00oHHbL 00bIKHOBEHHOU. [Ipedcmasnenvl dannblie 00 IKOHOMUUECKOU P hekmueHocmu
svipawpueanusi pacmenuii copma Ilpskpacnas naumu, adanmuposaHHO20 K YCI0GUAM
J1ecocmenHoll 30Hbl YKpaunvl, Komopuvle NOKA3aau NPIMYI0 3A8UCUMOCHb NPOOYVK-
MUBHOCIMU IMO20 COpma (VPOACATHOCHb BO30YUIHOCYX020 CbIPbsL ¢ NOKA3AMENAMU.)
Yemanoeneno, umo necmomps na 6onee vicokue npou3sBOOCmeeHHble 3ampamyl HA
Gopmuposanue 6uomaccer copma Illpexpacuas nanu Ha 4417 epH. no cpaenenuro ¢
Kpacaexoii, npubvLis nepsoco na 1 ea 6vina na 30 583 eph. Bulwie uem 6 KOHMpoIbHOM
sapuanme. Pezynbmamul uccie008anuti NOKA3any, Ymo Gbipawusanie 6HO8b CO30aAH-
HO20 COpMa ¢ 8bICOKONPUOLLILHBIM 6 yca0susx Jlecocmenu Ykpaunsl, (yposens penma-
benvrnocmu cocmasnsem 259,1 %).

KuiroueBrbie ¢jI0Ba: celeKIus, MPOTyKTUBHOCTh, COPT, MOPO30CTONKOCTh, KAUECTBEH-
HBIC TIOKA3aTEeIIH.
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Considering the continuous intensification of production of ornamental plants
(Rhododendron sp.), losses caused by species from genus Phytophthora, and
limited possibilities of chemical protection, research was undertaken for
the purpose of development of effective chemical methods of protection of
rhododendron against Phytophthora with consideration of the way of their
application. The objective of this study was the assessment of the usefulness
of seven fungicides in the protection of rhododendron against Phytophthora
plurivora. The research was conducted on rhododendron of Nova Zembla
cultivar (Rhododendron ‘Nova Zembla’) in the University of Life Sciences in
Lublin, Poland.

Under laboratory conditions, the activity of the tested products was assessed
based on the growth of P. plurivora on agar containing fungicides, and the size of
necrosis of inoculated rhododendron leaves. In greenhouse tests, the growth and
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degree of infestation of plants planted in infested substrate was evaluated.

The research showed that the introduction to the agar of 1 ug/ml of active
substances of Infinito 687.5 S.C. and Previcur Energy 840 SL limited growth
of P. plurivora. Complete inhibition of its development was observed after the
application of Infinito 687.5 S.C. and Acrobat MZ 69 WG at a concentration
of 10 ug/ml, and Previcur Energy 840 SL and Mildex 711.9 WG at the highest
concentration of 100 ug/ml.

Irrespective of concentration, the applied products Acrobat MZ 69 WG and Infinito
686.5 SC after four and six days of incubation protected rhododendron leaves
against P. plurivora. Mildex 711.9 WG and Previcur Energy 840 SL inhibited the
development of phytophthorosis at concentrations of 0.15 % and 0.2 %.
Differences were evidenced in the efficiency of the analysed agents depending on the
application method. The height of experimental rhododendrons was considerably
greater in comparison to control plants only in the case of agents applied in the form
of spraying. A stimulating effect on the number of developed leaves was observed in the
group of plants watered with Previcur Energy 840 SL.

Key words: Phytophthora plurivora, rhododendron, chemical agents

Introdution. Over the recent years, the problem of diseases caused by fungous
microorganisms, including those belonging to genus Phytophthora, has become
increasingly important. The reason is the continuously growing international turnover
of plant material [Brasier 2008]. The increasing economic losses are substantial. The
problem concerns both garden and forest plants, because Phytophthora species occur
on plants cultivated under covers, in fields, and natural ecosystems.

