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CHAPTERl: 

GENERAL INTRODUCTION 

1-1. Background of the present study 

Powdery mildew is one of the most serious disease groups in agricultural 

production. The powdery mildew fungi belong to the family Erysiphaceae (Fungi; 

Ascomycota; Erysiphales) on taxonomy (Yarwood 1978, Braun 1995, Nomura 1997, 

Kakishima 2001) and have been well-studied and characterized on geographical 

distribution (Weltzien 1978) and epidemiology (Butt 1978). This natural group of 

pathogens infects on a wide range of phanerogams, including numerous economically 

important cultivated plants (Spencer 1978, Braun 1995). The serious economic 

damage to crops caused by the powdery mildews may be manifested as a direct fall in 

yield, as a suppression or distortion of plant growth which in the longer term affects 

yield, as spoilage of fruit or as a disfigurement of ornamental plants. These effects are 

often mixed. 

The first serious attempts to stop damage caused by powdery mildews were 

probably made in the early nineteenth century, when sulphur dusting came into use for 

the control of powdery mildew on fruit trees and, a little later, on grape vines. Since 

that time the usage of fungicides against powdery mildews has increased enormously, in 

overall amount, in the number and variety of fungicides used and in the range of crops 

which are treated. The value of other methods of control, such as planting resistant 

varieties, pruning and burning mildewed shoots, and removing volunteer host plants, 

has also been increasingly recognized. However, the application of chemicals, either 
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with or without the concomitant use of other measures, forms the principal defense 

against powdery mildews throughout the world. At present, many chemicals have 

been developed as commercial fungicides and used for the control of powdery mildew 

(Bent 1978, Nakata 1987, Sano et al. 1997). 

From view point of mode of action, fungicide with antifungal properties may be 

divided in two groups, non-specific and specific ones (Table 1-1) (FRAC 2005). 

Fungicides with non-specific properties, the first were sulphur and move on to other 

non-specific fungicide which came into use in 1950's, are still more important in 

practical use in controlling powdery mildews. However, specific fungicides are going 

to play more and more important roles in practice because of their outstanding efficacies 

and properties in control of powdery mildews and also of their low influence to the 

environment due to their lower dosages. 

Non-specific fungicides, which may be regarded as multi-site inhibitors, such as 

sulphur, manneb, quinomethionate, chlorothalonil, iminoctadine-albesilate and others, 

act as preventive agent by covering the surfaces of plants, mainly resulting in inhibition 

of the infection with spores or mycelia of fungi, and need much more doses than 

specific fungicides in practical use (Table 1-1 and Fig. 1-1 ). 

On the other hand, specific fungicides inhibit only with one or very few sites of 

metabolisms of fungi and control diseases in many cases by inhibiting development of 

fungi in curative condition with relatively low dosages. The mode of action of specific 

fungicides for control of powdery mildews is classified some categories, inhibition of 

mitosis, inhibition of respiration, inhibition of biosynthesis, inhibition of signal 

transduction and others (unknown or not clarified) (Table 1-1, Figs. 1-2-1, 1-2-2 and 

1-2-3). The inhibitors of mitosis include benzimidazoles which interfere with mitotic 
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Table 1-1. Target sites of fungicides for controlling powdery mildew 
Category Target site Fungicide (group) 

Non-specific 

Specific 
Mitosis 

Sterol 

Respiration 

Amino acid 

Nucleic acid 

Lipid 

Multi-site 

[3-tubulin assembly 

C 14-demethylase 

L1 14-reductase and L1 8 

- L1 7 -isomerase 

sulfur, manneb, 
quinomethionate, doazoxolon, 
ditalimfos, chlorothalonil, 
DBEDC, iminoctadine etc. 

Benzimidazoles 

Triazoles, lmidazoles, 
Pyrimidines etc. 

Morpholines etc. 

Electron transport Strobilurins 
system Complex Ill 
cytochrome bc1 
(ubiquinol oxidase) at 
Qo site 

Electron transport 
system Complex II 
(succinate
dehydrogenase) 

Carboxamides 

Uncoupler of oxidative Dinitrophenols 
phospholation 

Methionine (proposed) Anilinopyrimidines 

Adenosin-deaminase 2-Amino-pyrimidines 

Phospholipid pyrazophos 

Signal transduction G-proteins (proposed) quinoxyfen 

Others Unknown or not 
clarified 

CECA, 6-aza-uracil, 
mildiomycin, hydrogen 

This list is based on the fungicide listing compiled by the Fungicide 
Resistance Action Committee (FRAC). (FRAC 2005) 
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processes by preventing assembly of f3-tubulin into microtubules resulting in inhibition 

of mitosis and disruption of cellular organization (Clemons and Sisler 1971, Davidse 

1973, Davidse 197 5). The sterol biosynthesis inhibitors ( triazoles, imidazoles, 

pyrimidines, morpholines etc.) inhibit ergosterol synthesis (Ragsdale and Sisler 1973, 

Buchenauer 1977, Hashimoto et al. 1986). The inhibitors of respiration include 

strobilurins, carboxamides and dinitrophenols. Strobilurins act as the inhibitor of 

Complex III cytochrome bc1 (ubiquinol oxidase) at Qo site in electron transport system 

(Becker et al. 1981, Mansfield and Wiggins 1990, Wiggins and Jager 1993, Ziogas et al. 

1997, Bartlet et al. 2002), carboxamides act as the inhibitor of Complex II 

(succinate-dehydrogenase) in electron transport system (Mathre 1970, Mathre 1971, 

White 1971, Lyr and Schewe 1975) and dinitrophenols act as uncoupler of oxidative 

phospholation (Parker 1958, Parker 1965), respectively. The inhibitor of biosynthesis 

also contain anilinopyrimidines which inhibit methionine synthesis (proposed) (Fritz et 

al. 1997), 2-amino-pyrimidines which inhibit nucleic acid synthesis (Hollomon 1979a, 

Hollomon 1979b, Hollomon and Chamberlain 1981 ), pyrazophos which inhibit 

phospholipid synthesis (de Waard 1975) and quinoxyfen which inhibit signal 

transduction of G-proteins (proposed) (Wheeler et al. 2003). 

However, occurrence of modification in the specific site of fungal metabolism to 

fungicide by single gene mutation lead to the emergence of insensitive fungal isolates to 

the specific fungicide, resistant mutants, in the field. The presence of the selection 

pressure by the fungicide favors the growth of such isolates, which results in the 

recognition of the development of resistant strain to the fungicide in practice. The 

appearance of strains resistant to commercial fungicides among the pathogens causing 

powdery mildew has led to poor disease control (Brent 1982, Kiso et al. 1983, Smith 
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1988, de Waard 1994, Brent 1995, Ishii et al. 2001, Ishii et al. 2002). 

A novel fungicide, cyflufenamid, (Z)-N-[ a-( cyclopropylmethoxyimino )-2,3-

difluoro-6-(trifluoromethyl)benzyl]-2-phenylacetamide (Code Name: NF-149, Pancho®), 

is currently in development by Nippon Soda Co., Ltd (Nisso) (Fig. 1-3) (Kasahara et al. 

1996, Kasahara 2005). This fungicide belongs to a new fungicide class, amidoximes 

(Kasahara 2005), and shows excellent control activity against powdery mildew in 

various plants and brown rot in stone fruits (Haramoto et al. 2001, Sano et al. 2001, 

Haramoto 2002, Haramoto et al. 2002, Yokota 2004a, Yokota 2004b). Its biological 

mode of action against pathogens is unique and differs from those of commercial 

fungicides such as benzimidazole (BI) fungicides, sterol demethylation-inhibiting 

(DMI) fungicides and strobilurin (Qoi) fungicides (Haramoto 2002). 

The application of cyflufenamid in the field has been registered in Asia and 

Europe (Yokota 2004a, Yokota 2004b). In 2002, the first registration of cyflufenamid 

was received in Japan. A mixture formulation of cyflufenamid with triflumizole called 

Pancho TF®, a water-dispersible granule (WG) formulation [cyflufenamid 3.4% + 

triflumizole 15% (w/w)], was also developed to avoid the early appearance of resistant 

strains to the fungicide according to Nisso's resistance risk management strategies. In 

2003, the mixture formulation was registered for strawberry, cucumber, watermelon, 

eggplant and green pepper plants in Japan. In 2005, mixture formulations of 

cyflufenamid with DMI fungicides were registered in Korea. In Europe, cyflufenamid 

was submitted to the EU Annex I inclusion in 2003 and is now under evaluation. Its 

EW (emulsion in water) formulation (50 g/liter) was registered on cereals in the UK, 

Germany, Belgium and Romania. 
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1-2. The aim and the outline of the present study 

The aim of the present study is to elucidate biological and fungicidal properties of 

a novel fungicide, cyflufenamid, and also to produce the possibility for the practical use 

of this fungicide in the field. 

The fungicidal activities including the fungitoxic spectra in vivo and in vitro of 

cyflufenamid and the mode of action of this fungicide against pathogens are described 

in Chapter 2. The control efficacy of cyflufenamid in the field against powdery 

mildew in various plants and brown rot in stone fruits, and also its fungicidal properties, 

including preventive, curative, residual, translaminar, translocative and vapor phase 

activities in pot tests against cucumber powdery mildew are described in Chapter 3. 

Baseline sensitivity of pathogens causing powdery mildew on wheat, barley and 

cucumber toward cyflufenamid in Japan and/or Europe, its selection pressure test results 

against pathogen causing powdery mildew on wheat in the greenhouse and field, and 

also some cross-resistance studies between this fungicide and other commercial 

fungicides on pathogen causing powdery mildew on cucumber are described in Chapter 

4. 
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CHAPTER2: 

Fungicidal Activities of Cyflufenamid against Various Plant- Pathogenic Fungi 

2-1. INTRODUCTION 

In Chapter 2, the author describes the fungicidal activities including the 

fungitoxic spectra in vivo and in vitro of cyflufenamid, and the mode of action of 

cyflufenamid against pathogens. 

2-2. MATERIALS AND METHODS 

2-2-1. Chemicals and formulations 

Cyflufenamid was prepared as a 10% wettable granule (WG) formulation as 

described previously (Kasahara et al. 1996). The formulated chemical was used in this 

study. 

2-2-2. Fungitoxic spectrum in vivo 

The fungitoxic spectrum of cyflufenamid was evaluated based on efficacy to 

control powdery mildew on wheat (Triticum aestivum L., cv. Chihoku) caused by 

Blumeria graminis (de Candolle) Speer f. sp. tritici Marchal, grey mold on kidney bean 

(Phaseolus vulgaris L., cv. Nagauzura) caused by Botrytis cinerea Persoon: Fries, late 

blight on tomato (Lycopersicon esculentum Mill., cv. Regina) caused by Phytophthora 

irifestans (Montagne) deBary, downy mildew on grape (Vitis vinifera L., cv. Kousyu) 
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caused by Plasmopara viticola (Berkeley & Curtis) Berlese & de Toni and scab on 

apple (Malus pumila Miller var. domestica Schneider, cv. Rall's Janett) caused by 

Venturia inaequalis (Cooke) Winter. 

Control efficacy against powdery mildew, late blight, downy mildew and scab 

was determined in pot tests. Plants at the 2-3 leaf stage were used in this experiment. 

The test chemical solutions containing 0.01% Tween 20 were sprayed onto young 

seedlings. After the solutions had air-dried, the plants were artificially inoculated with 

either the spore dust or spore suspension depending on the test pathogen, and incubated 

at 20°C (12 hr light/12 hr dark) for a given period. Percent disease control was 

assessed 5-10 days after the inoculation by visually measuring the diseased leaf area. 

Control efficacy against grey mold was determined in a flower test. Flowers of 

kidney bean plants were detached and immersed in the chemical solution. After 

air-drying, the flowers were inoculated with the spore suspension of B. cinerea and then 

placed on untreated detached leaves of kidney bean in a Petri dish. After incubation 

for 5 days at 20°C (12 hr light/12 hr dark), the diameter of lesions that developed on the 

leaves was measured and % disease control was calculated based on the mean of lesion 

sizes. 

