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Abstract. The objective of our studies was to develop eiffecichemical methods of pro-
tecting narrow-leaved lavenderLavandula angustifolig against Phytophthora
citrophthorawith regard to their application. Under the laliora conditions, activity of
the tested agents was assessed on the basis adhgrid citrophthoraon a medium con-
taining fungicides and the size of necrosis onitteeulated lavender shoots. In green-
house tests growth of plants in the infested medivam evaluated. Laboratory research
conducted indicated the highest effectivenessniitdtion of P. citrophthoragrowth of
Acrobat MZ 69 WG and Infinito 687,5 SC. In greenhetissts, an evaluation of growth
of lavender sprayed with Luna Senasation 500 SCPatidon Consento 450 SC, carried
out 3 weeks of cultivation, showed a significaritigher number of shoots in comparison
with plants growing in the infested as well as roinfested control. All tested chemicals
caused faster growth of the lavender. Change oépipiication method, i.e., foliar appli-
cation of these products, substantially improverigtowth results.

Key words: Polyphagous pathogenmedicinal plants, chemical agents, application
method

INTRODUCTION

Phytophthoraspecies are soilborne, polyphagous pathogens adafted to diverse
plant hosts and environmental conditions. Theyaam®ng the most dangerous patho-
gens of horticultural and forest plants. The ndPhgtophthorais derived from Greek
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and literally means ‘plant destroyer’ (phyto — glaphthora — destroyer) [Erwin and
Ribeiro 1996].

The studies that have been conducted during lassyen the occurrence &hy-
tophthoraspp. in Poland, indicated that not only new speadgthat genus have ap-
peared, but also the host plant range has expd@tékiowski et. al 2012]. One of the
most dangerous pathogens in the geRbgtophthorais Phytophthora citrophthora
(Smith & Smith) Leonian. The pathogen was firstaidged on rotting lemon fruits in
California, initially asPythiacystis citrophthorand in 1925 it was qualified to the ge-
nus Phytophthora In the following years, it turned out it is theost dangerous patho-
gen for citrus trees [Erwin and Ribeiro 1996]. tdaion to being a serious pathogen on
citrus, Phytophthora citrophthords also an important threat to several other ¢rops
including ornamental plants Disease symptoms cabgehytophthora citrophthora
are: stem and root rot, trunk canker, fruit rotmguoossis and twig blight [Erwin and
Ribeiro 1996]. The pathogen can survive in a fofmegetative mycelium, which pro-
duces sporangia. Depends on environmental condittemperature, humidity) sporan-
gia may germinate directly, or differentiate to ¢wmoe zoospores. Each of this structure
(mycelium, sporangium or zoospores) have an irdagtiotential, and infection process
is a cycle [Erwin and Ribeiro 1996, van West et28103). Till 1996 the pathogen was
described on 80 different plant species [Erwin Rilokiro 1996]. This species brought
to the country at the end of the"26entury occurs in both, forest nurseries and orna-
mental plants [Orlikowski et al. 2009, Orlikowski al. 2012].P. citrophthorawas
found for the first time in Poland on dying shogist of Pieris japonica(Thunb.)

D. Don ex G. Don an&yringa vulgarid.. [Orlikowski and Szkuta 2001, 2005] as well
as on stem bases ®bdocarpus alpinufk.Br. ex Hook.f. [Szkuta 2004]. Currently,
P. citrophthorais causing serious losses in the plantings obnbt lilac, fetterbush but
also boxwood, rhododendron, umbrella-pine, peritdnkeuchera and lavender [Or-
likowski and Szkuta 2001, Orlikowski et al. 2009likbwski et al. 2010, Orlikowski
and Ptaszek 2010, Ptaszek and Orlikowski 2010k@&wikki et al. 2011, 2012]. Losses
caused by. citrophthora depends on the species of cultivated plants andldpment
stage, and may reach more than several dozen pé€ikowski et al. 2012, Ptaszek
2008, Ptaszek and Orlikowski 2010]. That specieses root and stem base rot, what
leads to plant dying within a few weeks of theiltivation. Orlikowski andvaljuskaite
[2007] report thaphytophthorosis is a growing problem in lavenddtivation, where it
often substantially decreases the quality of plamd leads to their total decay in the
final stage

Attention to high plant health is one of the basisks in the modern, intensive and
economically viable production of ornamental plaitise condition to achieve satisfac-
tory results is the proper plant protection, usihgments of integrated actions, called
the Integrated Plant Protection [Daughtrey and BerZ005]. Given the constant inten-
sification of ornamental plant production in Polathasses caused by species of the
genusPhytophthora,limited chemical protection possibilities and infsiént data in
domestic literature on the eradication of individspecies of that genus, it needs to be
said that there are serious grounds to undertai@areh being the subject of this paper.

