls and Carotenoids content

The clods removed from the field were transported to the laboratory within a frozen container. In laboratory the
leaveswere mowed and immediately frozen with liquid nitrogen. Thereafter the extraction and the analysis of
the photosynthetic pigments were performed following the same protocol utilized for the growth chamber test
(as reported i n fA-deavoewst hp i cghreenmbt e rc oannt ael nyt soi) s.
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Inoculation of Schlerotinia homeocarpa

At the end of the experimental trial *(1September 20128clerotinia homoeocarpdungus (Sclerotinia
homoeocarpa F.t. Benn., Annals of Applied Biology: 24: 236, 1937) was inoculated ipleachthe putting
green(Figure 46) Sand carriers infected with homeocarpwere placed in 2.5 x 2.5 holes in each plot.

The emergence of dollar spot on the greenbés surfac

2012 and every month from April until October 2013. Each patch of dollar spot was marked with white pickets

as shown irFig 46. The density of dollaspot was calculated as percentage value of n° of patctfes / m

Figure 46: Inoculation of the Sclerotinia homoeocarpa within the thatch layer of the experimental putting green.

4.2.5 MYCORRHIZAL ANALYSIS

Mycorrhizal colonization within the root tissue$ the Creeping bentgrass was analyzed at the end of the
experimental trial. A portion of the putting green
cooler in order to preserve the samples for the subsequent laboratory analygpsotdbel utilized for the
identification and the quantification of the mycorrhiza within root tissues was previously described in the

Material and Method, section 1.
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4.3 RESULTS

4.3.1GROWTH CHAMBER RESULTS

Perennial ryegras&.¢lium perennd..) clods were extracted from pots 60 days after the first treatment. Before to

proceedwith morphological and physiological analyzes, perennial ryegrass habitus was observed and following
reported (Figure 47

12

2

Plant growth (cm)
o
|

Control EM-1 DiSTA

Figure 47: Lolium perennd.. plants after the 60 days experimental period within growth chamber. Left to right are shown
plants treated with Control (distilled water and Hoaglaolition), EM1, DISTA and DPLUS.

Preliminary observation of Perennial ryegrass plants showed faotiefness of microbial treatments in
determine observable changes in the habitus of the whole plants. Different biological products tested on plants
resulted a lengthening of the roots if compared with the control. Also growth and color changes of leaves
demarcate a different effectiveness of microbial treatments. In this particular cakestdn a greenness leaf
apparatus with a slight difference in height if compared to the control whereas microbial mixes developed in the
Faculty of Agronomy of Bologm DiSTA and BPLUS, shown leaves with a brighter color and higher if
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compared with Control and E#l. Observing leaves of plants treated with DiISTA arBLIS seems that the

only microorganisms product (DiSTA) led to a increased growth if compared tolltiredtment (BPLUS).

Growth of leaves and biomass production

Table 19:

Effects of different treatments (Control = distilled water; M = acti vated EMA1E; Di STA = D
Agronomical Tech original bacterial mix;-BLUS = DISTA + Mycorrhiza + Humic Acid. Leaf analysis on Leaf Length

(LL), Leaf Fresh Weight (EW), Leaf Dry Weight/Leaf Fresh Weight percentage ratio (LDW/LFW), Leaf Dry Weight/Leaf
Length (LDW/LL).

;ENiiYSI < Control EM-1 DISTA D-PLUS

LL (cm) 482+087(c)  543+0,76(b)  842+087(a)  8,05+0,87 (a)
" LFW (g) ' 376+061(c)  344+059c) = 534+1,16(a)  4,65+1,02(b)
" LDWILFW (%)  12,95+177(b)  18,53+5,66(3)  21,46+6,60 (a) 20,28+ 6,37 (a)
" LDWILL (mglcm) ~ 2,04+063(b)  231+061(a)  260+049(a)  225+050(a)

The effects of inoculation of the microbial based products in controlled environment showed significant
statistically differences within different microbial preparations and compared to the control too. Leaf length was
increased with DISTA and IPLUS treaments. In agreement with data reported in the first trial;JEMd to a

growth similar to the control. Leaf weight fresh biomass was greater in microbial only DiSTA, with a weekly
production 2 grams higher that control. The microbial treatmentd HMSTA and DPUS had an homogenous

effect on the dry/fresh biomass ratio, increasing the ratio respectively 43%, 65% and 56% compared to the
control. Dry biomass produced per length leaf unit (LDW/LFW) was in accord with precedent values showing

homogenous vaks between three microbial treatments.

Growth of roots and biomass production

Table 20:

Root parameters in perennial ryegrass pots treated with different ammendands.

