
INTRODUCTION

Phytophthora infestans (Mont.) de Bary is perhaps the best
known of Oomycota. The description of this pathogen has
radically changed since 1845 when it was first described as
Botrytis infestans Montagne (see Bourke, 1991). Oomycota

are now generally regarded as kingdom separate from the
true fungi, plants, animals and prokaryotes. Some plant pa-
thologists suggested that they belong to the Kingdom
Protoctista, but others place them in the Kingdom Chro-

mista. There is more support for the latter choice as they
have similarity with brown algae (Erwin and Ribeiro,
1996).

P. infestans is heterothallic and either of the mating types
(A1 and A2) can reproduce asexually. Sexual reproduction
occurs only between opposite mating types (Pittis and Shat-
tock, 1994; Drenth et al., 1995). Until the late 1980s, only
one mating type (A1) was present in countries outside Mex-
ico, and P. infestans populations appear to remain stable
(Shaw et al., 1985; Spielman et al., 1991). Both mating
types (A1 and A2) in approximately equal frequency were
found only in the highlands of central Mexico. The first re-
port about mating type A2 in Europe came from Switzer-
land in 1981. Since then, the mating type A2 has been re-
corded in numerous locations in Europe, Asia, Middle East
and South America (Spielman et al., 1991). The first report

on formations of oospores in Latvia was in the 1980s, but
the research was not continued. Similarly, in the other Bal-
tic countries, mating type A2 has been observed during the
last ten years (personal communication).

There are several hypotheses about the distribution of mat-
ing type A2 throughout the world: (1) the mating type A2 is
the result of mutations, which appeared after fungicide ap-
plications or due to meteorological changes; (2) mating type
A2 was always present in Europe, but at a low level and
was not detected; and (3) mating type A2 migrated from al-
ready occupied regions to other regions (Spielman et al.,
1991).

In areas where P. infestans populations are formed by only
one mating type, the pathogen overwinters as mycelium in
potato seed tubers in storage, in potato tubers in cull piles
and in plant debris. If populations contain both mating
types, sexual reproduction produces oospores—hardy, thick
walled spores, with diameter 24–35 µm (Niederhauser,
1991; Erwin and Ribeiro, 1996). Oospores can survive for
many years (up to ten years) in the soil without a suscepti-
ble host (Andrivon, 1995; Drenth et al., 1995). Under high
moisture conditions, oospores present in the soil surface
germinate and infect lowest potato leaves. The appearance
of the first disease symptoms is difficult to establish
(Drenth et al., 1995).
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Potato late blight caused by Phytophthora infestans (Mont.) de Bary is one of the most investi-
gated plant pathogens. However, problems with disease control have increased in recent years,
which plant pathologists have explained by its ability of forming oospores in potato leaves. Con-
sequently, the P. infestans population over the world has become more aggressive and virulent
and late blight on potato stems is common. Oospores could be found in field conditions in potato
leaflets with two or more separate spots. In Latvia the P. infestans mating type A2 was found in
the 1980s. A laboratory experiment on the formation of oospores in Latvia was started in 2002.
The total number of collected samples was 215. The samples were collected from potato trial
fields, conventional fields and from private gardens in different regions of Latvia. Many potato
leaflets with two spots were observed at the end of the growing season when the disease severity
exceeded 50%. The results showed that the formation of oospores on potato leaflets in the field
took place in the P. infestans population in Latvia. Oospores were found in 80–94% of the investi-
gated cases. The occurrence of oospores means that plant rotation and certified seed material
are important measures for potato late blight control and the usage of fungicides may not be ef-
fective.
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To detect the occurrence of P. infestans oospores, it is

needed to develop alternative and more durable potato late

blight control strategies, as disease epidemics occur earlier

and spread faster, and disease development is difficult to

forecast (Goodwin, 1997; Turkensteen et al., 2000).

The aim of this work was to conduct an inventory of the P.

infestans population in Latvia by assessing the presence of

mating type A2 and formation of oospores.

MATERIALS AND METHODS

Laboratory experiments on occurrence of oospores in Latvia

were conducted at the Institute of Soil and Plant Sciences,

Latvian University of Agriculture, during 2002–2004. The

method was adopted from the Finland Agriculture Science

Centre, Department of Plant Protection in Jokioinen

(Hermansen et al., 2001; Levin et al., 2001).

Potato leaflets with two or more separate spots were col-

lected in different regions. In 2002, samples were taken

from NegFry adaptation trials in Vecauce and Priekuïi and

potato variety observation trials in Vecauce. In 2003, sam-

ples were collected from potato variety observation trials in

Priekuïi and from conventional fields in regions of Liepâja,

Kuldîga and Dobele, and in 2004 from a certified organic

field in Vecauce, from home gardens in Jelgava and from a

conventional field in Saldus region. The total number of

samples was 215 (Fig. 1).

After collection, each potato leaflet was placed in a 10-cm

diameter Petri dish containing 20 ml distil water. Leaflets

were incubated at controlled conditions for 2–4 weeks and

examined under a microscope under 100× magnifications

for the presence of oospores.

RESULTS

During recent years, late blight on potato stems can be ob-

served more often, which can be explained by changes in

the P. infestans population. Potato late blight on stems ap-

pears more in growing seasons when weather conditions are

more favourable for disease development. This form is dif-

ficult to control with fungicides.

Formation of oospores requires opposite mating types. If

the spots develops from opposite mating types (A1 and A2)

the formation of oospores will be possible, but not when

both are either A1 or A2 mating type. More potato leaflets

with two or more spots (Fig. 2) were observed at the end of

the growing season (July, August) when late blight severity

exceeded 50%.