Rhododendron (Rhododendron sp.) is one of plants the most sensitive to
phytophthorosis. It has been evidenced to be a host plant for 15 species from genus
Phytophthora, where as next to P. cinnamomi, P. cactorum, P. citricola, and P.
ramorum, P. plurivora is isolated the most frequently. The species causes dying of
apical shoots of rhododendron. The disease often spreads from shoots to petiole sticks
and lobes which become brown in colour. This drastically reduces the quality of plants,
and eliminates them from commercial turnover. Cultivation losses can exceed 30 %
[Korzeniowski and Orlikowski 2008].

Fungicides were used for the protection of rhododendrons against Phytophthora
spp. already in the 1980°s [Benson 1980]. The efficiency of the tested substances
was largely varied. Therefore, research is still conducted on effective means of
protection of the plants. Elliott et al. [2015], assessing fungicides for protection
of rhododendrons against P. ramonum, proved systemic fungicides to be the most
efficient in limiting the development of the mycelium and spore germination. The
authors, however, determined the occurrence of resistance of pathogens to certain
chemical substances.

Considering the continuous intensification of production of ornamental plants,
losses caused by species from genus Phytophthora, and limited possibilities of chemical
protection, research was undertaken for the purpose of development of effective
chemical methods of protection of rhododendron against Phytophthora plurivora with
consideration of the way of their application.

Material and methods. The research assessed the effectiveness of seven chemical
plant protection products specified in Table 1. The experiment applied isolates of
P. plurivora T. Jung & T.I. Burgess obtained from the collection of the Laboratory
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of Diseases of Ornamental Plants of the Institute of Gardening in Skierniewice. The
research was conducted on rhododendron of Nova Zembla cultivar (Rhododendron
‘Nova Zembla’).

The assessment of the effectiveness of the selected products in the protection
of rhododendron against P. plurivora was performed in laboratory and greenhouse
experiments.

Laboratory assessment of the effectiveness of the analysed products. The
effect of the aforementioned products on the linear growth of P. plurivora was
analysed under in vitro conditions. The research applied seven-day cultures of the
species growing on Potato Dextrose Agar at a temperature of 25 °C in the dark.
The studied chemical agents were added to flasks with sterilised PDA cooled
down to 50 °C to obtain the concentration of the active substance amounting to
1, 10, and 100 ppm, respectively. Control was agar with no fungicide addition.
Agar with the product was mixed, and then distributed by 25 ml to Petri dishes
with a diameter of 90 mm. The Petri dishes were placed in a laminar flow cabinet
for 24 hours until complete solidification of the substrate. Next, agar discs with
a diameter of 5 mm overgrown by P. plurivora hyphae were placed in the middle
part of the Petri dishes. On the bottom side of the Petri dishes, two perpendicular
lines were drawn, crossed at the right angle in the centre of the inoculum. The Petri
dishes were placed in an incubator, and incubated at 25 °C. Observations of the
growth of the thallus were performed after eight days of incubation. The diameter
of the colonies was measured along the drawn lines. For each combination, the
experiment was conducted in four repetitions, one Petri dish each. The experiment
was conducted twice at a two-week interval.

The second stage of the laboratory research involved the evaluation of the
effectiveness of the tested products in limiting the colonisation of rhododendron
inoculated with P. plurivora, in accordance with the methodology described by
Orlikowski and Szkuta [2002]. The inoculation involved the application of seven-day
cultures of P. plurivora growing on V8 vegetable juice agar at a temperature of 25 °C.
Solutions of the tested plant protection products at concentrations of 0.1 %, 0.15 %,
and 0.2 % were prepared in glass beakers. Young rhododendron leaves were soaked
in the analysed solutions for two minutes, and then placed in trays (with dimensions
32.5x25.5x5.5 cm), lined with moist, sterile, synthetic mat covered with plastic mesh
so that they do not come in direct contact with the moist substrate.