ROOT

ANALYSIS Control EM-1 DISTA D-PLUS
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RL (cm) 10,29+2,29 (b)  13,55+2,44(a) 10,72+ 1,96 (b) 14,07 + 1,68 (a)

RFW (g) 5,62 + 1,35 (c) 8,19 + 1,52 (a) 7,70 + 1,55 (b) 7,81 + 0,99 (ab)
RDW/RFW (%) 17,43+543 (@) 19,84+391(a) 16,71+534(a)  18,05+5,11 (a)
RDW/LR (mg/cm) 0,94 + 0,30 (a) 1,23 + 0,38 (a) 1,23 + 0,55 (a) 1,01 +0,30 (a)

Morphological and physiological parameters of the roots were acquired at the end of the experimental, after 60
days from the first application. The root apparatus elongation was principally stimulated-Patd®and EM

1 that had respectively determinadiacreasing of 37% (a) and 32% (a) compared to the control. Microbial only

Di STA didndét show a significant el ongation respect
the samples inoculated with EM(+45% to the control), while DiSTAnd DPLUS have increased the fresh
weight from 37% (b) to 39% (ab) respect to the control. No statistical difference was detected between four
treatments for dry/fresh weight ratio. Dry biomass
statistical significant difference between the four treatments tested, althoudhaBMDISTA had increased the

LDW/LFW ratio by 31,5 to 31,1% respectively compared to the control.

Color of leaves in RGB space

The image analysis was conducted measuridiyidually the values of the three color channels in RGB space.
The pictures were captured within a lighax in order to homogenize the lightiognditions of the acquisition
environmentand were afterward analyzed with Assess software (for a commetzigtion of the picturing
process and analysis refer to the relative Materials and Method s@&jon

Theanalysis of the color of he leaves (Graph 9) shoaredhtensification of the color due to the tested product:

all three color channes (R,G abilllave indeed shown a decrease of the values respect to the plants treated with

Control (water and Hoagland solution) thesis.
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Graph 9: 3D scatter plot pf RGB color space. The axes correspond to the R, G and B color channel. The points are the
average olor values for each plot at 60 DAT.

In order to assess the statistical differences/éen RGB colors showed in Grapheé®MANOVA test has been
conducted:

The red, green and blue color values measured from different pots (130 sampling points fat)caahe been

used as dependent variables, while the treatments / control as fixed factors. The test reported a significant
di fference between the factors (F (9, 180) = -54,78
hoc analysis. The pthoc test confirmed that the Control was significantly different from all the treatments in

the whole color space.-BLUS resulted not significantly different to EMfor all three color channels. DISTA

showed a statistical difference only for Red afghbut not for Green and Blue.
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A cluster analysis (squared distance, signle linkage) has been conducted in order to obtain a graphic
representation of the differences suggested by MANO¥#St. The following plot (Graph })Oshows a
dendrogram of growh chamb#ial where the different treatments / control were clustered on the basis of the
RGB variables.

1] 3 10 13 20 23
L I ] I L
EM-1 2
D-PLUS 4
DISTA 3=
Contral 1

Graph 10: Dendrogram representing the differences between mean colors obtained for different treatments within growth
chamber.

The treatments EM, D-PLUSand DiSTA form a well distinct cluster if compared to the Control, well separate

with a high Euclidean distance separating by the tr
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Chlorophylls and Carotenoids content

Results of chlorophyll and carotenoids extractiom..o 14

perenneleaves are showed in Graph 11. The t . 10,

chlorophyll content (mg of photopigme&hl a and g N A

Chl b per grams of leaf dry biomass) indicate E%lo T

increasing with time with all microbial treatmen gig g |

Instead only Hoagland solution treatment determi g £

an ncrease of total chlorophyll at 30 DAT and a fir © 6

diminution of 18% if compared at time 0. Tof 4 . .

chlorophyll increase determined by micro 5

treatments given significant values between -EMN

DiSTA and DPLUS with difference with the contrg % 41 |

of +63%, +55%+ 21% respectively. 2 3 —N

The ratio between Chlorophyll a and Chlorophyl| © W

content showed a similar effect of the microbiologi 2 27

treatments comparing with control effect-HLUS ° 14

determined a significant decreasing of @b ration 0 . .

of 75% (660 DAT). Only bateria solution EML and 1

DISTA determined a similar diminution of Cla/b

ration around 384% respectively @0 DAT). The 107

ratio of Chlsa andb to total carotenoidsag-b)/(x+c) ° 81

utilized as indicator of the greenness of the :x’ 6

tissues, indicated highgalues for BPLUS and EM1 g 4 1 2

treatments with, both statistically different compa T2

to control and DiSTA that determined a ratio reduct 0 : !

of 7 and 31% respectively from time 0. 0 DAT 30 DAT 60 DAT
=@=-Control =¢=EM-1 =A=DISTA =@=D-PLUS

Graph 11: The graphs summarize the parameters related toplgafents content in the leaves of Agrostis stolonifera.
Chlorophyll content is the sum of mg of Chlorophyll a and Chlorophyll b per gram of dry biomass of leaf. (a+b)/(x+c)
represent the ratio between total chlorophyll content and xanthophyll and ceadeteownient.
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Tearing

Tear off analysis was conducted with a mechanical dynamometer at the end of the experimental period of 60
days. In the following graplGraph 11)was reported the values expressed as means of the single treatment.
Results betweentaet ment s ar e compared with an analysis of ve
0,05). The treatments based on microbiological mixtures determined an increase in tear resistence compared to
the control constituted by distilled water. No statislly significant differences were detected between the three
different biological treatments applied.

