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Abstract
Fruiting and sporulation of Norway spruce cone rusts were investigated in northern Finland. Pistillate flowers and
developing cones were bagged at three intervals during the growing season to hinder cone infection by cone rusts,
Thekopsora areolata and Chrysomyxa pirolata. The bagging of cones hindered the maturation and sporulation of T.
areolata aecia in pistillate cones covered in May, although it also significantly retarded the development of these cones.
The bagging fully restricted the formation of C. pirolata fruitbodies in cones. The amount of infected cones, however,
was very small in general, regardless of the coverage of cones or lack of it during the growing period. In October 40 %
of the unbagged cones bore T. areolata aecia and 7 % C. pirolata aecia. All of the unbagged cones developed normally
and the rusts in the infected ones sporulated. Insects were more significant and common than rusts in 2007. The results
indicated that rust colonization and fruiting are greatly dependent on the undisturbed development of spruce cones. The
total lacking of T. areolata spermogonia in the infected cones implies that rust infection process can occur even without
basidiospores. The small amount of cone scales bearing fruitbodies of both of the rust species suggests that they hinder
the spread of infection of one another in the same cones.
Key words: cherry spruce rust, Chrysomyxa pirolata, cone rusts, inland spruce cone rust, Norway spruce, Thekopsora
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Introduction
Cone rusts frequently cause severe epidemics
hitting Norway spruce, Picea abies (L.) Karst. in Finland and reducing both the amount and quality of seed
crop in seed orchards and natural forests (Kangas
1940, Rummukainen 1960, Nikula and Jalkanen 1990).
The role of pathogens accentuates in good cone years
(Tillman-Sutela et al. 2004) when the amount and quality of collectable seed crop can be reduced essentially. This causes serious problems for northern seed and
plant production. The main cone pathogens on Norway spruce in northern Fennoscandia are cherryspruce rust, Thekopsora areolata (Fr.) Magnus, and
inland spruce cone rust, Chrysomyxa pirolata Wint.
(Jørstad 1925, Gäumann 1959, Roll-Hansen 1965). Both
species infect pistillate flowers and cones of Picea sp.
by basidiospores that develop on germinating telia on
overwintering leaves of alternate hosts in spring (Gäumann 1959). Sometimes T. areolata infects also shoots
of Picea sp. (Roll-Hansen 1947).
Rainy early summer (May-June) during female florescence of trees and basidiospore dissemination from
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overwintering leaves of alternate hosts is traditionally considered to be the major factor affecting cone rust
epidemics (Summers et al. 1985). Other factors affecting rust epidemics are, however, poorly studied and
known. As basidiospores are the non-diagnostic spore
type in the identification of rusts species, trapping of
air-borne spores within the growing season is hardly
a useful method in investigating the timing and amount
of inoculum reaching the cones. Therefore we chose
the method of bagging of developing cones in this
pioneer study. Even if rust epidemics have been observed and reported repeatedly, the lack of basic information on factors affecting these epidemics complicates general practice of silviculture and particularly
the timing of disease control in seed orchards (Kaitera et al. 2007).
To get a more solid basis for rust disease control
we studied the phenomenon of cone infection and
detailed features of fruiting and sporulation using artificial restriction of inoculum of T. areolata and C.
pirolata to developing Norway spruce cones during
the growing season.
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Materials and methods
Cone sampling and collection
Norway spruce trees carrying pistillate cones were
checked in northern Finland (64° 48N, 26° 00E), in
early May 2007 to locate trees with sufficient flowering to produce an adequate amount of cones for sampling throughout the growing period. Sample collection was limited to one tree, because it was laborious
to collect samples from full-grown trees (h, 24  25 m).
Only few trees had sufficient flowering in the vicinity
of passable roads thus enabling cone sample collection with the help of a lifting cage. In the study area,
the cone crop had been excellent in the previous year,
in 2006, but simultaneously cone rusts had reduced
the seed crop significantly.
Norway spruce branches bearing each ca. 10 pistillate flowers and cones were bagged at three intervals using pollination bags in the upmost part of the
canopy of the sample tree. The pollination bags hinder
the entrance of small particles to developing cone
scales but allow light and moisture to reach the cones.