Rhododendron leaf blades were inoculated with the studied pathogen through
a puncture in the middle of the leaf blades by means of a dissecting needle. The
trays were covered with thin foil, and incubated on laboratory tables at a temperature
of 22-24 °C. Each time, the tests included a non-infected control in which organs
of the plants were inoculated with clean agar discs, and an infected control where
fragments of plants were soaked in only distilled water, and then infected with P.
plurivora hyphae. The tests were reviewed every day, and depending on the rate of
development of decay, readings of the size of necrosis were performed. The measure
of the effects of the analysed products on the pathogen was the diameter of necrotic
stains on the leaves.

The experiments were conducted in an entirely random system in four repetitions,
with 5 leaf blades each. The experiments were conducted twice in a two-week
interval.

Assessment of the activity of the analysed products in greenhouse conditions.
P. plurivora cultures were prepared with the application of a method described by
Orlikowski [1999] on oat medium (OM). Agar overgrown with the pathogen was
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homogenised with an addition of distilled water (150 ml per 1 Petri dish). The resulting
uniform suspension was mixed with peat substrate in the following proportion:
content of 1 Petri dish per 1 litre of peat substrate. The substrate was placed in bags
and incubated in a greenhouse for 14 days. Then, rooted rhododendron seedlings (with
4-5 leaves) were planted in 0.6 litre pots filled with infected peat substrate, and placed
on sills in the greenhouse. Next, the plants were treated with the tested plant protection
products (Table 1). Two ways of application of the products were used: in the first one
the seedlings were watered with 25 ml of working liquid, and in the second one they
were thoroughly sprayed.

1. List of the analysed plant protection products.

Registration for
No Commercial name of product Active substances and their protection of
- p content (g/kg or 1) ornamental plants /
way of application
dimethomorph (90 g/kg),
1. | Acrobat MZ 69 WG mankozeb (600 gkg) No
. propamocarb-HCI (625 g/1),
2. | Infinito 687.5 SC fluopicolide (62.5 g/l) No
. fluopyram (250 g/1),
3. | Luna Sensation 500 SC trifloxystrobin (250 g/T) No
propamocarb-HCI (375 g/l),
4. | Pyton Consento 450 SC fenamidone (75 g/l) No
S . talaxyl-M (38.8 g/k .
5. | Ridomil Gold MZ Pepite 67.8 WG mrenzr?lfgzeb (E,) 40 g/%(gsg)’ Yes / watering
. Fosetyl-aluminium (667 g/kg), .
6. | Mildex 711.9 WG fenamidone (44 g/kg) Yes / spraying
: propamocarb-HCI (530 g/l), .
7. | Previcur Energy 840 SL fosetyl-aluminium (310 /l) Yes / watering

Each time, the research included a non-infected control (without the pathogen) and
an infected control (infected substrate with no application of a product). In control
samples, plants were sprayed/watered only with clean water.

The plants were cultivated for eight weeks at a temperature of 17-26 °C and relative
air moisture of 54-75 %. During the experiment, after four and eight weeks from
planting, the number of leaves per plant and height of plants was determined.

The experiments were established in a system of random blocks in four repetitions
with 10 plants each, and repeated twice in a two-week interval.

After the completion of the laboratory and greenhouse experiments, the causal
factor was isolated from tissues of plants with manifestations of the disease and
from substrate sampled from under the plants. The factor was again identified to the
species.

Statistical analysis. The obtained results were subject to statistical processing
by means of the analysis of variance. The significance of differences between the
mean values was determined by means of the Duncan test at the significance level
a=0.05.

Study results. The assessment of the biological activity of the products in
Petri dish tests showed that the introduction to the agar of 1 pg/ml of active
substances of Infinito 687.5 S.C. and Previcur Energy 840 SL limited growth of
P. plurivora (Fig. 1). Complete inhibition of its development was observed after
the application of Infinito 687.5 S.C. and Acrobat MZ 69 WG at a concentration
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Fig 1. Effect of the concentration of tested products on the growth of P. plurivora
after 8 days of incubation.

of 10 ug, and Previcur Energy 840 SL and Mildex 711.9 WG at the highest
concentration of 100 pg/ml.