200 - a

160 - b T

120 -

Q

80 -

Tear off (g)

40 -

Control EM-1 DISTA D-PLUS

Graph 12: Tear out values for Lolium perenne L. plants. Tear out was tested with a mechanical dynamometer at 60 DAT.
Plants were were treated with fodifferent products: Control (Water + Hoagland solution),-ENEM-RO® commercial
microorganisms + Hoagland solution), DISTA (only microorganisms formulate + Hoagland solution) arRdUD
(microorganisms formulate + Glomus intraradices + Hoagland sojution

Mycorrhizal analysis

Perennial ryegrass roots were analyzed for quantify the inoculum occurred after the different thesis treatments.
At the end of the experimental trial, perennial ryegrass roots were washed gently and then treated with CBE, a
specific colorant for endomycorrhiza as specified in the concerning paragraph. The presence of fungal hyphae
was expressed as percentage of units in which hyphae were present on thehetahjofres of the petri dish

As is shown irFigure 48 plants teated with water only (Control), Bl and DiSTA did not show mycorrhizal

within root tissue. In pots treated with EMwere found a very low percentage of mycorrhizal spores but
probably as a remnant of the sand, which was sterilized before sowing ofipergegrass. EPlus treatment

determined the emergence of fungal hyphae within root tissues, showing a 32,5% presence on the petri dish grid.
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Percentage of  Control EM-1 DISTA D-PLUS
AM in roots 0,0% 3,0% 0,0% 12,5%

Figure 48 Portions ofLolium perenne roots bleached with KOH and treated with Chlorazil Black E to evidence the AM
(Arbusculus Mycorrhizae) within the root tissues. In order are shown roots of Control (g, (BIM DiSTA (c) and B
PLUS (d).
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4.3.2 PUTTING GREEN RESULTS

EC and pH of soil

Table 21:

pH and Electrical Conductivity (EC) values from putting green topsoil. Electrical conductivity was expressed as

instrumental scale milliSiemens per c¢cm (mS/cm). Treat men
Soil Anlaysis Control EM-1 DiSTA D-PLUS
0 DAT 7,1+0,7 (a) 7,5+£0,9 (a) 7,2+0,9 (a) 7,0£0,4 (a)
pH 30 DAT 7,2+0,9 (a) 7,609 (a) 7,3+0,8 (a) 7,3%£0,5 (a)
60 DAT 6,9+0,6 (a) 6,8+0,4 (a) 7,1+6,1(a) 7,1+0,7 (a)
0 DAT 1,86+ 0,44 (a) 1,77 £ 0,24 (a) 1,71 £ 0,16 (a) 1,58 £ 0,21 (a)
(mES/(zn?) 30 DAT 1,71 £ 0,25 (a) 1,69 + 0,27 (a) 1,73 £ 0,15 (a) 1,89 £ 0,27 (a)
60 DAT 1,74 £ 0,24 (a) 1,86 + 0,31 (a) 1,71+ 0,17 (a) 1,74 £ 0,17 (a)

pH analysis indicate that the putting green top soil had a ndusiaghtly alkaline characteristics. Around 30
DAT pH values were slightly higher 0 and 60 DAT in all treatment but no statistical differences were found.
Furthermore none of the treatmenppled had statistical significant effect on the soil pH during after the 60

days experiment al period. El ectrical conductivity

soil salinity. Soil ECe measured showed tipical values foimmugreen soils, comprised between 1,58 and 1,89

mS/ cm. ANOVA test didnét found significant differer

Chemical analysis (C/N) of soil

Table 22

Total Carbon (N) and total Nitrogen (N) content in putting green 3tiésis tested was Control (distilled water and

Hoagland solution)EM. = activated EMA1E; Di STA = Department of Sci
mix; D-PLUS = DiSTA + Mycorrhiza + Humic Acid).
SOIL C/N ANALYSIS Control EM-1 DIiSTA D-PLUS
0 DAT 5,76+ 0,56 (a) 4,96£091 (a) 581+047(a)  4,83%0,51 (a)
C 30 DAT 5,81+ 0,73 (a) 4,89+0,73 (a) 4,43+ 046 (a)  6,01% 0,69 (a)
60 DAT 6,85+ 0,51 (a) 7,07+ 0,55 (a) 6,0+ 0,47 (a) 7,65+ 0,76 (a)
0 DAT 0,45 + 0,09 (a) 0,38+0,07 (a) 0,44+008(a) 0,40 0,07 (a)
N 30 DAT 0,43 + 0,08 (a) 0,35+0,08 (a) 0,32+0,07(a) 0,46+ 0,09 (a)
60 DAT 0,53 + 0,07 (a) 0,55+0,07 (a) 0,45+0,08(a) 0,62+ 0,08 (a)
0 DAT 13,1 + 2,66 (a) 13,30+ 1,53 (a) 13,53+2,35(a) 12,40 + 2,36a)
CIN (%) 30 DAT 13,7 + 1,94 (a) 14,11 +2,63() 14,24+329 (a) 13,24+ 1,70 (a)
60 DAT 12,93+ 1,69 (a) 12,85+158(a) 13,54%2,16(a) 12,40 + 1,08 (a)
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The total soil nitrogen and carbon of the soil samples were analyzed with ECS 4010 CHNSO Byttem.
nitrogen and carbon were analyzed at the date 0, 30 and 60 day after treatments (DAT). The values obtained
were represented as percentage on the control (Table 22). Eheiegtire durate of the experimental trial was

