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SUMMARY

European mistletoeviscum albun), the hemiparasitic shrub, infects a wide rangevobdy species. It adversely affects the height and
diameter growth and it is associated with increasedrtality of its hosts. Currently there are noeetfve control methods against it.
Therefor, we started to study a specific hyperpiéiaBingus Phaeobotryosphaeria vigcwhich can completely destroy European mistletoe
by infecting its branches, leaves and berries.pdrtant aspect of the initial phase of mycopedtidandidate is culturing of the organism
on artificial or non-synthetic media, followed thetoptimization of spore productiote focused to determinate the growth media and ligh
conditions needed for sporulation Bf visci We also tested the viability and pathogenecyhef dpores, because these are important
features for further processing and applicationse Tultures were grown on seven different medigafpalextrose agar, sugar free potato
dextrose agar, cellophane covered potato dextrage,eoatmeal agar, V8 Juice agar, S medium and &N8ium) under constant dark,
constant light (400-750 nm) and 12 h of alternatitagk and light illumination. The best primary agaedia were oatmeal and sugar free
potato dextrose agar under permanent illuminatisthjle constant dark inhibited the conidial prodecti The viability and virulence of
harvested conidia were normal, and the symptonthefdisease appeared 7-14 days after the inoculatio mistletoe leaves. We will
continue our experiments studying the effect of kA (280-400 nm) light. Use of variable photopedcssupplemented with near UV and
different media could help us to optimize the sgpwoeluction and create a fast and cheap mass prtimlutechnique.
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INTRODUCTION

European or White berry mistleto#igcum albuni.) of Santalaceaes an evergreen, perennial, epiphytic,
hemiparasitic shrub (Zuber 2004), which is ablénfect more than 450 woody species (Bareg¢l., 1998).
This hemiparasite is widely distributed in Europel at was introduced to North America and Canad¢hat
beginning of the 20th century (Hawkswomrh al., 1991). In addition to the detrimental effects elby the
global warming, air pollution and other abioticests factors mistletoe causes increasing damagesainy
forests and orchards. It adversely affects theityuahd quantity of the wood, reduces fruiting, grddisposes
their hosts to be attacked by other agents, sudnsasts or different fungi (Hawksworth 1983). Sesful
control methods of mistletoe could be the prunifignéected branches, but this technique causesadilof
canopy and huge stress to the host.

We started to look for an effective control methmdstudyingPhaeobotryosphaeria vis¢Kalchbr.) A.J.L.
Phillips & Crous [Syn.:Botryosphaeria visci{Kalchbr.) Arx & E. Mll.; anamorphSphaeropsis viscfFr.)
Sacc.]. Many species of Botriosphaeriaceae are a@ympfant pathogens and saprobes found on variety of
mainly woody hosts. The speciBhaeobotrioshaeridorm brown aseptate ascospores with small apicatus
either end. The anamorph pycnidia are more commitnaval and aseptate conidia, which are greenistie
the older cells are brown (Philligt al., 2008). This plant pathogen causes leaf spot disehshe European
mistletoe and it seems to have potential as adbbiological control against European mistletoaiyaet al.,
Karadzt 2004, Fischl 1996). Three to six weeks after ttueulation the fungal infection spreads to all otke
whole leaves, branches and berries; a few monties the whole shrub becomes dark yellow and necroti
(Stojanovic 1989).

The idea of biological control against mistletoesvwemnceived in the early 1970s but the detailedareh
began only in 2008 at the University of Pannoniabdratory studies witRhaeobotrioshaeria vis@uggest that
it is a promising biological control candidate. Amportant aspect of the initial phase of studiestto$
mycopesticide is culturing of the organism on aitd or non-synthetic media, followed by optimizat of
spore production. Mass production on agar can geosufficient inoculum for laboratory and field tssbut
more importantly, these studies provide valuablevldedge for subsequent optimization of mass praduoct
(Masangkayet al, 2000).

