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ABSTRACT 
Late blight caused by Phytophthora infestans (Montagne) de Bary is the most serious disease in Japanese potato cultivation. Heavy infec-
tion of foliages and tubers by this pathogen leads to severe losses of potato quality and yield. As a result, control strategies for late blight 
in Japan often rely on the application of fungicides. The total chemical treated area for potato late blight was 389,485 ha and 15 active 
ingredients including 55 formulations are currently registered for the control of potato late blight in April, 2007. Because of growing 
public concerns, a major focus has been placed on ways to protect the environment. Therefore, integrated management of potato late 
blight plays an increasingly important role for control in Japan. Fungicide use is the most effective measure and will be one of the best 
long-term solutions in the control of late blight. To meet current requirements such as high efficacy, cost reduction, labor reduction and 
environmental protection for disease control, new technology has been required. Efforts, such as trying to develop safer and more 
effective products, formulations, and spray techniques for the control of late blight will open the way for improved control of the disease. 
This paper reviews potato cultivation, late blight pathogen, potato cultivars, chemical application and fungicides for the control of potato 
late blight in Japan. 
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POTATO CULTIVATION IN JAPAN 
 
Potato (Solanum tuberosum L.) has long been an important 
farm crop in Japan. It was originally brought into Nagasaki, 
southern part of Japan in about 1601 by Dutch traders 
(Takahashi 1994). Potato production on a large scale began 
after the introduction of American cultivars into Hokkaido, 
the northern part of Japan, by the Russians in about 1868. 
At present, potatoes are grown on 87,204 hectares (ha) 
(spring planting: 84,244 ha + autumn planting: 2,960 ha). 
The average yield in spring and autumn planting were 33.7 
and 15.4 ton/ha, respectively, and the total harvest reached 
2,887,641 tons in 2004 (Fig. 1; http://www.maff.go.jp/). 
The largest potato cultivation area in Japan is located in 
Hokkaido and covers 55,400 ha where it produces about 
77.4% of the total national production. 

Since Japan is in volcanic region, more than 50% of 
field soil is classified as andosol (acidic soil). Standard ap-
plication rate of fertilizer of nitrogen, phosphorous and pot-
assium for potato cultivation in Japan is 50-150 : 80-180 : 
80-180 (kg/ha) as N, P2O5 and K2O (Shinto and Matsuo 
1988, http://www.agri.pref.hokkaido.jp/, http://www.pre. 
chiba.jp/, http://www.jrt.gr.jp/). The optimum amount of N, 

P2O5 and K2O in Nagasaki prefecture, Kyushu district is 
130, 70 and 140 kg/ha (Nagao 1994). Crop rotation is an 
important part of potato management for both high quality 
and quantity of tubers (Tabuchi et al. 1991; Hofmeester 
1992; van Loon 1992). In Tokachi district, Hokkaido, po-
tato growers usually rotate crops in a 4-year rotation pat-
tern; potato followed by wheat, sugar beet and beans (e.g. 
kidney bean, adzuki bean), potato followed by sugar beet, 
beans (e.g. kidney bean) and wheat, potato followed by 
sweet corn, wheat and sugar beet, potato followed by wheat, 
again wheat and sugar beet, or as a 3-year crop rotation 
pattern; potato followed by wheat and sugar beet, or as a 5-
year crop rotation pattern; potato followed by wheat, sugar 
beet, beans (e.g. kidney bean) and wheat (or green manure) 
or potato followed by sweet corn, wheat, again wheat and 
sugar beet (Matsuzaki et al. 1994, http://www.hokkaido-
jin.jp/, http://www.hojin.or.jp/). 

There are two types of planting times (spring and 
autumn) in Japan divided into a total of four types of potato 
cultivation (Fig. 2): summer, spring, autumn and winter cul-
tivation (Obata 1976; Takahashi 1994). This cultivation 
system provides a year-round supply of potatoes. In Hok-
kaido and Tohoku districts and the cool highland of Chubu 
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district (i.e. Nagano Prefecture), potatoes (seed tubers) are 
grown only once a year from spring through autumn (sum-
mer cultivation). In the warmer regions of Japan such as 
Kanto, Chubu, Kinki, Shikoku, Chugoku and Kyushu dis-
tricts, potatoes are planted from winter to spring and are 
harvested from spring to early summer (spring cultivation). 
This cultivation is diverse in terms of time of planting and 
of harvest tubers. In the much warmer areas of Kanto, Chu-
bu, Kinki, Shikoku, Chugoku and Kyushu districts, they are 
grown either or both in spring (spring cultivation) and au-
tumn (autumn cultivation). In Okinawa and southern islands 
of Kyushu districts, potatoes are mainly harvested from 
February to March (winter cultivation). In some areas of 
winter and spring cultivations, potatoes are grown with 
polyethylene mulching allowing the shortening of the har-
vest period. Spring planting, in particular summer cultiva-
tion is the most common planting system in Japan (Fig. 1). 

The relative shares of major potato cultivars in growing 
areas in 2003 were ‘Dansyakuimo’ (‘Irish Cobbler’, 29.2%), 
‘May Queen’ (13.6%), ‘Nishiyutaka’ (5.3%), ‘Kitaakari’ 
(2.5%), ‘Dejima’ (1.6%), ‘Touya’ (0.9%) for table stock, 
‘Toyoshiro’ (12.1%) ‘Hokkaikogane’ (2.2%), ‘Sayaka’ 
(0.8%) were for processed food and ‘Waseshiro’ (2.5%) 
and ‘Norin 1’ (2.3%) were for both table stock and for pro-

cessed food. ‘Konafubiuki’ (18.1%) and ‘Benimaru’ (2.5%) 
were for starch manufacturing (Table 1; http://www.maff. 
go.jp/, http://www.jrt.gr.jp/). 

New potato cultivars have been bred intended to meet 
the needs of consumers (e.g. taste value, cooking charac-
teristics) and of potato growers (e.g. value for its resistance 
to pests and diseases, high yields, ease of cultivation, high 
quality of tubers). Because of public concerns over trans-
genic crops, researchers focus on the conventional breeding 
program in Japan. Potato breeding is mainly conducted by 
the national agricultural research center for Hokkaido re-
gion, Kitami agricultural experiment station, Hokuren, fede-
ration of agricultural cooperatives and Nagasaki agriculture 
and forestry experiment station. Except cultivars listed in 
Table 1, a total of 41 cultivars were introduced as variety 
registration by the ministry of agriculture, forestry and 
fisheries (MAFF) of Japan since 2000 (http://www.maff.go. 
jp/). 
 
