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Abstract

Fungal pathogens can attack plants in all cultivation sységrdsause fruit decay in poesiarvest

Their control was based on the use of synthetic produgisn the EQregulation No. 1107/2009,
concerning the placing of plant protection products on the market and repealing the Council
Directives 91/414/EEC, many synthetic pesticides are currently banned for theargeneffects

and eavironmental and health hazard$ie use of rany others has been restricted.

In agriculture, algae and cyanobacteria extracts are used for their stimulant effects on plant vigour
and productivity but little is known on their effect against fungal pathogens.

The objectives of this thesigere to study: (i) the antifungal activity of water extracts from the
cyanobacteriumAnabaenasp., and from the algadcklonia sp., Halopithys sp. Jania sp. and
Chlorella sp. againsthe fungalplant pathogen&hizoctoniasolani Fusarium oxysporumf. sp.
lycopersiciandPodosphaeraanthii, in vitro andin vivoassays; (ii) quantification of compounds in

the extracts(iii) the antifungal activityagainstB. cinereaof polysaccharidesbtained from the
extractg(iiii) the plant defence responses by biogdsg the increase of enzymatic activities related

to the plant defence responses and by the accumulation of PR proteir)splfitiotoxic and
biostimulant effects of extracts

The treatment with extrastfrom Anabaenasp., Eckloniasp.,Janiasp.showel activity against all
fungal pathogenky working directly to the pathogen and indirectly through the invoérg of plant
defence responsegsloreover, polysaccharides derive]dm the extractplayed a role irB. cinerea
control by working directly agast the pathogen and indirectly by increasing plant defence responses.
Consideringhese results, algae and cyanobactexisacs may provide a useful tool for the disease
management in sustainable agriculture, once their antifungal effects will bedserifiplants in a

larger scale experiment.



1. Introduction

The strategy for preventing, destroying, or controlling a harmful organism (‘pest’) or disease, or
protects plants or plant products during production, storage and transport is mainly based on the use
of Opesticidesbo. Thi s des,ingecticidesc acaridides, nematicides, c i d
molluscicides, rodenticides, growth regulators, repellents, rodenticides and biddidBggticides
Databasg

Upon the recent EC regulation No. 1107/2009, concerning the platplgnt protection products

on the market and repealing the Council Directives 91/414/EEC, many synthetic pesticides are
currently banned for their netarget effects and environmental and health hazards, and the use of
many others has been restricted. In particular, these restribilwasnade the management of fungal

plant pathogens difficult and greatly stimulated the research of alternative solutions to chemicals.
Moreover, under the same EC regulation, no chemically synthesized soil fumigants are allowed,
making the control of setborne pathogens extremely difficlilith respect to thisthe research on

control of plant diseases is focusing on alternative means to chemical ones, considering also consumer
demands of healthy foods obtained with cultivation system with low ambigatcim

The control of fungal plant diseases could be addressed through direct or indirect meamacansct
include mainly the use of synthetic products directly against the pathogen to reduce or break down
its ability to damage the plant. They includecabenetic, mechanic, physic and biological means,
which can provide a complementary tool in IPM strategies. Dinegnsare appliecn plant, seed

or other vegetative propagation material, in solil tillage and during-lfeetff agricultural products
Biological strategies for plant protection are becoming an important tools to be applied in
environmentallyfriendly disease management, reducing the potentially adverse environmental
effects of hazardous pesticides. These includes microbial fungicidesdrae mycoparasitesd
beneficial bacteriaContrary to pest/insect biocontrol, disease i@ is a quiet new concept,
egecially in relation to recent studies. The first microorganism applied against a plant pathogen is
the bacteriumAgrobacteriumradiobacterrace K84 againsAgrobacterium tumefacienthe causal

agent of crown gall disease, registered in the United Statd®79, but not yet in Italy, in
collaboration with the United States Eronmental ProtectioAgency(Fravel, 2005). Currentlin

Italy, several productbased on merobial fungicides are registered, such as the mycoparasites

Ampelomyces quisquabksoniothyrium minitansTrichoderma harzianum, T. gamsii, T. asperellum



and such as the bacterial antagtsStreptomycesp. Bacillus subtilis B. amyloliquefaciense
Pseudomonashlororaphys

Indirect means are based cdmemical and natural substan@@snicroorganisms that can stimulate
and/or increase the natural plant defences against diséasesg diemical substanceable to
activateplant defence system against plant pathogaribenzolaiS-methylis authorised in several
European countriessuch asltaly, Spain, France, Netherland, United Kingdom, Belgium, and
Portugal(Reg EC 1107/2009). In Italyit is used against bacterial diseases on nut, peach and tomato,
against downy mould on tobacco and against the fire blight on pear (Bion, Syngenta CropR)otecti
Another chemical substaneeell known to stimulate plant defences is fosetalyiminium hat is
commercialized in different formulations,g. Aliette (Bayer Crop Science) especially used against
grapevinedowny mildew(Scannaviniet al., 2008 di Marco et al., 2011) Among natural inducers
derived from plants, oligajacturonides andellodextrinsshowed to triggeplant defenceesponses

in several cropssuch asn grapevine againdotrytis cinerea(Davidsson et al., 2017; Azit al.,

2003 2009. Another example of natural inducer is laminarin, a polysacchdedged from the
brown seaweetlaminariadigitate, registered in France on wheat to control powdery mildew (lodus
40°, Goémar). Number of studies has shown that seaweed polysaccharides and derived
oligosaccharides activate defence responses and protection against a byeaof fethogens in
plants such a83. cinereaand Plasmopara viticolaon grapevine(Aziz et al., 20(), Erwinia
carotovoraon tobacco(Klarzynski et al., 2000)Colletotrichum lindemuthianuron bean seedlings
(Paulert et al., 2009ndagainstPseudomonas syringa& tomato plants (Jaulneau et al., 2010).
Several researches were focused on the activity against plant pathogens of extracts obtained from
algae and cyanobacteria by using organic solvdRiw/ and Slameel, 2004; Kumar et al., 2008
Arunkumar et al., 2010; Sivakumar, 201dménezet al., 2011), while few studidsve examined

the antifungal activity ofvater extracts (Roberti et al., 2015; Righini et al., 2018).



Algae andCyanobacteria in Agriculture

Algae and cyanobacteria have long been used in human consumption, as a source of natural
compounds of pharmaceutical and cosmetic interest. Moreover, they are used for the production of
biofuels and substrates for laboratary vitro culture. In agriculture, extracts from algasnd
cyanobacteriare used for their stimulant effects on plaigbur andproductivity but little is known

on their effect against fungal pathogeRgngal pathogens can attack plants in all cultivation systems
and can cause fruit decay in pbstrvest. Among soiborne fungi that can infect the plant in soil
cultivation, Sclerotiniasclerotiorum Rhizoctoniaspp.,Phytophthoraspp.,Pythiumspp.,Fusaium

spp, Verticillium spp. are the most important (Husaini and N20iL6; Pastrana et aR016). They

affect the root system, hindering the nutrient and water absorption from soil. These pathogens cause
severe symptoms such as yellowing, wilting, dargqaff, root rot and collar rot and, in conventional
cultivation systems, they are controlled by synthetic compound applications. Among foliar pathogens,
fungus belonging t&rysiphalesorder are the causal agent of powdery mildew, a severe disease that
causes important economic losses (Jarvis et 20002) requiring several fungicidal treatments
(Romero et a).2007). Fruits, such as strawberry, tomato and cucumber are perishable fresh food. The
traditional strategy for controlling pekarvest decay releon the application of fungicides during

the crop growing cycle around flowering until harvest time. The fungi responsible elgrusst

decay ardBotrytis cinereg Colletotrichumspp., agent of grey mould and anthracnose, respectively,
Penicilliumspp, Rhizopusspp. andMucor spp. (Husaini and Ner2016).

However, the recent EU restriction on synthetic pesticides made the management of fungal plant
pathogens difficult and greatly stimulated the research of alternative solutions to chemicals.
Applications of extracts from algaad cyanobacterizan helgo limit diseasespread in several crops

and to developeffective alternatives to chemical treatment in crop protecéind nutrition
managemenindeed, crop nutrition and protection has become diffatwe to recent restrictions in
agrochemical use and the lack of effective alternativepartcular for horticultural plantgn open

field andin soil or soilless cultivation undgreenhouseonditions The existing reports on this topic

show the strong potential of algad cyanobacteri@xtracts application on plants both as
biostimulants and bioprotectants against fungal pathogens. Further investigation is needed to fully
uncover the interesting aedploitable antifungal properties of extracts from algaecgradobacteria

to clarify the mechanism of action of extracts and singular components against pathogens.



Algae

Algae refer to a very diverse and large group of aquatic photatimtbrganisms. They include
unicellular organisms such as the green &béorella, and marine multicellular algae commonly
named seaweeds, such as the brown &fggassunthat can reach several meters in length. Algae
are classified in several phyla angpwhich Chlorophyta (green algae), Rhodophyta (red algae), and
Ochrophytaare the major ones, with the brown algae (Phaeophyceae) being a large class of the
Ochrophyta Guiry, 2012). The geographic location and season of harvest influence the composition
of the algae (Black1950; Painter 1983; Westermeier et al2012) and their content of
polysaccharides (Rioux et aR007; Schiener et al2015). Algae also contain essential nutrients,
trace of metamixtures such a€u, Co, Zn, Mn, Mo, etgCabritaet al, 2016), and plant growth
regulators like auxins and cytokinins (Rayorattal, 2008; Craigie2011).
Due to their compositiorgxtracts from algadave long been used in agriculture to enhance soil
fertility and crop productivity (Khan et aR0; Craigie 2011; Arioli et al, 2015). Their commercial
products usually consist of liquid formulations where algae are suspended in water, acids, or alkalis
(Calvo et al. 2014) upon mechanical and physical processing by low temperature, milling, or high
pressure (Hervé and Rouilliet977; Stirk and van Stade®006; Craigie 2011; Pramanick et al.
2017). Liquid products can be applied on roots by immersion of nursery seedlings before
transplantation, or to agricultural crops through soil irrigatiorspoay treatments onto the leaves.
These treatments showed beneficial effects on several crops such as tomato, apple, wheat, strawberry
and winter rapeseed (Crouch and van Statié®2; Basak2008; Kumar and Sahp2011; Alam et
al., 2013; Jannin et gl2013). The extracts from the brown algeszophyllummodosumandEcklonia
maximawere shown to be highly effective in increasing various plant parameters, e.g.tivegetad
reproductive growth and yield, chlorophyll, and mineral elements cooftésavegTab.1). Besides
their wide use as organic féizers and plant growth promoters, extract from algae enhance the
toleranceof crops to a wide range of abiotic and biotic stresses and extend tHepeest shelf life
of fruit (Craigig 2011; Calvo et al.2014; Ibrahim et al2014; Latique et al2014). Moreoverextract
from algaehave great potential as disease crop protectants, both through a direct effect against a
number of fungal plant pathogens and indirectly through inductioresistance in plants by
enhancing the activities of various defemskated enzymes that can help the plants to withdraw
fungal invasion as focused in recent studies (Jayaraman2El; HernandeHerrera et a).2014a,
b; Roberti et al.2016; Essertet al, 2017).