The most often and commonly used techniques forespaluction is the application of different ligahd
photoperiods (Leach 1962, 1971) as well specialiané@ooth 1971). Kimet al. (2005) reached successful
pycnidial and conidial production for$phaeropsispecies using oatmeal agar, fluorescent lamp (@¥arand
different photoperiods (12h light/12 h dark), whit@lmeret al. (1987) applied effectively continuous visible
light on Sphaeropsis sapinegowing on potato dextrose agar.

60


https://core.ac.uk/display/14927839?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

JOURNAL OF AGRICULTURAL SCIENCES DEBRECEN 2012/50 SPPLEMENT

The specific culturing conditions needed for comligiroduction forPhaeobotrioshaeria visare currently
unknown. Rapid and intense mycelial growth wasead on potato dextrose agar (PDA), oatmeal agAy,(O
Y4 PDA+V8 Juice agar but no spore formation wasaleteon these media under dark condition (Vawal,
2012b). First, we tested the application of différmedia and photoperiods, which were used eaffaiently
on other species of the gen8phaerosis After the spore induction experiments we testsel tiability and
pathogenecy of the spores as these are importanrés for further processing and applications.

MATERIALS AND METHODS

Fungal isolates and culture maintenance

Diseased European mistletoe leaves were collentégka, Hungary in August 2010 from silver mapheér
saccharinumL.). Monospore culture was prepared as detaileddrga et al (2012a). The analysed strain was
maintained on potato dextrose agar (4 g potat@etxt20 g glucose, 15 g agar) at 20°C and wasaeglance a
month. Plates were inoculated with a 5 mm diamedee of mycelium and agar excised from the grovédge
of 7-day-old monoconidial stock culture.

Effect of agar media and light conditions on conidil production

The spore inducing effects of media were testedemen different types of agar. These media were:

(1) Potato dextrose agar (20 g glucose, 4 g petetract, 20 g agar1);

(3) Cellophane covered potato dextrose agar (2igpge, 4 g potato extract, 20 g agdrdovered with a
semi-permeable plastic membrane);

(2) Sugar free potato dextrose agar (4 g potati@ext20 g agar £);

(4) Oatmeal agar (100 g steamed oatmeal, 20 glabar

(5) ¥a PDA+V8 Juice agar (1 g potato extract, 5urgbe, 150 ml V&egetablguice (CampbellSouth Co.),

3 g CaCQ, 20 g agar LY);

(6) S medium (20 g sucrose, 30 g CaCZD g agar I) and

(7) SNA medium (KHPO, 1g, KNO; 1g, MgSQ x 7 H,O 0.26 g, KCI 0.5 g, glucose 0.2 g, sucrose 0.5 g,
agar 20 g ).

Plastic Petri-dishes (90 mm diameter) containedm0from these media in six repeat per photoperiod
treatment. Potato dextrose agar (PDA), sugar frgatp dextrose agar (SF PDA), cellophane coveredi@o
dextrose agar (CC PDA), oatmeal agar (OA) and ¥ PZBAJuice agar (V8) plates were inoculated directly
with a 5 mm diameter core of mycelium and agar seatifrom the growing edge of 7-day-old monoconidial
stock culture. Dishes were sealed with parafilm imedbated in dark thermostat on 25°C for 7 dayan® SNA
medium were inoculated with 7-days-old agar freecalig discs which were initially grown on celloplean
covered PDA in dark thermostat on 25°C prior theciation. The seven days old isolates were placet
thermostat (Binder ATM ling" KBV) under constant dark or under constant light ander 12 h dark/12 h light
photoperiod for 14 days at 20°C. A standard 863iglatycoloured (400-750 nm, 6400 K) light tube wased
for the illumination.

Pycnidia were harvested 21 days after the ino@nratiith 5 ml of sterile deionized water and theface of
the colonies were scraped with a sterile rubbetutgaConidia were extracted with braying of pydaiénd
counted with the aid of haematocytometer undeglat Imicroscope (x 100). Sporulation was expresseavd
ways: the number of conidia per tmf colony and the number of conidia per colonyeThorphology of
cultures and the zonation of sporulation were eataldi visually.