POTATO LATE BLIGHT 
 
Late blight caused by Phytophthora infestans (Montagne) 
de Bary, an Oomycete is the most serious disease affecting 
potato production worldwide and Japan as well (Obata 
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Fig. 1 Potato planted area and production in Japan. Source: http://www.maff.go.jp/ 
 

Planting Cultivation Cultivation area (district) 1 2 3 4 5 6 7 8 9 10 11 12

Spring Summer Hokkaido

Summer Tohoku, Chubu

Spring Kanto, Chubu, Kinki, Chugoku, Shikoku, Kyushu

Autumn Autumn Kanto, Chubu, Kinki, Shikoku, Chugoku, Kyushu

Winter Kyushu, Okinawa

Fig. 2 Growing methods for potato production in Japan. �Time of planting of seed tubers,  Time of harvesting tubers. 
Source: Nohsakumotsu sakugatabetsu seiiku-stage souran (1992) published by the association of agriculture and forestry statistics. 
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1974; Thurston and Schultz 1981; Gregory 1983; Shattock 
1988; Turkensteen 1996). Heavy infection of foliage and 
tubers by this pathogen leads to severe losses of marketable 
yield and grade of potato. The duration of high humidity 
and of free water due to a prolonged spell of rainfall and 
cloudy, humid weather leads to the development of this dis-
ease in crops (Thurston and Schultz 1981; Shattock 1988; 
Turkensteen 1996). Leaves and stems are initially infected 
by contact with diseased tubers or from soil-borne inocula 
originating from blighted tubers. Tubers become infected by 
zoospores from zoosporangia washed down by rain into the 
soil or by direct contact with blighted foliage at harvest 
(Shattock 1988). Depending on soil climatic conditions, 
sporangia of P. infestans can survive in potato ridges for up 
to two months (Evenhuis et al. 2005). 

The development of molecular markers stimulated new 
insights into the genetic structure of plant pathogen popula-
tions (Forbes et al. 1998; Cooke and Lees 2004). Methods 
to differentiate strains of P. infestans are based on mating 
type, allozyme genotype, genomic DNA fingerprint, mito-
chondrial DNA haplotype (Forbes et al. 1998; Kato 2001; 
Cooke and Lees 2004). As another method, ploidy levels 
have also been tested in Japan as well (Kaneko and Taga 
2006). Recently molecular markers (random amplified 
polymorphic DNA markers) for identification of genotypes 
in Japanese isolates were developed (Shirasawa et al. 2004) 
and further improvements are on going. 

This pathogen is heterothallic and forms oospores with 
A1 and A2 mating types. Major changes have occurred in 
the genetic composition of population of P. infestans in 
Japan since 1987. The dominate genotype of the pathogen 
prior to 1987 was the A1 mating type (Mosa et al. 1993) 
named US-1 (Koh et al. 1994). The A2 mating type named 
JP1 was first detected in 1987 (Mosa et al. 1989) and was 
dominant in 1989 (Kato et al. 1998). Strains of the new A1 
mating type are divided into 4 groups: A1-A (renamed JP-2), 
A1-B (renamed JP-3), A1-C and A1-D, which were also 
detected in 1996 (Kato and Naito 1997; Kato et al. 2002; 
Gotoh et al. 2005). Genotypes JP-2 and JP-3 which are 
most likely generated by sexual reproduction between JP-1 
and JP-2 or related isolates (Akino et al. 2005) were wide-
spread since 1999 (Kato et al. 2002; Sayama et al. 2003; 
Gotoh et al. 2005). Very recently, genotype A1-C was divi-
ded into 2 groups (renamed JP-2 and JP-4, respectively) and 
genotype A1-D was identical to JP-3 (Gotoh et al. 2007). 
As a result, genotypes of P. infestans detected in Japan were 
US-1, JP-1, JP-2, JP-3 and JP-4. 
 
RESISTANT CULTIVARS 
 
Potato has two types of resistance to P. infestans. The first 
is governed by single dominant genes with major effects 
(specific resistant gene) and the second is governed by 
many genes (non-specific resistant gene). Since all potato 

cultivars grown in Japan have no or a few specific resistant 
genes (R1 and/or R3) which JP-1, JP-2 and JP3 strains can 
overcome (Table 1; Kato 2001; Chaya and Komura 2005; 
Shimanuki et al. 2005), the probability of contribution of 
specific resistance to control late blight is very low. Al-
though other specific resistant genes also may easily over-
come by P. infestans, general resistance to P. infestans in 
potatoes can effectively suppress late blight development 
(Sumino 2002; Umekawa 2004; Chaya and Komura 2005) 
which allows the reduction of fungicide applications. Japa-
nese researchers therefore are pursuing this type of resis-
tance in breeding program for the control of the disease. As 
accomplishments of the research, ‘Hanashibetsu’ (the fe-
male parent: W553-4, the male parent: R392-50) and ‘Saya-
akane’ (the female parent: I-853 the male parent: Hanashi-
betsu) were developed as late blight resistant cultivars 
(Umekawa 2004). Since some quantitative trait loci for re-
sistance similar to single R genes (Gebhardt and Valkonen 
2001), specific resistant R2 marker genes were developed 
(Ohbayashi et al. 2006). Using this together with the R1 
marker (Ballvora et al. 2002), marker assisted breeding for 
developing late blight potato cultivars is on going. 

The mitogen-activated protein kinase (MAPK) cascade 
is one of the major and evolutionally conserved signaling 
pathways utilized to transduce extracellular stumuli into 
intracellular responses among eukaryotes (Ligterink et al. 
1997). As a basic research accomplishment, the transgenic 
potato plants that carry a constitutively active form of 
MAPK kinase driven by a pathogen-inducible promoter of 
potato showed resistance to P. infestans (Yamamizo et al. 
2006). 
 
CULTURAL PRACTICES 
 
Cultural practices for the control of potato late blight such 
as eliminating potential inoculum sources (i.e. cull piles and 
volunteer seedlings), use of healthy seed potatoes, use of 
resistant varieties where possible, avoidance of excessive 
application of nitrogenous fertilizer, maintaining good soil 
coverage of tubers through adequate hilling, killing vines 
before harvest (so that sporangia on leaves dry out and die), 
harvesting on sunny days, preventing rot in storage by 
removing infected tubers before storage, keeping adequate 
air circulation are known (Thurston and Schultz 1981; Hof-
meester 1992; Schöber 1992; van Loon 1992; Turkensteen 
1996; Zwankhuizen et al. 2000; Schepers 2002) and have 
been used. Since late blight pathogen has the ability to 
quick destroy entire field potatoes, it is difficult to achieve 
satisfactory control by the combination of the cultural prac-
tices alone, in Japan. However, these systems contribute the 
control of late blight as a part of the integrated farming sys-
tems which aim for maintain the quality of the environment. 
 
