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CURRENT SITUATION WITH CHRYSANTHEMUM WHITE RUST

Chrysanthemum is a subject of global trade. The largest world producer of the chrysanthemum flowers is Japan. The Chrysanthemum market in Europe was evaluated to € 290 millions in 2013 [13, p. 1]. The Holland dominates the European market and produces large quantities of these flowers and the United Kingdom is a main importer of them in Europe.
	The white rust (Puccinia horiana (P. Hennings 1901) can be a serious disease of chrysanthemum crops resulting in huge losses for growers. Due to international flower trading it spreads in many countries of the world. 
Initially, it is originated in Japan and has been already distributed in Asia (Brunei, China, Fuji, India, Japan, Malaysia, Taiwan, Thailand, Turkey), Africa (South Africa, Tunisia) North America (Mexica, USA), South America (Argentina, Brazil, Chile, Colombia, Peru, Uruguay, Venezuela), Europe (Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, France, Germany, Greece, Hungary, Italy, Latvia, Netherlands, Poland, Portugal, Romania, Russian Federation, Serbia, Slovakia, Slovenia, Sweden, Switzerland, United Kingdom, Serbia, Montenegro) and in Australia and New Zealand [3, р.1].
Some countries were successful in organized actions for eradication of the disease. White rust is known to be eradicated in Canada, Canary Islands, Cyprus, Israel, Estonia, Finland, Ireland, Norway, Spain [5, p.1].     
	The first report about the disease in Ukraine is dated by 1997, when infection was discovered on an area of 0,116 ha and later during 1998-2001it was noted on some small private plots where it was eradicated [1, c.167]. 
Pale-green to yellow spots, up to 5 mm diameter, develop on the upper surface of the leaves. The centers of these spots become brown and necrotic with ageing. On the corresponding lower surface, raised, buff or pinkish, waxy telia were observed. When the upper spots become sunken, these pustules become quite prominent and turn whitish at time of basidiospores production. Sometime telia were found on the upper leaf surface. The densely infected leaves wilt, gradually dry and hang down the stem. 
All plants with the disease symptoms and symptomless from the same lands were burned, plots and soils in greenhouses received antifungal treatments, non-host rotations and quarantine were applied in following years. During inspections of these lands in 2003 and 2004 the disease was not found.
According to the non-published data of Transcarpathian State Plant Quarantine Inspection, since 1997 several times the white rust infected chrysanthemum flowers were stopped to enter the country on its western border. The infected products originated from Netherlands, Hungary and Slovakia.
The disease was found in flowers of Donetsk open market in 2004. All of them were immediately removed from trading and burned by flame.  Further spread of the disease was prevented.
White rust was also discovered in Chrysanthemum flowers on open markets of Odessa in 2009. Control measures were applied and sources of the disease estimated.   
Several private greenhouses and about 40 small plot plantings were infected on total eproximate area of 1,5 ha in Usatovo Village, Bilyaivsky district of Odessa region. Due to active actions of State Inspection in Plant Quarantine and other local state authorities the disease spread was restricted and disease sources eradicated [2, p. 24 6, p.1]. Since 2012 till present time the incidences of the disease decreased drastically in that area.
	These allowed the European and Mediterranean Plant Protection Organization to regard the situation with distribution of white rust in Ukraine as “transient: actionable, under eradication” (5, p.1). 
	However, our country is a transit country between West and East. It has neighbor-states in which the white rust is established well. Because of this reason, the strict control on Ukrainian borders is needed. The phytosanitary measures,
recommended by EPPO, highlight that planting material of chrysanthemums should come from a place of production regularly inspected and found free of disease for 3 months beforehand. The fungus should also be absent from the immediate vicinity of the place of production. For cut flowers, visual inspection is sufficient. 
The most strict pre-export inspection and control system used in the Netherlands. The system depends heavily on intensive use of plant protection products. For few countries, where the disease is still absent, this system seems to be not acceptable, because of its bad environmental issues and interference with biological control.
Special attention should be paid to the biological studies of Puccinia horiana, in foci of infection in conditions of Ukrainian climate (or in simulated conditions). 
The causal agent is able to survive mild winters [11, p.1381] and this should be taken in account in regions of Ukraine with relatively soft winters.
Particularly, it is very important to know the fungicide resistance of the pathogen in order to have correct fungicides for preventive treatment of the crop. 
From scientific literature [1, p.171], preparations of propiconazole, triforine, hexaconazole, triazole, strobilurin, phenilamide, phenapronil, oxycarboxin, penconazol,  benodanil, diclobutrazol, dibitertanolazoxystrobin, carbendazim, chlorothalonil,  fenarimol, folpet, mancozeb, myclobutanil + mancozeb, prochloraz + carbendazim, tebuconazole + triadimefon, tetraconazole + chlorothalonil, tiophanatemetyl, tridemorph + epoxiconazole are most often used against white rust.
	However, according to the information from Fungicide Resistance Action Committee, the DMI, Morpholine, QoI fungicides resistance is already present in Puccinia horiana [6, p.1].
	P. horiana is now a feared and serious disease in nurseries and in greenhouse growing bouquets of chrysanthemums, frequently causing complete loss of glasshouse crops. Potentially, here few biological control agents can be utilized to fight the disease. Srivastava et al. (1985) suggest that Verticillium lecanii, used for biological control of aphids on glasshouse chrysanthemums, will also control P. horiana [16, p.73]. Helyer N.L. and Whipps J.M. studied this interaction further [9, p.1; 17, P.173].  The Verticillium lecanii is already in use as biocontrol agent. 
Srivastava et al . (1985) found, that Puccinia horiana was often parasitized by Cladosporium sphaerospermum [9, p.1]. Cladosporium uredinicola Speg. is a common necrotrophic hyperparasite that destroys rust hyphae and causes disintegration of the cytoplasm in Puccinia horiana, particularly [16, p.73].
The  biological efficacy 84% of hyper parasitic Cladosporium sp. on Puccinia horiana pustules was demonstrated in work of García-Velasco et al. [7, p.79]
Recently, Hanudin et al.[8, p.22] described effective use of  Pseudomonas flourescens, plant growth promoting rhizobacteria, as biological control agent of Puccinia horiana in vitro and in vivo testing. However, no commercial formulations were developed with use of these bacteria yet. 
Amaki et al. [12, p.1] patented plant growth promoting Bacillus sp. strains AT-332 and AT-79, which are a novel microorganism exhibiting much superior effects in controlling plant diseases , particularly, white rust,  and nematode damage.
There are no fungicides based on fungi or bacteria as biocontrol agent in Ukraine and, possibly, anywhere, which are able to provide reliable Puccinia horiana control in field conditions.
Some chrysanthemum cultivars are resistant to white rust fungus and breeding for resistance continues [4, р.945; 10, p.1231; 14, p.85; 15, P.184]. 
All things considered, we must use strong plant sanitary measures, resistant cultivars and integrated disease control in order to prevent further white rust spread globally and in Ukraine, particularly. 
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