Fungitoxic activities in vivo of cyflufenamid against 7 pathogens causing 

powdery mildew listed in Table 2-2 were evaluated based on pot tests. The young 

seedlings or rooted cutting plants were treated by spraying with the test chemical 

solutions containing 0.01% Tween 20. After air-drying, the plants were artificially 

inoculated with spore dust of each pathogen and incubated at 20°C (12 hr light/12 hr 

dark) for a given period. Percent disease control was assessed 7-10 days after the 

inoculation by visually measuring the diseased leaf area, and the minimum inhibitory 
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concentration (MIC) was determined. 

2-2-3. Ftmgitoxic spectrum in vitro 

The fungitoxic spectrum in vitro of cyflufenamid was evaluated by culture tests 

using the agar dilution method. In this experiment, 37 fungal species listed in Table 

2-3 maintained on potato sucrose agar (PSA) in our laboratory (Odawara, Japan) were 

used. The test chemical dissolved in sterilized deionized water was added to PSA 

media held at 45-50°C to obtain the given concentration. Mycelial agar discs (6 mm in 

diameter) of test fungi were placed at the center of agar plates (9 em in diameter) and 

incubated at their optimum temperatures. The diameters of mycelial colonies of the 

fungi were measured after 3-20 days and EC50 values were calculated. 

2-2-4. Light microscopic observations 

The effect of cyflufenamid on the life cycle of B. graminis f. sp. tritici on wheat 

( cv. Chihoku) was evaluated. Wheat seedlings were sprayed with the test chemical 

solutions containing 0.01% Tween 20. After air-drying, the treated plants were 

artificially inoculated with spore dust of B. graminis f. sp. tritici. The inoculated pots 

were incubated at 20°C (12 hr light/12 hr dark) for a given period. Wheat leaves were 

detached, and the epidermal tissues were peeled off and stained with 0.1% cotton blue. 

The stained samples were observed with a light microscope (BH-2, Olympus Optical 

Co., Ltd., Japan). 

The effect of cyflufenamid on the spore germination stage of Monilinia fructicola 

(Winter) Honey was also observed. Spores of M fructicola were suspended in potato 

sucrose yeast extract (PSY) liquid medium. The spore suspension was mixed with the 
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test chemical solutions and put on a 96-well microplate. The microplate was incubated 

at 20°C under high humidity in the dark for 2, 8, 16 and 24 hr. Spore germination and 

germ tube elongation were light-microscopically observed. 

2-2-5. Transmission electron microscopic observations 

Spores of M fructicola were suspended in PSY liquid medium. The spore 

suspension was mixed with the test chemical solutions, and put on a 96-well microplate 

containing a thin layer of PSY agar medium. The microplate was incubated at 20°C 

under high humidity in the dark. After incubation for 24 hr, the small agar blocks 

containing the spores were removed from wells and pre-fixed with 2% glutaraldehyde 

(0.05 M phosphate buffer pH 7.0) at 4 °C for 24 hr. After 3 rinses with the same buffer, 

the blocks were post-fixed with 1% osmium tetroxide, dehydrated in ethyl alcohol, and 

then embedded in Epon 812. Ultrathin sections were stained with uranyl acetate and 

lead citrate. The stained ultrathin sections were observed with a transmission electron 

microscope (HS-9, HITACHI Ltd., Japan). 

2-3. RESULTS 

2-3-1. Fungitoxic spectrum in vivo 

Cyflufenarnid at 200 ppm exhibited no fungitoxic activity against B. cinerea on 

kidney bean, P. infestans on tomato, P. viticola on grape or V. inaequalis on apple. In 

contrast, cyflufenarnid showed excellent fungitoxic activity against B. graminis f. sp. 

tritici on wheat even at 0.8 ppm (Table 2-1). 
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The fungitoxic activity of cy:flufenamid among various pathogens causmg 

powdery mildew on plants was investigated. Cy:flufenamid exhibited complete control 

of powdery mildew on cucumber, strawberry, sweet pepper and wheat at 0.8 ppm, and 

on apple, grape and rose at 1.6 ppm (Table 2-2). 

2-3-2. Fungitoxic spectrum in vitro 

The fungitoxic spectrum in vitro of cy:flufenamid against 37 species of fungi is 

shown in Table 2-3. Some pathogens of Ascomycetes and Deuteromycetes such as 

Bottyosphaeria sp., Cercospora beticola Saccardo, Fusarium nivale (Fries) Cesati, M 

fructicola and Rosellinia necatrix Prillieux were sensitive to cy:flufenamid at 

concentrations of 0.01 to 0.7 ppm (EC5o). Notably, M fructicola was highly sensitive 

to cy:flufenamid, the ECso being 0.01 ppm. In contrast, pathogens of Phycomycetes 

and Basidiomycetes were insensitive to cy:flufenamid even at 100 ppm. 

2-3-3. Light microscopic observations 

2-3-3-1. Effect of cy:flufenamid on the life cycle of B. graminis f. sp. tritici 

To elucidate the point at which cy:flufenamid acts in the life cycle of B. graminis f. 

sp. tritici on wheat, light microscopic observation was performed. Cy:flufenamid at 

12.5 ppm did not affect the germination of spores or formation of appressoria (Tables 

2-4 and 2-5). However, the formation of haustoria, colonies and spores were all 

strongly inhibited by cy:flufenamid at 0.2 ppm (Tables 2-6 and 2-7). 
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Table 2-3. Fungitoxic activity of cyflufenamid against various pathogens 
in culture (Agar dilution method) 

Pathogen 

Alternaria alternata apple pathotype 
Botrytis cinerea 
Botrytis squamosa 
Botryosphaeria sp. 
Cercospora beticola 
Cercospora kikuchii 
Cercospora theae 
Cladosporium cucumerinum 
Coch/iobo/us miyabeanus 
Co/letotrichum /agenarium 
Co/letotrichum theae-sinensis 
Diaporthe citri 
Elsinoe ampelina 
Fulvia fu/va 
Fusarium nivale 
Fusarium oxysporum 
Fusarium roseum 
Gibberella zeae 
Glomere/la cingulata 
He/icobasidium mompa 
Monilinia fructicola 
Penicillium italicum 
Pestalotia longiseta 
Phomopsis sp. 
Phytophthora infestans 
Pseudocercosporella herpotrichoides 
Pyricularia oryzae 
Pythium aphanidermatum 
Rhizoctonia so/ani 
Rose/linia necatrix 
Sclerotinia scleotiorum 
Septaria nodurum 
Taphrina deformans 
Trichoderma viride 
Va/sa ceratosperma 
Venturia inaequalis 
Verticil/ium dah/iae 
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EC5o (ppm) 

>100 
>100 

100 
0.07 

0.3 
1 

>100 
>100 
>100 
>100 
>100 

6 
5 

>100 
0.3 

>100 
>100 
>100 
>100 
>100 
0.01 

7 
>100 
>100 
>100 
>100 

3 
>100 
>100 

0.7 
1 

>100 
3 

>100 
8 

>100 
>100 



Table 2-4. Effect of cyflufenamid at 12.5 ppm on spore germination of 
Blumeria graminis f. sp. tritici on wheat leaves 

Chemical Rate of spore germination (%)a> ± Sob> 
Time after treatment 

3 hr 6 hr 12 hr 24 hr 

Cyflufenamid 19.8 ± 6.9 47.6 ± 14.3 60.7 ± 12.3 61.5 ± 12.2 

Untreated control 22.5 ± 7.6 49.8 ± 17.3 67.4 ± 8.6 72.2 ± 4.2 

a) n = 2. 

b) Standard deviation. 
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Table 2-5. Effect of cyflufenamid at 12.5 ppm on appressorium formation 
of 8/umeria graminis f. sp. tritici on wheat leaves 

Chemical Rate of appressorium formation (%)a>± sob> 
Time after treatment 

3 hr 6 hr 12 hr 24 hr 

Cyflufenamid 0.3 ± 0.1 0.4 ± 0.1 28.1 ± 7.5 87.9 ± 3.7 

Untreated control 1.7±1.4 3.5 ± 2.5 22.3 ± 10.2 89.7 ± 4.0 

a) n = 2. 

b) Standard deviation. 
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Table 2-6. Effect of cyflufenamid at various concentrations on 
haustorium formation of 8/umeria graminis f. sp. 
tritici in wheat leaves 

Cyflufenamid Inhibitory rate of haustorium formation (%)a) 

concentration Time after treatment 

(ppm) 76 hr 168 hr 

12.5 100 100 

3.1 99.4 99.9 

0.8 96.4 99.4 

0.2 77.6 80.1 

a) n = 2. 
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Table 2-7. Effect of cyflufenamid at various concentrations on 
colony and spore formation of Blumeria graminis 
f. sp. tritici on wheat leaves 

Cyflufenamid 

concentration 

(ppm) 

12.5 

3.1 

0.8 

0.2 

Inhibitory rate(%) 

Colony formational 

100 
100 

96.9 

81.2 

Spore formationbl 

100 
100 
100 

97 

a) Observed 5 days after cyflufenamid treatment, (n = 2). 
b) Observed 7 days after cyflufenamid treatment, (n = 2). 
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2-3-3-2. Effect of cyflufenamid on the spore germination and germ tube elongation of M 

fructicola 

The effect of cyflufenamid on the germination of spores and elongation of germ 

tubes in M fructicola was observed to elucidate the site of action of cyflufenamid. 

Spores of M fructicola in cyflufenamid and water solutions started to germinate equally 

within 1 to 2 hr, and germ tubes elongated continuously. Cyflufenamid at 1 ppm 

affected neither the germination nor the elongation until 8 hr after treatment (Fig. 2-1 ). 

Moreover, cyflufenamid at a high concentration (100 ppm) had no effect at this stage 

(data not shown). However, at 16 hr after the treatment with cyflufenamid, the 

elongation of germ tubes stopped (Fig. 2-1 ). Swelling at the tip of germ tubes, and 

vacuolation and rupturing of the cytoplasm in germ tubes were observed 24 hr after 

treatment (Fig. 2-2). 

2-3-4. Transmission electron microscopic observations 

The effect of cyflufenamid on the hyphal growth of M fructicola was observed 

under a transmission electron microscope. In untreated control hyphae, many vacuoles 

filled with highly electron-dense materials were observed in cytoplasms. The septa 

were thicker than the cell walls, and small pores were observed in the center of septa 

(Fig. 2-3-1 ). In the hyphae treated with cyflufenamid at 1 ppm, although vacuoles 

existed in the cytoplasm, highly electron-dense materials in the vacuoles were not 

detected (Figs. 2-3-2 and 2-3-3). The septa were thinner and smaller than in the 

untreated control, and septal pores were large (Figs. 2-3-1 and 2-3-2). There were no 

differences in the number and shape of mitochondria and nuclei between 

cyflufenamid-treated and untreated hyphae (Figs. 2-3-1 and 2-3-2). Ruptured hyphae 
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Fig. 2-1. Effect of cyflufenamid on spore germination of Monilinia fructicola. 
Observations under a light microscope were made at 2, 8 and 16 hr after 
cyflufenamid (1 ppm) treatment. Scale bar= 30 11m. 
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Control Cyflufenamid 

Fig. 2-2. Effect of cyflufenamid on hyphal growth of Monilinia fructicola. 
Observations under a light microscope were made at 24 hr after 
cyflufenamid (1 ppm) treatment. Scale bar= 30 J.lm. 

R: Rupturing, V: Vacuolation. 
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Fig. 2-3. Ultrastructual effect of cyflufenamid on hyphal growth of Monilinia fructicola. 
Observations under a transmission electron microscope were made at 24 hr 
after cyflufenamid (1 ppm) treatment. Scale bar= 2 J.lm. 