 

Table 1 The major potato cultivars in Japan.a 
Parent Cultivar 

Female Male 
Resistant 
gene b 

Intended use Relative 
share (%) c 

Irish Cobbler Unknown Unknown r Table stock 29.2 
May Queen Unknown Unknown r Table stock 13.6 
Nishiyutaka Dejima Choukei 65 r Table stock 5.3 
Kitaakari Irish Cobbler Tunika r Table stock 2.5 
Dejima Hokkai 31 Unzen R1 Table stock 1.6 
Touya R392-50 WB77025-2 R1 Table stock 0.9 
Toyoshiro Hokkai 19 Eniwa R1 Processed food 12.1 
Hokkaikogane Toyoshiro Hokkai 51 R1 Processed food 2.2 
Sayaka Pentland Dell R392-50 R1, R3 Processed food 0.8 
Waseshiro Konkei 7 Hokkai 39 R1 Table stock, Processed food 2.5 
Norin 1 Irish Cobbler Deodara r Table stock, Processed food 2.3 
Konafubiuki Toyoshiro WB66201-10 R1, R3 Starch manufacturing 18.1 
Benimaru Lembke Frühe Rosen Pepo r Starch manufacturing 2.5 

a Ploidy of all cultivars listed here are 4. Source: http://www.maff.go.jp/ and http://www.jrt.gr.jp/ 
b Gene for specific resistance to Phytophthora infestans 
c Share in growing areas in 2003 
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CHEMICAL APPLICATION 
 
The total chemical treated area for potato late blight was 
389,485 ha in 2006 (Fig. 3). The mean number of fungicide 
applications per field (per year) in Hokkaido is 6.74 and 
other prefectures are between 1 (Fukushima, Nigata, Tokyo, 
Toyama, Yamanashi and Shiga) and 3.05 (Aomori). The ini-
tiation of application generally starts from BBCH (Biolo-
gische Bundesanstalt, Bundessortenamt und Chemische In-
dustrie) 55-65 (pre to full flowering) until BBCH 85-87 
(maturity) with 7-10 day intervals in Hokkaido. 

In Hokkaido, farmers usually apply fungicides with 
boom-mounted sprayers (Hara 2000). In other districts, 
hand spraying has most often been used for the control of 
the disease (Miyazaki 1998; Tashiro and Fujita 2000). Japa-
nese conventional spray techniques are based on high pres-
sure (10-20 kgf/cm2 = 0.98-1.96 MPa), fine droplets (the 
mean particle size: ca. 70-100 μm) and high water volume 
(1000-1500 L/ha) so that both sides of each leaf and the top 
of each plant is sprayed (Hara 2000; Tashiro and Fujita 
2000; Fujita 2002; Miyahara 2003; Umetsu et al. 2004). In 
Hokkaido, operational change of driven speed of boom-
mounted vehicle makes cutting water volume 1000 L/ha to 
800 L/ha (Momono and Shimizu 2003). Recently, agroche-
mical companies tend to get registration using a low volume 
foliar application (water volume: ca. 300-600 L/ha) for both 
reducing spray drift and saving labor (Hara 2000; Tashiro 
and Fujita 2000; Fujita 2002; Sumino 2002; Miyahara 
2003). Since the addition of appropriate surfactant (e.g. an 
organosilicone surfactant, Makupika) with foliar fungicide 
can significantly improve coverage and efficacy (Tosaki 
2000; Mitani et al. 2006), this type of surfactant will play 
an important role for the control of late blight using a low 
volume application in future. 
 
LATE BLIGHT FORECASTS 
 
One of the most difficult aspects of fungicide used in the 

control of potato late blight is determining the correct time 
for application (Schöber 1992; Magarey et al. 2002; Sche-
pers 2002). Actual fungicide sprayings are carried out based 
on the weather forecast that is derived from historical wea-
ther and disease data (Hara 2000; Ogawa et al. 2003). In 
Hokkaido, spray initiation is carried out based on the Japa-
nese forecasting system FLABS which is derived from the 
highest, the lowest and average temperatures and, precipi-
tation amount (Kato and Shimanuki 2001; Sumino 2002). 
This system use is effective to late blight control with a re-
duction of fungicide input (Sumino 2002). In Europe and 
the US, highly sophisticated decision support systems 
(DSSs) are known and have been used (Bruhn and Fry 
1981; Magarey et al. 2002; Raymundo et al. 2002, Schepers 
2002). This systems can organize all available information 
on the pathogen, the weather conditions, plant growth, fun-
gicide selection, cultivar resistance and disease pressures 
required for decision to control late blight (Magarey et al. 
2002; Schepers 2002; Yamamichi 2005), DSSs therefore 
may play an increasing important role in late blight control 
in the future. Since most DSSs are developed abroad (Kato 
and Shimanuki 2001; Yamamichi 2005), examination for 
their model validity and adjustment to design location-spe-
cific late blight management strategy in Japan will be re-
quired. 
 
FUNGICIDES 
 
The total fungicide cost of managing potato diseases, inclu-
ding late blight in Japan was at 33 million US$ in 2003 
(source: Phillips McDougall AgriService 2004). Currently 
(26 April, 2007), 15 active ingredients including 55 formu-
lations are registered for the control of potato late blight 
(Tables 2, 3; Annual inventory of registered pesticides and 
their use). 

The ethylene-bis-dithiocarbamates, or EBDC’s (manco-
zeb, maneb and polycarbamate), especially mancozeb and a 
number of older products are still widely used, including 
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copper-based products, calcium oxide and chlorothalonil 
(Table 2). Theses fungicides are protective fungicides with 
multi-site modes of action which need a high dose rate 
(Table 2) to obtain a satisfactory effect. Although strepto-
mycin is a bactericide, streptomycin-based products are 
registered for the control of potato late blight. 

More advanced products used for the control of potato 
late blight include metalaxyl, oxadixyl, cymoxanil, dime-
thomorph, famoxadone, fluazinam, cyazofamid and benthi-
avalicarb-isopropyl (Table 3). Metalaxyl and oxadixyl are 
systemic fungicides that provide a good curative as well as 
protective activity against Oomycete pathogens (Schwinn 
1983; Cohen and Coffey 1986; Ozaki et al. 1988; Takakuwa 
1992). Theses fungicides belong to the same chemical class 
of phenylamides that specifically inhibit RNA polymerase 
(Davidse et al. 1983; Cohen and Coffey 1986; Davidse 
1988). Because of high risk of the appearance of resistant 
isolates of P. infestans, metalaxyl is sold in combination 
with protective fungicides chlorothalonil, mancozeb or cop-
per oxychloride, and oxadixyl is in combination with chlo-
rothalonil or copper oxychloride (Table 3). 