For these reasons bagging is generally used to hinder
free pollination in seed orchards. The bagging intervals represented the pollination time of pistillate flowers, the development stage when young cone scales
were closed, and the stage when the cones were fullsized but still partly green and soft. The branches
carrying cones were bagged in early June (6th June, 9
cones), late June (28th June, 12 cones) and late July
(31st July, 13 cones), and the bags were left to envelope cones for the rest of the investigation period. The
pollination bags were removed in early October (2nd
October), when both the bagged and the rest of the
unbagged (15) cones were collected. Half of the cones
collected already in June-July were immediately split
longitudinally when fresh, and the other halves of the
split cones and the whole cones were stored at
20° C. Along the bagging procedure, control cones
(a total of 33) were sampled in late May (28-30th May)
and at the three bagging intervals, prepared and stored
as described above.
Laboratory analysis
All stored cones were checked first when fresh
under stereo microscope (Wild M5A). Thereafter, the
cones were split into 2-4 longitudinal sections followed
by checking each cone scale individually for the occurrence and quantity (%) of cone rust fruitbodies. In
pistillate cones, the scales were microscoped for rust
spores and hyphae. The occurrences of spermogonia
and aecia were recorded. Thekopsora areolata aecia are
easily distinguishable from aecia of other rusts (Saho
and Takahashi 1970). To avoid mixing of Chrysomyxa
pirolata and C. ledi (Alb. & Schw.) de Bary with one
another, Chrysomyxa spp. aeciospores were identified
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under light microscope. Species in C. ledi complex and
C. pirolata are very distinct by aeciospore morphology, whereas C. pirolata forms a reticulate pattern of
warts on the aeciospore surface (Ziller 1974, Sutherland
et al. 1984, Crane 2001). Spermogonia also differ in
morphology between cone rusts (Gäumann 1959, RollHansen 1965, Sutherland et al. 1984, Crane 2001). Cross
sections of selective samples of rust fruiting stages were
made during the first checking. The samples were examined in various orientations using a JEOL JMS 6300F
field emission scanning electron microscope (FESEM)
to observe detailed features of rust fruitbodies (aecia,
aecial peridium) and aeciospores (e.g. warts) to confirm
the identification of the observed rusts. The ultrastructure of spores and fruitbodies in the sample cones were
compared to the findings in the literature. Damage to
cones caused by insects was recorded at general level
(present/absent) based on descriptions of larvae, adult
insects and other feeding symptoms according to Saalas
(1949). Disturbance in normal cone development (Owens
and Morris 1998) was observed visually at general level (aborted/normal).

Results
Fungal injury was only occasional in the bagged
cones. In the cones which were bagged in early June
merely pollen was found on cone scales. Meanwhile
the regular growth and development of cones had
ceased in about 28 % of all investigated cones and in
44 % of the cones bagged in early June. Disturbance
in cone development was observed in 33 % of those
bagged in late June and in 42 % of the cones bagged
in late July.
One cone bagged in early June bore T. areolata
aecia at the time when the pollination bag was removed
in early October, but these aecia were poorly developed, immature and non-sporulating and thus resembling young aecia still in progress. No rust spermogonia were observed in this infected cone. All cones,
which were left unbagged throughout the growing
season, were fully grown, but they were to some degree affected by cone insects. About 40 % of these
unbagged cones carried T. areolata aecia and almost
100 % of the scales in these cones were infected in
early October, which referred to a systemic infection.
Most of these infected cones (83 %) carried no sporulating aecia. Although 17 % of these cones bore sporulating aecia, sporulation was observed only in individual aecia. In addition, almost all (9498 %) of T. areolata aecia appeared on both sides of the scales. Generally aecia were, however, more frequent on the adaxial
(inner) than on the abaxial (outer) side of cone scales.
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Seven percent of the unbagged cones bore also
C. pirolata aecia in about 40 % of cone scales in early October, when sporulation had readily finished. On
the majority (86 %) of the cone scales, C. pirolata
aecia occurred on merely the abaxial side of cone
scales, even if on 14 % of the scales aecia appeared
on both sides of the cone scales. One of the unbagged
cones bore both C. pirolata and T. areolata aecia
within the same cone. The two cone rusts occurred
together only on 4 % of the cone scales showing that
these rusts only rarely colonize the same cone scales.
No fruitbodies of Chrysomyxa sp. were observed on
the bagged or unbagged cones.
Morphologically, the aecia, aecial peridium, and
aeciospore surface ornamentation of T. areolata and
C. pirolata developed in unbagged cones were similar to those found recently in a larger study material
in Finland (Kaitera unpublished).