Acta Sci. Pol.



Possibilities of using chemicals in the protectadiavender (Lavandula angustifolia)... 323

The objective of the undertaken research was teldpweffective, chemical meth-
ods of protecting narrow-leaved lavendeaandulaangustifolig againstPhytophtho-
ra citrophthorawith regard to their application.

MATERIAL AND METHODS

The studies assessed the efficiency of 7 chemlaat protection products, listed in
Table 1. Inall experiment®. citrophthoraisolate from infected lavender was used.

Table 1. List of tested plant protection products

Registered for ornamental plant

Product trade name Active substances and theienbnt h Lo
protection/ application method

dimetomorf (90 g/kg),
Acrobat MZ 69 WG mancozeb (600 g/kg) no
propamocarb hydrochloride (625 g/l),
fluopicolide (62.5 g/l)
. fluopyram (250 g/l),
Luna Sensation 500 SC rifloxystrobin (250 g/l no
propamocarb hydrochloride (375 g/l),
fenamidone (75 g/l)
Ridomil Gold MZ Pepite metalaxyl-M (38.8 g/kg),
67.8 WG mancozeb (640 g/kg)
fosetyl-aluminium (667 g/kg)
fenamidone (44 g/kg)
propamocarb hydrochloride (530 g/l),

fosetyl-aluminium (310 g/l)

Infinito 687.5 SC no

Pyton Consento 450 SC no
yes/watering
Mildex 711.9 WG

yes/spraying

Previcur Energy 840 SL yes/watering

The evaluation of effectiveness of selected praxlfict protecting narrow-leaved
lavender againg®®. citrophthorawas carried out in laboratory and greenhouse.tests

Laboratory assessment of the tested products’ acity. The impact of listed
products on linear growth &f. citrophthorawas tested iin vitro conditions 7-day-old
cultures of that species, growing on a potato-a@esetragar (PDA), at a temperature of
25°C, in the dark, were used for the tests. Thiedeshemicals were added to flask with
sterile and cooled down to 50°C PDA medium, so thatconcentration of the active
substance was 1, 10, 100 ppm, respectively. Thaalomas a medium without addi-
tional fungicide. The medium was mixed with the garot and then poured (25 ml) to
Petri dishes with a diameter of 90 mm. The dishesevplaced in a laminar air flow
cabin for 24 hours, until completely solidified.t&f that time, 5 mm in diameter plugs
of medium overgrown b¥. citrophthorahyphae were placed in the middle part of the
Petri dishes. The underside of the dishes had swpgndicular lines drawn, crossing at
a right angle, in the centre of the inoculum. Dssheere placed in an incubator and
incubated at 25°C. The observations of the mycelgrowth were carried out after
4 and 8 days of incubation. The colony diameter wesasured along plotted lines.
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The effectiveness of tested products was analyasigg a simplified Abbot's formula.
The percentage efficacy of the fungicides in refatio the control combinations was
calculated [Abbott 1925]. For each combination, theeriment was conducted in
4 replications, each one in one dish. The experimes repeated twice, at 2-week
intervals.

The second stage of the study included the evaluaif effectiveness of tested
products in inhibiting the colonisations of tissuwésarrow-leaved lavendek gvandula
angustifoliaMill .) inoculated withP. citrophthora,according to the methodology given
by Orlikowski and Szkuta [2001]. 7-day-old cultui<. citrophthora growing on V8
multi-vegetable agar, at a temperature of 25°C wexed for inoculation of shoots.
The solutions of tested plant protection produgisconcentrations of 0.1, 0.15 and
0.2%, were prepared in glass vials. Narrow-leageérnder shoot tips, about 5 cm long,
were soaked for 2 minutes in prepared solutionstlaad placed in cuvettes (32.5 x 25.5
x 5.5 cm), lined with damp, synthetic sterile ntatyered with a plastic net so that they
did not contact the wet substrate directly. Fragsenthe medium, with a diameter of
3 mm, overgrown by hyphae Bf citrophthora collected from edges of 7-day cultures,
were applied on shoot bases. Cuvettes were coweitadthin film and incubated on
laboratory table at a temperature of 22—-24°C. Etieng, the tests included uninfected
control, in which plant organs were inoculated withan medium discs, and infected
control, in which plant fragments were soaked adnlgistilled water and then infected
with P. citrophthora Observations was conducted after 3 and 5 dayiscoibation.
The measure of impact of tested products on thgogen was the length of necrosis on
the shoots. Experimental design was completely ganized with 4 replications and
5 plant organs in each rep. The experiments wareedaout twice, at a 2-week interval.