1: Hypha of control, 2: Hypha treated with cyflufenamid, 3: Ruptured hypha 
caused by cyflufenamid treatment, 4: Vacuolated hypha caused by cyflufenamid 
treatment, M: Mitochondrion, N: Nucleus, S: Septum, V: Vacuole. 
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were detected frequently following treatment with cyflufenamid and vesicles of various 

sizes which originated from organelle were observed away from the ruptured sites (Fig. 

2-3-3). Vacuolated hyphae also appeared on cyflufenamid treatment, and contained 

extremely immature septa (Fig. 2-3-4). 
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2-4. DISCUSSION 

To elucidate the fungitoxic spectrum in vivo of cyflufenamid, fungitoxic activities 

against pathogens causing powdery mildew on wheat, grey mold on kidney bean, late 

blight on tomato, downy mildew on grape, and scab on apple were investigated. As 

shown in Table 2-1, cyflufenamid achieved excellent control of powdery mildew on 

wheat at 0.8 ppm, but exhibited no activity against the other four diseases even at 100 

ppm. Pot tests of cyflufenamid against powdery mildew on plants caused by various 

pathogens revealed excellent control at 0.8 to 1.6 ppm (Table 2-2). These results 

suggest that cyflufenamid has strong fungicidal activity against many genera in 

Erysiphaceae. 

We also performed culture tests using the agar dilution method to evaluate the 

fungitoxic spectrum in vitro of cyflufenamid. Cyflufenamid was active against limited 

numbers of fungi classified into Ascomycetes and Deuteromycetes (Table 2-3). The 

pattern of fungitoxic activity in vitro was clearly different from that of broad-spectrum 

fungicides such as benzimidazole (BI) fungicides (Sijppesteijn 1972) and 

demethylation-inhibitor (DMI) fungicides (Hashimoto et al. 1986). 

In the light microscopic experiments, cyflufenamid at 0.2 ppm strongly inhibited 

the formation of haustoria, colonies and spores in B. graminis f. sp. tritici (Tables 2-6 

and 2-7). However, it did not affect the germination of spores or formation of 

appressoria even at 12.5 ppm (Tables 2-4 and 2-5) as shown in a scheme (Fig. 2-4). In 

the case of M fructicola, cyflufenamid at 1 ppm did not affect the germination of spores 

or elongation of germ tubes until 8 hr after treatment (Fig. 2-1 ). An inhibitory effect of 

cyflufenamid on M fructicola was observed at 16 hr after treatment; a cessation of germ 
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tube elongation (Fig. 2-1 ). After 24 hr, swelling at the tip of germ tubes, and 

vacuolation and rupturing of germ tubes were observed (Fig. 2-2). In the transmission 

electron microscopic experiments, treatment with cyflufenamid at 1 ppm for 24 hr in M 

fructicola induced ultrastructural changes such as a reduction in highly electron-dense 

materials considered to be polyphosphoric acid (Yoshida 1959, Stevenson and Becker 

1972, Stevenson and Becker 1979) in the vacuoles, and the appearance of immature of 

septa (Figs. 2-3-1, 2-3-2, 2-3-3 and 2-3-4). These morphological changes clearly differ 

from those caused by BI fungicides (Sijppesteijn 1972), DMI fungicides (Hashimoto et 

al. 1986) and strobilurin fungicides (Bartlett et al. 2002). 

Thus, a novel fungicide, cyflufenamid, has excellent fungicidal activity against 

various pathogens causing powdery mildew and some other fungi such as M fructicola. 

The results also suggest that the biochemical mode of action of cyflufenamid is different 

from that of commercial fungicides such as BI, DMI and strobilurin. We are now 

conducting experiments to clarify the site of action of cyflufenamid. 
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CHAPTER3: 

Control Efficacy of Cyflufenamid in the Fields and Its Fungicidal Properties 

3-1. INTRODUCTION 

In Chapter 3, the author describes the control efficacy of cyflufenamid in the field 

against powdery mildew in various plants and brown rot in stone fruits, and also 

describes the fungicidal properties of cyflufenamid, including its preventive, curative, 

residual, translaminar, translocative and vapor phase activities in pot tests against 

cucumber powdery mildew. 

3-2. MATERIALS AND METHODS 

3-2-1. Chemicals and formulations 

Cyflufenamid was synthesized and formulated as a 10% WG. Kresoxim-methyl 

[41.5% suspension concentrate (SC) and 47% WG], triadimefon [25% wettable powder 

(WP)], tebuconazole (40% SC), mepanipyrim (40% SC), tetraconazole [11.6% micro 

emulsion (ME)], bitertanol (25% WP), iprodione (50% WP and 40% SC) and 

triadimefon (5% WP) were purchased from commercial sources, and used as reference 

fungicides in the field and pot tests. 

3-2-2. Field tests 

3-2-2-1. Wheat powdery mildew 
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Seeds of winter wheat (Triticum aestivum L., cv. Chihoku) were sowed in a field 

at Bandai Agricultural Research Station, Nisso, Fukushima, Japan, on Oct. 2, 1996. 

Three replicates of 5m2 (1 m x 5 m) per each plot were used. After the first symptoms 

of wheat powdery mildew by Brumeria graminis (de Cando lie) Speer f. sp. tritici 

Marchal were observed on May 10, 1997, foliar spraying was performed on May 13 

with a knapsack-type power sprayer with a water volume of 100 liters per 10 a. At 

that time, the growth stage of wheat was BBCH (Lancashire et al. 1991) (Biologische 

Bundesanstalt fiir Land- und Forstwirtschaft, Bundessortenamt und Chemische 

Industrie) 37 (flag leaf just visible). 

Disease severity in the field was evaluated on May 20, 27 and Jun. 9 using a 

disease index from 0 (no apparent symptoms) to 4 (severe disease). The disease 

degree (DD) of each plot was calculated by the following equation. 

DD = (S/4 X N) X 100 

S represents the sum of indices in the plot and N represents the number of plants in the 

plot. The results indicated the average infection degree in the three plots. 

3-2-2-2. Strawberry powdery mildew 

Strawberry sets (Fragaria ananassa Duchesne, cv. Nyohou) were bedded out in 

a greenhouse at Haibara Agricultural Research Center, Nisso, Shizuoka, Japan, on Nov. 

2, 1997. The trial was laid out in randomized blocks with 3 replicates of 8 plants per 

plot. After the first symptoms of strawberry powdery mildew by Sphaerotheca 

aphanis (Wallroth) Braun var. aphanis were observed on May 5, 1998, foliar spraying 

was performed on May 8 (1 application), May 8 and 18 (2 applications), or May 8, 15 

and 22 (3 applications), with a knapsack-type power sprayer with a water volume of 150 
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liters per 10 a. Disease severity in the field was evaluated on May 18, Jun. 1 and 16 

with a disease rating from 0 (no apparent symptoms) to 4 (severe disease). The 

disease degree of each plot was calculated using the same formula as in Section 3-2-2-1. 

The results indicated the average infection degree in the three plots. 

3-2-2-3. Cucumber powdery mildew 

Cucumber seedlings (Cucumis sativus L., cv. Hokushin) were bedded out in the 

greenhouse at Haibara Agricultural Research Center, Nisso, Shizuoka, Japan, on Sep. 2, 

2000. The trial was laid out in randomized blocks with 3 replicates of 10 plants per 

plot. Diseased cucumber pots inoculated with a strobilurin-resistant strain of 

Sphaerotheca cucurbitae (Jaczewski) Zhao as an inoculum were placed in the test field. 

After the first symptoms of cucumber powdery mildew were observed on Sep. 25, foliar 

spraying was performed on Sep. 26 (1 application) or Sep. 26 and Oct. 3 (2 

applications), with a knapsack-type power sprayer with a water volume of 200 liters per 

10 a. Disease severity in the field was evaluated on Oct. 3, 10, 17 and 25 with a 

disease rating from 0 (no apparent symptoms) to 4 (severe disease). The disease 

degree of each plot was calculated using the same formula as in Section 3-2-2-1. The 

results indicated the average infection degree in the three plots. 

3-2-2-4. Peach brown rot 

Eleven-year-old peach (Prunus persica Batsch var. vulgaris Maximowicz, cv. 

Akatsuki) trees planted in a field at Bandai Agricultural Research Station, Nisso, 

Fukushima, Japan were used in the trial. The trial was laid out in randomized blocks 

with 3 replicates of 1 tree per plot. Foliar spraying was performed on Jul. 18, 29 and 
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Aug. 9, 1997 with a knapsack-type power sprayer with a water volume of 400 liters per 

10 a. The first symptoms of peach brown rot by Monilinia fructicola (Winter) Honey 

were observed on Aug. 15. After harvesting on Aug. 20, the fruit from each plot was 

stored in plastic containers at room temperature. Disease severity was evaluated on 

Aug. 22, 25 and 28 by counting the number of diseased peaches. The percentage of 

diseased fruit in each plot was calculated. The results indicated the average % 

diseased fruit in the three plots. 

3-2-2-5. Cherry brown rot 

Twelve-year-old cherry (Prunus avium L., cv. Koukanishiki) trees planted in a 

field at Bandai Agricultural Research Station, Nisso, Fukushima, Japan were used in the 

trial. The trial was laid out in randomized blocks with 2 replicates of 1 tree per plot. 

Foliar spraying was performed on Jun. 10 and 18, 1997 with a knapsack-type power 

sprayer with a water volume of 400 liters per 10 a. The first symptoms of cherry 

brown rot by M fructicola were observed on Jun. 15. Disease severity was evaluated 

on Jun. 18 and 24 by counting the number of diseased cherries on the tree. The 

percentage of diseased fruit in each plot was calculated. The results indicated the 

average % diseased fruit in the two plots. 

3-2-3. Pot tests 

3-2-3-1. Preventive activity 

Twenty-day-old cucumber seedlings ( cv. Sagamihanjiro, 1.2 leaf stage) were 

grown in pots under standard conditions in the greenhouse. The test plants were 

sprayed with the test chemical solutions (at a range of concentrations) containing 0.01% 

35 



Tween 20 on the adaxial surface of first leaves. After the solutions were air-dried, the 

treated plants were inoculated with spore dust of S. cucurbitae, and incubated at 20°C 

for 10 days under 12 hr light/12 hr dark. The evaluation of fungicidal activity was 

determined by observing the area of visible lesions and was expressed as the percentage 

of diseased leaf area (0 to 100%). The control value (CV) was calculated from the 

following equation. 

cv = (1 - TIC) X 100 

T represents the percentage of diseased leaf area in the treated seedlings and C 

represents the percentage of diseased leaf area in the non-treated seedlings. The 

results indicated the average CV in three replications. 

3-2-3-2. Curative activity 

The adaxial surface of the first leaves of cucumbers ( cv. Sagamihanjiro, 1.2 leaf 

stage) was inoculated with spore dust of S. cucurbitae, and incubated at 20°C under 12 

hr light/12 hr dark. After 4 days of inoculation, the test plants were sprayed with 

chemical solutions prepared by the same method as in Section 3-2-3-1 on the adaxial 

surface of inoculated leaves. The test plants were incubated again at 20°C for 6 days 

under 12 hr light/12 hr dark. Fungicidal activity was evaluated using the same formula 

as in Section 3-2-3-1. 

3-2-3-3. Residual activity 

The adaxial surface of the first leaves of cucumbers ( cv. Sagamihanjiro, 1.2 leaf 

stage) was sprayed with the test chemical solutions prepared by the same method as in 

Section 3-2-3-1. After the solutions were air-dried, the treated plants were kept in a 
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greenhouse. After 10 days, the treated plants were inoculated with spore dust of S. 

cucurbitae, and incubated at 20°C for 10 days under 12 hr light/12 hr dark. Fungicidal 

activity was evaluated using the same formula as in Section 3-2-3-1. 

3-2-3-4. Translaminar activity 

The adaxial surface of the first leaves of cucumbers ( cv. Sagamihanjiro, 1.2 leaf 

stage) was sprayed with the test chemical solutions prepared by the same method as in 

Section 3-2-3-1. After the solutions were air-dried, the treated plants were kept in a 

greenhouse. After 1 0 days, the abaxial surface of the treated leaf was inoculated with 

spore dust of S. cucurbitae, and incubated at 20°C for 10 days under 12 hr light/12 hr 

dark. Fungicidal activity was evaluated using the same formula as in Section 3-2-3-1. 