In the unbagged control cones which were sampled along the bagging times individual T. areolata
aeciospores were observed simultaneously with large
amounts of spruce pollen on pistillate cones in late
May. The control cones collected from May to August
had no rust fruitbodies. A few unbagged cones collected in late May, 56 % of the cones collected in late
June, and all cones (100 %) collected in late July
showed insect damage in seeds and cone scales. In
general insects were common damage agents in the
sampled cones. Cydia strobilella L., Hylemyia anthraci Czerny, Plemeliella abietina Seitn. and Euphitecia
abietaria (Goeze) had damaged 100 % of the sampled
cones collected in early June, 75 % of those collected
in late June, and 58 % of the sampled cones and their
seeds collected in late July.

Discussion
In this study, the bagging of cones reduced rust
infection and fruitbody development significantly compared to unbagged cones. On the other hand, bagging
also impeded normal cone growth and development.
The development and maturation of T. areolata aecia
ceased earlier in the bagged than in the unbagged
cones compared to the progress described previously (Gäumann 1959, Saho and Takahashi 1970). Our results imply that aecia of T. areolata mature in mid and
late summer and consequently are greatly dependent
on the normal growth and development of spruce
cones. There are no similar studies of the development
progress, however, for comparison to confirm these
results.
The sporadic and low infection rates of both T.
areolata and C. pirolata in both the bagged and
unbagged cones suggest that the incidence of rust
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inoculum from alternate hosts to cones was small from
May to July in 2007. This view is supported by the
observed relatively small amount of infected overwintered Pyrola spp. leaves carrying C. pirolata telia with
basidia (Kaitera unpublished). The reduced amount of
infected overwintered Pyrola spp. leaves coincided
with the very poor florescence and cone crop of Norway spruce, which refers to co-evolution between C.
pirolata and Picea spp. This conclusion is also supported by the greater amount of rust diseases in good
cone years of P. abies , which appear periodically every 6 years in northern forests (Sarvas 1964). Insects
were more common than rusts in Norway spruce cones
in 2007, which was contrary to the results in the same
study area in 2006 when the florescence and cone crop
were abundant. Many of the insect species found in
spruce cones overwinter in the forest litter and consequently the peak of their population density may be
later than that of spruce florescence or cone rusts.
The sporulation of T. areolata was frequent in
previous years (2006) cones in early and mid-summer,
but no basidia of T. areolata were observed on overwintered P. padus leaves in the study area in 2007
(Kaitera unpublished). Because the cones which were
unbagged throughout the growing period carried higher
amounts of T. areolata aecia than could be concluded from cones sampled in early-summer, the cones
must have received rust inoculum also in mid- and latesummer. An explanation for this could be cone infections by aeciospores from the sporulation in the cones
of the previous year, which were adjacent to the sample cones. Norway spruce cones typically stay attached to the branches for two or three years after
seed dispersal. Aeciospore infections in mid- and late
summer may lead to delayed disease symptoms which
do not develop until the end of the growing season.
Small amount of infected bagged cones can partly be
due to increased temperatures inside the pollination
bags, which reduced the normal germination of spores.
Even the temperatures above 25°C are known to hinder
or reduce significantly the spore germination of some
Cronartium rusts (Van Arsdel et al. 1956, Ragazzi and
Mesturino 1986). The total lacking of T. areolata spermogonia in the infected cones also implies that rust
infection process may occur without basidiospores.
The sporulation of T. areolata and C. pirolata at
the end of the growing season corresponded well to
the sporulation of these rusts found previously in
Finland (Kaitera et al. 2007) and elsewhere (Jørstad
1925, Gäumann 1959, Sutherland et al. 1984). The infection and occurrence of both rusts was evidently
systemic in cones, which agrees with earlier reports
(op. cit.). The small amount of cone scales bearing
fruitbodies of both rusts suggests that they hinder the
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spread of infection of one another in the same cones.
Thus rust fungi, which require the living tissue of the
host plant, may have responses resembling the allelopathy of higher plants.
Our results support the timing of possible disease
control to the period of pollination to prevent the high
incidence of fungal infection in the seed orchards. In
contrast to the actual practice, the collection and liquidation of contaminated cones could also limit rust
infections from old cones and populations of overwintering insects.