 Other fungicides are very diverse in terms of their 
mode of action, efficacy and chemical class. Cymoxanil ex-
hibits good curative activity against diseases caused by Oo-
mycete pathogens (Douchet et al. 1977; Klopping and Delp 
1980; Schwinn 1983; Cohen and Coffey 1986). Its residual 
life may be limited for a few days under hot weather condi-
tions, therefore, cymoxanil is sold in combination with pro-
tective fungicides such as mancozeb, chlorothalonil or fa-
moxadone in Japan. The mode of action of cymoxanil is not 
still clear; however, this fungicide inhibits both DNA and 
RNA synthesis (Ziogas and Davidse 1987). 

Dimethomorph exhibits both curative and protective 

(persistence) activity against diseases caused by Oomycete 
pathogens (Albert et al. 1988; Cohen et al. 1995). Its mode 
of action is thought to be through the inhibition of cell wall 
synthesis (Kuhn et al. 1991; Thomas et al. 1992). Famo-
xadone is a protective fungicide providing a broad spectrum 
of disease control. It is particularly active against Oomycete 
pathogens with long persistence activity (Joshi and Stern-
berg 1996). The mixture, famoxadone with cymoxanil is 
solely introduced into the market in a mutually reinforcing 
way, and never alone. Famoxadone inhibits the Qo center of 
the cytochrome bc1 complex activity in the mitochondria 
respiration chain (Jordan et al. 1999). 

Fluazinam is a protective fungicide providing a broad 
spectrum of disease control. This fungicide exhibits excel-
lent persistence activity against diseases caused by Oomy-
cete pathogens (Anema et al. 1992; Komyoji et al. 1995). 
The mode of action of fluazinam is the uncoupling of oxi-
dative phosphorylation (Guo et al. 1991). Cyazofamid ex-
hibits excellent control of diseases caused by Oomycete 
pathogens at very low rates of use (50-100 mg/L) compared 
with all commercial fungicides (Mitani et al. 1998, 2002; 
Ogawa et al. 2003; Mitani et al. 2005). This fungicide in-
hibits the Qi center of the cytochrome bc1 complex activity 
in the mitochondrial respiration chain (Mitani et al. 2001). 
Fungicides, which can be applied at 10-14 day application 
intervals, eliminate the total number of applications and en-
able the growers to save labor. In the Hokkaido area, flua-
zinam and cyazofamid are regarded as the only fungicides 
which can be applied at a 10-14 day interval for the control 
of potato late blight by the Hokkaido government (Sumino 
2002; Mitani et al. 2005). These fungicides are also regar-
ded as only fungicides which can be used to control tuber 
blight by P. infestans. 

Table 2 Conventional active ingredients for the control of potato late blight registered in Japan.a 
Number of registered 

products 
Common name Rateb  

(mg a.i./L) 
Solo Mixture 

Mixing partner 

Mancozeb 1250-1875  4  5 Cymoxanil, Dimethomorph, Iminoctadine tris (albesilate), Metalaxyl, Procymidone
Maneb 1108-1875  3  1 Thiophanate-methyl 
Polycarbamate 1250-1875  1  0  
Copper-based products 400-1500 13 10 
    

Chlorothalonil, Dimethomorph, Iprodione, Metalaxyl, Oxadixyl, Oxolinic acid, 
Procymidone, Sodium hydrogen carbonate, Streptomycin, Sulfur 

Calcium oxide -  1  0  
Chlorothalonil  477-992  3  5 benthiavalicarb-isopropyl, Copper oxychloride, Cymoxanil, Metalaxyl, Oxadixyl 
Streptomycin 133-200  3  2 Copper oxychloride, Oxytetracycline 
  28c 21d  

a Source: Annual inventory of registered pesticides and their use (2006) published by the Japan plant protection association  
b Rates for solo products, a.i.: active ingredient 
c Total number of solo products  
d Total number of mixture products after delete redundancy (chlorothalonil + copper and streptomycin + copper) in this table 

 
Table 3 Advanced active ingredients for the control of potato late blight registered in Japan.a 

Number of 
registered products

Common name Chemical class Property b Rate c 
(mg a.i./L)

Solo Mixture

Mixing partner 

Metalaxyl Phenylamide Systemic 133-200 0 3 Chlorothalonil, Mancozeb, Copper oxychloride 
Oxadixyl Phenylamide Systemic 80-200 0 2 Copper oxyxhloride, Chlorothalonil 
Cymoxanil Acetamide Systemic 120-300 0 3 Chlorothalonil, Famoxadone, Mancozeb 
Dimethomorph Cinamic acid Systemic to Local systemic 250-500 1 2 Copper oxychloride, Mancozeb 
Famoxadone Oxazolidindione Protective 90-225 0 1 Cymoxanil 
Fluazinam Pyrimidinamine Protective 250-500 1 1 Fosetyl 
Cyazofamid Phenylimidazole Local systemic to Protective 50-100 2 0  
Benthiavalicarb -
isopropyl 

Carboxylic acid 
amide 

Local systemic 50 0 1 Chlorothalonil 

    4d 12e (2f)  
a Source: Annual inventory of registered pesticides and their use (2006) published by the Japan plant protection association  
b Systemic: movement from root to leaves, local systemic: movement from upper side of leaf to the lower side and vice versa, Protective: no movement 
c Rates for solo products: dimethomorph, fluazinam and cyazofamid, rates for mixture: others, a.i.: active ingredient 
d Total number of solo products  
e Total number of mixture products after delete redundancy (famoxadone + cymoxanil) in this table 
f Total number of products after delete redundancy in this table (famoxadone + cymoxanil) and in table1 (metalaxyl + chlorothalonil, metalaxyl + mancozeb, metalaxyl + 
copper, oxadixyl + copper, oxadixyl + chlorothalonil, cymoxanil + chlorothalonil, cymoxanil + mancozeb, dimethomorph + copper, dimethomorph + mancozeb, benthiavali-
carb -isopropyl + chlorothalonil) 
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Recently, a number of other products such as amisul-
brom (Takahashi et al. 2005), azoxystrobin (Godwin et al. 
1992), benthiavalicarb-isopropyl (Miyake et al. 2003, 2005), 
ethaboxam (Kim et al. 2002), fluopicolide (Tafforeau et al. 
2005; Hadano et al. 2006), folpet (Siegel 1971), mandipro-
pamid (Huggenberger et al. 2005), metalaxyl M (Nuninger 
et al. 1996), propamocarb hydrochloride (Schwinn 1983; 
Cohen and Coffey 1986) and BAF-0506 from BASF are 
under development as fungicides for the control of potato 
late blight. Very recently, the first registration of benthia-
valicarb-isopropyl was received in April, 2006 for use on 
potato as a combination with chlorothalonil (Table 3). 
 