no revealed significant diffences between different thesis and the variation of the values during the two month

period were probably determined by seasonal conditions.

Moisture of soil

The moisture content of soil was analyzed weekly for the entire period of the experimental trial. The hydric
content of each plot was calculated as the percentage difference between the fresh and dry weight of a putting

green clod.

130 +

120 -

=¢=EM-1
110 -

- DISTA
100 -

=@=D-PLUS

Moisture (%)

90 -

80 T T T T T T T T 1

DAT

Graph 12: Moisturecontent in a 10 cm section of top soil during the 60 days period of the experimental trial. Values are
expressed as percentage of hydric content relative to the control.

Analyzing the data of moisture that were collected from the experimental trial wsibl@de denote a similar
behavior of the plots treated with the EMand DISTA. The EPLUS treatment begun to determine different
moisture content since 45 DAT. The inoculum with DISTA and-Elketermined a progressive increasing of the
hydric content inthe first month, reaching a significant difference compared to control between +18,2 and
+15,4% respectively. These values were maintained constant within the following 30 days until the end of the
test, when DISTA and EM reached values 10,4 and 9,9%pexgively. Although three microbial treatments
showing a different trend respect to the control, were not detected significant differences between the four

theses, for the entire duration of the test.
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Profile of soill

The stratigraphy of the soil was detsat weekly by the extraction of a section of soil and taking pictures with a
metric reference system. Thicknesses of the layers that compose soil profile were measured with a digital image
analysis(Figure 49. These values have allowed to study changesoih profile caused by inoculation of

microorganisms and biological substances in a soil that is generally deficient in microbial flora.
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Figure 49: Effects of different treatments on the soil layers. Thatch and the underlying decomposing layers were evidenced
with two red lines.
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The soil profile showed a significant trend in soils where inoculum occurred. As is sho@maph 13the
inoculum of DPLUS determined a thickening of the humic layer by 41,4% at 60 DAT if compared with related
0 DAT value. DISTA and EML applications determined an increasing of the humic layer by 20,4% and 23,5%
compared to the respective 0 DAT valués.control plots the humic layer thickness remained essentially
unchanged-(,24 to 0 DAT). The effects offered by the microbial inoculants on the thickness of humic layer was
found statistically significant only for PLUS treatment by an ANOVA test (Dt 6 s means t est
level: 0,05).

D-PLUS 18,3 mm 24,8 mm a
@Humus 0 DISTA 17,3 mm 19,0 mm ab
DAT .
O Humus EM-1 18,1 mm 2210 mm ab
60 DAT -
Control 18,4 mm 16,7 mm b
0% 20% 40% 60% 80% 100%

Graph13: Ef fect s of the four theshuswusiagegpcul um on the thicknes

Regarding the changing of the thickness of the thatch layer, the inoculation of microbial product showed
statistical significant differences for all treatments if compared with the control. In the plots treated with water
only (Control), thatch layer had an increasing of 18,4 % during the two month experimental period. Only
bacteria solution EM. determined aeduction of 6,1 %, while DISTA had an effect statistically different
compared to control bringing the thinning of the thatch at 15,9 %. The greater result was obtained from the
application of BPLUS that determine a thatch reduction of 26,74 % in twatimoihweekly treatments.
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D-PLUS 21,1 mm 14,6 mm a
@ Thatch DISTA 19,43 mm 15,9 mm ab
0 DAT |
DggascAhT EM-1 20,7 mm 18,3 mm be
Control 18,3 mm 21 mm C
0%  10% 20% 30%  40%  50% 70%  80%  90%  100%

Graph 14: Effects of different treatments on the reduction of the thickness of the thatch.

Biomass of thatch and roots

Table 23: Thatch values of Fresh Weigh (FW), Dry Weight/Fresh Weigtib (DW/FW) andDensity.

