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Abstract
Distribution and frequency of Cronartium flaccidum on
Melampyrum spp. was studied on Scots pine throughout
Finland. Leaves of the alternate hosts were collected, and
the frequency of Cronartium telia was recorded. Morphological dimensions of fruitbodies and spores were measured, and some telial samples were identified genetically.
Telia were observed for the first time on M. pratense and
M. nemorosum in natural forests, and on M. arvense in Finland. Telia occurred in 22 % of the M. sylvaticum-stands,
3 % of the M. pratense-stands, 12 % of the M. nemorosumstands, and in the M. arvense-stands investigated. Geographically, telia were lacking on M. sylvaticum and M.
pratense in southern Finland, but they were relatively
common on these species in northern Finland, whereas
92 % of the M. sylvaticum-stands and 30 % of the M. pratense-stands bore plants with telia in the area. The proportions of stands with telia, plants with telia per stand and
telia-bearing leaves per plant were greater on M. sylvaticum than on the other Melampyrum spp.

Introduction
Pine stem rusts, Cronartium flaccidum (Alb. & Schwein)
G. Winter and Peridermium pini (Pers.) Lév cause severe
damage on Scots pine (Pinus sylvestris L.) in Europe (Gäumann 1959). Genetic analysis suggests that gene flow
occurs between these two rusts, and that they, therefore,
belong to the same species (Hantula et al. 2004). In Finland, P. pini is more common than C. flaccidum based on
population studies conducted with aeciospores (Hantula et
al. 1998, Kaitera et al. 1999). Geographically, C. flaccidum has been found locally in northern Finland in the late
1990s (Kaitera & Hantula 1998), but there are several findings of the rust in natural forests in the southern coast of
Finland and in the Åland archipelago both on Scots pine
and on alternate hosts since the 1800s (Liro 1908, Kaitera
& Nuorteva 2003a, b).
Common alternate host genera for C. flaccidum in Finland are Vincetoxicum, Pedicularis, Melampyrum and Paeonia (Liro 1908, Hylander et al. 1953, Kaitera et al. 1999).
In genus Melampyrum, the rust has been found on M. sylvaticum L. in northern Finland (Kaitera & Hantula 1998, Kaitera 2000), and in artificial inoculations, M. sylvaticum L.
(Kaitera 1999, Kaitera & Nuorteva 2003a, b), M. nemorosum L. (Kaitera & Nuorteva 2003a, b), M. pratense L. (Kaitera 1999, Kaitera & Nuorteva 2003b) and M. arvense L.
(Kaitera & Nuorteva 2003b) have been shown to be susceptible to the rust. According to some old reports (Rennerfelt
1943; Hylander et al. 1953), C. flaccidum occurs also on M.
arvense and M. cristatum L. in natural forests in Sweden.

In Scandinavia, there are five Melampyrum species growing in natural forests (Hultén 1950; Hämet-Ahti et al.
1984), which also grow elsewhere in Europe (Hegi 1974).
Only two species, M. pratense and M. sylvaticum, are
common and widely-spread in Scandinavia, and thus, may
play significant roles as alternate hosts in natural forests.
The aim of this study was to clarify the distribution and frequency of C. flaccidum on Melampyrum spp. in Finland.

Materials and methods
Old leaves of Melampyrum spp. were collected systematically throughout Finland in Scots pine stands infected by
pine stem rusts in 1998–2002. For a more thorough
description of e.g. the data collection, see Kaitera et al.
(2005). Data of damaged stands collected in private forest
owners’ land was used as basis for the sample collection.
The data included 338 M. pratense-, 111 M. sylvaticum-,
17 M. nemorosum-, one M. cristatum- and one M. arvensestand. Geographically, 33 % of stands with M. pratense
and 25 % of those with M. sylvaticum occurred in northern
Finland. The corresponding proportions were 46 % and
57 % in southern Finland.
A sample of plants (50 in number) of M. pratense, M.
sylvaticum and M. nemorosum were collected per stand
close to the infected trees. A sample of similar size of M.
cristatum and M. arvense were checked in the field. The
plant leaves were checked for Cronartium telia in the field
and in the laboratory. The number of telia per leaf and the
length and width of fully developed telia, teliospores and
urediniospores were measured under microscopes. A few
telial samples per host and stand were identified genetically. In about 100 samples, of which 80 % were M. sylvaticum leaf samples, DNA was isolated from telia (Vainio et
al. 1998), the ITS region was amplified using primers
ITS1-F and ITS4-B (Gardens & Bruns 1993), and the
amplification products were digested. The amplification
products from M. pratense and M. nemorosum were sequenced, and blast searches were made to find most similar
sequences in Genbank. For a more thorough descriptions
of the used protocols, see Kaitera et al. (2005).