Greenhouse assessment of the tested products’ adiv The cultures of
P. citrophthorawere prepared for the test using a method destrilye Orlikowski
[1999], on the oatmeal culture medium (OM). The medovergrown by the pathogen
was homogenized with an addition of distilled waf&b0 ml per 1 dish) and such
a uniform suspension was mixed with the substratbe proportion: contents of 1 dish
per 1 litre of moor substrate. The substrate wasaal in bags and incubated in a green-
house for 14 days. After that period, rooted narleaved lavender seedlings
(L. angustifolig were planted in 1 litre pots filled with infectedoor substrate and
placed on window sills in the greenhouse.

Then, the plants were treated with the tested pteiatection products (tab. 1).
Two application methods were used: in the first,dhe seedlings were watered with
25 ml of the working liquid/plant, in the secondhey were sprayed with 0.5 | of the
working liquid/10nf. Every time, uninfested (without the pathogen) arfdsted (sub-
strate infested without application of the produathptrol combinations were included in
the studies. The plants in the control samples wprayed with clean water only.

The plants were cultivated for a period of 3 wedkscontrolled conditions, at
a temperature of 17-26°C and air humidity of 54—75%

In the course of the experiment, after 2 and 3 wesdkcultivation, the number of
shoots was counted and the average plant growthr{ih evaluated.
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The experiments were assumed in the random bloskersy of 4 replications,
10 plants each, and repeated twice within at a kvirgterval.

After completed laboratory and greenhouse experisndrom the tissue of plants
with disease symptoms and from substrate colleftted under the plants, the trigger
factor was reisolated and again identified to fhecges.

Statistical analysis The obtained results were analyzed using thexweei analysis
method. The significance of differences between the meamsevassessed with the
Duncan multiple range test, at a significance |efel = 0.05.

RESULTS

The evaluation of biological activity of products laboratory test showed that en-
riching the culture medium with only 1 pg/ml of izet substances of Luna Sensation
500 SC, Previcur Energy 840 SL, Pyton ConsentoSIG@nd Ridomil Gold MZ Pepite
67.8 WG limited the growth d®. citrophthora(fig. 1). The effectiveness of mentioned
fungicides after 4 days of incubation was 7; 17;atid 25% resepctively. Complete
inhibition of the development d®. citrophthoraat a concentration of 10 pg of the ac-
tive substance/ml was observed in combinations witftobat MZ 69 WG and Infinito
687.5 SC. Such effectiveness in the case of Mildek.9 WG and Ridomil Gold MZ
Pepite 67.8 WG was achieved at a concentration06f |ig of the active substance.
This effect remained over the following 4 days oéubation (fig. 2). In the case of
other tested products their effectiveness was 5&%ina Sensation 500 SC, 52% for
Previcur Energy 840 SL and 57% for Pyton Consebt® 4C (fig. 2) in relation to the
control combinations.
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Fig. 1. Influence of the concentration of testedducts on the growth d?. citrophoraafter
4 days of incubation
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Fig. 3. Influence of the concentration of testedducts on the colonization of narrow-leaved
lavender shoots by. citrophthoraafter 3 days of incubation
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Fig. 4. Influence of the concentration of testedducts on the colonization of narrow-leaved
lavender shoots by. citrophthoraafter 5 days of incubation

Table 2. Impact of tested products on the developmElavender cultivated in a substrate infect-
ed withP. citrophthora