Thatch resutls Control EM-1 DISTA D-PLUS
0 DAT 0,59 + 0,05 0,58 + 0,07 0,53+0,12 0,61 + 0,02
FW (g/cn) 30 DAT 0,64 + 0,12 0,60 + 0,12 0,54 +0,11 0,55 + 0,08
60 DAT 0,68 +0,14 0,55+0,14 0,52 + 0,08 0,49+0,12
0 DAT 20,310 20,7+ 3,6 19,4+8,1 21,3+3,6
DW/FW (%) 30 DAT 19,9+4.38 18,9+ 4,7 18,6 £ 4,6 19,0+ 3,3
60 DAT 19,2+19 20,3+3,2 16,9+ 3,5 158+23
0 DAT 0,63 +0,15 0,57 + 0,08 0,52 + 0,20 0,62 +0,12
Density (mg/cn?) 30 DAT 0,60 + 0,10 0,51 + 0,07 0,48 +0,10 0,53+ 0,14
60 DAT 0,63+0,14 0,63+ 0,25 0,55+0,12 0,49+0,11

Microbial treatments determined different responses on thatch during the experimental triabreMDISTA
decreased the fresh biomass of 3,9% and 1,2% respectively compatiagcantrol but significant differences
were not detected. -BLUS treatments determined a significant thatch fresh biomass diminution of 19,2%
compared to control. Dry/FregRatio was not modified by only water treatments (Control) and1Bdit was
gradualy decreased by DIiSTA and-BLUS with percentage values of 12,9% and 25,9% respectively. The
density of thatch layer, expressed as dry biomass (mg) per unit of volurie (crdi d n 6t show
differences from 0 to 60 DAT intreatments. Anyway, altdugh a significant difference was not verified, D
PLUS determined a trend diminution of the density of 15,1% if compared to the c@raph(15.
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Graph 15: Effects of different treatments on thatch density (djqparameter during the 60 days trialipelr

Organic content

Organic content in the top soil of the experimental putting green was evaluated weéRIy okt portion of

soil from 0,5mm of the surface was extracted for quantification of the organic compGnapit. L6shows the

trend of top soil organic component during the 60 days of experimental period, expressed as percentage on the

biomass of soil.

18
17
16
15
14
13
12
11
10

Organic content (%)

0= Control

=o=EM-1

A—DISTA

=@=D-PLUS

15

22

30 37 45 52 60
DAT

Graph 16: Trend of organic matter content in the top soil of the experimental putting green during the 60 dayseigler

period.

In the plots treated with water only (Control) the soil organic matter did not significantly changed during the test.

Bacteria solutions EM and DiSTA determined reduction on the control of 12,7% and 15,6% respectively. D
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PLUS determinedhe highest reduction of organic content in the soil of putting green with a statistically

significant reduction of 26,2% comparing at the control and reduction from 0 DAT of 19,21%.

Evapotranspiration

Initially all clods were brought at field capacitpdathen sealed with parafilm on the bottom and on the side
faces.Real Evapotranspiratiowas determined from each sample measuring the daily loss of water from the

initial time.
14 ¢ Control ¢ EM-1 A DiSTA @ D-PLUS
. 12
=
= 10
s 8
8 6
a
@ 4
©
5 2
o
g 0 T T T T T T T T T
w 0 3 6 9 12 15 18 21 24 27 30
Days after irrigation

Graph 17: Graph of evapotranspiration expressed as mm of water lostficaitytime 0.

Plots treated with BPLUS showed an evapotranspiration capacity greater than control and other microbial
treatments. With BPLUS plots loss half of the water content in 10 days whereas in control plots needed 15 days.
Even microbial only prodtt brought a slight increased evapotranspiration relatively to the control but significant

differences were not determined.

Production of leaf biomass

Table 24: Effects of different treatments (Control, EM DISTA and DPLUS) on leaf biomass parametesOVA test
was conducted comparing the four thesis at the same date.

LEAF ANALYSIS Control EM-1 DISTA D-PLUS

1
ODAT  813+153(a) 768+170(a) 810+101(a) 752+ 141 (a)
—
Fresh Weight (Kg) 30 DAT  850+120(ab) 815+101(c) 836+191(b) 867118 (a)

I
60 DAT  822+153(a) 630+113(b) 833+99(a) 948+ 99 (a)
" Dry Weight (Kg) ' ODAT  207+70(a)  219+46(a)  127+48(a)  227+69(a)
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30 DAT

—
60 DAT

236 + 35 (b) 260 + 72 (b)
223 + 66 (b) 210 + 45 (b)

288 + 155 (b)
255 + 29 (ab)

257 + 104 (a)
305 +33 (a)

Dry/Fresh Weight (%)

I
0 DAT
30 DAT

60 DAT

1 1 1
270+£125(@) 290+58(a) 27,1+6,6 (a)

28,4+6,0(a) 31,5%55(a)
273+69(b)  322+28(a)

32,9+ 11,4 (a)
30,1+ 1,7 (ab)

30,7 9,2 (a)
31,0 £ 15,3 (a)
32,4 £ 4,0 (ab)

At the end of 60days experimental period, EM application determined a decreasing of leaf fresh biomass

production of 18% from date zero and a significant diminution of 23,3% comparing at the control. DiISTA

treatments did detect any changing on fresh biomass fr6t DAT and comparing with control. PLUS

increased the leaf fresh biomass production but no significant differences were detected. Dry biomass content

was not significantly influenced by B and DiSTA treatments but-BLUS determined a significant

increasingof 36,9% comparing to the control. EMdetermined a significant increasing of Dry/Fresh Weight
ratio of 21,5% at 60 DAT in respect to the control while DISTAardDUS di dnét had signif

Tearing
300 - a
250 -+ b
= 200 - a , 2 @ Control
>
; 150 - a a @ a b mEM-1
100 - @DISTA
mD-PLUS
50 -
0 T T
30
DAT

Graph 18: Tearing out values at 60 DAT.