3-2-3-5. Translocative activity 

Cucumber seedlings ( cv. Sagamihanjiro, 1.2 leaf stage) were removed from the 

pot and their roots were washed in water to remove soil and sand particles. The roots 

were then dipped into chemical solutions prepared by the same method as in Section 

3-2-3-1 and incubated at 20°C for 5 days under 12 hr light/12 hr dark. The adaxial 

surface of the first leaves of treated seedlings was then inoculated with spore dust of S. 

cucurbitae, and incubated at 20°C for 10 days under 12 hr light/12 hr dark. Fungicidal 

activity was evaluated using the same formula as in Section 3-2-3-1. 

3-2-3-6. Vapor phase activity 

Twenty-day-old cucumber seedlings ( cv. Sagamihanjiro, 1.2 leaf stage) were used 

in this study. Chemical solutions (1 0 Ill) prepared by the same method as in Section 

37 



3-2-3-1 were dropped onto small squares (5 mm x 5 mm) of aluminum foil. After the 

solutions were air-dried, the squares of aluminum foil were placed onto the first leaves 

of seedlings. The seedlings were then inoculated with spore dust of S. cucurbitae, and 

incubated at 20°C for 10 days under 12 hr light/12 hr dark. To evaluate the vapor 

action, the diameter ( $, mm) of the inhibition zone of lesion formation on the first leaf 

of each seedling was measured. 

3-3. RESULTS 

3-3-1. Field tests 

3-3-1-1. Wheat powdery mildew 

Cyflufenamid was applied in 1 foliar spray to wheat powdery mildew in the field. 

The disease degree in the plot of the untreated control reached over 70 at the last 

assessment (Jun. 9, 1997), showing that natural infection pressure was heavy. 

Cyflufenamid at 25 ppm (w/v) showed excellent control of wheat powdery mildew, and 

the efficacy was equivalent or superior to reference fungicides (Fig. 3-1 ). 

3-3-1-2. Strawberry powdery mildew 

Cyflufenamid at 25 ppm was applied in a foliar spray to strawberry powdery 

mildew in the greenhouse. Natural infection pressure was heavy, and the disease 

degree in the plot ofuntreated control was over 75 at the last assessment (Jun. 16, 1998). 

In this test, the efficacy of cyflufenamid with 1 or 2 applications was compared with 

reference fungicides with 3 applications. The efficacy of cyflufenamid at 25 ppm with 

38 



Cyflufenamid 
25 ppm 

Triadimefon 
125 ppm 

Tebuconazole 
235 ppm 

Untreated control 

DMay 20 

• May 27 
DJun. 9 

0 1 0 20 30 40 50 60 70 80 90 1 00 

Disease degree 

Fig. 3-1. Efficacy of cyflufenamid against wheat powdery mildew. 
Crop: Winter wheat (cv. Chihoku), 1x5 m/plot, 3 replications. 
Application: May 13, 1997 ( 100 liters/1 Oa). 
Assessment: May 20, 27 and Jun. 9, 1997. 
Bars indicate standard deviations (SO) from the mean (n = 3). 
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1 application was excellent, and was equivalent to reference fungicides. Two 

applications of cyflufenamid showed excellent efficacy even at 29 days after the last 

application (Fig. 3-2). 

3-3-1-3. Cucumber powdery mildew 

Cyflufenamid at 25 ppm was applied in a foliar spray to cucumber powdery 

mildew in the greenhouse. The test was carried out by artificial inoculation with a 

strobirulin-resistant strain. Infection pressure was heavy, and disease degree was over 

60 at the last assessment (Oct. 25, 2000) in the plot of the untreated control. In this 

test, the efficacy of cyflufenamid with 1 or 2 applications was compared with reference 

fungicides with 2 applications. The efficacy of 1 application of cyflufenamid at 25 

ppm was excellent, and was superior to that of tetraconazole at 39 ppm with 2 

applications. Kresoxim-methyl at 208 ppm showed no effect against cucumber 

powdery mildew with 2 applications. Two applications of cyflufenamid showed 

excellent efficacy and cucumber powdery mildew lesions were hardly observed in the 

plot even at 22 days after the last application (Fig. 3-3). 

3-3-1-4. Peach brown rot 

Cyflufenamid at 25 ppm and 50 ppm was applied in a foliar spray to peach brown 

rot in the field. Diseased fruit was over 40% at the last assessment (Aug. 28, 1997) in 

the plot of the untreated control. Cyflufenamid at 25 ppm showed good control against 

peach brown rot. The efficacy of cyflufenamid was slightly inferior to bitertanol at 

125 ppm, but was superior to iprodione at 383 ppm. The efficacy of cyflufenamid at 

50 ppm was excellent, and was superior to the reference fungicides through the test 
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Cyflufenamid 
25 ppm (1 time) 

Cyflufenamid 
25 ppm (2 times) 

Mepanipyrim 
200 ppm (3 times) 

Kresoxim-methyl 
208 ppm (3 times) 

Untreated control 

~ DMay 18 

• Jun. 1 

EH 
DJun. 16 

0 1 0 20 30 40 50 60 70 80 90 1 00 
Disease degree 

Fig. 3-2. Efficacy of cyflufenamid against strawberry powdery mildew. 
Crop: Strawberry (cv. Nyohou), 8 plants/plot, 3 replications. 
Application: May 8, 1998 (150 liters/1 Oa) . 

May 8 and 18, 1998. 
May 8, 15 and 22, 1998. 

Assessment: May 18, Jun. 1 and 16, 1998. 
Bars indicate standard deviations (SD) from the mean (n = 3). 
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Cyflufenamid DOct. 3 
25 ppm (1 time) 

• Oct. 10 
Cyflufenamid DOct. 17 
25 ppm (2 times) DOct. 25 

Kresoxim-methyl 
208 ppm (2 times) 

T etraconazole ~ 
39 ppm (2 times) 

Untreated control 

0 10 20 30 40 50 60 70 
Disease degree 

Fig. 3-3. Efficacy of cyflufenamid against cucumber powdery mildew. 
Crop: Cucumber (cv. Hokushin), 10 plants/plot, 3 replications. 
Plants were inoculated with a strobilurin-resistant strain, and 
symptoms appeared on Sep. 25, 2000. 
Application : Sep. 26, 2000 (200 liters/1 Oa). 

Sep. 26 and Oct. 3, 2000. 
Assessment: Oct. 3, 10, 17 and 25, 2000. 
Bars indicate standard deviations (SO) from the mean (n = 3) . 
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period (Fig. 3-4). 

3-3-1-5. Cherry brown rot 

Cyflufenamid at 25 ppm and 50 ppm was applied in a foliar spray to cherry 

brown rot in the field. Infection pressure was heavy, and diseased fruit reached over 

55% at the last assessment (Jun. 24 1997) in the plot of the untreated control. 

Cyflufenamid at 25 ppm showed good control against cherry brown rot. The efficacy 

of cyflufenamid was slightly inferior to bitertanol at 125 ppm, but was superior to 

iprodione at 400 ppm. The efficacy of cyflufenamid at 50 ppm was excellent, and was 

equivalent to that ofbitertanol at 125 ppm throughout the test period (Fig. 3-5). 

3-3-2. Pot tests 

3-3-2-1. Preventive activity 

Cyflufenamid exhibited excellent preventive activity against cucumber powdery 

mildew even at 0.2 ppm, which was markedly lower than that (3.1 ppm) of 

kresoxim-methyl (Table 3-1). 

3-3-2-2. Curative activity 

When cyflufenamid was applied 4 days after spore dust inoculation, cyflufenamid 

at 6.3 ppm showed excellent curative activity against cucumber powdery mildew. 

Kresoxim-methyl also showed curative activity at 6.3 ppm (Table 3-2). 

3-3-2-3. Residual activity 

To determine the residual activity, cucumber seedlings were kept for 10 days in a 
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Cyflufenamid 50 ppm 

25 ppm 

Bitertanol 125 ppm 

lprodione 383 ppm 

Untreated control 

0 10 20 30 40 

OAug. 22 

• Aug. 25 

DAug. 28 

50 60 

% of diseased fruit 

Fig. 3-4. Efficacy of cyflufenamid against peach brown rot. 
Crop: Peach (cv. Akatsuki), 1 tree/plot, 3 replications. 

70 

Application: Jul. 18, 29 and Aug. 9, 1997 (400 liters/1 Oa) . 
Assessment: Aug . 22, 25 and 28, 1997 (fruits harvested on Aug. 20) . 
Bars indicate standard deviations (SO) from the mean (n = 3). 
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Cyflufenamid 50 ppm 

25 ppm 

Bitertanol 125 ppm 

lprodione 400 ppm 

Untreated control 
~ 

0 10 20 30 40 

DJun. 18 

• Jun. 24 

50 60 

% of diseased fruit 

Fig. 3-5. Efficacy of cyflufenamid against cherry brown rot. 
Crop: Cherry (cv. Koukanishiki), 1 tree/plot, 2 replications. 
Application: Jun. 10 and 18, 1997 (400 liters/1 Oa). 
Assessment: Jun. 18 and 24, 1997. 
Bars indicate standard deviations (SO) from the mean (n = 2). 
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Table 3-1. Preventive activity of cyflufenamid against 
cucumber powderv mildewal 

Chemical Cone. Control value (%) 
(ppm) 

Cyflufenamid 3.1 100 
0.8 100 
0.2 99 
0.05 71 

Kresoxim-methyl 12.5 100 
3.1 83 
0.8 62 
0.2 39 

Untreated control 0 

a) Inoculation was done immediately after the chemical solution 
was air-dried. 
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Table 3-2. Curative activity of cyflufenamid against 
cucumber powdery mildewal 

Chemical Cone. Control value(%) 
(ppm) 

Cyflufenamid 12.5 100 
6.3 100 
3.1 69 

Kresoxim-methyl 12.5 100 
6.3 87 
3.1 6 

Untreated control 0 

a) Chemical solutions were sprayed 4 days after inoculation. 
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greenhouse after the application of cyflufenamid. Cyflufenamid at 6.3 ppm showed 

excellent residual activity against cucumber powdery mildew. Kresoxim-methyl 

showed residual activity at 12.5 ppm (Table 3-3). 

3-3-2-4. Translaminar activity 

The translaminar action (adaxial to abaxial) of cyflufenamid was evaluated. 

Cyflufenamid at 12.5 ppm exhibited excellent translaminar activity against cucumber 

powdery mildew. In contrast, kresoxim-methyl did not show translaminar activity 

even at 100ppm (Table 3-4). 

3-3-2-5. Translocative activity 

The translocative action of cyflufenamid was evaluated using the root dipping 

method. Cyflufenamid scarcely showed translocative activity against cucumber 

powdery mildew even at 50 ppm. In contrast, triadimefon showed excellent 

translocative activity at 3.1 ppm (Table 3-5). 

3-3-2-6. Vapor phase activity 

Cyflufenamid showed excellent vapor phase activity against cucumber powdery 

mildew at 3.1 ppm, and was superior to that ofkresoxim-methyl at 3.1 ppm (Table 3-6, 

Fig. 3-6). 
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Table 3-3. Residual activity of cyflufenamid against cucumber 
powdery mildewa) 

Chemical Cone. Control value (%) 
(ppm) 

Cyflufenamid 25 100 
12.5 100 
6.3 77 

Kresoxim-methyl 25 100 
12.5 94 
6.3 0 

Untreated control 0 

a) Inoculation was done at 10 days after treatment with chemicals. 
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Table 3-4. Translaminar activity of cyflufenamid against 
cucumber powderv mildewal 

Chemical Cone. Control value(%) 
(ppm) 

Cyflufenamid 

Kresoxim-methyl 

Untreated control 

50 
25 
12.5 

100 
50 
25 

100 
100 
83 

0 
0 
0 

0 

a) Inoculation was done at 10 days after treatment with chemicals. 