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ÓÊÐÛÂÀÍÈÅ ÌÅØÊÀÌÈ ÏÐÅÏßÒÑÒÂÓÅÒ ÐÀÇÂÈÒÈÞ ØÈØÅÊ È ÐÆÀÂ×ÈÍÍÛÕ
ÃÐÈÁÎÂ ÅËÈ ÎÁÛÊÍÎÂÅÍÍÎÉ PICEA ABIES
Þ. Êàéòåðà, Ý. Òèëëìàí-Ñóòåëà è À. Êàóïïè
Ðåçþìå
Ïëîäîíîøåíèå è ñïîðóëÿöèÿ êîíèäèåíîñöåâ ðæàâ÷èííûõ ãðèáîâ øèøåê èññëåäîâàëèñü ýêñïåðèìåíòàëüíî íà
åëÿõ îáûêíîâåííûõ â Ñåâåðíîé Ôèíëÿíäèè. Â öåëÿõ ïðåäîòâðàùåíèÿ èíôåêöèè, âûçûâàåìîé ðæàâ÷èíàìè øèøåê,
Thekopsora areolata è Chrysomyxa pirolata, â îïðåäåëåííîå âðåìÿ âåãåòàöèîííîãî ïåðèîäà ïåñòè÷íûå öâåòêè
óêðûâàëèñü ìåøêàìè. Óêðûâàíèå ïåñòè÷íûõ öâåòêîâ ìåøêàìè â ìàå ïðåäîòâðàòèëî ñîçðåâàíèå è ñïîðóëÿöèþ ýöèäèåâ
ðæàâ÷èíû T. areolata, îäíàêî îíî òàêæå çíà÷èòåëüíî ïðåïÿòñòâîâàëî ðàçâèòèþ øèøåê. Óêðûâàíèå ìåøêàìè òàêæå
ïîëíîñòüþ ïðåäîòâðàòèëî ðàçâèòèå ýöèäèåâ ðæàâ÷èíû C. pirolata â øèøêàõ. Îäíàêî â öåëîì, êîëè÷åñòâî
ïîäâåðæåííûõ èíôåêöèè øèøåê áûëî î÷åíü íèçêèì íåçàâèñèìî îò óêðûâàíèÿ ìåøêàìè â âåãåòàöèîííûé ïåðèîä. B
îêòÿáðå ó 40% íåóêðûòûõ â òå÷åíèè âñåãî âåãåòàöèîííîãî ïåðèîäà ïåñòè÷íûõ öâåòêîâ íàáëþäàëèñü ýöèäèè ðæàâ÷èíû
T. areolata è ó 7% - ýöèäèè ðæàâ÷èíû C. pirolata. Âñå íåóêðûòûå ìåøêàì øèøêè ðàçâèâàëèñü íîðìàëüíî, à â
ïîäâåðæåííûõ èíôåêöèè øèøêàõ ðæàâ÷èííûå ãðèáû òàêæå ñïîðóëèðîâàëè. Â 2007 ã. íàñåêîìûå áûëè áîëåå
çíà÷èòåëüíûìè è ðàñïðîñòðàíåííûìè âðåäèòåëÿìè, ÷åì ðæàâ÷èííûå ãðèáû. Ðåçóëüòàòû ïîêàçàëè, ÷òî âûçâàííûé
ðæàâ÷èíàìè óùåðá è èõ ñïîðóëÿöèÿ âî ìíîãîì çàâèñÿò îò íåíàðóøåííîãî ðàçâèòèÿ øèøåê åëè. Ïîëíîå îòñóòñòâèå
ñïåðìàöèåâ ðæàâ÷èíû Thekopsora areolata â ïîäâåðæåííûõ èíôåêöèè øèøêàõ ïîäòâåðæäàåò ìíåíèå î òîì, ÷òî
ïîäâåðæåííîñòü èíôåêöèè äàííûì ðæàâ÷èííûì ãðèáîì ìîæåò ïðîèñõîäèòü â îòñóòñòâèè áàçèäèîñïîð. Íèçêîå
êîëè÷åñòâî ÷åøóåê, ñîäåðæàùèõ ýöèäèè îáåèõ ðæàâ÷èí, óêàçûâàåò íà òî, ÷òî îáà âèäà ðæàâ÷èí øèøåê ïðåïÿòñòâóþò
ðàçâèòèþ äðóã äðóãà ïðè ðàñïðîñòðàíåíèè èíôåêöèè â îäíèõ è òåõ æå øèøêàõ.
Êëþ÷åâûå ñëîâà: ðæàâ÷èíà åëè, Chrysomyxa pirolata, ðæàâ÷èíû øèøåê, ðæàâ÷èíà øèøåê åëè, åëü
îáûêíîâåííàÿ, Thekopsora areolata
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