Algae contain several beneficial compounds for plant vigor, such as macro and
microelements, amino acids, vitamins, polysaccharides, and hormones, such as cytokinins, auxins

and auxinlike compounds, and abscisic acid (ABWe substance@Blunden 1991; Crouch and van
10



Staden 1993; Stirk et al. 2003; Rayorath et al2008; Craigie 2011). These components are
contained in thextract from algaapon extraction and their applications stimulate both plant growth
and yield. Several types ektract from algabave been shown to display beneficial effectplants

alone or in mixed formulatiaFor example, xdracts fromA. nodosumdue to its high concentration

in cytokinins, auxins, and other growth stimulafikan et al.2009; Craigie2011), iscontained in

the majority of agricultural biostimulant products (Sharma gP@lL4).Marine algae themselves are

rich in auxin and auxhlike compounds, as shown by Kingman and Moore (1982) who reported that
1 g of A. nodosundry extract contais 50 mg of the indolacetic acid. Betaines, other components of
extracts fromA. nodosumare involved in alleviating osmotic stresses induced by salinity and drought
stresses through the decrease in chlorophyll degradation, as shown by Blunden et7alor§199
tomato, dwarf French bean, barley and maize.

Biostimulant effectvas also demonstrated bytract fromE. maximaon several plants species, such

as beans, pepper, and mung bean where seedling height, diameter of main stem, number of leaves.
leaf chlorophyll content, and root development were increased (Arthur, &08B; L6tze and
Hoffman, 2016; Kocira et a).2018). The presence of plant growth regulators such as auxins,
cytokinins, polyamines, gibberellins, abscisic acid, brassinosteroids and phlorotannins in the extract
from E. maxima(Rengasamy et al2015) was found to be responsible forstenulatory effet on

the growth of agricultural cropss{irk et al. 2004, 2014; Papenfus et &013). Rengasamy et al.
(2015) obtained from 1 kg &. maximadry weight a total of 480 mg of eckol, a typical phlorotannin
named aftefeckloniagenus, suggesting that it mag a major componemh E. maxima These
authors demonstrated that eckol appled maize seeds highly increased shoot (55%) and root
elongation( 7 1 %) |, and bi oc h-amylase md e eadcltiinvg tri ceost so.f Tlhe
amylase in cereal seedsalso regulated by plant hormones, e.g., gibberellinahsdisic acid at the
transcriptional level (Ritchie and Gilrp$998), suggesting that eckol may act as a hormone. Alpha
amylaseenzyme drives the starch hydrolysis that genersi@ple sugarsfundamental for the
biosynthesis of the primaigellular components of the developing embryos (LovegamekHooley

2000; Nanjo et al.2004). Such activities are importaim cereal crops, where growth and
development aftegermination mainly depends ¢me mobilization of starcktored in the endosperm
(Olsen et a].1998).

Extract from algaeontain a number of bioactive compounds with antimicrobial, antiviral, anticancer,
antioxidant and antifungal properties that have been studied for several apicahe direct effect

of extract from algaen fungal pathogens, or their possible resistance induction effect on plants have
beenthoroughly investigatedAmong extract from algaethose fromA. nodosumand Ecklonia
maximahave been widely studied. Ahtngal activity of extract fromd\. nodosunagainst pathogens

11



is documented on several plant species, e.g. on carrot against infecrsnareaandAlternaria
radicinathat were reduced by plant spray treatment extinact from algaélayaraj et al]2008). The

same authors also showed that the treatment increased the transcript levels of PR proteins related to
the induced resistance of plafitab. 2). On cucumber plants, in greenhouse environment, spray
treatment and/or root drench with nodosunshowed to reduce disease incidence causeé.by
oxysporum Alternaria cucumerinumB. cinerea(Jayaraman et al2011) and byPhytophthora
melonis(Abkhoo and Sabbagh, 2016)ayaraman et al. (2011) aAtbkhoo and Sabbagf2016

found that the extract fros. nodosunmenhanced activities of various defence related enzymes such
as chitinasep-1,3-glucanase, peroxidase, polyphenol oxidase, phenylalanine ammonia lyase, and
lipoxygenase and enhanced levels of phenolic compo(ifas 2). When an extract fronA.
nodosumwas applied in mixture witl,aminaria sp., on strawberry a decrease of grey mould
incidence was obtained. A mixture of an extract fldhrmodosunwith one ofD. potatorumapplied

by soil treatment, suppressed the infection of broccoli causethbynodiophordrassicagprobably
resulting from the stimulation of resistance mechanisms in the plant in relation to the presence of
polysaccharides in the extract (Wite et 2015).Indeed extracts derived frorA. nodosuntontain
several compoundsnéluding polysaccharides and oligosaccharides, known to act as elicitor and
signal transduction molecules in plants (Walters e2805) and can induce expression of various
defencerelated proteins and proteinase inhibitansvivo (Cluzet et al. 2004) In addition, the
increase of lipoxygenase activity may be related to oxidation of membrane lipids that results in the
production of several antifungal compounds, including phytoalexins, initiation of cell wall
lignification, and signal transduction leadito resistance responses (Sutherlaf81).

Extract fromE. maxima significantly controlledVerticillium wilt of pepperwhen applied in soil

( Re k a @ aly2010). On zucchini cotyledons, a spray treatment &itkloniasp. reduced the
sporulation & Podosphaeraanthiithe causal agent of powdery mildew of cucurbits (Roberti et al.
2016). The antifungal activity showed by extracts fieokloniaspecies may be related to secondary
bioactive compounds (e.g. phenols) with antioxidant activities asugnated against both human

and plant pathogens. Among algae phenols, phlorotannindHraavaexerted high antioxidant and
anticancer activities against murin colon cancer cell line26TAthukorala et al2006), and those

from E. kuromewere effectve against several strains of febdrne pathogenic bacteria, particularly
against methicillirresistant Staphylococcus aureufNagayama et gl.2002). These findings
demonstrated that phlorotannins contained in extraéislkdbniaspecies may be promigjmioactive
compounds also for medical application. Antifungal activity of extracts from others brown algae it is
widely reported. An extract frorBargassunsp. inhibited mycelial growth oAspergillusspp.,F.
oxysporunmandPenicilliumspp. (Mabrouk et 311985; Khallil et al,2015). Applied on tomato plants,

12



an extract fromSargassunfilipendula reduced disease severity causedAttgrnaria solaniand
Xanthomonagsampestrigov vesicatoria(Ramkissoon et gl2017) and an extract fro®argassum
liebmanniialso reduced necrotic lesions inducedibgolani(HernandezHerrera et a).2014n). Both
extractsncreased the expression of levels of marker genes for defence signalling pdfratags

The activity of extracts fronsargassunspecies is bably due to phenols and terpenes as well as
fatty acids and volatile halogenated hydrocarbons. In fact, El Shafay et al. (2016) associated the
antimicrobial activity against human multidrug resistant bacteria of extractsSrovmlgareand
Sargassum fiformeto these compounds. Moreover, Fernandes Peres et al. (2012) related the
phenols and terpens found in extract fr@&argassummuticum A. nodosum Fucus spiralis,
Stypopodiunzonale andPelvetiacanaliculatato the inhibition ofC. lagenariungrowth showed by

the extracts. In another study, extracts frégstoseiramyriophylloidesLaminaria digitata andF.
spiralis applied on tomato plants reduced disease severity causéddahliae and increased the
activity of defence enzymes such asypblenol oxidase and peroxidadel.2; Esserti et a.2017).

A study carried out by De Corato et al. (2017) examined sesetralct from algaérom both brown
seaweedd,. digitataandUndaria pinnatifida, and red seaweedBprphyra umbilicalis Eucheura
denticulatumand Gelidiumpusillum by preventive and curative treatments on strawberries against
B. cinerea Preventive and curative treatment, extracts flondigitata U. pinnatifida and P.
umbilicalis strongly suppressed the disease severity anaatkromE. denticulatunandG. pusillum

poorly reduced disease developmentinlvitro experiments showed antifungal activity agaiBst
cinereaand, in particular, a total inhibition of pathogen growth and spore germination was showed
by L. digitata and U. pinnatifida Moreover, in the same study, a comparison was made among
different extract fractions obtained by three solvents with a different affinity towards fatty acids
(hexane), watesoluble polysaccharides (water) and phenolic compounds (eth@mb) the hexane
soluble extracts showed inhibitory effect on mycelia growth and spore germinatincoferea
especially the extract froin. digitata, U. pinnatifidaandP. umbilicalis Overall, the extracts from
brown algae showed higher antifungativity with respect to those from red algae. This finding is
consistent with the higher antioxidant activity shown by brown algae with respect to green and the
red ones (Kelman et aR012). Despite the lowest antioxidant activity of red algae, théuagsl

effect of extracts fronCorallina sp. andHalopithysagainstP. xanthiiwas reported @ zucchini
cotyledons where anfection decrease was detected (Roberti 2@l6). Moreover, an extract from
Gracilaria edulisinhibited mycelial growth oMacrophomina phaseolinan vitro (Ambika et al,

2014), and the one frorappaphycusalvarezii sprayed on tomato seedlings infected My
phaseolinancreased transcription of pathogenesis related genes suchldd PRR3 and PR4 and

the endogenous coentration ABA, IAA (auxin), salicylic acid (SA) and the cytokinin zeatin

13



(Agarwal et al. 2016). Accordingly, it is known that a high contmtion of cytokinin leads to SA
accumulation and activation of defence gene expression (Argueso2étzl).