50 



Table 3-5. Translocative activity of cyflufenamid from 
the root aqainst cucumber powdery mildewa> 

Chemical Cone. Control value (%) 

(PPm) 
Cyflufenamid 50 25 

12.5 25 
3.1 13 

Triadimefon 12.5 100 
3.1 81 
0.8 31 

Untreated control 0 

a) Inoculation was done at 5 days after treatment with chemicals. 
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Table 3-6. Vapor phase activity of cyflufenamid against 
cucumber powderv mildewa) 

Chemical Cone. Inhibition zone 
(ppm) (<p, mm) 

Cyflufenamid 50 41 

Kresoxim-methyl 

Untreated control 

12.5 38 
3.1 33 

50 
12.5 
3.1 

30 
29 
22 

0 

a) Inoculation was done at 10 days after treatment with chemicals. 
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Untreated control Cyflufenamid 12.5 ppm 

Fig. 3-6. Inhibition zone of lesions formed on cucumber leaves 
in the vapor phase activity test of cyflufenamid against 
cucumber powdery mildew. 
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3-4. DISCUSSION 

A novel fungicide, cyflufenamid, has excellent fungicidal activity against 

powdery mildews caused by various fungi and diseases caused by some limited fungi 

such as M fructicola in the pot test or in vitro test as reported previously (Haramoto et 

al. 2001, Sarro et al. 2001, Haramoto 2002, Haramoto et al. 2002, Yokota 2004a, Yokota 

2004b ). In this study, the field performance of cyflufenamid against powdery mildew 

and brown rot in stone fruits was investigated. 

Cyflufenamid at 25 ppm showed excellent efficacy against wheat powdery 

mildew with 1 application, and the efficacy persisted even 27 days after application (Fig. 

3-1). Cyflufenamid had long residual activity in the field at very low concentrations as 

compared with reference fungicides, triadimefon and tebuconazole. This result 

indicates that cyflufenamid might be effective for long interval application in the control 

of powdery mildews. This possibility was confirmed by field tests against strawberry 

and cucumber powdery mildews. The efficacy of cyflufenamid against strawberry 

powdery mildew with 1 and 2 applications was superior to reference fungicides with 3 

applications (Fig. 3-2). One application of cyflufenamid also showed excellent control 

against cucumber powdery mildew surpassing 2 applications of reference fungicides 

(Fig. 3-3). This feature of cyflufenamid seems to be useful in agricultural production 

in the following 2 points, i) reducing the amount of fungicide used in the field and ii) 

saving the labor of farmers in controlling diseases. 

In the cucumber powdery mildew trial, a strobilurin-resistant strain of S. 

cucurbitae was used as the inoculum. When kresoxim-methyl could not control 

cucumber powdery mildew, cyflufenamid showed excellent control. This result 

suggests that there is no cross resistance between cyflufenamid and strobilurins. 
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We had already confirmed the fungicidal activity of cyflufenamid against 

powdery mildews of various crops in the field (data not shown). As listed in Table 3-7, 

cyflufenamid at 25 ppm showed excellent control against powdery mildew caused by 

almost all genera of pathogens in agricultural production. Cyflufenamid at 25 ppm 

also exhibit excellent control against brown rot in stone fruits in the field (Figs. 3-4 and 

3-5). The efficacy was almost equivalent to reference fungicides, bitertanol and 

iprodione. These results suggest that cyflufenamid is a highly effective fungicide 

against not only powdery mildew but also brown rot in stone fruits in practical use. 

To elucidate the high performance of cyflufenamid in the field, the fungicidal 

properties of cyflufenamid were examined by pot tests against cucumber powdery 

mildew. Cyflufenamid showed excellent preventive, curative and long residual 

activities at low concentrations (Tables 3-1, 3-2 and 3-3), which are basically important 

for disease control. Cyflufenamid exhibited good translaminar activity in cucumber 

plants (Table 3-4). This property may participate in the excellent field performance, 

because chemical solutions are not always uniformly sprayed onto plants (Kirkwood 

1987). On the other hand, cyflufenamid did not show translocative activity from the 

root in contrast with the good translocative activity of triadimefon (Buchenauer 1976) 

(Table 3-5). Briggs et al. (1982) reported that although chemical uptake by the root is 

greater in more lipophilic chemicals, translocation to the shoots is more efficient for 

compounds of intermediate polarity having a log Po/w between 1.5 and 2.0. The log 

Po/w value 4.70 of cyflufenamid (Yokota 2004a, Yokota 2004b, Kasahara 2005) might 

be too high for translocation in plants. Cyflufenamid also showed vapor phase activity 

in spite of its low vapor pressure (3.54 X 1 o-s Pa at 20 °C) (Yokota 2004a, Yokota 2004b, 

Kasahara 2005) (Table 3-6, Fig. 3-6). Small quantities of vaporizing cyflufenamid 
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Table 3-7. List of causal pathogens of powdery mildew 
controlled by cyflufenamid at 25 ppm in the field 

Pathogen 

Blumeria graminis f. sp. hordei 
B. graminis f. sp. tritici 
Erysiphe polygoni 
Microsphaera pulchra var. japonica 
Oidiopsis sicula 
Phyllactinia kakicola 
P. morico/a 
Podosphaera /eucotricha 
Sphaerotheca aphanis var. aphanis 
S. cucurbitae 
S. fuliginea 
S. fu/iginea 
S. fu/iginea 
S.pannosa 
Uncinula necator 
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Host 

Barley 
Wheat 
Buckwheat 
Dogwood 
Sweet pepper 
Persimmon 
Mulberry 
Apple 
Strawberry 
Cucumber 
Water melon 
Eggplant 
Melon 
Rose 
Grape 



may be effective for control, because cyflufenamid has strong preventive activity at low 

concentrations. This property may also contribute to the excellent field performance. 

In conclusion, the fungicidal activities of cyflufenamid are characterized by its 

preventive, curative, long residual, translaminar and vapor phase activities which lead to 

excellent disease control in the field. Therefore, cyflufenamid is a novel fungicide 

effective for the control of powdery mildew and brown rot in stone fruits. 
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CHAPTER4: 

Sensitivity Monitoring of Powdery Mildews Pathogens to Cyflufenamid and the 

Evaluation of Resistance Risk 

4-1. INTRODUCTION 

In order to avoid early resistance development, evaluation of the resistance risk 

for a new fungicide and establishment of a resistance management strategy is very 

important (Brent 1995, Brent and Hollomon 1998, Russell 2004, Ishii 2005). In 

Chapter 4, the author describes the baseline sensitivity of powdery mildew pathogens on 

wheat, barley and cucumber towards cyflufenamid in Japan and/or Europe, using the 

results of selection pressure test using cyflufenamid against pathogen causing powdery 

mildew on wheat in the greenhouse and field. Cross-resistance studies between 

cyflufenamid and other commercial fungicides on pathogen causing powdery mildew 

on cucumber were also carried out. 

4-2. MATERIALS AND METHODS 

4-2-1. Chemicals and formulations 

Cyflufenamid was prepared as a 10% (w/w) wettable granule (WG) and a 50 

g/liter emulsion in water (EW) formulation as described previously (Kasahara et al. 

1996). Kresoxim-methyl [41.5% suspension concentrate (SC)], triflumizole [30% 

wettable powder (WP)], thiophanate-methyl (70% WP) were purchased from a 

commercial source, and used as reference fungicides in the following experiments. 
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4-2-2. Sensitivity monitoring for cyflufenamid 

4-2-2-1. Monitoring studies in Japan 

Sixty-three strains of Blumeria graminis (de Candolle) Speer f. sp. tritici Marchal 

were collected and isolated as single-colony isolates from various districts of Japan (63 

fields in Hokkaido, Akita, Fukushima, Kanagawa, Shizuoka and Saga) in 1995 and 

1996. These strains were assayed individually for their sensitivity to cyflufenamid by 

the following method (pot assay). Ten-day-old wheat (Triticum aestivum L., cv. 

Chihoku) seedlings were sprayed with the solutions (0, 0.01, 0.05, 0.2, 0.8, 3.1 ppm 

cyflufenamid) including 0.05% Tween 20. After the solutions were air-dried, the 

treated seedlings were inoculated with spore dust of each strain of B. graminis f. sp. 

tritici individually, and incubated at 20°C (12 hr light/12 hr dark) for 7 days. 

Fungicidal activity against each strain was evaluated by observing the area of visible 

lesions and was expressed as the percentage of diseased leaf area (0 to 100% ). The 

control value (CV) was calculated from the following equation. 

CV=(1-T/C)x 100 

T represents the percentage of diseased leaf area in the treated seedlings and C 

represents the percentage of diseased leaf area in the non-treated seedlings. The ECso 

value of each strain was calculated by Probit analysis individually, and also the 

geometric mean ofECso (MEC5o) value was calculated. 

Ninety-four strains of Sphaerotheca cucurbitae (Jaczewski) Zhao were collected 

and isolated as single-colony isolates from various districts of Japan (94 fields in 

Hokkaido, Fukushima, Niigata, Gunma, Saitama, Ibaragi, Kanagawa, Shizuoka, Kyoto, 

Hyogo, Kochi, Fukuoka, Nagasaki, Miyazaki, Kumamoto and Okinawa) from 1999 to 
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2001. These strains were assayed individually for their sensitivity to cyflufenamid 

using the leaf disk assay (Schepers 1984). Leaf disks were cut from the first leaf of 

cucumber (Cucumis sativus L., cv. Hikari 3P) seedlings and floated on the solutions (0, 

0.0001, 0.0003, 0.001, 0.003, 0.01, 0.03, 0.1 ppm cyflufenamid). The floated leaf 

disks were inoculated with spore dust of each strain of S. cucurbitae individually, and 

incubated at 20°C for 5 days under 12 hr light/12 hr dark. Fungicidal activity against 

each strain was determined by observing the area of visual lesions relative to the 

untreated control and ECso value was calculated by Probit analysis as described above. 

4-2-2-2. Monitoring studies in Europe 

Monitoring studies of sensitivity to cyflufenamid of B. graminis f. sp. tritici and 

Blumeria gram in is (de Candolle) Speer f. sp. hordei Marchal in various areas of Europe 

(Tables 4-1 and 4-3) were performed from 2000 to 2004 using the leaf segment 

pre-sprayed assay (Felsenstein et al. 1994, Felsenstein and Kuck 1998). Random air 

samples of spores of B. graminis f. sp. tritici or B. graminis f. sp. hordei were collected 

using a car-mounted jet spore trap. The trapping distance within each area was 

approximately 100 km. Collected spores were transferred onto leaf segments of wheat 

(cv. Kanzler) or barley (Hordeum vulgare L., cv. Igri), and kept as single-colony isolates 

on water agar (6 g/liter agar and 35 ppm benzimidazole) in Petri dishes for storage and 

multiplication before testing. Ten-day-old wheat or barley seedlings were sprayed 

with the solutions (0, 0.00125, 0.0025, 0.005, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32 ppm 

cyflufenamid). One day after spraying, the leaves were cut into 3 em long leaf 

segments and inoculated with spore dust of each strain of B. graminis f. sp. tritici or B. 

graminis f. sp. hordei individually, and incubated on water agar in Petri dishes at l8°C 
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(continuous light) for 10 days. Fungicidal activity against each strain was determined 

by observing the lesion area visually relative to the untreated control, and EC50 value 

was calculated by Probit analysis as described in Section 4-2-2-1. The standard 

(wild-type) strains were included in the sensitivity tests. They were obtained from the 

field in the 1970s, before modem fungicides were commercialized, and therefore 

represent the sensitivity of fungi in original, unselected populations. In order to 

characterize the respective population and describe the quantitative shift of sensitivity to 

cyflufenamid of the test strains obtained from each area, the mean resistance factor 

(MRF) was calculated by the following equation. 

