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Variation in the growth rate and conidial morphology
among Finnish G. abietina was studied. The growth ra-
tes of 26 isolates varied from 25 to 47 mm/35 days at 15
°C. The lengths of conidia varied from 14 to 56 um.
Combining differences in the septation of conidia and
in growth rates appears to give two morphologically
and physiologically quite distinct races of G. abietina in
Finland. Race A has 4 -celled conidia and grows faster
on an artificial medium than Race B. Race A is found
mainly in Southern Finland in all kinds of pine forests.
Race B has 4—8 -celled conidia and is found mainly on
young pine sapling stands in Northern Finland.

The existence of intermediates or other Races than A
and B is possible. Further knowledge of the distribution
of the perfect state and the pathogenicity in relation to
Races A and B is needed.

Gremmeniella abietina -sienen fysiologista ja morfolo-
gista vaihtelua tutkittiin maljakasvatuskokein ja ku-
romamittauksin.

26 isolaatin pesikkeen halkaisijoiden keskiarvot vaih-
telivat 25—47 mm:n valilld 35 vrk:n kasvatuksen jilkeen
15 °C:n limpétilassa. Kuromien pituus oli 14—56 ym.
Tulosten perusteella ndyttaa silti, etti Suomessa on G.
abietina -sienella kaksi fysiologisin ja morfologisin pe-
rustein erotettavaa rotua, jotka eivit kuitenkaan erotu
toisistaan jyrkisti. Rotu A:lla on 4-soluiset kuromat, ja
se kasvaa nopeammin keinoalustalla kuin Rotu B. Rotu
A aiheuttaa tuhoa kaikenikiisissa mannikoissi paiasias-
sa Eteli-Suomessa. Rotu B:lla on 4—8 -soluiset kuro-
mat, ja se tuhoaa lihinni nuoria minnyntaimikoita Poh-
jois-Suomessa. Rotujen patogeenisuudesta ja suvullisen
asteen esiintymisestd eri roduilla tarvitaan lisitietoja.
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1. INTRODUCTION

In Finland, Gremmeniella abietina (Lagerb.)
Morelet causes three diseases on Scots pine
(Pinus sylvestris L.):

1. It is a major nursery pathogen, killing millions
of seedlings almost every year.

2. In Northern Finland the causal fungus de-
stroys young pine sapling stands, generally
those 0.5 to 2 metres tall, after cold growing
seasons, especially in the higher elevations
(250—350m).

3. In Southern Finland G. abietina causes
dieback disease in pole-stage pine forests, as
well as in older pine forests, after cool and
rainy growing seasons (Kurkela 1981). In
Northern Finland this disease is rare.

In 1982, there was a very bad epidemic in
Finland, and all types of damage caused by
G. abietina were common.

G. abietina has also caused damage in Pinus
contorta Loud. plantations (Kujala 1950). In
addition, the fungus has been isolated from
Picea abies Karst., Pinus mugo Turra, P.
cembra L., Pseudotsuga menziesii Mirb. and
Larix sp.. The wide host distribution and
the different types of damage indicate that
different physiological, morphological, and
pathogenic races of G. abietina may exist in
Finland. The occurence of a perfect state
supports the possibility of a greater genetic
variation. In Northern Finland G. abietina
produces quantities of apothecia on the bark
of young pine stems (Kujala 1950). Kujala
(1950) found no pycnidia in Northern
Finland; but in 1982 pycnidia were common
in dead shoots from the previous year. In
Southern Finland the perfect state is
common, but there are much more pycnidia
than apothecia on pine shoots. The same
differences in the symptoms of the disease
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have also been noticed in the USA and
Canada (Dorworth 1971, Skilling 1977, 1981
and Setliff et al. 1975). Roll-Hansen and
Roll-Hansen (1973a) have described the
distribution of the perfect state in Norway
and in Great Britain. They suggested that
climatic factors determine the presence of
the perfect state.

Dorworth and Krywienzyk (1975) divided
G. abietina into three races on the basis of
serological tests and symptoms of disease.
There are two races of G. abietina in North
America (Skilling 1981a). The “European”
race is more virulent than the “North
American” race (Skilling 1977).

In Switzerland G. abietina has two kinds
of conidia. Normal four-celled conidia were
found in the lower regions of the country,
and 4—8 -celled conidia were found in the
upper regions (Bazzigher 1971 and Ettlinger
1945.) In Austria 4—8 -celled conidia are
produced on Pinus cembra, and normal 4-
celled conidia are produced on other pines
(Donaubauer 1974).