Tearing analysis showed an increasing effect of microbial inoculum on improving to a mechanical resistance at

tear out parameter. At 30 DAT all microbial treatments determined an increasing between 38% and 58% in

respect to the control. At 60 DAT DiSTA am#PLUS redoubled tear values comparing to the control with a

significant increasing of 109% and 102% respectively. At 60 DAT -EWeasured significant differences
between both DISTA and-BLUS and to the control.
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Color analysis

Aesthetic values are thedt parameters taken in consideration to evaluate the quality of putting green. Aesthetic
assessment was conducted measuring the color changing of the grassy surface during the 60 days experimenta
trial. During this period color parameters were measimréRIGB color space acquiring pictures with a digital
camera EOS 350D. Observing the Figure 8ie surface of the putting green has visibly changed color in D

PLUS treated plots. EM and DiSTA did not induce appreciable aesthetic changes but with softveasure of

RGB data were conducted more accurate determinations.

Figure 51: Picture of the putting green at 60 DAT. Foreground is shows a plot treated RittuB.

D-PLUS microbial product determined significative changes of the surface color cheirggerimental period.

Other microbial treatments Bl and DiSTA determined less pronounced responses. A visual assessment of
EM-1 effect did not determine aesthetic variation compared to the control. DiSTA determined a partial change in
the color that hewveered towards darker shades, an important aspect in the sport field area. First color differences
compared to the control were determined byIDJS from 1421 days after treatments. A visual difference
between DPLUS and Control was maintained until #ved of thetest (Figureb2).

Pictures taken from each plot were digitally analyzed with the software APS ASSESS 2.0. Colors parameters in
RGB color space were evaluated between different treatments within the same date in order to minimize the
lighting dfferences given by different weather conditions across the two months experimental period (for a

complete description of the picturing process and analysis refer to the relative Materials and Method section).
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Figure 52: Plots color changing during the 60 days experimental test.

The digital color analysis confirmed the visual assessment conducted on the fiReldJ® determined a
substantial separation of the mean points in the scatter plot graph, while &M DISTA apear more
aggregate position relatively to the contr@réph 18. D.PLUS treatment intensification of the color at 60 DAT

was 50%, 21% and 42% for R,G and B respectively if compared to the control.

In order to assess the statistical differences betwedd &rs showed in Fig X, a MANOVA test has been
conducted.

The red, green and blue color values measured from different pots (130 sampling points for each pot) have been
used as dependent variables, while the treatments / control as fixed factorsstTrepaeed a significant

di fference between the factors (F (9, 180) = -49, 83
hoc analysis.

The posthoc test confirmed that the-BLUS was significantly different from all the treatments in thel

color space. DISTA resulted not statistically different for Green channel to Control ar &M for Blue

Channel to the Control. ENI showed a significant difference from other treatments in the Blue channel, but
resulted not statistical differendrf Red and Green respect the other treatments. For a detailed report of the test
results refer to Table X in the Appendix.
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Graph 18: 3d scatterplot where the axes correspond to the R, G and B colour channel and the points are the averaged color
values br each parcel at the end of the treatment

A cluster analysis (squared distance, signle linkage) has been conducted in order to obtain a graphic
representation of the differences suggested by MANOVA test. The following @latply 19 shows a
dendrogranof growh chamber trial where the different treatments / control were clustered on the basis of the
RGB variables.

0 5 10 15 20 25
| 1 | 1 |
Cortrol 1
EM-1 2
.
DISTA 3
D-PLUS 4

Graph 19: Dendrogram representing the differences between mean color obtained for different treatments within growth
chamber.
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The treatmenEM-1 and Control form a well close cluster with a secondary proximity also with DiSTA. Control
is a clearly separate entity with a much longer clustering distance if compared with the treatments applied.

Chlorophylls and carotenoids content

Total chloroplyll content, calculated as sum of G 4,5 -
a and Chlb, did not reported statistical differenc
between different treatments and control. Anyw
al microbial treatments showed an increasing of
total chlorophyll content from O DAT to 60 DAT
compared to respectively time 0. Indeed &M
DISTA and DPLUS increased the Chl content

Chlorophyll content

foliar tissues of 95%, 71% and 50% respect t

DAT, while control thesis showed an increase 15
6% compared at time 0. Differences of chloroph 2,2 -