Corcerning the extracts from green algaegknam et al. (2015) showed tl@tlorella vulgaris
inhibited the disease severity rot causedbyginerea on strawberry. Moreover, the extract fr@n
vulgarishighly inhibited theB. cinereamycelial growth angporulation in in vitro experiments. The
inhibition of mycelial growth by an extract fro8. vulgaris has also been demonstrated for
Aspergillusniger (Ghasemi et al2007). Ahmed (2016) suggested a correlation between antifungal
activities and antioxidat compounds, such as phenolics and flavonoids very abundantvingaris
extract. The composition of other green microalga extragtgenmaczundae Zygenmastellinum
andZygenmaenuerevealed different content in saturated and unsaturated fatty acids, in sterols and
terpenes, which were correlated to the antifungal activigxtohct from algaen mycelia growth of
Curvularia lunata, Fusarium sporotrichoides M. phaseolina R. solaniand Sclerotium rolfsii
(Ghazala and Shame8D05). Extracts from green macroalgae also showed direct antifungal activity,
e.g. an extract frondlva lactuca highly inhibited the mycelial growth oA. niger, Penicillium
digitatum and R. solani The U. lactuca fractions with highest antifungal activity was the one
containing phthalic acid, aromatic compounds and fatty acids (Abbassy2fal). In addition to

the direct activity of extracts frofd. lactuca its capability to stimulate plant defence resgEswas
shown. On tomato plants, Hernandéarrera et al. (2018} suggested that increase in expression of
defencerelated genes, such as phenylalanine ammonia lyase, following the application of an extract
from U. lactucag could justify the reduction ofatrotic lesions caused By solani(Tab. 2).

Some studies faused on the antifungal activity of the two single compounds laminarin and
bromophenol bis (23-dibromo4,5-dihydroxybenzyl) ether, extracted from digitata, Rhodomela
confervoidesand fromLeathesianana (Meszka and Bieleni011; Liu et al.2014; Feliziani et al.
2015). The application of laminarin on several strawberry cultivars controlled infection cauBed by
cinereg P. aphanisandM. fragariag under field conditions (Meszka andeRinin 2011). Laminarin

was also applied repeatedly as-pegvest treatment on strawberry producing a reduction of decay
incidence and severity causedBycinereaandRhizopussp. (Feliziani et a]2015).

Bromophenol bis (2;8libromo4,5dihydroxybenyl) ether (BDDE), extracted from the red alga
Rhodomelaconfervoidesand from the brown algadeeathesia nanainhibited the mycelia growth,
spore germination and the germ tube elongatidB. @inerea(Liu et al, 2014). The same was also
capable to inhillimycelial growth ofC. gloeosporioidesTreatment by soaking of fresh strawberry
fruits with BDDE reduced decay incidenceB®ycinerea Bromophenol BDDE was shown to interact

with DNA of B. cinereaby binding in the minor groove as well as by intercafafLiu et al, 2014).
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Besides the above mentioned biostimulation role, the hormone compometacis from algaean

directly influencing the plant defence responses to pathogens by disrupting the delicate hormone
based cross kingdom communication occgy at early stages of plapathogen interaction
(Chancludand More) 2016). Thegphytohormames contained in algae, 1AA, gibberellin and cytokinins,

are all known to be produced by both fungal pathogens and plants (Chanclud andMdehnd

have dramatic effects on their growth and development, indirectly influencing plant pathogen
responses. On the other hand, auxins are known to directly influencing the outcome of fungal
pathogen infections, being susceptibility or resistantofadepending on the type of pathogen
parasitism (bieor necotrophism) and plant tissues (& et al, 2015). For example, IAA induces
susceptibility toB. cinereain Arabidopsisleaves (Savatin et al2011), but in tomato leaves and
eggplant fruit, pe-treatment with IAA or naphthaleneacetic acid (i.e. NAA a synthetic auxin) reduces
B. cinereanfections (Sharon et aR007). Thus, the activity of algal extracts against fungal pathogens
of strawberry, can also be exerted through the endogenous cohtgae hormones, especially
auxin. More knowledge is needed in order to understand the contribution of these components to the
role of algae in plant protection.
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Tab.1 Examples of application and beneficial effects on plants of extracts from algae

Extract from algae Plant Treatment Beneficial effect Reference
Ochrophyta
Aschophyllum pepper F length, fruit diameter, yield Eris et al, 1995
nodosum
apple F shoot growth, blooming, flowering Basak 2008
okra F plant height, fresh and dryeight, yield Zodape et a).2008
eggplant F yield Bozorgi 2012
onion S shoot growth, number of shoots per plant, Dogra and
yield Mandradia2012
saffron F flower tube length Bozorgi et al. 2012
mango S leaf chlorophyll content acceleratisgion  MoralesPayan
shoot height gain 2013
rapeseed S root and shoot growth Jannin et a).2013
strawberry S root and shoot growth, yield Alam et al, 2013
peach F leaf area, leaf chlorophyll, leaf content of Al-Rawi et al,
mineral elements 2016
Ecklonia maxima lettuce S leaf content of mineral elementgeld Crouch et aJ.1990
tomato S leaf surface area, fresh weight, number of Crouch and van
flowers Staden1992
pepper S+F number and size of fruits Arthur et al, 2003
apple F vegetativegrowth, prolonged blooming, Basak 2008
yield
loquat S+F seedling height, diameter of main stem,  Al-Hawezy 2015
number of leaves per seedling, chlorophy!
content, leaf dry weight
Sargassum fenugreek Se+S+F shoot growth, fresh biomassntent of Pise and Sabale
ilicifolium pigments, carbohydrate, proteins, amino 2010
acids, polyphenols and nitrogen
Sargassum wheat D seed germination, growth, yield Kumar and Sahqo
wightii 2011
Durvillaea broccoli D leaf number and arestem diameter Mattner et al.2013
potatorum+ A.
nodosum
Rhodophyta

Gracilaria corticata fenugreek Se+S+F shoot growth, fresh biomass, content of  Pise and Sabale
pigments, carbohydrates, proteins, amino 2010
acids, polyphenols and nitrogen

Hypnea peanut S seed germination, fresh and dry weight, rc Selvam and
musciformis and shoot length, number of branches, le¢ Sivakumay2014
area and chlorophyll, content of fruit
proteins
Chlorophyta
Ulva fasciata fenugreek Se+S+F shoot growth, fresh biomass, content of  Pise and Sabale

pigments, carbohydrates, proteins, amino 2010
acids, polyphenols and nitrogen

IFoliar spray (F), soil irrigation (S), seedling dipping (D) and seed treatment (Se) (Righini et al., 2018)
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Tab.2. Effective applications adlgae extracts against fungal pathogens correlated to the increase of
plant defence responses.

Alga Plant Increase of plant defence  Pathogen Reference

responses

Ascophyllum Cucumber Enzymes: chitinaséy-1,3 Alternaria Jayaraman et

noodosum glucanase, peroxidase, cucumerinumBotrytis  al., 2011
polyphenol oxidase, cinereaDidymella
phenylalanine ammonia lyase, applanata, Fusarium
and lipoxygenase. oxysporum,

Genes: chitinase, lipoxygenast
glucanase, peroxidase, and
phenylalanine ammonia lyase

A. nodosum Cucmber E n z y mé,3glucahase, Phytophthoramelonis  Abkhoo and
peroxidase, polyphenol oxidas Sabbagh, 2016
Genes: lipoxygenase,
phenylalanine ammonia lyase,
galactinol synthase,

A. nodosum Carrot Enzymes: peroxidase, Alternaria radicina, B. Jayaraj et al.,
polyphenoloxidase, cinerea 2008
phenylalanine ammonia lyase,
chitinase, kl1,3-glucanase.

Genes: PRL, chitinase, lipid
transfer protein, phenylalanine
ammonia lyase, chalcone
synthase, noexpressing
pathogenesiselated protein,
PR-5

Cystoseira Tomato Enzymes: polyphenol oxidase, Verticillium dahliae Esserti etal.,

myriophylloides peroxidase 2017

Fucusspiralis,

Laminariadigitata

Gelidium Tomato Genes: PRL, PIN Il (marker Alternaria solani, Ramkissoon et

serrulatum, gene of the jasmonate mediate Xanthomonas al., 2017

Sargassum defence pathway) campestris pv

filipendula, Ulva vesicatoria

lactuca,

Caulerpa Tomato Genes: woundnduced A. solani Hernandez

sertularioides, proteinase inhibitor I, wound Herrera eal.,

Padina induced proteinase inhibitor 11, 2014a

gymnospora,, woundinducible

Sargassum carboxypeptidase,

liebmannii, Ulva phenylalanine ammonia lyase

lactuca (PAL), cysteine proteinase
changs were observed for Pl
I

Kappaphycus Tomato Hormones: ABA, IAA, SAand Macrophomina Agarwal et al.,

alvarezii zeatin hormones. phaseolina 2016

Genes: PRLb1, PR3 and PRS
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Cyanobacteria

Cyanobactesg, also known as cyanophyta or bigeeen algae, are one of the most diverse and widely
distributed Prokaryotes (Walter et &Q17)included in Bacteria superkingdo®ien and Garrity,
2014. Their origin dates back to 3 billion years ago, durind the transition from anoxygenic to
oxygenic conditions through photosynthesis (Schirrmeister et al., 2011) &lwdirtion inthese
condtions led their developmentin unicellular and multicellular, photosynthetiand norn
photosynthetic (i.e., Melainabacteria) (Schirrmeister et al., 2011; Di Rienzi et al., 204 &t al.,
2014), freeliving, symbiotic, toxic and predatory organisms (8bal., 201% Moreover hey occupy
many niches such as terrestrial, planktonic, and benthic habitats (Walter et al.a201fgy are
able to utilise N2 through the process of biological nitrofipeation (Prasanna et al. 2012

They are divided in eighorders:Gloeobacterales, Synechococcales, Spirulinales, Chroococcales,
Pleurocapsales, Oscillatoriale€hroococcidiopsidaleandNostocalegKomareket al., 2013