MRF = MECso for test strains I MEC5o for standard strains 

4-2-3. Selection pressure tests 

4-2-3-1. Selection pressure test in the greenhouse 

Thirty-two strains of B. graminis f. sp. tritici were used in these experiments, and 

formed part of the collected strains in Section 2.1. The spores of each strain were 

mixed equally, and used for the selection pressure test as inocula. 

Wheat ( cv. Chihoku) was cultivated in the greenhouse at Bandai Agricultural 

Research Station, Nippon Soda Co., Ltd. (Nisso), Fukushima, Japan. The test field 

was 2m x 10m (20m2
), and the field was divided into two plots (A and B, 1m x 10m). 

Initially, wheat seeds were sown only in plot-A, and the first inoculation was performed 

when the wheat seedlings were grown at BBCH (Lancashire et al. 1991) (Biologische 

Bundesanstalt fiir Land- und Forstwirtschaft, Bundessortenamt und Chemische 

Industrie) 15 (5 leaves unfolded). After confirmation of lesion formation by B. 

graminis f. sp. tritici on wheat in plot-A, wheat seeds were sown in plot-B. When 
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lesions developed (10-20% infected leaves) in plot-A, the first application of 

cyflufenamid (6.25 g a.i./ha) for selection pressure to plot-A was applied using a 

C02-pressurized sprayer (Trigger spray gun with Teejet 8004EVS, 1.5 atm.). After 

confirmation of lesion formation by B. graminis f. sp. tritici again in plot-A and plot-B, 

the wheat plants in plot-A were removed and wheat seeds were re-sown in the same plot. 

A second application of cyflufenamid to plot-B was applied by spraying at the same 

dosage when lesions developed (10-20% infected leaves) in plot-B. Thereafter, 

cyflufenamid applications to wheat seedings in plot-A and -B were done alternately. 

The application of cyflufenamid against B. graminis f. sp. tritici was repeated 16 times 

(about 30-day intervals) from 1995 to 1997. 

Just before each application, spores of B. graminis f. sp. tritici on the wheat 

leaves were collected from the test field, and were used to monitor the sensitivity to 

cyflufenamid. For the sensitivity monitoring test, the leaf segment floating assay 

(Nakazawa et al. 1992) was used. Leaf segments (10 mm length) were cut from the 

second leaf of wheat ( cv. Chihoku) seedlings. Each five leaf segments were floated on 

the solution (0, 0.000625, 0.00125, 0.0025, 0.005, 0.01 ppm cyflufenamid) in the Petri 

dish ( 4.5 em diameter), respectively. The leaf segments were inoculated with spore 

dust collected from the test field. After 7-day incubation at 20°C under 12 hr light/12 

hr dark, fungicidal activity was determined by observing the lesion area visually relative 

to the untreated control, and MECso value from 3 replications was calculated as 

described in Section 4-2-2-1. 

4-2-3-2. Selection pressure test in the field 

Selection pressure test was performed in the wheat (cv. Chihoku) field m 
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Shinshinotsu, Hokkaido, Japan from 1998 to 2000. In the wheat field, the same 100 

m2 plots were used for 3 years. Every year, wheat plants were treated with 

cyflufenamid (25 g a.i./ha) two times at BBCH 30 (beginning of stem elongation) and 

37 (flag leaf just visible) by spraying the plants with a knapsack type power sprayer. 

After symptoms of wheat powdery mildew were observed in the cyflufenamid-treated 

plot, spores of B. graminis f. sp. tritici were collected and isolated as single-colony 

isolates. These strains were assayed individually for cyflufenamid sensitivity by the 

pot assay as described in Section 4-2-2-1. 

4-2-4. Cross-resistance study 

Kresoxim-methyl (KM) -resistant (R) (SFKMR-1), thiophanate-methyl (TM) -R 

(SFTMR-1), triflumizole (TF) -R (SFTFR-1) and wild-type (SFS-1) strains of S. 

cucurbitae maintained in our laboratory (Odawara, Japan) were used in this study. 

Twenty-day-old seedlings of cucumber ( cv. Sagamihanjiro, 1.2 leaf stage) were grown 

in pots under standard conditions in the greenhouse. The test plants were sprayed with 

the test chemical solutions (at a range of concentrations) included 0.01% Tween 20. 

After the solutions were air-dried, the treated plants were inoculated with spore dust of 

each strain of S. cucurbitae individually and incubated at 20°C for 10 days under 12 hr 

light/12 hr dark. The percentage of disease control was assessed by visually 

measuring the diseased leaf area as described in Section 4-2-2-1, and the minimum 

inhibitory concentration (MIC) of each fungicide for lesion formation was determined. 
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4-3. RESULTS 

4-3-1. Sensitivity monitoring for cyflufenamid 

4-3-1-1. Monitoring studies in Japan 

In the case of B. graminis f. sp. tritici, the distribution ranges of the EC50 values 

of cyflufenamid for 63 strains isolated from various districts of Japan were between 

0.005 and 0.090 ppm by pot assay. The MECso value was 0.029 ppm (Fig. 4-1 ). In 

this assay, MIC values of these strains were between 0.2 and 0.8 ppm (data not shown). 

On the other hand, the EC5o value of cyflufenamid for 94 strains of S. cucurbitae 

isolated from various districts of Japan was distributed between 0.00028 and 0.0033 

ppm by leaf disk assay. The MEC5o value was 0.0019 ppm (Fig. 4-2). Distribution 

ranges of MIC values of these strains were between 0.001 and 0.01 ppm (data not 

shown). 

No classes less sensitive to cyflufenamid were observed in both pathogens. 

4-3-1-2. Monitoring studies in Europe 

The results of monitoring the sensitivity of B. graminis f. sp. tritici to 

cyflufenamid by leaf segment pre-sprayed assay across Europe (UK, Belgium, France, 

Denmark, Germany, Austria and Italy) between 2000 and 2004 are shown in Tables 4-1 

and 4-2. MEC50 values of cyflufenamid by year were: 2000, 0.0060 to 0.0111 ppm; 

2001, 0.0037 to 0.0070 ppm; 2002, 0.0022 to 0.0031 ppm; 2003, 0.0065 to 0.0094 ppm 

and 2004, 0.0043 to 0.0053 ppm (Table 4-1 ). Values of MRF in 2000 were: 0.8 to 1.4; 

in 2001: 0.7 to 1.4; in 2002: 0.8 to 1.2; in 2003: 0.9 to 1.3 and in 2004: 0.8 to 1.0 (Table 

4-2). 
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Fig. 4-1. Sensitivity monitoring results of Blumeria graminis f. sp. 
tritici to cyflufenamid by pot assay in Japan. 
(n = 63, 1995 and 1996) 
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Fig. 4-2. Sensitivity monitoring results of Sphaerotheca cucurbitae 
to cyflufenamid by leaf disk assay in Japan. 
(n = 94, 1999 to 2001) 
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Table 4-1. Mean EC50 (MEC50) of airborne samples of Blumeria graminis f. sp. tritici to cyflufenamid by 

leaf seament assal: in Euroee between 2000 and 2004. 
Country and region MEC50 of cyflufenamid (ppm) (+SO, -SD)b) 

of collection na) 2000 2001 2002 2003 2004 

United Kingdom 
Edinburgh-Grantshouse 10 0.0067 0.0041 0.0028 0.0090 0.0048 

(0.0055, 0.0082) (0.0033, 0.0052) (0.0022, 0.0034) (0.0066, 0.0122) (0.0038, 0.0060) 
East Anglia (North) 10 0.0064 0.0045 0.0024 0.0072 0.0043 

(0.0051, 0.0080) (0.0035, 0.0052) (0.0018, 0.0033) (0.0061, 0.0084) (0.0036, 0.0051) 
Belgium 

Brussei-Aachen 10 0.0062 0.0042 0.0024 0.0084 0.0043 
(0.0056, 0.0070) (0.0031, 0.0056) (0.0018, 0.0030) (0.0065, 0.0108) (0.0032, 0.0058) 

France 
Paris-Reims 10 0.0065 0.0049 0.0026 0.0065 0.0048 

(0.0055, 0.0077) (0.0041' 0.0059) (0.0019, 0.0035) (0.0055, 0.0076) (0.0038, 0.0059) 
Auch-Toulouse 10 0.0060 0.0049 0.0022 NOd) NO 

(0.0053, 0.0067) (0.0041, 0.0058) (0.0017, 0.0029) 
Denmark 

Nyborg-Kopenhagen 10 0.0096 0.0045 0.0024 0.0077 0.0050 
(0.0066, 0.0141) (0.0035, 0.0059) (0.0018, 0.0031) (0.0060, 0.0100) (0.0043, 0.0058) 

Germany 
Neustadt-Hamburg 10 0.0072 0.0047 0.0027 0.0077 0.0045 

(0.0056, 0.0093) (0.0036, 0.0063) (0.0019, 0.0038) (0.0060, 0.0097) (0.0036, 0.0057) 
Hannover-Kassel 10 0.0111 0.0037 0.0025 0.0073 0.0043 

(0.0089, 0.0139) (0.0032, 0.0043) (0.0018, 0.0034) (0.0063, 0.0085) (0.0035, 0.0053) 
Magdeburg-Halle 10 0.0109 0.0061 0.0027 0.0094 0.0052 

(0.0097, 0.0123) (0.0045, 0.0084) 0.0020, 0.0035) (0.0077, 0.0155) (0.0043, 0.0062) 
Nurnberg-Freising 10 0.0073 0.0066 0.0025 0.0084 0.0049 

(0.0057, 0.0092) (0.0058, 0.0075) (0.0021, 0.0030) (0.0068, 0.0103) (0.0039, 0.0062) 
Austria 

Marchfeld near Vienna 10 0.0091 0.0070 0.0027 0.0074 0.0053 
(0.0071' 0.0117) (0.0052, 0.0093) (0.0023, 0.0032) (0.0053, 0.0102) (0.0044, 0.0064) 

Italy 
Verona-Brescia 10 0.0079 0.0052 0.0031 0.0083 0.0049 

(0.0066, 0.0095) (0.0036, 0.0076) (0.0025, 0.0037) (0.0069, 0.0100) (0.0040, 0.0061) 

Standard strainsd> 
Benno, Sappo and W72 3 x3•> 0.0080 0.0049 0.0026 0.0074 0.0052 

(0.0066, 0.0098) NO (0.0021' 0.0033) (0.0068, 0.0082) (0.0048, 0.0056) 

•> Number of strains tested. 
b) Geometric standard deviation. 
c) Not determined. 
d) The wild-type reference strains included as standard were Benno, Sappo and W72. 
•> Replicated 3 times. 
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Table 4-2. Mean resistance factors (MRF)a) for airborne samples of 8/umeria graminis 
f. S[2. tritici to c~flufenamid in Euroee between 2000 and 2004 

Country and region MRF for c~flufenamid by year 
of collection 2000 2001 2002 2003 2004 

United Kingdom 
Edinburgh-Grantshouse 0.8 0.8 1.1 1.2 0.9 
East Anglia (North) 0.8 0.9 0.9 1.0 0.8 

Belgium 
Brussei-Aachen 0.8 0.8 0.9 1.1 0.8 

France 
Paris-Reims 0.8 1.0 1.0 0.9 0.9 
Auch-Toulouse 0.8 1.0 0.8 Nob> ND 

Denmark 
Nyborg-Kopenhagen 1.2 0.9 0.9 1.0 1.0 

Germany 
Neustadt-Hamburg 0.9 0.9 1.0 1.0 0.9 
Hannover-Kassel 1.4 0.7 1.0 1.0 0.8 
Magdeburg-Halle 1.4 1.2 1.0 1.3 1.0 
Nurnberg-Freising 0.9 1.3 1.0 1.1 0.9 

Austria 
Marchfeld near Vienna 1.1 1.4 1.0 1.0 1.0 

Italy 
Verena-Brescia 1.0 1.0 1.2 1.1 0.9 

a) Mean EC50 for test strains I mean EC50 for standard strains. 

b) Not determined. 
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Results of the sensitivity of B. graminis f. sp. hordei to cyflufenamid by sprayed 

leaf segment assay across Europe (UK, France, Germany, Austria and Italy) between 

2000 and 2004 are shown in Tables 4-3 and 4-4. MEC50 values of cyflufenamid by 

year were: 2000, 0.0249 to 0.0313 ppm; 2001, 0.0264 to 0.0322 ppm; 2002, 0.0266 to 

0.0325 ppm; 2003, 0.0281 to 0.0355 ppm and 2004, 0.0323 to 0.0457 ppm (Table 4-3). 