A
O
O
O
X
content determined by EMl, DiISTA and DPLUS A
from ODAT to 60 DAT resulted statically _ 2 - O
significant both at 30 and 60 days after treatm
- \

o
©
5
while control did not determined differences )
different sampling dates. E 16
= ,0 -
Chl a/Chl b ratio showed a decreasing eff ©
determined by EML microbial mix of 31% respeq 1,4
to time 0, similarly to ol water treatment tha 23 -
showed a reduction of 24% during the experime 20 -
period. Plots treated with DiISTA and-ELUS the 17
Chl a/Chl b ratio was maintained constant. 7 £ A
. . ) — - A
weight ratio of Chilsa and b to total carotenoid:s =~ 14 & 0
o]
(at+b)/(x+c) indicated a large baseioabn this & 11 1
experimental field. Chls/carotenoids showed 8 1
significant differences in any sampling date. 5
0 30 60

@-Control =e=EM-1 =A—DiSTA =@=D-PLUS

Graph 20: Pigment content in leaves of perennial ryegrass.
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Mycorrhizal inoculation

The analysis of the mycorrhizal presence within the tigsties were conducted at the end of the experimental

trial. The portion of thatch was removed because was impossible to separate death material (roots and leaves)
from alive roots. The portion of root tissues analyzed was below the thatch layer. Tine afefumgal hyphae
evidenced in roots was expressed as percentage of units in which hyphae were present on thietstplases

of the petri dish.

Plants treated with water only (Control) shown the lower presence of hyphae, whileaBWIDISTA treahents
determined a significant increasing if compared to the contr®lLDS Figure 53, shown an high percentage

of hyphae within the root tissues, statistically higher if compared with the other treatments.

Percentage of AM in Control EM-1 DiISTA D-PLUS

roots 55+16% 62+14% 43+37% 287+51%

100 pm

Figure 53: 1mnf pictures of a portion of Agrostis stolonifera root. The mycorrhizae within root tissues was evidenced by
the darkblue coloration
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4.4 DISCUSSION

On the basis of the previoudigsults, in the second step of this thesis two original microbial mixes (DiSTA and
D-PLUS) were formulated anthen tested in a golf courpetting green. A further trial was conducted within a
growth chamber in order to compare these data with the rednlt ai ned i n tenmentfTha st S
application in a serrfield conditionaimed to verify the effectiveness of the two different microbial solutions.
DiSTA and DPLUS were formulated specifically to be inoculated in a putting green that regrédsemighest
technical level in the world of sport turf. The EMcommercial biostimulant and water only were respectively

used as positive and negative controls. The complex microbial content of DiISTA-Bhd® composed by
lactobacilli, yeasts, aeroblmacteria, humic acids and mycorrhizae aimed to promote the growing of root tissues,

to prevent the occurrence of diseases and pathologies, and to enhance the healthiness of the putting greer
turfgrass. In order to assess the effectively action of the labons, all output such as chemicals and fertilizers

were suspended since two months previously the experimental trial (July and August).

The growth chamber trial has shown a set of values comparable to the first trial: Control dndeivimined

similar effects on theLolium perennel. essence without showing significant differences between the two
experiments. DISTA andPLUS determinedn increasing of the ryegralemves tissues for both dry and fresh
biomass, while the ratio between dry/fresh biemaas similar to EM. treatment. Root growth shown similar

values between EM and DPLUS while DiSTA did not determined positive results determining effects of root

l ength and biomass production comparabl sreaults,thehe ¢
analysis of the color of the leavsisowedintensificationby three microbial treatments, wher¢as only control
treatmentdetermined a brighter coloration and as consequence a lower quality leaves.

The distinct group given by the darkesl@ration in microbial theses seems to be correlated at the chlorophyli
content in perennial ryegrass leaves, confirming the trend shown in previous researches where brighter color was

due to an increasing of total chlorophyll.

The field trial was conductieon anAgrostis stolonifergutting green during July and August 2012, two month

that generally determine stress condition for esmason grass (Beard, 1973). The soil parameters of pH,
electreconductivity, and total carbemitrogen content were fveeky monitored in order to verify eventually
changing in the soil given by applied treatments, but no significant effects were detected.

The analysis of the layer of the putting green substrate shown important modification of the profiles between
different heses, especially for the thickness of the thdteleed, due to the inoculum of the different microbial
mixes based on beneficial bacterial, the thatch layer has been progressively degraded-IThadEDISTA

(both based on only bacterial componentsgaeined a reduction of the thatch by 6,1% and 15,9% comparing

to the control, while BEPLUS given a significative reduction of 26,7%. The underlying humus layer showed a

thickening trend, opposite at the thatch reduction probably determined by the nhidesgyedation of thatch
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and the subsequent downward leaching. The growth of the humus layer for each treatment was effectively
inversely proportional at the relative thatch degradation: plots treated with &M DiSTA solutions shown an
increasing of thdumus layer of 23,5% and 20,4% respectively, while plots treated wiRhUS had a humus
increasing of 41,4% compared at O DAT value.

These results confirmed positive effects of the inoculation microorganisms in théhabilad increased the
decomposition of the soil organic matter making nutrients more available foninkeeal assimilation by plants
(Muller and Kussow, 2005).