The research on cyanobacteria highlights their potentiality as source of bioferéitiden§ bioactive
compounds to be applied both for the biocontrol of fungal plant pathogen and as inducer of plant
systemic resistancén the last few yeargonsidering thénarmful effectof chemical fertilizers and
pesticideson the environmentthe resarch is focusing on alternatives to chemicals, such as
cyandbacteria The capacity otyanobacterido assimilate thé2 through the process aftrogen
fixation have long being usefdr rice fertilization (Yanni, 1991; Jha et 11999 Kannaiyan 2000;
Sinha et al.2002 Jha and Prasad, 200&%here have been a number of studies ob#reeficialeffect

of cyanobacterias reported infab. 3. Along with their capacity of fixing atmospheric N, they
improved plant growth and crop yield since thelg arganic matter to soil (Zaccaro et, 4999;
Maqubela et al.2009), thus improving soil structure (De Caire et 2000; De Cano et al. 2002;
Pandey et al2005; Maqubela et a009). The positive effect on crop yield was due to their release
of various substances such as vitamins, amino acids, polypeptides, antibacterial famgjadnti
substances and polymeespecially exopolysaccharides (Zaccaro et1#99 Singh et al., 2005;
Maqubela et al2009. They are also abte synthesie phytohornones, such as IAA and gibberellin
like substances asnabaenasp. andScytonemaofmanni(Prasanna et aR008,2009 Rodriguez et

al., 2006) Beneficial effects of cyanobacteria application are reportddupius termidreated with

the extract oCylindrospermum muscicondA. oryzagHarounandHussein, 2003). They recorded
an enhancement of shoot length, total leaf area and biomassexiiaetsalso increased the
photosynthetic activity, content of nitrogenous compounds and carbohydrates shadt of e
plant. Similar observation on morphological and biochemical parametersione by Osmaet al.
(2010)on pea plantThey obtainedanincreag of rootandshoot length, dry weightéeaf area and

severalconstituentgvitamins, carbohydrate®lements, pigments, eca) seedling grown in soil
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treatedwith Nostoc entophytumndOscillatoria angustissimaAnabaenap. andNostocsp.applied

to the soil increased plant height, root length, dry and fresh weight and leaf number of tomato,
cucumber and squasBi{ariatmadari et al., 201¥)n broad bean, soil treatment wiNlostoaminutum
andAnabaenaspiroidesincreased shoot length up to 19.1 %-GXerif et al., 2015). Values of dry
weight, seed weight per plant and seed number per pé&estsimilar to those obtained with chemical
fertilizer. Soil treatment with gecies ofNostoc, Anabaena, Calothrix, Haplosiphon, Oscillatoria,
Lyngbya, Phormidiunenhancd soil microbial biomass, available nitrogen and increase and
wheatseed germinain, root and shoot growth, weight and yield (Obatel., 2007; Prasanret al,

2013 Pimratch et al., 20950n rice seedlings, applying. carneuntogether withN. communevas
observed an increasing of 28.8 % of root length. Moreover, the applicétibe two cyanobacteria
resulted in better rice production in terms of quantity and quality (Chittapun et al., 2@iB8yreas

of seed germination &orghumdurrawas showed also seed application @xtracts fromA. oryzae

and Synechococcusp. while an opposite effect wabserved on seed germination léélianthus
annuus(Essa et al., 2015Again onH. annusspray and soil treatment witBscillatoria annae
increased both plant and yield parameters such as number of leaves, leaf lefgtadtig shoot,
flower head weight and diameter and number of seeds per flower and seeds Bleighhéshwari
etal.,2011).0n willow, spray treatment withl. aeruginosaandAnabaenap. increased plant height,

total shoot length, fresh and dry weightdaanhanced the plant physiological performance in
comparison to a commercial product based on extract from brown algae and to treatment with
gibberellic acid and indot8-butyric acid (Grzesik et al., 2017).

Cyanobacteria has identified as one of the nmsmising source of natural bioactive
compounds witlantimicrobial (Rurjaet al, 200L), anti-protozoal (Simmons et al., 200&nticancer
(Russo and Cesario, 2012antiviral, antibacterial, anantiproliferative activitiegDixit and Suseela,
2013)(Fig. 1). Several authors reported their antifungal activity against fungal plant pati{dvysors
et al, 1992; Prasanna et a22008; Radhakrishnan et al. 2009; Manjunath et al. 2010; Roberti et al.,
2016) Most of the studies in vitro on the antifungal a¢yiwf extracts from cyanobacteria against
plant pathogens have regard&dabaenaandNostocspecieqTab.4). Frankmolle et al. (1992 b)
reported that crude ethanolic extracts frAmabaendaxa inhibited the growth of different fungus,
plant pathogens: includedAspergillus oryzage Candida albicans Penicillium notatum
Saccharomycegerevisiaeand Trichophyton mentagrophytegrom a screening conducted by
Prasanna et al. (20P&sulted that twatythreestrains ofAnabaenanhibited the growth oFusarium
moniliformewhile seventeestrainsnhibited that ofA. solani Moreover Nostoc muscorums known
to be effective again®. solani(de Caire et al.1990) and severa@nabaenaand Calothrix strains
exhibit fungicidal activity against speciesRfthium FusariumandRhizoctonigMoon et al, 1992;
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Prasanna et aR008; Radhakrishnan et,@2009; Manjunath et al2010).Among all the ompounds
produced by thesenicroorganismshydrolytic erzymes and the homologues for ck@oase,
endoglucanase atinzoic acidvere identified and correlated to thactivity agaist fungus (Gupta

et al, 2010, 2011; Natarajan et al. 2012; Prasanna,&Ml0). Chitosanases are known to selectively
degradec hi t osan/ chi t i n-1p&glycbsidid vonds that linlks Mcetyl glucdsanind
residues of chitin and form the basis for antifungal activity. In addition to enzymes, they are also able
to produce penoliccompounds thawvasdemonstrated tmhibit Candidaalbicansgrowth (de Cano

et al., 1990). Moreover, the terpenoid noscomin, extrddtedmmunshowed antibacterial activity
againsBacillus cereusStaphylococcus epidermigdsndEscherichia coli Jaki et al.2000. Several

studies have regarded also the activitioérocystis aeruginosaxtracts against fungi. Khalid et al.
(2010) reported that extracts fravh aeruginosashowedhigh antifungal activity against 7 human
pathogens and 5 plant pathogefise same cyarbacteria also demonstrated to inhibit the growth of
Aspergillus flavus A. nigeEusarium verticillioidesand,F. proliferatum(Marrez and Sultan, 2016).
Analyses on the composition and bioactivities of single compounds revealédetBg-di t-butyl-
4-methyl phenol (BHT,) hexadecanoic acid and methyl ester were the main responsible of the
antifungal activity.

Somestudies have regarded also the activity of cyanobacteria against pathogens on plants. For
example Alwathnani and Perveen (2012) reporteddpalication ofNostoc linckison tomato plants
reduced disease incidence dueFtooxysporunt. sp. lycopersici In vivo studies showed that F.
oxysporum was very sensitive to cyanobacteria species (Rizk, 2094 on tomatpapplication

of N. conmuneon seed infected witlk. oxysporumshowed todecrease the average number of
infected seedlings (K and Kim 2008 Application on zucchini cotyledons of a strainfofabena

sp. reduced symptoms of powdery mildew causeB.bganthiiand caused a systemiccamulation

of enzyme activities correlated to induced systemic resistance, such as EndochitiNase,
acetylhexosaminidase, chitin 1f8-chitobiosidasef -1,3-glucanase and peroxidases (Raibetral.,

2015, 2016).Like all micro and macroalgae, cyabacteria also produce copious amounts of
polysaccharides. Several studies carried out in the last decade reported that polysaccharides and
derived oligosaccharides from marine macroalgae are able to elicit defence responses and to enhance
protection in cuivated plants against different pathogens, inducing oxidative burst and activating
signalling pathways at systemic level, which lead to the accumulation of pathogefssa (PR)
proteins and other antimicrobial compounds (Vera et al., 2@ta3annat al (2015) demonstrated

that inoculating a biofilm composed Wnabaenasp. the activity of defense enzymesich as

peroxidasephenylalanine ammonia lyasBAL) andpolyphenol oxidaseRPQ increased in maize
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roots ad shoots within the levels @ccumulation of Zn in flag leafMoreover,cyanobacterial

treatment®&nhancedjlomalinrelated soil proteins and polysaccharides in soil.

Alkaloids

Pyrroles amides

,amino acid No activity

Other

Macrolides

Esters Other

Lipopeptide fatty acids
Indoles

Lactones

Fig. 1 Compounds isolated from cyanobactéagand their ran biological activity(b) (Encarnacao
et al., 2015adapted fromBurja et al., 2001

Tab.3- Beneficial effects of extracts from cyanobacteria on crops

Cyanobacteria Crop Beneficial effects Reference
Anabaenasp. maize Concentration of Zn in flag leaf, Prasanna et al.,
variation of glomaliarelated soil 2015

proteins angbolysaccharides in soil
activity of defense enzymes in roo
and shoots (peroxidase, PAL and
PPO)
Anabaenasp. willow height, total shoot length, shoot  Grzesik et al.,
number and length, shoot fresh ar 2017
dry weight, chlorophyll content in

leaves
Anabaena sp. rice higher phosphorus and potassium Pimratch et al.,
seeds, seed weight, yield 2015
Anabaenaryzae sunflower percentage of germination, shoot Essa et al., 2015

and root length, fresh and dry

weight of seedling, enzyme

activities ofperoxidase,

polyphenoloxidase and catalase
A. oryzae sorghum percentage of germination, shoot

and root length, fresh and dry

weight of seedling, enzyme

activities of peroxidase,

polyphenoloxidase and catalase
Anabaena spiroides + bean plant dry weight, shoot length, see Al-Sherif et al.,
content of nitrogen, phosphorous, 2015
and potassium, shoot content of
nitrogen and phosphorous

Nostoc minutum+
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Anabaena vaginicola