Values of MRF in 2000 were: 0.9 to 1.2; in 2001: 0.9 to 1.2; in 2002: 1.0 to 1.2; in 

2003: 1.0 to 1.3 and in 2004: 0.8 to 1.1 (Table 4-4). 

No significant change was observed in MEC50 and MRF values, and no less 

sensitive classes of strains were found throughout the sensitivity monitoring program in 

both pathogens. 

4-3-2. Selection pressure tests 

4-3-2-1. Selection pressure test in the greenhouse 

The change in sensitivity of B. graminis f. sp. tritici strains to cyflufenamid by 16 

applications of selection pressure in the greenhouse was investigated. Just before the 

first application of cyflufenamid as selection pressure, the MEC50 value of cyflufenamid 

was 0.0011 ppm by leaf segment floating assay. During the 16 applications 

( cyflufenamid 6.25 g a.i./ha), the MECso value of cyflufenamid slightly fluctuated 

between 0.00088 ppm and 0.0018 ppm, but no significant change of sensitivity of B. 

graminis f. sp. tritici strains to cyflufenamid was observed (Fig. 4-3). 

4-3-2-2. Selection pressure test in the field 

The change of sensitivity of B. graminis f. sp. tritici strains to cyflufenamid by 6 

application of selection pressure ( cyflufenamid 25 g a.i./ha, 2 times per year) in the field 
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Table 4-3. Mean sensitivity (EC50) of airborne samples of Blumeria graminis f. sp. hordei to cyflufenamid by 

leaf seement assa:z: in Euroee between 2000 and 2004. 
Country and region MEC50 of cyflufenamid (ppm) (+SD, -SD)b) 

of collection na) 2000 2001 2002 2003 2004 

United Kingdom 
Edinburgh-Grantshouse 10 0.0276 0.0289 0.0325 0.0355 0.0457 

(0.0223, 0.0342) (0.0253, 0.0330) (0.0259, 0.0407) (0.0230, 0.0421) (0.0328, 0.0637) 
France 

Paris-Reims 10 0.0249 0.0266 0.0318 0.0351 0.0323 
(0.0204, 0.0304) (0.0246, 0.0287) (0.0277, 0.0365) (0.0300, 0.0411) (0.0254, 0.0411) 

Germany 
Neustadt-Hamburg 10 0.0256 0.0264 0.0277 0.0328 0.0349 

(0.0226, 0.0288) (0.0232, 0.0300) (0.0245, 0.0312) (0.0285, 0.0377) (0.0301, 0.0406) 
Hannover-Kassel 10 0.0296 0.0270 0.0315 0.0287 0.0364 

(0.0243, 0.0360) (0.0206, 0.0352) (0.0252, 0.0393) (0.0251' 0.0328) (0.0311' 0.0426) 
Magdeburg-Halle 10 0.0275 0.0308 0.0307 0.0281 0.0359 

(0.0226, 0.0335) (0.0266, 0.0355) (0.0240, 0.0394) (0.0228, 0.0345) (0.0288, 0.0447) 
Austria 

Marchfeld near Vienna 10 0.0313 0.0294 0.0270 0.0287 0.0397 
(0.0269, 0.0363) (0.0257, 0.0336) (0.0237, 0.0369) (0.0230, 0.0357) (0.0328, 0.0480) 

Italy 
Verona-Brescia 10 0.0280 0.0322 0.0266 0.0351 0.0381 

(0.0220, 0.0357) (0.0280, 0.0370) (0.0218, 0.0324) (0.0320, 0.0386) (0.0301, 0.0482) 

Standard strainsc> 
Gi1, Tr2, Al1and Ru3 4 0.0269 0.0280 0.0280 0.0272 0.0404 

(0.0232, 0.0313) (0.0239, 0.0327) (0.0240, 0.0327) (0.0234, 0.0311) (0.0326, 0.0499) 

a) Number of strains tested. 
b) Geometric standard deviation. 
c) The wild-type reference strains included as standard were Gi1, Tr2, Al1and Ru3. 

70 



Table 4-4. Mean resistance factors (MRF)a) for airborne samples of 8/umeria graminis 
f. s~. hordei to c~flufenamid in Euro~e between 2000 and 2004 

Country and region MRF for c~flufenamid b~ ~ear 
of collection 2000 2001 2002 2003 2004 

United Kingdom 
Edinburgh-Grantshouse 1.0 1.0 1.2 1.3 1.1 

France 
Paris-Reims 0.9 1.0 1.1 1.3 0.8 

Germany 
Neustadt-Hamburg 1.0 0.9 1.0 1.2 0.9 
Hannover -Kassel 1.1 1.0 1.1 1.1 0.9 
Magdeburg-Halle 1.0 1.1 1.1 1.0 0.9 

Austria 
Marchfeld near Vienna 1.2 1.1 1.0 1.1 1.0 

Italy 
Verena-Brescia 1.1 1.2 1.0 1.3 0.9 

a) Mean EC50 for test strains I mean EC50 for standard strains. 
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Fig. 4-3. Sensitivity change of 8/umeria graminis f. sp. tritici to 
cyflufenamid during the selection pressure test in the 
greenhouse. 
The test was done using 16 applications of cyflufenamid 
at 6.25 g a.i./ha. The sensitivity of each strain was evaluated 
by leaf segment floating assay. 
Bars indicate geometric standard deviations from the mean 
(n = 3). 
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for 3 years was investigated. At the first application (BBCH 30), the infection degree 

(% infected leaves) of B. graminis f. sp. tritici on wheat in the test field in 1998 was 

10%; in 1999, 20% and in 2000, 5%. The EC5o values of cyflufenamid for strains 

isolated from both the cyflufenamid-treated plot and untreated control plot were equally 

distributed between 0.007 ppm and 0.097 ppm by pot assay. There was no significant 

change of sensitivity of B. graminis f. sp. tritici strains to cyflufenamid over the 3 years 

(Fig. 4-4). 

4-3-3. Cross resistance study 

To clarify the absence of cross-resistance between cyflufenamid and other 

commercial fungicides, the differences of sensitivity to cyflufenamid in KM-R 

(SFKMR-1), TM-R (SFTMR-1), TF-R (SFTFR-1) and wild-type (SFS-1) strains of S. 

cucurbitae were examined. As shown in Table 4-5, the MIC value of KM was 0.8 

ppm in the wild-type strain and higher than 100 ppm in the KM-R strain. The MIC 

value ofTM was 1 ppm in the wild-type strain and higher than 100 ppm in the TM-R 

strain. In the case of TF, the MIC value was 0.1 ppm in the wild-type strain and 5 ppm 

in the TF-R strain, respectively. In contrast, all strains of S. cucurbitae used in this 

study were equally sensitive to cyflufenamid at low concentrations (MIC = 0.8 ppm). 
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Table 4-5. Effect of cyflufenamid against strains of Sphaerotheca cucurbitae 
resistant to other commercial fungicides 

MICa) (ppm) 

Chemical SFS-1bl SFKMR-1cl SFTMR-1dl SFTFR-1el 

Cyflufenamid 0.8 0.8 

Kresoxim-methyl 0.8 >100 

Thiophanate-methyl 1 ND 

Triflumizole 0.1 ND 

a) Minimum inhibitory concentration. 

b) Wild-type strain. 

c) Resistant strain to kresoxim-methyl. 
d) Resistant strain to thiophanate-methyl. 
e) Resistant strain to triflumizole. 
fl Not determined. 
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4-4. DISCUSSION 

In order to establish a resistance management strategy for a new fungicide, 

evaluation of the resistance risk is an essential requirement (Brent 1995, Ishii 2005). 

In the monograph of FRAC (Fungicide Resistance Action Committee), it was discussed 

how the factors determining the probability of resistance development against a new 

fungicide can be assessed as risk indicators, and the extent to which they can be 

combined into an overall estimation of resistance risk (Brent and Hollomon 1998, 

Russell 2004). In this study, factors concerning the fungicide-associated resistance 

risk of cyflufenamid were investigated, including the baseline sensitivity of the 

pathogens causing powdery mildew, selection pressure of cyflufenamid against B. 

graminis f. sp. tritici in the greenhouse and the field, and cross-resistance between 

cyflufenamid and other commercial fungicides on S. cucurbitae. 

To obtain baseline sensitivity data, monitoring studies of cyflufenamid for 

pathogens causing powdery mildew were performed on wheat, barley and cucumber in 

Japan and/or Europe. In Japan, the MEC5o value for B. graminis f. sp. tritici was 

0.029ppm by pot assay (Fig. 4-1) and that for S. cucurbitae was 0.0019 ppm by leaf 

disk assay (Fig. 4-2). The EC5o value of each strain was distributed within a narrow 

range, and no less sensitive classes to cyflufenamid were found in both pathogens. 

Similar results were obtained in sensitivity monitoring studies in Europe (Tables 4-1 and 

4-3). The MEC50 value for B. graminis f. sp. tritici was between 0.0022 and 0.0111 

ppm (Table 4-1) and that for B. graminis f. sp. hordei was between 0.0249 and 0.0457 

ppm (Table 4-3) in 2000 to 2004 by leaf segment pre-sprayed assay. No significant 

change was observed in the MRF values, and no less sensitive classes of strains were 
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found throughout the sensitivity monitoring program in both pathogens from 2000 to 

2004 (Tables 4-2 and 4-4). These results of sensitivity monitoring studies provide no 

indication about the presence of mutant strains with very low cyflufenamid sensitivity. 

This positive aspect, however, does not rule out the possibility of resistance evolution 

(quantitative or qualitative), which might occur under selection pressure in the field. 

To answer this question and evaluate further the resistance risk to cyflufenamid, 

selection pressure tests of cyflufenamid against B. graminis f. sp. tritici were conducted 

under greenhouse and practical field conditions. During the 16 applications of 

cyflufenamid in the greenhouse (Fig. 4-3) or 6 applications (2 times per year) in 3 years 

in the field (Fig. 4-4), no significant changes of the sensitivity of B. graminis f. sp. 

tritici to cyflufenamid were observed in both experiments. These results may indicate 

that the basic risk of selecting cyflufenamid-resistant strains is low. 

In cross-resistance experiments, all strains (sensitive or resistant to TM, TF and 

KM) of S. cucurbitae were equally sensitive to cyflufenamid at low concentrations 

although the sensitivity of each strain to TM, TF and KM was totally different (Table 

4-5). These results suggest that cross-resistance does not exist between cyflufenamid 

and BI, DMI and Qoi fungicides. We have already reported that the fungicidal 

spectrum and morphological effects of cyflufenamid on pathogens were different from 

those ofBI, DMI and Qoi fungicides (Sano et al. 2001, Haramoto 2002, Haramoto et al. 

2002). The results of this cross-resistance study also suggest that the biochemical 

mode of action of cyflufenamid differs from BI, DMI and Qoi fungicides. 

In this study, we could not obtain any data which indicate high 

fungicide-associated resistance risk for cyflufenamid. Cyflufenamid belongs to a new 

fungicide class, amidoxime (Kasahara et al. 1996, Kasahara 2005). Although the 
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biochemical mode of action of cyflufenamid has not yet been clarified, it is unique and 

different from those of commercial fungicides such as BI, DMI and Qol (Sano et al. 