In 2002, the number of collected samples was 79 (Table 1)

and in both trial locations—Vecauce and Priekuïi—the

number of samples with oospores was high, reaching 96%

and 86% cases.

The weather conditions were not favourable for potato late

blight development in 2003. Therefore, the number of the

collected samples was smaller than in other years, and it

was difficult to collect potato leaflets with two or more late

blight spots. For example, in Vecauce potato late blight was

Fig. 1. Sampling locations and num-

ber of samples in 2002–2004.

Fig. 2. Leaflets infected by potato late blight (two separate spots).
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not found at all. Samples in 2003 were taken from potato

variety observation trials in Priekuïi and from conventional

fields in regions of Liepâja, Kuldîga and Dobele. Compared

with 2002, oospores were found on average in 80% cases

(Table 1). Comparing different locations, more oospores

were found in Liepâja District among the collected samples.

In 2004, most leaf samples were taken from private gardens

in Jelgava and from the certified organic field in Vecauce.

The number of samples was 77 (Table 1) and oospores were

found in 74% cases. The lowest amount of oospores was

found in samples from the organic field, only in 29% of the

samples. The reason for this was that potatoes in this field

had not been cultivated for more than 20 years. In all sam-

ples from private gardens, the frequency of oospores forma-

tions was high (80–100%), as potato cultivation in one filed

over many years is common, which results in accumulation

of P. infestans in the soil.

Formations of oospores (Fig. 3) occur in the P. infestans

population in Latvia and oospores were found in 83% of

cases. Therefore, both mating types (A1 and A2) are found

in the P. infestans population in Latvia.

DISCUSSION

Formation of P. infestans oospores in the field has become

a reality in many countries, also in Latvia. Oospores allow

pathogen survival where the asexual form fails, and they

may be a source of initial inoculum. The investigation on

spread of P. infestans mating type A2 needs to be contin-

ued, as it is necessary to determine which factors influence

production, survival, germination and infectivity of oo-

spores (Drenth et al., 1995).

“New” populations (inclusive mating type A2) of the patho-

gen show high levels of resistance to the fungicides, and be-

come more virulent and aggressive compared with “old”

populations (Goodwin, 1997).

One hypothesis about the appearance of mating type A2 in

Europe is that mating type A2 is the result of mutations,

which appeared after intensive fungicide application. How-

ever, many plant pathologists consider that mating type A2

in Europe is similar to the mating type in the highlands of

central Mexico, which means that the only way for distribu-

tion was migration (Spielman et al., 1991; Erwin and

Ribeiro, 1996).

There are observations that P. infestans in leaflets formed

more oospores in cultivars which were more resistant to po-

tato late blight (Hanson and Shattock, 1998; Stromberg et

al., 2001). In samples collected in Latvia, this was not ob-

served, as oospores were recorded from different cultivars

with different resistance to potato late blight. Oospore pres-

ence was associated with location. The highest frequency of

oospores formation was in private gardens where potatoes

were cultivated for many years, and the lowest in a certified

organic field where potatoes had not been grown for more

than twenty years. The results show that crop rotation is one

of the best measures for potato late blight control.

Oospore formation is favoured by a proportion of mating

types A1 and A2 of 1:1 (Zarzycka and Sobkowiak, 1999),

but formation of oospores in the field was possible also if

the proportion of A1 and A2 is low, for example only 1 : 3

or even 1 : 9 (Turkensteen et al., 2000).

The used method allows establishing cases when formation

of oospores occurs, but does not show the ratio between

mating type A1 and A2. Further investigation is necessary

to clarify the proportion of mating type A1 and A2 in the P.

infestans population in Latvia.

The occurrence of oospores means that crop rotation is one

of the important measures for potato late blight control and

usage of fungicides might not be effective.
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Fig. 3. Oospores of Phytophthora infestans.
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Phytophthora infestans POPULÂCIJA LATVIJÂ

Kartupeïu lakstu puve Phytophthora infestans (Mont.) de Bary ir viena no pçtîtâkajâm augu slimîbâm. Tomçr problçmas saistîbâ ar ðîs
slimîbas ierobeþoðanu ar katru gadu palielinâs. Augu patologi to skaidro ar P. infestans spçju veidot oosporas. Lîdz ar to patogçna
populâcija kïûst daudz agresîvâka un virulentâka, un bieþâk ir novçrojama lakstu puves stublâju forma. Lauka apstâkïos oosporu veidoðanâs
parasti ir novçrojama uz tâm inficçtajâm lapâm, kur ir divas vai vairâkas lçzijas. Latvijâ P. infestans patogçna tips A2 jau tika atrasts
divdesmitâ gadsimta 80. gados, bet pçtîjumi par oosporu veidoðanos uzsâkti 2002. gadâ. No kartupeïu izmçìinâjumu un raþoðanas laukiem,
kâ arî no mazdârziòiem ievâkti 215 inficçto lapu paraugi. Lapas ar divâm lçzijâm visvairâk novçrotas audzçðanas sezonas beigâs, kad lakstu
puves attîstîbas pakâpe pârsniedza 50%. Ievâkto paraugu analîze pierâdîja, ka Latvijâ uz kartupeïu lapâm lauka apstâkïos veidojas P.

infestans oosporas. Tas nozîmç, ka arî Latvijâ ir sastopami abi P. infestans patogçnitâtes tipi (A1 un A2). Oosporas atrastas 80–94%
gadîjumu. Oosporu sastopamîba nozîmç to, ka kartupeïu audzçtâjiem lielâka uzmanîba jâpievçrð augu maiòai un sertificçtam stâdâmajam
materiâlam.
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