A. vaginicola

A. vaginicola

Cylindrospermum
majus+ Westiellopsis
prolifica

M. aeruginosa

Nostoc calcicola

N. calcicola

N. calcicola

N. carneumt N.
commune

Nostoccarneum
N. commune

Nostocellipsosporum

Nostocentophytum

N. ellipsosporum

Oscillatoria
angustissima

Oscillatoria annae

cumber

tomato

squash

rice

willow

cucumber

tomato

squash

rice

rice
rice

sunflower

pea

sorghum

pea

sunflower

Root length, plant height, root fres Shariatmadari et
and dry weightfresh stem and leaf al., 2013

weight

Root length, plant height, leaf

number, root dry weight, stem and

leaf fresh weight, stem and leaf dr

weight

Root length, plant height, leaf

number, root fresh and dry weight,

stem and leaf dry weight

Yield Jha and Prasad,
2006
height, total shoot length, shoot = Grzesik et al.,

number and length, shoot fresh ar
dry weight, chlorophyltontent in
leaves

Root length, plant height, root fres Shariatmadari et
and dry weight al., 2013

Root length, plant height, root fres
and dry weight, stem and leaf dry
weight

root length, plant height, leaf
number, root Fresh weight

root length, root and shoot dry
weight, pike per plant

2017

Chittapun et al.,
2018

shoot dry weight, pike per plant,

grains per spike

root length, root and shoot dry

weight, pike per plant

percentage of germination, shoot Essa et al., 2015
and root length, fresh and dry

weight of seedling, enzyme

activities of peroxidase,

polyphenoloxidase and catalase

Germination percentage, root dept Osman et al.,
shoot length, photosynthetic 2010

pigment fractions, carbohydrate ar

protein contents of seeds

shoot and root length, fresh and di Essa et al., 2015
weightof seedling, enzyme

activities of peroxidase and catala

Germination percentage, root dept Osman et al.,
shoot length, photosynthetic 2010

pigment fractions, carbohydrate ar

protein contents of seeds

number of leaves, leaf length and Bhuvaneshwari et
breadth, shoot, root and stalk al. 2011

length, flower head weight and N
diameter, fresh and dry weight of
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shoot and root, number of seeds
flower and seeds weight
Synechococcusp sunflower percentage of germination, shoot Essa et al., 2015
and root length, fresh and dry
weight of seedling, enzyme
activities of peroxidase,
polyphenoloxidase and catalase
Synechococcusp sorghum percentage of germination, shoot
ard root length, fresh and dry
weight of seedling, enzyme
activities of peroxidase,
polyphenoloxidase and catalase

Tah 4 Antifungal activity of cyanobacteria extracts on colony growth of several plant pathogens

Cyanobacteria Extract solvent  Pathogen Reference

Anabaenasp. ethyl Acetate, M. phaseolinaF. monoliformeA. Prasanna et al.,
dichloromethane solani, Pythium aphanidermatum, 2008
Fusarium solani

A. laxa F. oxysporum f. sp. lycopersici,
Fusarium moniliforme
Anabaena variabilis F. oxysporum f. sp. lycopersici,
Fusarium moniliforme
A. variabilis methanol, A. niger, A. solani. Tiwari and Kaur,
ethanol, water, 2014
acetic acid,
acetone and
butanol
Calothrix sp. water, methanol A. alternata, B. cinerea, C. Kim, 2006
or petroleum gloeosporioides, F. oxysporium P
ether capsici, P. ultimum
Fischerellasp, methanol, A. niger, A. fumigatus Ghasemi et al.,
agueous 2003
supernatant
Microcystis F. oxysporum, M. phaseolina, P. Khalid et al.,
aeruginosa aphanidermatum, P. oedochilum, 2010
R. solani
M. aeruginosa aqueous, ethanol, A. flavus F. verticillioides, F. Marrez and
ethanol, acetone, proliferatum Sultan, 2016

chloroform, ethyl
acetate and

hexane
Nodulariasp. water, methanol A. alternata, Bcinerea, C. Kim, 2006
or petroleum gloeosporioides, F. oxysporium
ether
Nostocsp. water, methanol A. alternata, B. cinerea, C.
or petroleum gloeosporioides, F. oxysporium, F
ether capsici, P. ultimum, R. stolonifer
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Nostoc calcicola
Nostoccommune

Nostoc entophytum

Nostoc linckia

N. muscorum

Oscillatoria sp.

ethanol
methanol

acetone,
chloroform,
methanol and
water

acetone,
chloroform,
methanol and
water

water, methanol

or petroleum
ether

F. solani, Penicillium
chrysogenum
F. oxysporum f. sp. lycopersici

R. solani

F. oxysporuni. sp lycopersici

R. solani

A. alternata, B. cinerea,
Colletotrichum gloeosporioides, F
oxysporium, Phytophthora capsic
Pythiumultimum

Yadav,et al,
2016

Kim and Kim,
2008

Osman et al.,
2011

Alwathnaniand
Perveen, 2012
Osman eal.,
2011

Kim, 2006

Phormidium F. oxysporuni. sp lycopersici Alwathnani and
autumnale Perveen, 2012
Stigonemasp methanol, A. niger, A. fumigatus Ghasemi et al.,
agueous 2003
supernatant
Spirulina platensis methanol, A. niger, Alternaria solani. Tiwari and Kaur,
ethanol, water, 2014
acetic acid,
acetone and
butanol
Synechococcus methanol, A. niger, Alternaria solani.
elongates ethanol, water,
acetic acid,
acetone and
butanol
Alms

Water extracts from algae and cyanobacteria may be considered environmentally safer than the

extracts obtained with organic solvents. The objectives of this thesis are to(gttiay:antifungal

activity of water extracts from cyanobacteria d&ndwn, rel and green algae against several fungal
plant pathogens botm vitro and in vivo assaysj(ii) the antifungal activity of polysaccharides
obtained from the water extracts of cyanobacteria and afgiqehe plant defence responses by
bioassay, by the arease of enzymatic activities related to the plant defence responses and by the

accumulation of PR proteingjiii) phytotoxic and biostimulant effects of water extracts from

cyanobacteria anidrown, red and green algae.
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The main characteristics ttie algae andhe cyanobacyeria used in the experiments are presented
below.

The following studies are structured as a manuscript to submit in a scientific journal.
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Algae and cyanobacteria used in the experiments

In the experiments carried out during the Ph&search activityalgae and cyanobacteria were all
provided by BEA (Banco Espariol de Algas), Gran Canaria, Spaabaenasp. strain BEA 0300B

used for the experiment was isolated from a coastal humid basaltic wall in Ajuy, Gran Canaria, Spain.
The strain was cultivated in a low cost bioreactor for 20 days, with constant air bubbling, in a
temperatureontrolled room (25°C}hen collected after centrifugation (12,000 rpm) and finally
lyophilised and maintained at 4 °C. The same procedure was usehlléoella sp. The macroalgae
Eckloniasp.,Halopithysp. andlaniasp. were provided adry thallus, harvested in different seen,

March, May and October, respectively.

Rhodophyta
Rhodophyta areed algae, probably one of the oldgstups ofeukaryotic algae (Lee, 2008)hey

have chlorophylla, accessory photosynthetic pigments such as phycoerythrin, phycocyanin and
allophycocwnins arranged in phycobilisomes, floridean starch as a storage product and thylakoids
occurring singly in the chloroplasiand they lack flagellated cellslost of the seaweeds belongs to
Rhodophyta, including about 4000 algal species. They are presdéinattudes, mainly in temperate

and tropical regions and only few species live in polar andPsidr RegiongWoelkerling 1990)

The size of red algae can vary according to the geographical region, for example the larger species
occur in cooktemperate areas, whereas in tropical seas the Rhodophyceae (except for massive
calcareous forms) are mostly small, filamentous plants. It is possible to find them at more than 200
m deep due to their accessory pants, such as phycobiliproteitisat allow the photosynthesis
process in this condition. Few species are found in fresh water, where they do not reach as great a

size as the red seaweeds (Eloranta £1889.

Janiasp.

Taxonomic classificationEmpire Eukaryota, Kingdom Plantae, Sirgdom Biliphyta, Phylum
Rhodophyta, Subphylum Eurhodophytina, Class Florideophyceae, Subclass Corallinophycidae
Order Corallinales, Family Corallinaceae, Subfamily Corallinoideae, Tribe Janieae, {zanas
(Schneider and Wynne, 2007)

The genugdaniaincludes red seaweeds belonginghefamily Corallinaceaewith hard, calcareous,
branchingskeletongFig. 2). It has been theorized that calcification of red algal thalli evolved as a
protection againggrazing by organ isms such as limpets, although it has also been pointed out that
grazing is beneficial to the coralline algae in that the grazers remove epiphytes from the red algal

thallus (Pueschel and Miller, 1996). The colours of tlaégaeare mostypically pink, or some other
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shade of red, but some species can be purple, yellow and Meitgbers of thgenus can be found

in sheltered reef habitats, often in crevices or other shaded areas (Gu8yP20Kluijver et al.,

2011). For exampldaniarubenss commonly distributed in the Mediterranean, AtlaatclEastern
PacificOceanand inwestern Pacifi¢Bressan and Babbin2003;MatecCid et al., 2013Mendoza
Gonzales et al., 2014)

Fig. 2 Janiarubensvar. corniculata(CalcherbTSB-Herbarium Algarium, Universitatis Tergestinae
Nova collectio- G. Bressan)

Halopithyssp.

Taxonomic tassification: Empire Eukaryota, Kingdom Plantae, Subkingdom Biliphyta, Phylum
Rhodophyta, Subphylum Eurhodophytina, Class Florideophyceae, SuRtladgmeniophycidae,
Order Ceramiales, Family Rhodomelaceae,Tribe Amansieae, Gtadapithys (Schneider and
Wynne, 2007)

Halopithyssp. has cylindrical, cartilaginous, and dark fieohds thatcan reach 3 cm in length. The
main branches can be alternatesabdichomous, simple or pectinate in lower parts, or ewach
branched above, often curved and hooked (Kim, 2015; alggd¥igsa).

Species of this genus, such asimturva are found on rocks, miittoral pools to subtidal, in the

Mediterranean andtlantic seas, from theouth England to Canary Islands (Kim, 2015)
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Fig. 3 Halopithysincurva(asturnatura.com)

Pha®phyceae

Phaephyceaarebrown algaeincluding 250 generawith about1,500specieqvan den Hoek, 1995).

Most of themaremarineorganismghat prefercold andwell-oxygenatedvaterwhere they play an
important role both as food and lzsbitat.Brown algae present variable sizes from the filamentous
epiphytesEctocarpusup to the giant Macrocystis that canreach60 m in lengthandforms the so

calledd k € logp @sckedal., 2011).

The cell wall is composed by cellulose and alginates. Due to their viscosity, alginates are used in the
food industryfor toothpaste, soaps, ice cream and tinned meats (La Barre and BatesTB8¢8).
contain chlorophylb andc and their colour can range from olive green to various shades of brown,

in relation to the content of fucoxanthin, a carotenbidt isolated from the marine brown
seaweed&ucus Dictyota, andLaminaria (Peng et al., 2011)Laminarin,| ow mol ecul ar
polysaccharide, ithe principal reserve of brown algae, ancciiatent varies depending on species,
harvesting season, habitat and method of extraction (Kadam 20Hb).Brown algae are also used

in agriculture as organic fertilizers since long time. Nowadays, a number of commercial products
based on seaweed extracts are available to be used in agriculture and horticulture fertilization.
Ecklonig LaminariaandAscophyllun species are the most use in these products due to their content

of plant growth hormones such as auxins and gibberellins.

Eckloniasp.