FUNGICIDE RESISTANCE 
 
Resistance to fungicides by plant pathogenic microorga-
nisms is one of the most serious agricultural problems 
throughout the world. The phenylamide fungicides meta-
laxyl and oxadixyl were registered officially in 1986 and 
have provided good control of potato late blight (Ozaki et al. 
1988). However, control failures of potato late blight due to 
the emergence of resistant isolates of the pathogens to the 
phenylamides were observed in a potato-growing area of 
Hokkaido about three years after their introduction (Taka-
kuwa 1992; Horita and Tanii 1998). A decrease in efficacy 
of theses fungicides was also reported in Tohoku, Kyushu 
and Kanto districts (Chu et al. 1999; Suga and Nakagawa 
2000; Kato et al. 2001; Sayama et al. 2003). Even where 
resistance is readily detectable, phenylamides are still being 
used to contribute to disease control (Takakuwa 1992). No 
resistant isolates of P. infestans have been reported to other 
fungicides (Tables 2, 3) belonging to different chemical 
classes. 
 
FUTURE PROSPECTS 
 
In order to meet current requirements such as high efficacy, 
cost reduction, labor reduction and environmental protec-
tion, new technology has been required for the control of 
diseases, pests and weeds (Torii and Terashima 1995; Miya-
zaki 1998; Hara 2000; Tashiro and Fujita 2000; Tosaki 
2000; Fujita 2002; Miyahara 2003; Ogawa et al. 2003; Tsuji 
2003; Nakamura and Katayama 2004; Umetsu et al. 2004). 
Because of growing public concerns, a major focus has 
been placed on ways to protect the environment in Japan 
(Hara 2000; Tashiro and Fujita 2000; Miyahara 2003; Naka-
mura and Katayama 2004; Umekawa 2004; Umetsu et al. 
2004). MAFF supports environmentally-friendly agriculture 
in order to promote agriculture harmonized with nature and 
to ensure food safety based on the consumer’s point of view 
(http://www.maff.go.jp/). The Japanese ministry of health, 
labour and welfare (MHLW) established new regulations on 
residual agricultural chemicals, to be known as the "positive 
list” system, covering residual agricultural chemicals on 29 
May 2006. 

Integrated management of potato late blight is a combi-
nation of management techniques to keep disease level low 
and at the same time maintain the quality of the environ-
ment (Schöber 1992; van Loon 1992; Schepers 2002; Ume-
kawa 2004; Shimanuki et al. 2005). Important tools of inte-
grated control include cultural practice, use of resistant cul-
tivars and fungicide application (Schepers 2002; Umekawa 
2004; Shimanuki et al. 2005). Since this technique has been 
met for current requirements, integrated management will 
play an increasingly important role to control potato late 
blight in Japan. 

Fungicide use is the most effective measure and will be 
one of the best long term solutions in the control of late 
blight. The agro-industry, incorporating administrative 
agencies and organizations related to plant protection have 
been trying to develop safer and more effective products, 
formulations, spray techniques (to realize low toxicity to 
mammals, low impacts on the environment, a low dose rate, 
and a few number of applications), reduce packing and 
manufacturing waste. These efforts for the chemical control 

of potato late blight will open the way for improved control 
of the disease. 
 
ACKNOWLEDGEMENTS 
 
The author thanks Tetsuji Ogawa (Aino potato branch, Nagasaki 
agriculture and forestry experiment station) for his invaluable sug-
gestions on the manuscript. 
 
REFERENCES 
 
* In Japanese 
** In Japanese with English abstract 
 
Akino S, Kato M, Gotoh K, Naito S, Ogoshi A (2005) Genetic relationships 

between the dominant genotypes of Phytophthora infestans in Hokkaido, 
Japan. Journal of General Plant Pathology 71, 200-203 

Albert G, Curtze J, Drandarevski CHA (1988) Dimethomorph (CME151), a 
novel curative fungicide. The 1998 Brighton Conference - Pests and Diseases, 
pp 17-24 

Anema BP, Bouwman JJ, Komyoji T, Suzuki K (1992) Fluazinam: A novel 
fungicide for use against Phytophthora infestans in potatoes. Brighton Crop 
Protection Conference Pests and Diseases - 1992, pp 663-668 

Ballvora A, Ercolano MR, Weiß J, Meksem K, Bormann CA, Oberhage-
mann P, Salamini F, Gebhardt C (2002) The R1 gene for potato resistance 
to late blight (Phytophthora infestans) belongs to the leucine zipper/NBS/ 
LRR class of plant resistance genes. The Plant Journal 30, 361-371 

Bruhn JA, Fry WE (1981) Analysis of potato late blight epidemiology by 
simulation modeling. Phytopathology 71, 612-616 

Chaya M, Komura K (2005) Varietal differences to metalaxyl-resistant isolate 
of Phytophthora infestans in potato. Kyushu Nogyo Kenkyu 67, 23* 

Chu E, Matsuda M, Oikawa K (1999) Occurrence and distribution of phenyl-
amide-resistant isolates of Phytophthora infestans on Potato in south area of 
Aomori prefecture. Annual Report of the Society of Plant Protection of North 
Japan 50, 231 

Cohen Y, Baider A, Cohen B-H (1995) Dimethomorph activity against Oomy-
cete fungal plant pathogens. Phytopathology 85, 1500-1506 

Cohen Y, Coffey MD (1986) Systemic fungicides and the control of Oomycetes. 
Annual Review of Phytopathology 24, 311-338 

Cooke DEL, Lees AK (2004) Markers, old and new, for examining Phytoph-
thora infestans diversity. Plant Pathology 53, 692-704 

Davidse LC (1988) Phenylamide fungicides: Mechanism of action and resis-
tance. In: Delp CJ (Ed) Fungicide Resistance in North America, The Ameri-
can Phytopatholgical Society, USA, pp 63-65 

Davidse LC, Hofman AE, Velthuis GCM (1983) Specific interference of 
metalaxyl with endogenous RNA polymerase activity in isolated nuclei from 
Phytophthora megasperma f. sp. medicaginis. Experimental Mycology 7, 
344-361 

Douchet JP, Absi M, Hay SJB, Muntan L, Villani A (1977) European results 
with DPX 3217 a new fungicide for the control of grape downy mildew and 
potato late blight. Proceedings 1977 British Crop Protection Conference - 
Pests and Diseases, pp 535-540 