Irrespective of concentration, the applied products Acrobat MZ 69 WG and
Infinito 686.5 SC after four and six days of incubation protected rhododendron
leaves against P. plurivora (Fig.2 and 3). Mildex 711.9 WG and Previcur
Energy 840 SL inhibited the development of phytophthorosis at concentrations of
0.15 % and 0.2 %. In the case of application of Luna Sensation 500, no limiting
of phytophthorosis development was observed on infected rhododendron leaf
blades, irrespective of the time and applied concentration.

During the eight-week cultivation of rhododendrons infected with P.
plurivora, no occurrence of evident disease symptoms were observed (Table 2).

Length of necrosis [mm]

Fig. 2. Relationship between the analysed plant protection products
and colonisation of leaves of rhododendron of Nova Zembla cultival
by P. plurivora after four days of incubation.
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Length of necrosis [mm]

m0.1% 0.15% m0.2%

Fig. 3. Relationship between the analysed plant protection products
and colonisation of the leaves of rhododendron of Nova Zembla cultivar
by P. plurivora after six days of incubation.

The comparison of the height of experimental rhododendrons with control plants
showed that the application of Pyton Consento 450 SC, soil application of Infinito
687.5 S.C., and foliar application of Previcur Energy 840 SL protected the
cultivations against P. plurivora in the first weeks. The mean height of the plants
was significantly greater in comparison to the infected plants from the control
group, and did not statistically differ from the mean value measured in the group
of non-infected plants.

After eight weeks, the mean height of experimental rhododendrons was
significantly higher than that of control plants only for Infinito 687.5 S.C. Previcur
Energy 840 SL and Mildex 711.9 WG applied by spraying.

At the end of the experiment, the majority of the applied products protected
rhododendrons against loss of leaves. Lack of significant effect on plants was
observed in the case of Acrobat MZ 69 WG, Ridomil Gold 68 WG, and soil-
applied Infinito 687.5 S.C. A stimulating effect on the number of developed
leaves was observed in the group of plants watered with Previcur Energy 840 SL.
The performed assessment showed a significantly higher number of leaves in
comparison to the non-infected control group.

Discussion. The study involved testing of seven two-component plant
protection products containing eight different active substances, including
procamocarb-HCL, dimethomorph, fluopicolide, fluopyram, fosetyl-aluminium,
mankozeb, metalaxyl, and trifloxystrobin. Among the studied products, no
expected effect was observed only for Ridomil Gold 68 WG (metalaxyl-M and
mankozeb), Pyton Consento 450 SC (procamocarb-HCL and fenamidone) and
Luna Sensation 500 SC (fluopyram and trifloxystrobin).

Géheskqire et al. [2009], investigating the resistance of P. ramorum, a
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2. Efficiency of products in the protection of rhododendron
"Nova Zembla" against P. plurivora

Height of plants after | Number of leaves
. Concentration.|  Vay weeks from planting, after weeks from
Protection products % ’ of mm planting
0 application
4 8 4 8
Non-infected control - - 32811 | 57.8a-c | 7.9b-d 11.5a-d
Infected control - - 30.3 de 55.4 ab 7.7 be 10.5a
2 i 24. 4 a- 2 10.
Acrobat MZ 69 WG 0 sprayling 9bc | 58.4a-c 72b 0.5a
0.2 watering 172 a 522a 52a 10.6 a
. 0.2 spraying | 30.1de 62.8 ¢ 7.8 b-d 12.6 de
Infinito 687.5 SC - -
0.2 watering 34.71 60.0 be 7.6 be 11.0 ab
2 i 25. .6 a- 9 b- 11.9 b~
Luna Sensation 500 SC 0 sprayling 58bc | 57.6a-c 7.9 b-d 9b-d
0.2 watering | 24.0b 58.0 a-c 73b 11.9 b-d
. 0.2 spraying | 31.1d-f | 62.7c¢ 7.9b-d | 11.9b-d
Mildex 711.9 WG -
0.2 watering | 31.5d-g | 57.5a-c 7.5 be 12.1b-d
0.2 i 33.6 g-i 63.3 8.1 b-d 12.6 d
Previcur Energy 840 SL sprayling £ < <
0.2 watering 26.6 ¢ 59.0 a-c 8.7 de 13.6¢
Pyton C t0 450 SC 0.2 spraying | 34.2 hi 60.7 be 8.4 cd 11.9b-d
n Consen
yion L-onsento 0.2 watering | 32.1c-h | 61.0bc | 93e | 1244
2 i 25. . 1 11.2 a-
Ridomil Gold 68 WG 0 spray{ng 5.8 be 59.9 be 7.1b a-c
0.2 watering | 29.2d 60.1 be 7.8 b-d 11.0 ab