Taxonomic tassification: Empire EukaryotaKingdom Chromista Phylum Ochrophyta Class
Phaeophycea&ubclass Fucophigae Order LaminarialesFamily Lessoniacea&enusEcklonia
(Silberfeld et al., 2014)
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To the genusEcklonia belong algae specigbat growin warm temperate regions, dominating
extensive kelp beds in Australia, New Zealand, South Africa, and the nestarw Pacificteinberg

and Kendrick 1999; Choat and Schie1982; Field et a).1980).Some species, such Bsradiata

are also found in the northern hemisphere, but until today it has been described only from Oman on
the Arabian Peninsula (Boltand Andersonil994) while E. cavamainly inhabits coastal Japan and
Korea (Wijesinghe and Jeon, 2012he brown thallus of this genus can reaetblm in length, with

a conical holdfast branched, and each branch can produces a singl@iglaft Stipes is terete,

solid or hollow, and can range from 2 cm to 12 m long, terminated by two tuft of sporophylls (spore
producing blades). The sporophylls are arranged in scrolls, the youngest ones being mere spikes,
which become progressively larger and mostidct. The mature sporophylls are frequently ruffled

and have distinct teeth along their margins (Druehl and Clarkston, 2016).

s

Fig. 4 Eckloniasp. (Flickr website)

Chlorophyta

ChlorophytaPhylum, or green algaencludes both unicellular and multicellular species. Some of
them establish symbiotic relationships with fungi to fdichens, protozoa and sponges but the
majority of species are frdiwing (Diazet al., 2016Germond and Nakajima, 2016; Lubov ¢t a
2013).Thisphylum comprissabout 900 species, most of them livelit somespecies are adapted
to a wide range of land environmef@raham etla, 2009; Leliaert et al., 2012)ike theland plants
green algae contarhlorophylla andchlorophyllb and starchn their plastidsas storage compound
(van den Hoek et al., 1995; Busi et al., 2013)

This phylum includes several classeBryopsidophyceae, Charophyceae, Chlorophyceae,
Pedinophyceae, Pleurastrophyceae, Prasinophyceae, Trebouxiopnyd&hephyceae
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Chlorellasp.

Taxonomic tassification: Empire Eukaryota Kingdom Plantag Subkingdom Viridiplantae;
Infrakingdom Chlorophyta Phylum Chlorophyta Subphylum Chlorophytina Class
TrebouxiophyceaeOrderChlorellales Family ChlorellaceapGenusChlorella (Bock et al.,2011)

Chlorella species are unicellular microorganisms tipatw both in fresh and salt water and in the

soil. Some species have a great phylogenetic importance since contain sporopollenin, a substance
typical of the pollen granulesf the plants (Atkinson et al., 197Rig. 5). The cells can be spherical

or ellipsoid, single or forming colonies. Reproduction occurs by autospores that are released through
disruption of mother cell wall (Guiry, 2018he genus Chlorellaincludessped i n whi ch ¢t}
cel | wall o is composed by polysacchanpthetsies f or
whichthe cell wallis composed mainly by glucosamine. The sugar composition of the cell wall matrix

of the first group is dominated by mase and fucose whereas in the second group galactose, fucose,
and sometimes xylose are the main sugars found (Loos and Meindl, 1982; TakedaSpo8its

such a<C. vulgarisare widely usedor fish diets and human food supplements: they are rich oi lipi
soluble and Bgroup vitamins, such as B1, B2 (riboflavin), B6 (pyridoxal), and B12 (Wells et al.,
2017).

Fig. 5 Chlorellavulgariscells.(CCALA website)

Cyanobacteria

Cyanobacteria, known also as blgreen algae, are a large group of photosynthmti&aryotes
(Walter et al., 2017) included in Bacteria superkingdom (Oren and Garrity, 2014 Schirrmeister et al.,
2011; Di Rienzi et al., 2013). They can be found in d&fé environments such as terrestrial and

aguatic (oceans, fresh water) and in ex#reronditions, desert or hypersaline and thermal water
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(Walter et al., 2017)They are able to utilise N2 through the process of biological nitrogen fixation
(Prasanna et aR012)throughmultiple specialized cell types, including nitrogxing heterocgts,
sporelike akinetes, and the cells of motile hormogonia filaments (Kumar et al., 2009; Golden and
Yoo, 2003).The phylum includes about 2000 species in 150 genera, with a wide range of shapes and
sizes.They often live in colonial aggregates that talte on a multitude of form, @an be frediving

or have symbiotic relatioshiggooet al., 2015).

Cyanobacteri agraeen cal d ®ao ifbuaeaet o the blue pig
with chlorophyll a and other pigments, captsréght for photosynthesis (Saad and Atia, 2014).
Aquatic cyanobacteria are also known for thei
al., 2009). These blooms cause a decreadissblved oxygen levels in watendcreate a significant

water qualityproblem, especially because many cyanobacterial species are capable of synthesizing a
wide range of odours, noxious compounds or potent toxins (Sianmkiones1999.

They are divided in eight order&loeobacterales, Synechococcales, Spirulinales,dchozales,

Pleurocapsales, Oscillatoriales, Chroococcidiopsidales and Nostd¢afeargket al., 2014).

Anabaenasp.

Taxonomic tassification: Empire Prokaryota; Kingdom Eubacteria; Subkingdom Negibacteria;
Phylum Cyanobacteria; Class Cyanophyceae; Ssbdastocophycidae; Order Nostocales; Family
Nostocaceae; GendsrabaengKomarek et al., 2014).

Anabaenayenus belongs to Nostocaceae family and is known for its high nitrogen fixing activity and
symbiont relationship with different plants. For example genusAnabaena azolladives in
symbiosis with the guatic ferns of the genuszolla in which the cyanobacterium found cavities in
the leaves (Bocchi and Malgioglio, 201@nabaenagenusincludes filamentous cyanobacteria and
some of them produce toxins (Sivonen and Jones,; F9§9%). The most frequently found toxins in
cyanobacterial blooms worldwide are hepatotoxic cyclic peptides such as ystorscand
nodularins (Sivonen andbnes, 1999). Magse presencef cyanobateria that contain neurotoxins
(anatoxina, anatoxira(S) and saxitoxinshas been found in Australia, Europe and North America
(Sivonen and Jones, 1999). Some species of cyanobacteria, inclésedbaena, Nostoc and
Sprulina, are consumed as food due to their high protein and fibre content (Anusuya et al., 1981;
Anupama, 2000).
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Fig. 6 Anabaena variabiligalgaeresearchsupply.com)
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cyanobacteria agastRhizoctoniasolanion omato

The effect of water extracts from the macroalghmia sp., Eckloniasp. andHalopithyssp., the
microalga Chlorella sp. and the cyanobacteriuAnabaenasp. against the sellorne pathogen
Rhizoctoniasolani was evaluatedh vitro andin vivo. The extracts were tested on fungal colony
growth and hyphal erphology at four concentrations, 2.5, 5.0, 10.0 and 20.0 mg of dry biomass per
ml of water. Each extract was also tested ag&nsblanidisease on tomato seedlings in vitro. In in

vivo experiments, the extracts were applied at 2.5, 5.0 and 10.0 rhgmtomato seed and in
growing substrate, under greenhouse conditions. Fungal colony growth was affected only by extract
from Anabaenasp. Hyphal diameter was increasedAnabaenasp., andeckloniasp., and reduced

by Halopithyssp. andlaniasp. Cytoplasm coagulation was observed for all extract except for that of
Chlorella sp. All extracts increased the formation of monilioid cells.t@nato seedlings, extracts

from Anabaenap.,Eckloniasp. andlaniasp. at all concentrations redudedolani disease severity

and increased dry weight, except for@mg mrt. Halopithyssp. did not show any effects, while
Chlorellasp. increased disease severity. In the absence of the pathogen, almost all concentrations of
Anabaenasp., Ecklonia sp. andJania sp. increased seed germination and dry weilghin vivo
experiments, extracts froAnabaenasp.,Eckloniasp. andlaniasp. applied both on seed and in soill,

were effective again®R. solaniat all concentrations. Seed treatment increased seedteagence,

and plant calibre and dry weight, and chitinase activity in plant tissues. Soil irrigation with 2.5 and
5.0mg mf!of Eckloniasp. andlaniasp. and withtAnabaenasp. at all concentrations, reduced disease
severity and increased seedlings dry weight. This study suggests that algae and cyanobacteria water
extracts applied on tomato may be considered in further experiments as useful preventative tool for

the diseasenanagement in sustainable agriculture.

1. Introduction

Rhizoctoniasolani J.G. Kuhn(teleomorph:Thanatephorus cucumer{@.B. Frank Donk.) is a
cosmopolitan soiborne fungal pathogen having a wide hastge (Baker, 1970). The pathogen can
survive in the soil in the form of mycelium or resistance structures (scle(bt@)l, 2) during
unfavourable environmental conditions for several yesard,on debris from various plants such as
tomato (Coa et al.2004, Suwannarach et.aP015), cucumber (Huang et.,a2012), turf grass
(Adikaram and Yakandawala, 2017), fenugreek (Yadav and Tiwari, 2005) corn (O488H),
cotton (Howell et al., 2000), rice (Ou 1985; Groth and Bond, 2006), cucumber (StrasAhd®8b),
strawberry (De Cal et al., 2004), French bean (Sinobas et al., 1994), soybean (Ploetz et and2003)
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several weeds (Suwannarach et20)15).The pathogen is disseminated by infested soil or movement

of diseased plant tissues. It cause$ediint symptoms on the same host depending on the time of
infection. Juvenile tissuesf nursery plants are especially vulnerable to- mrepostemergence
dampingoff. Symptoms occurring after transplanting to a pathegéssted soil, are root and neck

rot, foliar blight, or fruit rot (Lewis and Lumsden, 2001).

This pathogen includesibspecific groups called anastomosis groups (AGs) created in relation to the
hyphal anastomosis reactions. Many AGs include isolates that can differ on the base ofitbeaeyir
colony morphology, and other characteristics (Cubeta et al., 1997; Kuninaga et al., 1997; Carling et
al., 2002 a, b)Rhizoctonia solanis divided into 14 AGs, from AG 1 to 13 and bridging isolate (BI)
group (Carling, 1996; Carling et al., 2002isplates belonging to AG Bl can anastomose with isolates

of both AG BI and with other AGs d®. solanisuch as AG 2, AG 3, AG 6, and AG 8 (Kuninaga et

al., 1979; Sneh et al., 1991). On tomato, isolates of AGs 1, 2, 3, and 4 have been shown to be
pathogert and cause high yield losses every year worldwide (Misawa and Kuninaga, 2010; Kuramae
et al., 2003).