Average number of shoots

Application per plant, after weeks since Average height of plants after

i - weeks since planting (mm
Protection products method planting planting (mm)
2 3 2 3
Non-infested control - 4.7 a-e 43a 97.5de 2h3.6
Infested control - 5.2de 5.0 c-e 91.6 b-d 173.7a
spraying 5.0 b-e 45 a-c 99.2e 264.11i
Acrobat MZ 69 WG watering 45 a<c 43ab 753 a 222.9 be
- spraying 4.6 a-e 4.7 a-d 89.5 bc 250.7 f-i
Infinito 687.5 SC watering 5.0 b-e 4.7 a-d 94.5 c-e 240.8 d-g
. spraying 4.2a 6.79 96.5 de 262.7i
Luna Sensation 500 SC /- tering 48 a-e 48 ad 88.9 bc 228.6 b-d
. spraying 4.5 a-d 4.7 a-d 94.5 c-e 257.1 hi
Mildex 711.9 WG watering 48 a-e 4.88 a-d 100.1e 2423 d-h
. spraying 4.6 a-e 55e 95.8 de 255.0 g-i
Previcur Energy 840 SL | otering 45 ad 48 ad 91.8 b-d 265.2 i
spraying 4.3 ab 6.1f 87.5b 237.4 cf
Pyton Consento 450 SC watering 4.8 a-e 4.7 ad 995e 234.3 c-e
. . spraying 4.5 a-d 5.3 de 97.2de 254.5 g-i
Ridomil Gold 68 WG watering 53e 4.88 a-d 97.5 de 237.6 c-f

Values in the columns, marked with the same lesieow no significant difference (5%) according tonb
can’s test
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Further research that included inoculation of lalexnshoots showed that Acrobat
MZ 69 WG at all used concentrations, protected tissues against infection by
P. citrophthora(figs 3 and 4). Only after 5 days from the inociglat a minimal
(2.7 mm) development of necrosis was observed 4figThe use of Infinito 686.5 SC
and Python Consento 450 SC, at a concentratior?é6,0completely protected lavender
shoots against infection, for the first 3 days mfubation. In turn, Mildex 711.9 WG
and Ridomil Gold MZ Pepite 67.8 WG, at all concatitms, significantly limited the
development of phytophthorosis. Luna SensationS0@lid not inhibit the colonisation
of shoot at the used concentration (fig. 3). ABatdays of incubation, Mildex 711.9 WG,
Previcur Energy 840 SL, Python Consento 450 SC Rintbmil Gold MZ Pepite
67.8 WG significantly ¢ < 0.05) limited the development of necrosis onetaler
shoots, in comparison to the infected control @y.Only Luna Sensation 500 SC at all
concentrations and Infinito 685.5 SC at 0.15%, wlid protect the plants against the
pathogen (fig. 4).

In greenhouse tests, an evaluation of growth oder sprayed with Luna Senasa-
tion 500 SC and Python Consento 450 SC, carriedoumeeks of cultivation, showed
a significantly ¢ < 0.05) higher number of shoots in comparison \pidmts from both
controls (infested and non-infested) (tab. 2).tAlted chemicals caused faster growth
of the lavenderdo < 0.05). The height of the plants after three wgeekcultivation in
combinations where chemicals were used, was 2384+2nm with foliar application
and 222.9-265.2 mm with subsurface, while in theeaoaf infested control, the height
was only 173.7 mmo( < 0.05) (tab. 2). Change of the application metha, foliar
application of these products, substantially imgeb¥he growth results. Regardless of
the combination, no typical symptoms of the diseases found on the observed plants.

DISCUSSION

The conducted studies tested 7 two-component jplestection products based on
different active substances. The experiments irdugroducts currently registered in
Poland (as of 18/7/2014) for the protection of oeneatal plants and products impacting
Phytophthora infestani the protection of potatoes or tomatoes. Acrddt69 WG
and Infinito 6875 SC proved to be the most effextiuringin vitro tests. Complete
inhibition of P. citrophthoradevelopment was observed even at minor concenisatib
dimetomorf and mancozeb (Acrobat MZ 69 WG) or propearb and fluopicolid (In-
finito 687.5 SC). Studies conducted on lavendeotghoonfirmed 100% effectiveness
only in the case of Acrobat MZ 69 WG. High effeetiness of that product in the protec-
tion of ornamental plants is confirmed by the resof the test conducted by Orlikow-
ski [2006]. However, Shin et gR010] during greenhouse experiments, when compar-
ing the effect of fluopicolid with dimetomorf dudnpreventive use, showed higher
effectiveness of eradicatim®hytophthora capsidby fluopicolid.