Notice: Mean values in the columns marked with the same letter do not differ significantly (5 %)
according to the Duncan test.

pathogen of rhododendrons, to various active substances, evidenced the presence
of numerous isolates resistant to metalaxyl. The authors emphasised that the
frequency of application of mono-component products with a narrow scope of
activity is a factor favouring an increase in resistance. This may cause an increase
in resistance to other active substances.

In own research, the combination of substances such as procamocarb-HCL
with fluopicolide (Infinito 687.5 S.C) or with fosetyl-aluminium (Previcur
Energy 840 SL), and fosetyl-aluminium with fenamidone (Mildex 711,9 WQ),
or dimethomorph with mankozeb (Acrobat MZ 69 WGQG) effectively inhibited
the development of P. plurivora. The substances also protected shoots against
colonisation in tests on infected tissues. In greenhouse research, the effects were
not confirmed only in the case of application of dimethomorph and mankozeb
(Acrobat MZ 69 WQ).

Korzeniowski and Orlikowski [2008] confirmed the protective effect of fosetyl-
aluminium, propamocarb-HCL, and fenamidone on rhododendrons also against
P. ramonum and P. citricola. The authors evidenced that it was a result of the
inhibition of development of zoosporangia and chlamydospores of P. ramonum on
rhododendron leaves. The experiment by Lindermann and Davies [2008] on the
application of fungicides and phosphite fertilisers in the protection of rhododendrons
against P. citricola, P. cactorum, and P. ramonum also showed an inhibition of the
development of the disease, but no elimination of pathogens.

Orlikowski [2004] evidenced that a mixture of fenamidone with fosetyl-
aluminium (Mildex 711.9 WG) had the strongest inhibiting effect on the
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development of chlamydospores of the species on discs from foliar sticks and
blades sampled from protected rhododendrons. The effect of both of the active
substances on the pathogen was significantly greater than that of fosetyl-
aluminium and its mixture with propamocarb. Erwin and Ribeiro [1996] point out
that products based on systemic substances such as propamocarb-HCL or fosetyl-
aluminium usually limit sporulation and disease symptoms, but do not completely
eliminate Phytophthora spp.

Own research showed that the way of application had a substantial effect
on the growth of infected plants. Growth stimulation was observed in the group
of plants sprayed with Infinito 687.5 S.C., Previcur Energy 840 SL and Mildex
711.9 WG. Meanwhile, Orlikowski and Korzeniowski [2007] determined
low variability of the efficiency of Previcuru Energy 840 SL in the case of its
application by spraying. Also in research by Muszynska and Orlikowski [2010],
Previcur Energy 840 SL applied for watering seedlings of Lawson’s cypress
rooted in infected substrate limited the development of P. cinnamomi in more
than 80 %. The experiments also showed that the product stimulated the growth
and development of protected plants.