A further confirm of the positive effect due to the application of the full treatmefLDS on the thatch layer
wasthe reduction of the fresh biomass and the dry/fresh biomass ratio.

In order to assess if the diminution of the thicknesshatchand of the biomass was given by a metabolic
degradation of effective microorganisms, the test of the organic contemt jrutifing green top soil has shown
interesting results. Indeed, plots treated witRIDJS shown a progressively diminution of the of the percentage
organic content while the total carbon in the soil was maintained constant. This peagtiee proof that
microbial degradation led to a partial mineralization of the organic carbon content in lignin or cellulose of
leaves and roots.

The effective microorganisms applied on the creeping bentgrass surface have determined positive effects also on
the physiologicalvellness of the turfgrass. The dry/fresh ratio of leaves biomass increased similarly in all the
treatments and this data, as was seen in previously finding in growth chamber trial, corresponded in an increased
tear off resistance.

The quality of the puittg green surface was evaluated with the color analysis in RGB mode. The data shown a
pronounced effect of IPLUS to determine a darker color comparing with other treatments, whilé B

DiSTA shown only a partial significant difference comparing tocibrerol.
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Effect of commercial biostimulants containingBacillus spp plus growth promoters
on anAgrostis stolonifergputting green in a field condition

5.1 SECTION OBJECTIVES

The third part of the study was carried aitthe Turfgrass Research Center (TRC) of Virginia Polytechnic
Institute and State University (Virginia Tech, United States). Different microbial treatments and biostimulants
were tested on a creeping bentgrass putting greamreal field conditionindeed in this last trial thenanaging
schedulesuch as fertilization and chemicals apationswas maintained for the entire durate of the trial

The effects of the different treatments were evaluated analphiysjological, agronomical and morphological
parameters. In addition was studied the microbial flora colonization in the roots and rhizosphere throughout

molecular techniques.
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5.2MATERIALS AND METHODS

5.2.1 LOCATION

The last experimental trial conducted in the TRC (Virginia Tech) hathhduration of four months. Previously

reliefs of chemicals and physical composition of the soil were conducted between March and April, two months
before the starting of the trial. In addition during the period that proceeded the treatments apphcat®
monitored the presence of weeds such as Kentucky bluedPass pratensisL . ) and turfds I

insurgences such as dollar spBt lomoeocarpa

Figure 54: Experimental putting green in Turf Research Center of Virginia Tech.

Weather conditions

Virginia Tech is | ocated in the South West Virgini
because placed between the warm climates of the South and the cooler climates of the North. The climate is
classified as mild midiatitude in the subcategory of humid subtropical. Principal characteristic of this area are

no dry seasons and hot summers. This is a climate very demanding for growing and quality of plants, influencing
turfgrass species selection, culture and pest managemen

Weather data were collected with reference to the National Weather Service Climate Forecast Office,
BlacksburgVirginia (Graph 21)Between1® March and 31 May the total rainfall was 324 mm, a value that was

11% above the period mean. In the sameodethe temperature showed an average value of 9°C in
correspondence with seasonés val ues, with mini mum ¢
During the experimental period{df June until the end of July) the precipitations showed values close to the

hi ghest valwues recorder, with a total precipitatior
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For the whole experimental period the temperature
temperature of 21°C, with a minimum and a maximthat were respectively 15,72°C and 32,17°C.
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Graph 21. Observed temperatures (°C) and observed precipitations (mm) measured by the National Oceanic and
Atmospheric Administration (NOAA), (Blacksburg, Virginia, United States). Mean temperatures furtimer season are
included within the green band; highest and lowest temperatures are included in the red and blue band respectively.

Experimental putting green

The trial was conducted in an experimental putting green inside the TRC, built following SG& U
recommendations (2004): the growing medium had a topsoil layer of 450 mm composed by 95% sand, 3% silt
and 2% clay. The portion of sand was represented by 55% of medium coarse s@2b(hn diameter), 20%
coarse sand (0,5 mm diameter) and 25% wyecoarse sand {2 mm di amet er ) . As most
Courses, at TRC the irrigation during the summer was settable in function of the daily precipitations. Generally,
Virginiads golif4d0 mmo of water frommranélt or artHicial irregion per week during the

summer 6s period.
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5.2.2AGRONOMICAL MAINTENANCE

This final experiment was carried out following all the managements such as mechanical operations and
chemicals applications schedul e drdeftoaperade incarrealesgoit turf b e
situation. The first mechanical management carry out was an aerification, that was performed with a ProCore®
TORO, on April 1% The core drilling of the putting green was adjusted to 5 cm deeper, with a density of 400

holes for square meter. A subsequent top dressing closed holes resulting from the mechanical removal of thatch.

Figure 55: The exp@mental putting greeduring the prepartion stages in May.

The mowing of the cr eepi ngmmbheightwitr agfreqgadhcy bfd aayseper weel.s s

Mowing was processed with a Greenmaster®-adeutting green moweF{gure 5.

Figure 56: mowing Agrostis stolonifera in Turf Research Center with the Greenmaster® mower for putting green
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