Both products have not been yet approved for orngahelant protection in Poland.
On the other hand, Acrobat MZ 69 WG is registened successfully used in the protec-
tion of potatoes and tomatoes agaiPbytophthora infestangKapsa and Bernat 2012]
and the protection of cucumbers and onions agdisstudoperonospora cubensis
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[Ratajkiewicz and Baranowski 2007], while fluopichlbeing the active substance of
Infinito 687.5 SC, is proving effective in limitingathogens causing downy mildew and
P. infestanon potatoes oP. capsicion peppers [Bardsley et al. 2006, Latorse et al.
2006]. The results obtained from these studiesaazenfirmation of suitability of both
fungicides, also in the protection of lavender agge. citrophthora Orlikowski [2006]
notes that, in addition to a strong limitation pbeulation ofPhytophthoraspp., Acro-
bat MZ 69 WG limits the number of pathogens in sidstrate and induces plant im-
munity. Safety of their use is not without signéfice. Oszako et al. [2009] stress that
active substances of Infinito 687.5 SC are safetlfier environment and the fosetyl-
aluminium quickly decomposes into phosphoric acid.

In carried out own studies, Luna Sensation 500 (®@&d in dish tests, even in the
highest doses, only partially inhibited the growthP. citrophthora but was the best
among the tested product, in terms of stimulatangehder growth. The research con-
ducted by Meszka and Korzeniowski [2013] and Koi@erki [2014] showed that
Luna Sensation 500 SC very strongly limstrytis cinereaand Sphaerotheca macu-
laris on strawberrigsbut also pathogens causing powder mildews on atpecies of
plants, includingPodosphaera leucotrichan apple-tree@nd Sphaerotheca pannosa
var. rosae on roses (unpublished data, source Bayer CropSgiehindermann and
Davies [2008] conducted a study on the effectiverefsfungicides containing active
substances from the group of strobilurins, i.e.xgstrobin 50% (Heritage) and pyra-
clostrobin 20% (Insignia). None of the two produst®wed any inhibitory impact on
the growth ofP. citrophthoraduring subsurface and foliar applicatiddenson and
Parker [2011] studied chemicals based on strobsurised for spraying gerberas, in
order to protect it againf. cryptogea The results confirmed limited effectiveness of
products based on strobilurins.

CONCLUSIONS

Phytophthoraspecies immunity towards commonly used fungicidescreasing.
For this reason, chemicals with different activestances and a different action mech-
anism, including these in Acrobat MZ 69 WG or Iitfn687.5 SC should be used. That
would allow rotation in an integrated ornamentalnplprotection.

Therefore, on the basis of the obtained resultsaaadlable literature, we can come
up with a thesis that Luna Sensation 500 SC showdaw effectiveness, for it to be
implemented in the programmes of ornamental plgmtstection against phytophtho-
rosis. It is a new product that will be used, ita.,protect ornamental plants against
noble rot and powdery mildew and its impactRimytophthorashould be treated as a
side-effect, while protecting against other pathnsge
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MOZLIWO SCI WYKORZYSTANIA SRODKOW CHEMICZNYCH
W OCHRONIE LAWENDY ( Lavandula angustifolia) PRZED Phytophthora
citrophthora

Streszczenie Celem podjtych bada byto opracowanie skutecznych chemicznych metod
ochrony lawendy wskolistnej Lavandulaangustifolig przedPhytophthoracitrophthora

z uwzgkdnieniem sposobu ich aplikacji. W warunkach labamghych oceniano aktyw-
noi¢ testowanychrodkéw na podstawie wzrosf citrophthorana paywce zawieraj-
cej fungicydy oraz wielkéci nekrozy na inokulowanychegdach lawendy. W testach
szklarniowych oceniano wzrostétm w zakaonym podiau. Na podstawie przeprowa-
dzonych bada laboratoryjnych wnioskuje &i ze najwkksz skutecznécia w ograni-
czaniu rozwojuP. citrophthoraodznaczaty si Acrobat MZ 69 WG i Infinito 687,5 SC.
W testach szklarniowych ocena wzrostu lawendy divwanejsrodkami Luna Sensation
500 SC i Python Consento 450 SC przeprowadzona fygd@iniach uprawy wykazata
istotnie wiksz liczbe pgdow w poréwnaniu z idinami rosrmcymi zaréwno w kontroli
zakaonej, jak i niezakaonej. Wszystkie testowanodki powodowaly szybszy wzrost
lawendy. Zmiana aplikacji, tj. nalistne zastosowatych srodkéw, istotnie poprawito
wyniki wzrostu.

Stowa kluczowe: patogen polifagiczny, &iny lecznicze,srodki chemiczne, metody
aplikacji
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