Evenhuis A, Kessel GJT, van Bekkum PJ (2005) Epidemiology of Phytoph-
thora infestans in relation to tuber blight. Survival of P. infestans sporangia in 
field soils. 9th Workshop of an European Network for Development of an 
Integrated Control Strategy of Potato Late Blight, Estonia, pp 223-227 

Forbes GA, Goodwin SB, Drenth A, Oyarzun P, Ordonez ME, Fry WE 
(1998) A global marker database for Phytophthora infestans. Plant Disease 
82, 811-818 

Fujita T (2002) Current status of low volume spray technique in upland fields. 
Proceedings JPPA symposium: Noyaku no Atarashii Jissennteki Riyoh-gijyu-
tsu, pp 27-39* 

Gebhardt C, Valkonen JPT (2001) Organization of genes controlling disease 
resistance in the potato genome. Annual Review of Phytopathology 39, 79-
102 

Godwin JR, Anthony VM, Clough JM, Godfrey CRA (1992) ICIA5504: A 
novel, broad spectrum, systemic �-methoxyacrylate fungicide. Brighton Crop 
Protection Conference Pests and Diseases - 1992, pp 435-442 

Gotoh K, Akino S, Maeda A, Kondo N, Naito S, Kato M, Ogoshi A (2005) 
Characterization of some Asian isolates of Phytophthora infestans. Plant Pa-
thology 54, 733-739 

Gotoh K, Akino S, Kato M, Kondo N, Naito S (2007) New multilocus geno-
types of Phytophthora infestans in Japan. Journal of General Plant Patho-
logy 73, 349-352 

Gregory PH (1983) Some major epidemics caused by Phytophthora. In: Erwin 
DC, Bartnicki-Garcia S, Tsao PH (Eds) Phytophthora its Biology, Taxonomy, 
Ecology and Pathology, The American Phytopathological Society, USA, pp 
271-278 

Guo Z-J, Miyoshi H, Komyoji T, Haga T, Fujita T (1991) Uncoupling acti-
vity of a newly developed fungicide, fluazinam, [3-chloro-N-(3-chloro-2,6-
dinitro-4-trifluoromethylphenyl)-5-trifluoromethyl-2-pyridinamine]. Biochi-
mica et Biophysica Acta 1056, 89-92 

82



Chemical control of potato late blight in Japan. Shigeru Mitani 

 

Hadano H, Sakuma H, Inuta T, Sakurai T, Tanaka K, Sano K, Onoda K, 
Kuchii Y, Sawada H (2006) ReliableTM: Labor saving disease control agent 
for Phytophthora infestans on potatoes in Japan. 11th IUPAC International 
Congress of Pesticide Chemistry, Book of Abstracts (2), p 129 

Hara Y (2000) Conventional ground-spray conditions and their improvements. 
Proceedings JPPA symposium on Pesticide Application, pp 6-11** 

Hofmeester Y (1992) Effects of fertilization on pests and diseases. Netherlands 
Journal of Plant Pathology 98 (Suppl. 2), 257-264 

Horita H, Tanii A (1998) Occurrence of phenylamide-resistance strain of Phy-
tophthora infestans on potato (Solanum tuberosum L.) in Japan. Report of 
Hokkaido Prefectural Agricultural Experiment Stations 74, 19-26** 

Huggenberger F, Lamberth C, Iwanzik W, Knauf-Beiter G (2005) Mandi-
propamid a new fungicide against Oomycete pathogens. The BCPC Interna-
tional Congress - Crop Science and Technology 2005, pp 87-92 

Jordan DB, Livingston RS, Bisaha JJ, Duncan KE, Pember SO, Picollelli 
MA, Schwartz RS, Sternberg JA, Tang X-S (1999) Mode of action of 
famoxadone. Pesticide Science 55, 105-118 

Joshi MM, Sternberg JA (1996) DPX-JE874: A broad-spectrum fungicide 
with a new mode of action. Brighton Crop Protection Conference 1996 - 
Pests and Diseases, pp 21-26 

Kaneko M, Taga M (2006) Flow cytometric analysis of the genome size in 
Phytophthora infestans. Japanese Journal of Phytopathology 72, 244 

Kato M (2001) Replacement of genotypes of Phytophthora infestans and fac-
tors for the replacement. Plant Protection 55, 467-470* 

Kato M, Naito S (1997) Occurrence and geographical distribution of new 
strains of the A1 mating type of Phytophthora infestans in Hokkaido. Annals 
of the Phytopathological Society of Japan 63, 529 

Kato M, Sato N, Takahashi K, Shimanuki T (1998) Yearly change of fre-
quency and geographical distribution of A2 mating type isolates of Phytoph-
thora infestans in Japan from 1987 to 1993. Annals of the Phytopathological 
Society of Japan 64, 168-174 

Kato M, Shimanuki T (2001) Validation of potato late blight forecasts in Hok-
kaido. Annual Report of the Society of Plant Protection of North Japan 52, 
38-41** 

Kato M, Shimanuki T, Wakayama K (2002) Change in geographical distribu-
tion of genotypes of Phytophthora infestans in Hokkaido during 1999-2001. 
Japanese Journal of Phytopathology 68, 195 

Kim DS, Lee YS, Chun SJ, Choi WB, Lee SW, Kim GT, Kang KG, Joe GH, 
Cho JH (2002) Ethaboxam: a new Oomycetes fungicide. The BCPC Confer-
ence - Pests and Diseases 2002, pp 377-382 

Klopping HL, Delp CJ (1980) 2-Cyano-N-[(ethylamino)carbonyl]-2-(methoxy 
imino)acetamide, a new fungicide. Journal of Agricultural and Food Chemis-
try 28, 467-468 

Koh YJ, Goodwin SB, Dyer AT, Cohen BA, Ogoshi A, Sato N, Fry WE 
(1994) Migrations and displacements of Phytophthora infestans populations 
in East Asian countries. Phytopathology 84, 922-927 

Komyoji T, Sugimoto K, Mitani S, Matsuo N, Suzuki K (1995) Biological 
properties of a new fungicide, fluazinam. Journal of Pesticide Science 20, 
129-135 

Kuhn PJ, Pitt D, Lee SA, Wakley G, Sheppard AN (1991) Effects of dime-
thomorph on the morphology and ultrastructure of Phytophthora. Mycolo-
gical Research 95, 333-340 

Ligterink W, Kroj T, zur Nieden U, Hirt H, Scheel D (1997) Receptor-me-
diated activation of a MAP kinase in pathogen defence of plants. Science 276, 
2054-2057 

Magarey RD, Travis JW, Russo JM, Seem RC, Magarey PA (2002) Decision 
support systems: quenching the thirst. Plant Disease 86, 4-14 