Formation of basidiospores on diseased host plants in nature is rarely observed. In favourable
environmental conditions, following infection of the holstrh byR. solanj sexual spores are formed

on specialized structures called basidia. Four spores are produced on each basidium. Basidia are
formed when enough moisture is available and sufficient growth of the fungus has occurred.
Basidiospores are windgpersed and germinate in high moisture. Each basidiospore has a single
nucleus. The hyphae produced by germinating spores will fuse or anastomose with each other to form
new hyphae with a mixture of different types of nuclei (Webster and Weber, 2007).

In culture, colour of the fungal colony can vary from withe to dark brown and at the microscope, it is
possible observe the septated hyphae, with lateral branching originating in right angles and
constrained at branching points, and the presence of mormédgl(Fig.1).

One aspect that make tRe solanidisease difficult to control is that sclerotia can survive in the soil

for three years in a rotation system without hosts (Bell and Summer, 1987). Nowadays, the control of
soil borne pathogens is problemsabecause no highly effective strategies are available. Indeed, the
1107/2009 EU regulation prohibited synthetic pesticides for soil fungal pathogen control, because the
side effects against non target organisms or the whole environment, such in tbethasmethyl
bromide/ozone layer issue (Bell, 1996; Ristaino and Thomas, 18®n).chemical approaches
include resistant plant, however, a few tomato cultivars partially resistéhtdolaniare available

with commercially acceptable horticulturalitsa(Nikraftar et al., 2013).

The development of bibased strategies to control plant pathogens and enhance food safety has
encouraged by the Directive 2009/128/EC and its implementation that promote specific actions to
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support the establishment of sustble agriculture. Several researches were focused on the activity
against plant pathogens of extracts obtained from algae and cyanobacteria by using organic solvents
(Rizvi and Shameel, 2004; Kumar et al., 2008; Arunkumar et al., 2010; Sivakumar, 2@ddediet

al., 2011), while few studies have examined the antifungal activity of water extracts (Roberti et al.,
2015; Righini et al., 2018)Therefore,algae and cyanobacteria could be considered useful tools,
alternative to synthetic products, for thele in plant disease control.

The objectives of the present work are to study the effect of water extracts from algae and the
cyanobacteriunAnabaenasp. on: (i)R. solanicolony growth and hyphal morphology; (ii) possible
phytotoxicity or plant biostimut#on; (iii) induction of plant defence responses against the pathogen

on tomato plants grown under laboratory and greenhouse conditions; (iv) root rot disease after

transplant of tomato plants growing substratenfected withR. solaniunder greenhouse conditions.

Fig. 1 Hyphae and monilioid cells &hizoctoniasolant
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Fig. 2 Life cycle ofRhizoctonia solanjAgrios, 2005).

2. Materials and methods

2.1 Water extracts

Algae and cyanobacter used in the experiments (Tdh. were provided by the Spanish Bank of
Algae, Marine Biotechnology Center, University of Las Palmas de Gran Ca&idtiaand AN were
provided as lyophilized biomass, while ECK, JAN and HAL as dry thallus. Dry thallus was grounded
to fine powder with modr and pestleNVater extracts were obtainég suspending each powder in
sterile distilled water (0.5%) under continuous stirring atG@or 12 h, then filtered (Roberti et al.,
2015).0ur previous experiments showed that concentration water extrachtugedconcentration

0.5%, (w: v, powder: water) was effective agaiRetlosphaeraanthii on zucchini (Roberti et al.,

2015). In the following experiments the concentration range was chosen considering the reference

concentration and varied fromfdld the reference concentration to 0.5 reference concentration

Tab.1 Geneus phylum (vww.algaebase.ojgandabbreviatiorof algaeand cyanobacteria used for

theexperiments.

Genus Phylum Abbreviation
Anabaenasp. Cyanobacteria AN
Chlorellasp. Chlorophyta CHL
Eckloniasp. Heterokontophytg ~ ECK
Halopytissp. Rhodophyta HAL
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Janiasp. Rhodophyta JAN

2.2 Pathogen isolation and identificatiand plant material

The fungusRhizoctonia solanB001 belongs to DISTAL (Department of Agricultural and Food
Sciences). The fungusas isolated from tissues of tomato plants showing symptoms of root and
crown rot. Pieces of tissue were surface disinfected with 1.5% NaOCI for 2 min, rinsed two times in
sterile distilled water and placed on Petri dishes contaipaigto dextrose agaPDA 3.9%, Biolife

S.r.l., Ml ltaly) supplemented with 60 mig} of streptomycin sulphate (SigmaAldrich Co.). The
presence of RS from tomato tissues was examnsfted inaubation at 25°C in the dark for ays

using a light microscope (Carl Zeiss mod. ZM, Germany) at x500 magnification. The fungus was
preliminary identified based on morphological features (biblio), then transferred in PDA medium.
The fungus pathogenicityas verified through inoculation ofday-old colony portions on tomato

root seedlings and waig for the symptom appearance.

For all experiments, tomato seedsiarmandell 6 Or t ol ano, Swerdused. Vi vai,

2.3 Effect of water extractsn colony growthhyphal morphology and monilioid cells

Portions of 7 mm diameter were cut from-déy-old fungal colony and transferred in tésbe
containing a 604qul aliquot of each extract at four concentrations (2.5, 5, 10 and 20 g Stérile
distiled water was used asntreatedcontrol. Three dishes (replicates) were used for each
concentrationand for the controlAfter 6 h of treatment, colony portions were placed on PDA
medium in Petri dish and incubated at 24 °C in the dark fayg Goony diameters wermeasured
daily along two perpendicular ax€he experiment was repeated twice.

The efect of water extracts oR. solanihyphae and monilioid cells was evaluateddHys after
treatment Colony portionsfrom treatedand untreatedolony were observedby usingan Eclpse
TE200GE microscope (Nikoninstruments Europ&8V, Amsterdam, The Netherlands) a600
magnification Hyphd diameterwas measured (4 replicaties eachconcentratiorand the control).
Cytoplasm coagulation was evaludia the saméungal portions byising the following scale:, D-
10%of coagulation2, 11-40%of coagulation3, 41-80% and 4> 80% of coagulatiorf-or monilioid
cells three colonportionswereevaluated through the following scale:absence anonilioid cells;

1, 1-5 monilioid cells;2, 6-15, 3 >16 monilioid cellsThe assay waspeatednce
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2.4 Effect of seed treatment with water extractssead germination and seedling dry
weight,in vitro

Tomato seedsvere sterilizedaccording to Mbega al. (2012)with modifications. Seeds were
surfacedisinfected in ethanol (70%) for 5 min, in 1.5% sodium hypochlorite (NaOCI) solution for
three min and then rinsed three times in sterile distilled water. Seeds$reaesl by immersiom
600-ul aliquot of each extractat 2.5, 5, 10 and 2éhg mI* overnight in the darkSterile distilled
water was used as contrélfter treatmentseeds were dried on steripaper in a laminar diow
cabinetfor 10 min Four seeds wersownon the edge of aalf-cut PDA mediumin Petri dishes
Disheswere incubated vertically in a growth chamber a284C in the dark for 48 h and then shifted
to light: dark cycle 12h:12h (Fig. 3a, b) Tenreplicatesvere considered for each treatmant the
control. Seeds wereonsidered germinated once the radicle protruded more than Hemméadez
Herrera et al., 2015). Three days after treatnteetpercentag®ef germination wasecordeddaily

for each Petri dishesver a period of 5 day3wenty days after sowing seedlgwgere removed from
the medium, dried in hoven at 60 + BC for 48 handdry weight was determined. The experiment

was repeatednce

2.5 Effect of seed treatment with water extraamgginstR. solaniin vitro

Tomato seeds were sterilized, treated witbh water extra@nd sown as reportethove The control
consisted insedimmersed in watelAfter 12days R.solaniplugs cut from 1@ay-old colonywere
inoculated(2 plugs per dish) in the medium in all dishes at a distance of 5 mm from se®ediisg
(Fig. 3a, b, c) Disheswere incubated vertically in a growth chambeth@& same conditions above
mentionedTwo weeks after inoculation, seedlings were removed and necrosis root SyAwemn
visually assessed usingsa-point scale, whered, alsence oiecrosis0% of symptoms)1, very
slight root necrosis(up to 3% of root with symptoms); 3Jight necrosig4 - 30% of root with
symptoms) 3, moderatgoot necrosiq31 - 70% of root with symptoms)4, severaootnecrosis T -
80% of root with symptoms) 5, very severe necrosis (8100% of root with symptoms)For dry
weight, the infected seedlings were dried in a hoven at 60 £ 5 °C for 48 h. The experiment was

repeatednce
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Fig. 3 Petri dishes with treated seeds sown in PDA under grownldraconditions (a); tomato seeds
sown on theedge of ahalf-cut PDA mediumnin Petri dishegb); infected seedlings (c).

2.6 Effect of seed treatment with water extraatminstR. solaniundergreenhouse

conditions

Tomato seeds were treated as descradsaewith water extracts fronrAN, ECK and AN at the
concentrations 02.5, 5 and 1@ng mtl. Seeds were sown in plastic trays (11.5 x 14 x 9.5 cm) in a
substrate consistingf @ mixture of peat and sand (7: 3 w) inoculatedwith R. solani For
inoculaton, 10day-old colonies ofR. ©lani (2% w/w, substrate/pathogegiown on PDA medium
were centrifuged with sterile distilled watand mixed with the substrai@% w/w, pathogeh
substrate The substrate wascubatedor two days in a growth chamber2s °Cin the dark before
the sowingPlants were grown at 226 °C (day), 2022 °C (night) and 14 photoperiod and 70%
relative humidity under greenhouse conditioBgeds treated with ater and sown ingrowing
substratenot infected was used as positigentrol Seed treated with aterand sown in infected
substrateavas used as negative cont®@he week after sowing, tiseedlingemergence was recorded

andthree weeksfter soving, stemcalibre andplantdry weight were recorded.