Results
Telia occurred in 22 % of the investigated M. sylvaticumstands, and in 3 % of the M. pratense-stands, and they located mainly in northern Finland. Ninety-two percent of the
M. sylvaticum-stands and 30 % of the M. pratense-stands
included plants carrying telia in northern Finland, while
telia were lacking on these alternate hosts in southern Finland. Telia were also found in 12 % of the M. nemorosum-
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stands, and in the investigated M. arvense-stand, but not in
the M. cristatum-stand. The mean proportion of plants bearing telia per stand was significantly higher for M. sylvaticum than for M. pratense and M. nemorosum. The mean
proportion did not differ significantly between site types
for either M. sylvaticum or M. pratense, but was significantly higher in young development classes compared to
older ones for M. sylvaticum. Variation in the number of
leaves bearing telia per plant was highest for M. sylvaticum, while 38 % of the infected plants bore telia on 3–13
leaves per plant. Telia occurred less frequently on the rest
of the Melampyrum spp. The average number of telia per
leaf varied between 12.3–16.2 among the Melampyrum
spp., but it did not differ significantly between M. sylvaticum and M. pratense. The average width of telia and length
of teliospores were significantly greater on M. pratense,
and the average width of teliospores was greater on M.
arvense compared to those on the other Melampyrum spp.
The PCR amplifications of leaves with telia resulted in
single amplification products of about 900 bp. After digestion with restriction enzymes followed by gel electrophoresis, the banding pattern for Cronartium flaccidum was
observed. Based on this pattern, 50–60 % of the samples of
M. sylvaticum, M. pratense and M. nemorosum were identified as C. flaccidum. The ITS sequences of the samples
determined and compared to GenBank gave the highest
similarities to P. pini and C. flaccidum. For a more thorough description of the results, see Kaitera et al. (2005).

Discussion and conclusions
The present study confirmed that Melampyrum spp. are
important alternate hosts for C. flaccidum in natural forests
in Finland. This is due to the frequencies of M. sylvaticum
and M. pratense bearing telia especially in northern Finland.
These findings are also the first ones on M. pratense, M.
nemorosum and M. arvense in natural forests, and correspond well with the susceptibility of these species to C.
flaccidum under inoculation experiments (Kaitera 1999;
Kaitera & Nuorteva 2003a, b). The rust is also more
common than the aeciospore studies (Hantula et al. 1998;
Kaitera et al. 1999) have suggested. The distribution is,
however, strongly concentrated in northern Finland, whereas no telia were found on M. sylvaticum or M. pratense in
southern Finland. Telia were also more common in stands
belonging to young development classes compared to older
ones on M. sylvaticum, which may lead to increasing numbers of epidemics in young pine stands in the future. The
high variation in morphological characteristics of telia and
different spores corresponds well with the reported
dimensions of natural samples in the litterature (Liro 1908;
Gäumann 1959; Kaitera & Hantula 1998). The lower dimesions are probably due to the high number of dry, latesummer samples among all studied samples. Molecular analysis of the telial samples of M. sylvaticum, M. pratense and
M. nemorosum confirmed that the telia were of C. flaccidum. Some samples could not be identified probably due to
low numbers of telia in the samples or small numbers of
DNA in the teliospores after karyogamy and meiosis.
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