2001, Haramoto 2002, Haramoto et al. 2002). However, the disease-associated 

resistance risk of powdery mildew pathogens was classified as high because of the 

occurrence of many short generations per season and abundant sporulation (Brent 1995, 

Brent and Hollomon 1998). Therefore, it is apparent that there is a high risk of 

resistance development in powdery mildew pathogens against cyflufenamid. The 

sensitivity monitoring study will be continued to assess the long-term efficacy of the 

resistance management strategies described below. 

i) The use of cyflufenamid should be restricted to no more than 2 applications per crop. 

ii) Cyflufenamid should be applied in preventive conditions before disease 

development. 

iii) Cyflufenamid should only be applied at the label recommended rate. 

iv) Cyflufenamid should be applied as a mixture with fungicides with different modes 

of action ('partner' compounds), or as one component in a rotation or alternation of 

different fungicide treatments. Even if cyflufenamid is applied as a mixture, the 

continuous application of not only cyflufenamid but also the 'partner' compounds 

should be avoided. 
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CHAPTERS: 

GENERAL DISCUSSION 

The author describes the biological and fungicidal properties of a novel fungicide, 

cyflufenamid, including the fungitoxic spectrum, mode of action, field performance and 

sensitivity monitoring for resistance management in Chapter 2 to 4. In this chapter, the 

author describes the significance of the present study in agricultural science based on 

these results. 

Powdery mildew is one of the most serious disease groups in agricultural 

production (Spencer 1978, Braun 1995). Many chemicals have been developed as 

commercial fungicides for the control of powdery mildew (Bent 1978, Nakata 1987, 

Sano et al. 1997). However, the appearance of strains resistant to commercial 

fungicides among the pathogens causing powdery mildew has led to poor disease 

control (Brent 1982, Kiso et al. 1983, Smith 1988, de Waard 1994,Brent 1995, Ishii et al. 

2001, Ishii et al. 2002). 

Cyflufenamid has excellent fungicidal activity against various pathogens causing 

powdery mildew and some other fungi such as Monilinia fructicola in vivo and in vitro 

(Chapter 2). In field trials, a low dosage (25 ppm) of cyflufenamid (1 0% WG) showed 

excellent efficacy in almost all plants against powdery mildew caused by various 

pathogens in agricultural production. Cyflufenamid also had high efficacy against 

brown rot in stone fruits caused by M fructicola (Chapter 3). These results suggest 

that cyflufenamid is a highly effective fungicide against not only powdery mildew but 

also brown rot in stone fruits in practical use. The fungicidal activities of 
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cyflufenamid are characterized by its preventive, curative, long residual, translaminar 

and vapor phase activities which lead to excellent disease control in the field (Chapter 

3). This feature of cyflufenamid seems to be useful in agricultural production in the 

following 2 points, i) reducing the amount of fungicide used in the field and ii) saving 

the labor of farmers in controlling diseases. Cyflufenamid is safe for consumers, 

applicators and the environment. It is absolutely safe for beneficial insects and 

therefore very well suited for any IPM (Integrated Pest Management) programme 

(Yokota 2004a, Yokota 2004b). 

Cyflufenamid belongs to a new fungicide class, amidoxime (Kasahara 2005). 

The results concerning the biochemical mode of action of cyflufenamid, including the 

pattern of fungitoxic activity in vitro (Chapter 2), morphological experiments (light 

microscopic and transmission electron microscopic observations) (Chapter 2) and also 

cross-resistance studies between cyflufenamid and other commercial fungicides 

(Chapter 4), suggest that the action site of cyflufenamid is different from that of 

commercial fungicides such as benzimidazole (BI) fungicides, sterol 

demethylation-inhibiting (DMI) fungicides and strobilurin (Qoi) fungicides. Our 

group 1s now conducting further experiments to clarify the site of action of 

cyflufenamid. 

In the experiments of baseline sensitivity of pathogens in Japan and/or Europe, 

selection pressure tests and cross-resistance studies between cyflufenamid and other 

commercial fungicides, the author could not obtain any data which indicate high 

fungicide-associated resistance risk for cyflufenamid (Chapter 4). However, the 

disease-associated resistance risk of powdery mildew pathogens was classified as high 

because of the occurrence of many short generations per season and abundant 
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sporulation (Brent 1995, Brent and Hollomon 1998). Therefore, it is apparent that 

there is a high risk of resistance development in powdery mildew pathogens against 

cyflufenamid. In order to avoid early appearance of resistance strain against 

cyflufenamid, the author make a proposition of the resistance management strategies as 

described in Chapter 4. The sensitivity monitoring study should be continued to assess 

the long-term efficacy of the resistance management strategies. 

In conclusion, a novel fungicide, cyflufenamid, has excellent fungicidal activity 

against various pathogens causing powdery mildew and some other fungi such as M 

fructicola adequately to use in practical. It is highly possible that the mode of action 

of cyflufenamid is different from that of commercial fungicides. Consequently, 

cyflufenamid will became a very valuable tool for the growers to produce high quality 

crops. 
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SUMMARY 

Powdery mildew is one of the most serious diseases in agricultural production in 

worldwide. Many chemicals have been developed as commercial fungicides for the 

control of powdery mildews. However, the appearance of resistant strains in 

pathogens causing powdery mildews to some commercial fungicides has caused poor 

disease control. A novel fungicide, cyflufenamid, (Z)-N- [a-(cyclopropyl

methoxyimino )-2,3-difluoro-6-(trifluoromethyl)benzyl]-2-phenylacetamide (Code 

Name: NF-149, Pancho®), shows excellent control activities against powdery mildew 

on various crops and brown rot on stone fruits. The objectives of this study are to 

clarify the properties of cyflufenamid including the fungitoxic spectrum, mode of action, 

field performance and sensitivity monitoring for resistance management. 

The activity of cyflufenamid against various fungi pathogenic to plants was 

investigated. In pot tests, cyflufenamid showed excellent control of powdery mildew 

caused by various pathogens at 0.8 to 1.6 ppm. In culture tests, several species of 

Ascomycetes and Deuteromycetes were sensitive to cyflufenamid. Notably, Monilinia 

fructicola was affected at a concentration of just 0.01 ppm. In the life cycle of 

pathogens causing powdery mildew in wheat (Blumeria graminis f. sp. tritici), 

cyflufenamid did not affect infections before the formation of the appressoria, but 

significantly inhibited the formation of haustoria, colonies, and spores. It also affected 

the elongation of germ tubes after the germination of spores in M fructicola. In 

ultrastructural experiments, cyflufenamid induced a reduction in the amount of highly 

electron-dense material in the vacuoles and immature septa in hypha of M fructicola. 
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The control efficacy of cyflufenamid was studied. In field trials, a low dosage 

(25 ppm) of cyflufenamid (1 0% WG) showed excellent efficacy in almost all plants 

against powdery mildew caused by various pathogens in agricultural production. 

Cyflufenamid also had high efficacy against brown rot in stone fruits caused by M 

fructicola. The fungicidal properties of cyflufenamid were investigated to elucidate 

the high performance of the compound in the field. Pot tests against cucumber 

powdery mildew indicated that cyflufenamid has excellent preventive, curative, long 

residual, translaminar and vapor phase activities at low concentrations. 

Sensitivity monitoring studies for cyflufenamid were performed on vanous 

pathogens causing powdery mildew. The mean EC5o value for B. graminis f. sp. tritici 

was 0.029 ppm by pot assay and that for Sphaerotheca cucurbitae was 0.0019 ppm by 

leaf disk assay in Japan. The mean EC5o values for B. graminis f. sp. tritici were 

between 0.0022 ppm and 0.0111 ppm and those for B. graminis f. sp. hordei were 

between 0.0249 ppm and 0.0457 ppm in 2000 to 2004 by leaf segment assay in Europe. 

The EC5o values of each strain in these pathogens were distributed within a narrow 

range, and no classes less sensitive to cyflufenamid were found. No significant change 

in the sensitivity of B. graminis f. sp. tritici to cyflufenamid was observed throughout 

selection pressure tests in the greenhouse and field. Cross-resistance between 

cyflufenamid and other commercial fungicides was not observed inS. cucurbitae. 
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和文摘要

新規殺菌剤 cyflufenamidの生物特性に関する研究

ムギ，果樹，読菜類など多くの農作物において，うどんこ病は重要な病害の一つで、あ

る.うどんこ病の訪除のためこれまでに多くの殺菌剤が開発され使用されてきたが，既

存殺菌剤に対する耐性菌の発達による効力低下が問題となってきている.

cyflufenamid， (Z)-N聞 [α幽(cyclopropyl需 methoxyimino)-2， 3-difluoro-ふ(trifluoromethy1 )benzy 1] 

ふ phenylacetamide，(N下 149，パンチョ@)は従来にない全く新しい骨格を持った新規殺

菌剤である.

本研究では， cyflufenamidの有効殺菌スペクトラム，作用機構，圃場における植物病

害防除効果および作用特性について詳細に検討して，本剤のうどんこ病防除剤としての

特性を明らかにするとともに，各種植物うどんこ病菌における感受性ベースライン，連

続掬汰による感受性変動，既存殺菌剤との交差耐性について検討し，本剤の耐性菌マネ

ージメントについて考察することを吾的とした.

まず、 cyflufenamidの殺菌活性について検討した. ポットを用いた接種試験により

各撞植物病原糸状菌病害に対する防除活性を調べた結果，各種うどんこ病に対し 0.8ぺ.6

ppmとし1う低薬量で高い防除効果を示した. また，各種病原糸状菌に対する殺菌活性

を調べると，一部の子嚢菌類や不完全菌類に殺菌活性が認められ，特にそそ灰星病菌

(Moniliniαfructico/'α) には， 0.01 ppmまで活性を示した.

光学顕微鏡下でコムギうどんこ病菌 (Blumeriαgraminis五sp.fl・itici)の感染過韓に対

する影響を観察すると，本剤は拍子発芽，付着器形成には影響せず，吸器形成以降の過

程を強く阻害した. また，モモ灰星病菌の胞子発芽および発芽管伸長に対する影響を

観察した結果，本剤は胞子発芽および初期の発芽管伸長には影響せず，処理 16時間後
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以降の発芽管伸長を抑制した. さらに，電子顕微鏡観察では菌糸細胞の液胞中に存在

する高電子密度物質の減少と未成熟な隔壁が認められた.

次に、 cyflufenamidの国場における植物病害防除効果を検討した cyflufenamid頼

粒水和剤 (10%)は，農業生産上関題となる各種作物のうどんこ病のほとんどすべてに

対し， 25 ppmという低薬量で実用的な効果を示した. また，モモ，オウトウ灰星病

に対しでも高い防除効果を示した.

匿場における cyflufenamidの高い訪除効果を解析するため，ポット植キュウリを用い

てキュウリうどんこ病に対する cyflufenamidの殺菌特性を検討した cyflufenamidは

根からの浸透移行性は認められなかったが，高い予防性，治療性，残効性，葉表から葉

裏への浸達性および、諦散効果を有する薬剤であることが明らかとなった.

さらに，各種植物うどんこ病菌の cyflufenamidに対する感受性モニタリングを実施し

た. 日本産コムギうどんこ病菌に対する平均 ECso値は 0.029ppm (ポット法)であり，

日本産キュウリうどんこ病菌(やhaerothecαcucur・bitae)では，平均 ECso値は 0.0019ppm 

で、あった(リーフディスク法). またヨーロッパ産コムギうどんこ病麗では， 0.0022 

ppmから 0.0111ppm (2000-2004年)の間で推移し，ヨーロッパ産オオムギうどんこ

病菌 (B.graminis五sp.hordei)では， 0.0249 ppmから 0.0457ppm (2000-2004年)の間

で推移した(散布りーフセグメント法).いずれのうどんこ病菌でも ECso値の分布幅は

狭く，低感受性株は見出されなかった.

コムギうどんこ病菌を用いて，ガラス温室および慮外画場で cyflufenamidによる連続

調汰試験を行ったが， cyflufenamidに対する感受性に変化は認められなかった.

他の市販薬剤に対して酎性のキュウリうどんこ病菌を用いて， cyflufenamidとの交差

百十性を検定した結果，いずれの耐性菌に対しでも交差耐性は認められなかった.
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