2.7 Effect ofsubstratéreatmentvith water extractagainsR. solanundergreenhouse

conditions

Tomato seedsvere sown insubstratejncubated aR4i 26 °C (day), 2022 °C (night), and 14 h
photoperiod and 70% relative humidity under greenhocmeditions and regulaty irrigated
Substrate wamoculatedas described abovAt the stage of second true leahe seedling per pot (4
replicates per treatment) was transplanteéhfectedsubstrateand irrigated with 50 ml ofvater

extractat the concentrations of 1) 5.0 and 2.5 mg mt. Irrigation with water was used as control.
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Three weeks after inoculation, seedlings were removed and necrosis root sgmweremisually
assessed by usirgfive-point scale, wherd, absence afiecrosig0% of symptoms)1, very slight
root necrosiqup to 3% of root with symptoms); &light necrosig4 - 30% of root with symptoms)
3, moderateootnecrosig31 - 70% of root with symptoms)4, severaootnecrosis T - 80 % ofroot
with symptoms) 5, very severe necrosis (81100% of root with symptoms)To determine the dry

weight,seedlings were dried in a hoven at 60 = 5 °C for 48 h. The experiment was repeated

2.8 Chitinase activityof tomato seedlings treated witktracts

Tomato seed were treatedth the extract@s reprtedabove Sixty seeddor treatmentwere sown

on sterie paper in aluminium trays, and irrigated with 50 ml of statitilled water. Water control

was considered. The trays were covered with transparent film and incubate2satCin the dark

for two days and then shifted light: dark cycle 12h:12h. Twenty days after sowingeedlings were
harvestedweighed and snap frozen in liquid nitrogen. Frozeedlings were groued to fine
powderby using a prechilled mortar and pestle, and topaibteins were extracted by 20 mM sodium
acetate buffer pH 5.2 (1 ngi* of fresh weight) containing 1% polyvinylpolypyrrolidone (Sigma
Aldrich Co.) ( et al., 2008). After incubation at 4 °C for 90 min under continuous gentle
stirring, the crude exdicts were centrifuged twice at 12,000 rpm for 20 min at 4 °C. The supernatant
was filtered using a GV MilleékSyringe Filter Unit pore size 0.22 mMillipore Corporation, USA)

to remove the soligarticles. Protein concentratiomvas determined by the pteini dye binding
method of Bradford (1976) in a 96 wells microplate (Greiner CELLST)ABY using bovine serum
albumin (BicRad Laboatories, Inc.) as the standard.

Chitinase activity was assayed in triplicate following the proceduiptate assay (Bargab et al.,
2004). In agarose gel (1%) containing 0.01% glycol chitin in a glass Petri dish (17 cm diameter).
Forty pg of proteins were added into wells for each sample. As chitinase st&tdgptbmyces
griseus(Sigma) was used. After incubation at 37f&€ 24 h, 50 ml of 500 mM TridHCI (pH 8.9)
containing 0.01% fluorescent brightener was addedéb dish. Temin later, hedisheswvererinsed

three times with distilled water, flooded with water, and maintained in the dark for 24 h. The non
fluorescentytic zones on a fluorescent background were measitedexposure t802nm UV light
source. Images of gels wetakenand the area (mf corresponding to chitinase activityas

calculatel with the Quantity One prograr(Bio-Rad)

2.9 Statistical analysis
All experiments were arranged in a complete randomized design. Data obtainaa Womandin

vivo experiments were analyzed by factorial ANOVA, and seae r e separated by
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significant difference (LSD) testP(< 0.(06). Factors for ANOVA analyses werextracts their
concentratiog methods of treatment (seedsobstrate). All analyses were performed with GraphPad
Prism software, version 4.03, 2005.

3. Results

3.1 Effect of water extract®n colony growth hyphal norphology and
monilioid cells

The colony growttof R. solaniafter treatment witlhe extracts with the submerged colony method
is shown in Tab2. Two-way ANOVA indicated a significant interaction betweertractand
concentratiorfactors The growth wasignificantly reduced only by AN at 1®mg mf! (22.10%)

and 200 mg mi! (27.9%) with respect to untreated contr6l@ mg mit). Theseconcentrationgave
statistically similar values of growth reduction. On the contrary, ECK at 2.5 and 5 higareased
colony growth.No concentrationof CHL, JAN and HAL influence fungal colony growth. No
extracts influenced. solanigrowth 3 d after treatment (data not showdal)Tah 3, the effects of
differentconcentration®f the extracts oRR. solanihyphaldiameter and cytoplasm coagulation are
shown. Tweway ANOVA of both hyphal diameter and cytoplasm coagulation index indicated a
significant interaction betweesxtract and concentrationfactors Extracts from AN and ECK
significantly increased hyphal diameter atcalhcentrationsvith respect tantreated controkxcept

for ECK at 2.5 mg mt. For both treatments, the maximum increase was showntangdnt?, 37.0

and 23.9% respectivel®n the contrary,JAN and HAL significantly reduced hyphal diameter at all
concentratiorirom 5.7to0 26.4.0% and froml2.7to 45.5%, respectivelyexcept for HAL at 2@ mg

mlt. The treatment with CHL did not show any effects with respect to the caixtoad from AN

gave the highest values of hyphal diametie2.5 and 100 mg mf! (6.2 and 7.Qum, respectively),
while at 50 and 200 mg ml the values were significant similar to those of ECKerall, the lowest
values of hyphal diameter were obtaineithvextracts from HAL and JANRegarding cytoplasm
coagulation, all treatments caused a significant increase of index values depending on the
concentratiorfFig. 4), except foiCHL at allconcentrationandJAN at 2.5 mg mit that did not show

any effect vith respect to the controDverall, the highest values ofttoplasm coagulationyere
observed for ECK and HAL, except aD3ng mi for HAL. Particularly at10.0 mg mf* and 200

mg mf! abundant presence of vacuoles in the cytoplasm was obsérvEig. 4 the effect of the
extracts on formation index of monilioid cells (FIMC) is shown. The index was influenced only by

concentratiorfactor. All concentrationsignificantly increased with similar values the formation of
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monilioid cells with respect to éhuntreatedcontrol from 263 to 421% (Fig. 5). Microscopic
observation of untreatedymelium showed regular growing hyphae and uniform cytopkdsgs. 4
and 6.

Tah 2 Effect of different concentrations @faterextracts orRhizoctonia solaniolony growth (mm)
two days after treatment

Extract Concentration (mg )

0.0 25 5.0 10.0 20.0
Anabaenassp. 33.0+0.0B 36.7+6.4aB 40.3 £ 3.2 abC 25.7+3.2aA 23.8+3.2aA
Chlorellasp. 33.0+£55 385+55a 33.0x55a 321+16ab 35.8£28Db
Eckloniasp. 348+64A 58.7%6.4bC 47.7 £ 6.4 bB 36.7+4.2abcA 43.1%1.6 bAB
Halopithyssp. 31.2+6.4 37.6+x57a 449+42hb 48.6 +13.6¢C 39.4+£88b
Janiasp. 34.8+3.2 40.3+6.3a 385+55ab 43.1+4.2ab 440+55b

Extract concentratiorand their interaction are signifintaccording to factorial ANOVAP < 0.05)

F (4, 75) = 11.5P < 0.05 (forextractfactor), F (4, 75) = 5.9 < 0.05 (forconcentratiorfactor), F
(16, 75) = 3.4P < 0.05 (for interaction). Mear(s SD) followed by different lowecase letters in a
column and by different upp@ase letters in Bne are significantly different according to LSD test
(P < 0.05). The absence of loweor uppercase letters indicates no significantly differences,
acording to LSD testR < 0.05).

Tab. 3 Effect of different concentrationof water extractson morphological characteristics of
Rhizoctonia solani

Concentratiofmg mt?)

Extract

0.0 2.5 5.0 10.0 200
Hyphal Diametefum)
Anabaenasp. 52+05A 6.2+ 0.2 cB 6.2+ 0.6 cB 7.0£0.4dC 7.4+ 0.7 bC
Chlorellasp. 5.3x0.1 55+0.1c 5.0£0.2ab 55+05¢c 5.1+0.2a
Eckloniasp. 52+0.2A 5.2+ 0.3 bA 6.6+ 0.4 cB 6.2+ 0.2 cB 7.1£0.4bC
Halopithyssp. 5.5+0.1C 48+0.2bB 4.7+ 0.3aB 3.0£0.2aA 54+03aC
Janiasp. 53+0.1C 3.9+ 0.2 aA 4.8+0.1bB 4.8+0.2bB 5.0+ 0.2 aB
Cytoplasm Coagulation Index
Anabaenasp. 1.1£02A 25+05cB 2.2+£0.3 abB* 2.6 £ 0.5 abB* 21+0.1aB*
Chlorellasp. 1.2+£0.2 1.7+0.2b 1.5+05a 1.8+0.3a* 1.7+£04 a*
Eckloniasp. 1.1+0.1A 2.2+0.2bcB 3.4+0.5cC* 3.5+0.5cC* 3.5+ 0.5bC*
Halopithyssp. 1.1+0.2A 2.1+£0.2 bcB* 1.8+ 0.4 abB* 3.5+0.5cC* 3.3+£0.6 bC*
Janiasp. 1.1+0.1A 1.1+£0.1aA 25+£0.5bC 3.0 £ 0.2 bcC* 1.7+ 0.3 aB*

*. abundant presence of vacuoles in the cytoplasm
For both hyphal diameter and cytoplasm coagulaitiolex, extract and concentration factors and
their interaction are significant according to factorial ANOVA (P < 0.B6yhyphal diameter~ (4,
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100) = 128.5,P < 0.05 (for treatment factor), F (800 = 23.0,P < 0.05 (forconcentratiorfactor), F
(16,100 = 23.2,P < 0.0 (for interaction) For cytoplasm coagulation indek, (4, 75) = 21.7P <
0.05 (forextractfactor),F (4,75) = 48.5P < 0.05 (forconcentratiorfactor), F (16,75) = 63, P <
0.05 (for interaction). Means (x SDollowed by different lowercase letters in a column and by
different uppercase letters in ne are significantly different according to LSD teBt< 0.05). The
absence of loweror uppercase letters indicates no significantly differences

Fig. 4 Morphological alteratios of Rhizoctonissolanimyceliumgrownon PDAafter treatment with
the extrats:untreateccontrol (a); cytoplasm coagulation and presence of vacuoles caustd iy
ml of Anabaenasp (b), Chlorella sp.(c), Ecklonia sp.(d), Halopithyssp.(e) andJaniasp. (f).

Fig. 5 Effect of concentrations of watextracts on the formation index of monilioid c BMC).
Extract factor andextract x concentrationinteraction are not significant according to factorial
ANOVA (P<0.05. F (3, 75) = 7.8P < 0.05 (forconcentratiorfactor). Columns are mean valugs
SD. Different letters indicate significant differences according to kD < 0.05)
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