Matsuzaki M, Hashimoto T, Kon T, Toyoda M (1994) Analysis method for 
crop rotations based on area data II. The identification results of crop rota-
tions and the verifications of the results. Japanese Journal of Crop Science 
63, 15-20** 

Mitani S, Araki S, Matsuo N, Camblin P (1998) IKF-916 - A novel systemic 
fungicide for the control of Oomycete plant diseases. The 1998 Brighton 
Conference - Pests and Diseases, pp 351-358 

Mitani S, Araki S, Takii Y, Ohshima T, Matsuo N, Miyoshi H (2001) The 
biochemical mode of action of the novel selective fungicide cyazofamid: 
Specific inhibition of mitochondrial complex III in Pythium spinosum. Pesti-
cide Biochemistry and Physiology 71, 107-115 

Mitani S, Araki S, Yamaguchi T, Takii Y, Ohshima T, Matsuo N (2002) Bio-
logical properties of the novel fungicide cyazofamid against Phytophthora 
infestans on tomato and Pseudoperonospora cubensis on cucumber. Pest 
Management Science 58, 139-145 

Mitani S, Kamachi K, Sugimoto K (2005) Control of potato late blight by 
cyazofamid. Journal of Pesticide Science 30, 116-119 

Mitani S, Kamachi K, Sugimoto K, Koto R, Ishihara Y, Akiyoshi N (2006) 
Study on the new surfactant Makupika (1). Properties of makupika and its 
contribution to the disease control. Japanese Journal of Phytopathology 72, 
259 

Miyahara S (2003) Application techniques of agricultural chemicals – Tech-
niques on ground application. Journal of Pesticide Science 28, 386-391* 

Miyake Y, Sakai J, Miura I, Nagayama K, Shibata M (2003) Effects of a 
novel fungicide benthiavalicarb-isopropyl against Oomycete fungal disease. 
The BCPC International Congress Crop Science and Technology 2003, pp 

105-112 
Miyake Y, Sakai J, Shibata M, Yonekura N, Miura I, Kumakura K, Naga-

yama K (2005) Fungicidal activity of benthiavalicarb-isopropyl against Phy-
tophthora infestans and its controlling activity against late blight diseases. 
Journal of Pesticide Science 30, 390-396 

Miyazaki T, Iriguchi Y, Nagata H, Izumi S, Terai T (1998) The examination 
for laborsaving chemical control in potato cultivation. Kyushu Nogyo Kenkyu 
60, 140* 

Momono H, Shimizu M (2003) Spraying technology which reduces quantity of 
agricultural chemicals. Journal of Hokkaido Branch of the Japanese Society 
of Agricultural Machinery 43, 23-30** 

Mosa AA, Kato M, Sato N, Kobayashi K, Ogoshi A (1989) Occurrence of the 
A2 mating type of Phytophthora infestans on potato in Japan. Annals of the 
Phytopathological Society of Japan 55, 615-620 

Mosa AA, Kobayashi K, Ogoshi A, Kato M, Sato N (1993) Isoenzyme poly-
morphism and segregation in isolates of Phytophthora infestans from Japan. 
Plant Pathology 42, 26-34 

Nagao Y (1994) Fertilizing of potato on the yield and quality. Bulletin of Naga-
saki Prefectural Institute of Fisheries 21, 19-48** 

Nakamura H, Katayama A (2004) General statement of environmental pesti-
cide science. In: Ueji M, Katayama A, Nakamura K, Hoshino T, Yamamoto H 
(Eds) Frontiers of Environmental Pesticide Science, Pesticide Science Soci-
ety of Japan, Soft Science, Inc. Japan, pp 2-6* 

Nuninger C, Watson G, Leadbitter N, Ellgehausen H (1996) CGA329351: 
Introduction of the enantiomeric form of the fungicide metalaxyl. Brighton 
Crop Protection Conference 1996 - Pests and Diseases, pp 41-46 

Obata T (1976) Major pests and diseases of potato and sweet potato and their 
control. In: Hori M, Ishikura H, Yasuo S, Fukuda H (Eds) Plant Protection in 
Japan, 1976 (Agriculture Asia special issue No.10), Association of Agricul-
tural Relations in Asia, Japan, pp 140-147 

Ohbayashi K, Tajima N, Chaya (2006) Development of PCR markers linked 
with the resistance gene (R2) derived from Solanum stoloniferum to Phytoph-
thora infestans in potato. Breeding Research 8 (Suppl. 2), 89 

Ogawa T, Sayama M, Mukaida Y, Uchikawa K, Matsuo K, Zen S, Kawa-
saki S, Suga Y (2003) Efficacy of fungicides to the potato late blight in case 
of application intervals decided by accumulated rainfall. Japanese Journal of 
Phytopathology 69, 20-21 

Ozaki M, Akai J, Endo T, Takakuwa M (1988) Control of late blight and of 
tuber rot of potatoes, caused by Phytophthora infestans by mancozeb metala-
xyl wp. Annual Report of the Society of Plant Protection of North Japan 39, 
112-117* 

Raymundo R, Andrade J, Juarez H, Forbes G, Hijmans RJ (2002) Towards 
an integrated and universal crop-disease model for potato late blight. Pro-
ceedings of the Global Initiative on Late Blight Conference, Late Blight: 
Managing the Global Threat, Germany, pp 77-82 

Sayama M, Ogawa T, Mukaida Y (2003) Characteristics of Phytophthora in-
festans isolates collected from potato crops in all area of Shimabara peninsula 
of Nagasaki prefecture in 2002. Kyushu Plant Protection Research 49, 9-
12** 

Schepers HTAM (2002) Integrated pest management: Potato late blight IPM in 
the industrialized countries. Proceedings of the Global Initiative on Late 
Blight Conference, Late Blight: Managing the Global Threat, Germany pp 
89-92 

Schöber B (1992) Control of late blight, Phytophthora infestans, in integrated 
crop management. Netherlands Journal of Plant Pathology 98 (Suppl. 2), 
251-256 

Schwinn FJ (1983) New developments in chemical control of Phytophthora. 
In: Erwin DC, Bartnicki-Garcia S, Tsao PH (Eds) Phytophthora its Biology, 
Taxonomy, Ecology and Pathology, The American Phytopathological Society, 
USA, pp 327-334 

Shattock RC (1988) Phytophthora infestans (Mont.) de Bary. In: Smith IM, 
Dunez J, Phillips DH, Lelliott RA, Archer SA (Eds) European Handbook of 
Plant Diseases, Blackwell Scientific Publications, UK, pp 202-204 