According to Lindermann and Davies [2008], high efficiency of one active
substance against the selected species of Phytophthora does not guarantee
comparable efficiency against other species or the same species on another plant.
The risk of an increase in the resistance of Phytophthora species to the applied
chemical plant protection products should also be taken into account. Due to
this, products with different active substances and different mechanisms of action
should be applied, including those contained in Infinito 687.5 SC, Mildex 711.9
WG, and Previcur Energy 840 SL which can be used for rotation in integrated
protection of ornamental plants.
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Memow Oanozo docaidxcenns 6yno oyinumu egexmuenicms cemu QyHeiyudie
0n15 3axucmy pooodenopona 6io0 Phytophthora plurivora. B nabopamopuux ymo-
84X AKMUBHICMb Q0CAIONCYBAHUX PEYOBUH OYIHIOBANU HA NIOCMABL PO3POCIAHHS
KoanoHiu P. plurivora na aeapi, wo micmus gyueiyuou, ma 3a po3mipom HeKpo3y
IHOKYIbOBANHUX TUCMKIE POOOOEHOPOHA. YV MeniudHux mecmax oyinioeaiu picm i
CIMYRIHb 3apadcentss pOCIUH, BUCAONCEHUX 8 IHOKYabosanull cybcmpam. [ocrio-
JICeHHs NOKA3anu Hateuwy egexmusnicms y oomedcenni pozeumky P. plurivora
y eunaoxy 3 Infinito 687,5 SC, Mildex 711,9 WG ma Previcur Energy 840 SL.
bByno niomeeposceno 3nauHi iOMIHHOCMI Pi6HA ePeKMUBHOCMI A0CAI0NCYBAHUX
peuosun 3anedxicHo 8i0 cnocoby zacmocysanns. Bucoma excnepumenmanvuux po-
000eHOpOHI6 Oya 3HAYHO OLILWOK 6 NOPIGHAHHI 3 KOHMPOIbHUMU DOCIUHAMU
MINbKU NPU GUKOPUCMAHHI (PYHIYUOI8, WO 3aCmOCO8y8AIUCH Y 8U2AA0T PO3NU-
nenua. Cmumyniondull 6niue Ha KilbKicmb pO36UHEHUX JUCMKIE cnocmepieanu 6
epyni pocaun, axi noaueanu Previcur Energy 840 SL.

KaiouoBi cnoBa: Phytophthora plurivora, pononeHapoH, XiMiuHI areHTH.
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Lenvro dannoeo uccredosanus ObLIIO OYeHUMb IPHEKMUSHOCIb cemMu PyHeuYu-
0086 npu 3awume pododenopouna om Phytophthora plurivora. B nabopamopnuvix
VCI0BUAX AKMUBHOCMb UCCIE0YEMbLX BeUeCms OYeHUBANU HA OCHOBAHUU PA3PAC-
manuil koronutl P. plurivora na azape, codepoicawem @yneuyuosi, u no pasme-
PV HeKpo3a UHOKYAUPOBAHHLIX AUCHbEE POO0OeHOpOHA. B meniuunvix mecmax
OYeHUsanU pocm u Cmenenb 3apadceHus pacmeHull, 6blCANCeHHbIX 8 UHOKYIU-
posannwii cyocmpam. Hccnedosanus nokasanu nausvicutyio ¢gexmugnocmo
6 oepanuuenuu pazeumusi P. plurivora npu ynompebaenuu Infinito 687,5 SC,
Mildex 711,9 WG u Previcur Energy 840 SL. Bvinu noomeepoicoenvl 3Hauumens-
Hble pazauyus ypoeus dphekmusHocmu ucciedyemvlx eujecms 8 3a6UcuMocmu
om cnocoba npumenenus. Boicoma sKcnepumMenmanbHblx po000eHOPOHO8 Oblid
3HAUUMENbHO OONbUE NO CPABHEHUIO ¢ KOHMPOLbHBIMU PACEHUAMU MOAbKO NPU
UCNONIL308AHUU PYHEUYUOOB, KOMOPbIe NPUMEHANUCH 6 8ude pacnvlaenus. Cmu-
Myaupyloujee GausiHue Ha KOIUYeCmeo pazeumolx IUCMbe8 HAOAI00ANU 6 epynne
pacmenuil, komopwie noausaiu Previcur Energy 8§40 SL.

Kuarwuessle cioBa: Phytophthora plurivora, ponoaeHApOH, XAMUYECKUE areHTHI.
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