All plates were evaluated and averaged. One tragdatrmentained six Petri-dishes where the number of
conidia was counted on four plates while remainplgtes were evaluated visually (pycnidia and ceanidi
germination).

Pathogenicity test

The harvested conidia were used for a pathogertie#tyg. Healthy mistletoe leaves were inoculateti @ix
50 pl of spore suspension (2.5 x* Hb mi*) 4x. Pathogenicity test was made following Vaegaal. (2012b).
The results were evaluated visually.

Data analysis

The data processing was carried out in Microsoffic®f Excel 2010 and all statistical analyses were
performed using the statistical program R, vers2ctb.1. (R Development Core Team 2012), for edifihg
scripts the Tinn-R code editor was used (Faria 2@tHile graph plotting was carried out with the kage
“sciplot” (Morales 2011).

For characterization of relationships a two-waylgsia of variance (ANOVA) type | (sequential) surh o
squares was used. In this case the first factort@slight condition” and the second factor was tiype of
media”. To determine the difference between fadmrels a Dunnett-Tukey-Kramer pairwise multiple
comparison test was performed. To estimate the@ifdevel treatment contrast was used. After thdyaisall
accepted statistical models were checked pre-etiyneith help of diagnostics plots.
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RESULTS

Effect of different media

The Dunnett-Tukey-Kramer pairwise multiple companmisests confirmed that the spore production was
significantly higher on oatmeal agar (OA) and suigee potato dextrose agar (SF PDA); there wadatistcal
difference among these media (p<0.001). The nurabspore formed on cellophane covered potato ds&tro
agar (CC PDA) was extremely low, as well on S ahdASnedia. Sporulation on potato dextrose agar (PDA)

and ¥4 PDA+V8 Juice agar (V8) was lower than on sfrga potato dextrose agar (SF PDA), but thisedéhce
is statistically significant only at 0.05 signifivee level Figure 1 [A]).

Figure 1:Effects of different media (A) and photoperiods (Bon spore production ofPhaeobotrioshaeria visci
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PDA-= potato dextrose agar, SF PDA= sugar free pataxtrose agar, CC PDA= cellophane covered pdettrose agar, OA= oatmeal
agar, V8= % PDA+V8 Juice agar, S= S medium, SNAASMNdium

Effect of different photoperiod

The two-way ANOVA showed significant difference Ween the number of spores and light conditions
(Fo63 = 260.63; p<0.001), but there was no statistidffierence (p<0.001) in spore production between
continuous dark (24 h) and alternating light/ddrRH-12 h) treatments. Spore production was very tovthere
was absolutely no sporulation on most of the platesder these photoperiods. While these treatmeadtsiat
induce higher spore number, the continuous illutidma stimulated significantly higher (p<0.001) spor
production. There was different extent of sporolan all media influenced by continuous lighigure 1 [B]).

Interactions among media and photoperiods
The quantity of formed spores can be seefatre landFigure 2

Table 1
Influence of agar medium and light conditions on cnidial production of Phaeobotrioshaeria visafter incubation for 21 days

Number of conidia (piece/plate and piecefgm

Medium Light conditions
Dark 24h Dark12h/ light12h Light 24h
PDA 0 0 0 0 14.9 x 10 23475
SF PDA 0 0 0.62 x 10 97.7 22.9x 10 3604.00
CC PDA 0 0 0 0 2.1 x 10 327.25
OA 0.8 x 1d 130.7 1.8 x 1d 283.5 23.2x 10 3659.25
V8 0 0 0 0 14.1x 10 2216.75
S 0 0 0 0 1.9 x 1d 305.25
SNA 0 0 0 0 1.3x10 207.00

PDA-= potato dextrose agar, SF PDA= sugar free pataxtrose agar, CC PDA= cellophane covered pdettrose agar, OA= oatmeal
agar, V8= % PDA+V8 Juice agar, S= S medium, SNAASMNdium

The significantly highest (p<0.001) conidial depsifter 21 days of incubation was formed on oatragalr
(OA) and sugar free potato dextrose agar (SF PDen colonies were exposed to constant illumination
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resulting in number of spores 22—23 ¥ plece/plate. Spores formed only on oatmeal agailiflumination
conditions, while they appeared on sugar free padaktrose agar after alternating illumination aondtinuous
light too. Conidial production was low due to thesembinations (0.6-1.8 20" piece/plate); the number of
conidia was almost 30 times higher on oatmeal afiar permanent illumination, than after imperfeetdark.