Shimanuki T, Ito K, Kushida A, Kato Y (2005) Manual for IPM: XI. Potato. 
In: Umekawa M, Miyai S, Yano E, Takahashi K (Eds) Manual for IPM: A 
Guide to Integrated Pest Management with Minimal Environmental Stress, 
Agricultural Research Series of the National Agricultural Research Center No. 
55, National Agricultural Research Center, Japan, pp 145-156* 

Shinto Y, Matsuo Y (1988) Mulching cultivation of spring cropping potato. 2. 
Effect of fertilization on the growth and yield. Kyushu Nogyo Kenkyu 50, 58* 

Shirasawa Y, Akino S, Naito S (2004) Molecular markers for identification of 
genotypes in Japanese isolates of Phytophthora infestans. Japanese Journal 
of Phytopathology 70, 859 

Siegel MR (1971) Reactions of the fungicide folpet (N-(trichloromethylthio) 
phthalimide) with a thiol protein. Pesticide Biochemistry and Physiology 1, 
225-233 

Suga Y, Nakagawa A (2000) Occurrence of phenylamide-resistance isolates of 
Phytophthora infestans on potato in Nagasaki Prefecture. Kyushu Plant Pro-
tection Research 46, 141 

Sumino A (2002) Achievements and problems of reduced chemical use tech-
niques- field crops. Kongetsu no Nogyo 5, 45-48* 

Tabuchi S, Komura K, Chaya M, Fujiyama T (1991) Effects of crop rotation 
on potato yield and quality. Bulletin of Nagasaki Prefectural Institute of 

83



Japanese Journal of Plant Science 1(2), 77-84 ©2007 Global Science Books 

 

Fisheries 19, 77-87* 
Tafforeau S, Wegmann T, Latorse MP, Gouot JM, Duvert P, Bardsley E 

(2005) Fluopicolide, a novel fungicide with a unique mode of action, setting 
a new standard for Oomycete control. The BCPC International Congress 
Crop Science and Technology 2005, pp 79-86 

Takahashi B (1994) Potato. In: Konishi K, Iwahori S, Kitagawa H, Yakuwa T 
(Eds) Horticulture in Japan, Organizing Committee XXIVth International 
Horticultural Congress Publication Committee, Asakura Publishing Co, Ltd, 
Japan, pp 106-107 

Takahashi1 H, Takeyama T, Hamada T, Yamagishi K, Nishioka M, Suzuki 
H (2005) Synthesis and fungicidal activity of sulfonamide derivatives. 229th 
ACS National Meeting of American Chemical Society, American Chemical 
Society Division of Agrochemicals abstracts 68, p 68 

Takakuwa M (1992) Protection of potato late blight under the condition of 
occurrence of phenylamide resistant race. Annual Report of the Society of 
Plant Protection of North Japan 43, 45-47** 

Tashiro S, Fujita T (2000) Conventional spray volume and spray drift. Pro-
ceedings JPPA symposium on Pesticide Application pp 36-43** 

Thomas A, Albert G, Schlosser E (1992) Use of video-microscope systems to 
study the mode of action of dimethomorph on Phytophthora infestans. Mede-
delingen van de Faculteit Landbouwwetenschappen Universiteit Gent 57/2a, 
189-197 

Thurston HD, Schultz O (1981) Late blight. In: Hooker WJ (Ed) Compendium 
of Potato Diseases, The American Phytopathological Society, USA, pp 40-42 

Tosaki K (2000) Directions in studies on ground spray techniques. Proceedings 
JPPA symposium on Pesticide Application, pp 75-80** 

Torii K, Terashima M (1995) Present state and valuation of management at 
labor-saving technology in potato-growing area. Kyushu Nogyo Kenkyu 57, 
174* 

Tsuji K (2003) Pesticide formulation – its role and recent trend. Journal of Pes-
ticide Science 28, 371-375* 

Turkensteen LJ (1996) Late blight. In: Asscheman E, Brinkman H, Bus CB, 
van Delft M, Hotsma PH, Meijers CP, Mulder A, Turkensteen LJ, Wustman R, 
van der Zaag DE (Eds) Potato Diseases, Diseases, Pests and Defects, NIVAA 
Netherlands Potato Consultative Institute, The Netherlands, pp 8-12 

Umekawa M (2004) Development of pest and disease control measures with 
minimal environmental stress. Journal of Agricultural Science 4, 1-5* 

Umetsu N, Ando A, Tsuji K, Kurotsu Y, Sonoda M, Saito T (2004) Environ-
mentally-friendly manufacturing technology. In: Ueji M, Katayama A, Naka-
mura K, Hoshino T, Yamamoto H (Eds) Frontiers of Environmental Pesticide 

Science, Pesticide Science Society of Japan, Soft Science, Inc. Japan, pp 223-
288* 

van Loon CD (1992) Integrated crop management, the basis for environment 
friendly crop protection of potatoes. Netherlands Journal of Plant Pathology 
98 (Suppl. 2), 231-240 

Yamamichi H (2005) Information about decision support systems (DSSs). Po-
tato Journal 1, 8-27* (electronic journal; http://www.potatonews.jp/) 

Yamamizo C, Kuchimura K, Kobayashi A, Kato S, Kawakita K, Jones JDG, 
Doke N, Yoshioka H (2006) Rewiring mitogen-activated protein kinase cas-
cade by positive feedback confers potato blight resistance. Plant Physiology 
140, 681-692 

Ziogas BN, Davidse LC (1987) Studies on the mechanism of action of cymo-
xanil in Phytophthora infestans. Pesticide Biochemistry and Physiology 29, 
89-96 

Zwankhuizen MJ, Govers F Zadoks JC (2000) Inoculum sources and genoty-
pic diversity of Phytophthora infestans in Southern Flevoland, The Nether-
lands. European Journal of Plant Pathology 106, 667-680 

 
 
JAPANESE ABSTRACT 
 
������	
 Phytophthora infestans (Montagne) de Bary
����������	��������������
��� !"#	��$%&�'�(�	�)	*+,�
-
./01.*2��3������45067�8�
#9:;<=>�%?@3ABCDE�FGHI*JK
�LM����(����N�������	�OPHI
QR
 389,485 ha�'S32007T 4U-V� 15�WXYZ
% 55 �[6*\]�����(^T3_`ab�c>�d
K*ef����%?@3������ _`abgH
I�!"X*h,���(ABCij
�	HI�c,�
kl � mn#op%qM��*3�Se�HInr3
ijstu�vw3xyz�vw3_`ab;{|,G}
,�~�*�"%�����(�����G��3�S�
b�nr�#[63[C3DE~�#���)*�N@�
���(���
����N��������3�	B3
�����6�3OPHI���ABC�&����";
��>�(�

 
 

84