Figure 2: Average value of spore number with SEM (standard epr of mean)
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PDA-= potato dextrose agar, SF PDA= sugar free patextrose agar, CC PDA= cellophane covered pdettrose agar,
OA= oatmeal agar, V8= % PDA+V8 Juice agar, S= SiomdSNA= SNA medium

In case of the interaction of constant light andlim¢here was no statistically significant diffecerbetween
the number of spores on potato dextrose agar (RDA)Y4 PDA+V8 Juice agar (V8). Although the quantity
spores formed was significantly lower (p<0.001)ntfi@armed on oatmeal agar (OA), the amount of spo@s
relatively high (14—14 x T(iece/plate).

The other combinations resulted in low spore prtidacwithout significant difference (p<0.001), the
average value of spores was 1-2® piece/plate. The lowest level of sporulation weotiaed on S and SNA
media in continuous light. Moreover, there was porslation on these media in permanent dark.

Morphological differences and pathogenicity tests
Morphological and sporulation differences of 21slayd Phaeobotrioshaeria visotultures affected by
different photoperiods and media can be seeRign3andFig. 4.

Figure 3:Impact of the interaction among photoperiods and dferent media (PDA= potato dextrose agar, SF PDA=ugar free potato
dextrose agar, OA= oatmeal agar, V8= ¥4 PDA+V8 Juicagar) to sporulation of Phaeobotrioshaeria visci
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Figure 4:Impact of the interaction among photoperiods and dferent media (CC PDA= cellophane covered potato d#¢rose agar,
S= S medium, SNA= SNA medium) to sporulation dPhaeobotrioshaeria visci

CC PDA

Each media influenced the macromorphology of théumes. The zonation, or the rosette-like appearanc
was not so typical in old cultures than in youn@ei4-days-old) ones, but this was observed only witine
media (cellophane covered potato dextrose aga#+N8 Juice agar). The filamentous habit was typma
oatmeal agar, where the colour of mycelia remaihgenfor a longer period and becomes darker lal@m on
other media. Contrary to this the mycelia becomty djray or black after 2-4 days of inoculation ®medium,
and the cultures cease to grow any further. Theatsitn is similar on SNA medium, but the mycelianegn
always lighter than on S media.

Regarding the illumination, the zonation of mycefeowth was not as pronounced, as in culturesoafes
other fungal species affected by the alternatiohgbit and dark. Mycelia were mostly lighter ungrmanent
dark and alternating illumination. The colonies @& become dark and the pigmentation increasedrunde
continuous light.

The zonation of sporulation was not noticed undsr photoperiod. The first pycnidia appeared besige
inoculation point, then they covered sporadicdily surface of plates. Sporulation was observed itaaes on
older plates, while none of the media induced eagporulation.

The pathogenicity test of harvested conidia wasessful Figure 5 [A]). One week after the inoculation the
infected leaves became chlorotic and pycnidia farrafter 1014 days. Conidiogenesis started few days after
the appearance of newly formed pycnidia.

The visual examination of pycnidia was carried @ut28 days old cultures on all media. The conithated
to germinate on all media by this time. The hymeniof the mature pycnidia was breached by germigatin
conidia, while the surface of the pycnidia was cedewith fresh hyphae. Germination of harvestedidian
began right after harvesting, when spores cameaternvand spore suspension for pathogenicity testmade.
The proportion of the germinating spores was agprately 10% in the one day old spore suspensiotigtwh
rose very fast.

Figure 5: Viability and pathogenicity tests of formed sporessymptoms ofPhaeobotrioshaeria visan mistletoe 2 weeks after
inoculation (A) and visually evaluation of conidiagermination (x 45) of 28-days-old pure cultures (B)
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DISCUSSION

Only few previous studies have addressed the sg@nland mycelial growth dPhaeobotrioshaeria visci
underin vitro laboratory conditions. Stojanovic (1989) obsengpirulation on potato dextrose agar under
permanent dark that we did not notice under singtarditions. Furthermore, he observed sporulatioprine
extract agar (prune 30 g, sucrose 20 g, 15 g a§athat was also missing in our experiments.

The most appropriate medium and light condition $pore production oPhaeobotrioshaeria visovere
oatmeal agar and sugar free potato dextrose agiar wonstant illumination with daylight tube at @0for 14
days. The maximal number of conidia (22-23 x Ai@ce/plate) was produced in these conditionsri8aion
was inhibited by constant dark, but minimal sporedpction was observed on oatmeal agar (0.8 % 10
piece/plate). The alternating dark and light illnation did not result in considerable rise of spouenber;
however, the sporulation was also low on sugar fremto dextrose agar (1.8 x“*1piece/plate) in similar
conditions. For species &phaeropsishe use of oatmeal agar gave the fastest myagliaith and the highest
number of conidia under 12 dark/12 h light condisipwhile no sporulation was observed under permtatfark
(Kim et al, 2005, Xiao 2006). Based on these and our resalimeal agar seems the most suitable to induce
sporulation.

On the glucose free potato dextrose agar the highber of conidia was most probably due to low sugar
concentration of the medium. In certain fungal $geeporulations is stimulatéd vitro by the depletion of the
medium with nutrients. Such an association is Webwn in fungi that sporulate poorly on sugar-ridiedia.
Sporulation of some facultative parasites on néctigsue is apparently associated with low sugartent in
these tissues (Roteet al., 1978, Hawker 1966). Presumably the process ofusgitozn takes place in the same
way in Phaeobotrioshaeria viscithus sugar free potato dextrose agar can also ed eficiently. With
cellophane covered potato dextrose agar we wantasbtlel circumstances analogues to sugar free thomsli
Previously this method was successfully used witipecies oMicrodochiumby Browne and Cook (2004). In
our case the quantity of formed spores was only 20% piece/plate, much lower than Microdochium
indicating the inappropriateness of this methodovisci.

The other media did not proved to be as efficienespected. The V8 Vegetable Juice is one of thst mo
common media used effectively for spore inductionspecies ofDrechslera(Raymond and Bockus 1982,
Babadoost and Johnston 1998). This media (and aanigght), similarly as with potato dextrose agaduced
only moderately high spore number (14 ¥ pi@ce/plate), and this was equivalent with the nentf spores
produced in species @reshleraon this media. Furthermore S media, which is wideded for sporulation of
species ofAlternaria (Shahin and Shepard 1978, Masang&awgl., 2000) also proved to be inproper to induce
sporulation inPhaeobotrioshaeria visciCompared t&lternaria — which formed large number of conidia on S
medium- P. visciproduced only 1.9 x f@pores on a Petri-dish. Similarly with this mediuhe quantity of
conidia was also low on SNA medium. The use of éhegedia which are suitable to induce sporulation in
species ofusarium(Paparwet al, 2006) are not recommended frvsci

Exposure to permanent dark inhibited conidial patigan, while 12 h of alternating light and dark didt
result in significantly higher spore number. Thesiive effect of constant illumination was noticed all agar
media as this treatment enhanced dramatically dhé@ production. Besides using daylight tubes ohthe
most popular and successful methods is the useeaf BV tubes (Roternet al., 1978, Booth 1971). Using
different photoperiods of daylight, dark and neav (280—-400 nm) could be more effective, than using
continuous light. Therefore, in order to optimiZes tspore production and to create a fast and chesgs
production system, we will continue experimentshvdifferent combinations of photoperiods and agadia
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