Further studies as to the reasons for
morphological variation should be made.
Morphological variation could indicate
pathogenic variation. The theory of three
continentally disjuncted races (Dorworth
and Krywienzyk 1975) needs more data to
be considered reliable. The physiological and
pathogenic variations have not yet been
described in detail, even though knowledge
of these variations is important to the
understanding and control of disease. The
aim of this study was to investigate whether
there are physiological and morphological
differences among G. abietina isolates in
Finland.



2. MATERIAL AND METHODS

The study was carried out in two parts: During 1981,
mycelial growth and conidial production of ten G.
abietina isolates were studied on petri dishes. During
1982, mycelial growth and conidial production of 14
new isolates of G. abietina were studied on an artificial
medium; and the septation of conidia was studied from
dried herbarium specimens and from fresh samples
collected during the epidemic of 1982. The fungus was
isolated from the samples by culturing mycelia, conidia,
or ascospores. In Table 1 is the list of isolates used in
growth experiments.

21. Inoculation on plates

In the 1981 experiments, the plates were kept for 35
days at five temperatures: 0, 5, 10, 15, and 20 °C. In
1982, only three temperatures were used: 0, 15 and 25

°C. G. abietina isolates were inoculated by cork borer
from a spreading cultivation (Kurkela and Norokorpi
1979) into five (1981) or six (1982) 90 mm petri dishes
for each temperature, using the procedure described by
Dorworth and Krywienzyk (1975). The medium was
composed of 1 % malt agar plus pine needle extract
(Kurkela 1979). Other media were also tested: Hagem
agar, Hagem agar + soluble sugars (arabinose, galac-
tose, xylose, and mannose), Hagem agar + pine needle
extract + soluble sugars. In 1981, the pine needle
extract was sterilized by Millipore filter (0.22 um), but
in 1982, it was autoclaved. The autoclavisation didn’t
decrease the positive influence of pine needle extract to
the fungus growth.

In addition, the growth of cultures isolated from
Multia damage area was studied to discover if there was
variation within the damage area.

The plates were kept in the dark. The colony

Table 1. The isolates used in growth experiments.
Taulukko 1. Kasvatuskokeissa kdaytetyt isolaatit.

Nr. Isolate Coordinates Year of Host Development
Isolation Class

No. Isolaatti Koordinaatit Eristysvuosi  Isanta Kebitysluokka

1. Parkano 690,28 1981 P. sylv. Sapling stand
2. Helsinki 667,38 1977 P. mugo

3. Juupajoki 686,35 1981 P. sylv. Pole stage

4. Joutseno 677,58 1979 P. sylv. Nursery

5. Kuru 687,32 1981 P. sylv. Pole stage

6. Kolari 747,36 1977 P. sylv.

7. Korpilahti 688,42 1977 P. sylv.

8. Lieksa 702,65 P. sylv.

9. Puolanka 719,53 1979 P. sylv.

10. Virolahti 671,54 P. sylv.

11. Multia 692,39 1981 P. sylv. Pole stage
12. Sodankyla 752,45 1981 P. sylv. Sapling stand
13. Rovaniemi mlk 735,48 1982 P. sylv. Sapling stand
14. Rovaniemi mlk 737,43 1982 P. sylv. Nursery

15. Kuusamo 733,60 1982 P. sylv. Sapling stand
16. Sodankyla 752,48 1982 Larix sp. Sapling stand
17. Siilinjarvi 699,70 1982 P. sylv.

18. Ilomantsi 695,70 1982 P. contorta  Sapling stand
19. Suonenjoki 695,50 1982 P. sylv. Pole stage
20. Langelmaki 684,37 1982 P. sylv. Pole stage
21. Orivesi 685,35 1982 P. sylv. Pole stage
22. Juupajoki 686,35 1982 P. sylv. Pole stage
23. Korpilaht 688,42 1982 P. sylv.
24. Kuru 687,32 1982 Picea abies ~ Pole stage
25. EAFVD M 1000 1981 P. mugo
26. EAFV M 1003 1981 P. mugo

The coordinates are uniform coordinates used in Finland. The first coordinate is south-north coordinate
and the second is west-east coordinate.

1) EAFV = Eidgendssische Anstalt fiir das gesamte Forstwesen (Ziirich).

6 Uotila, A.



diameters were measured after 7, 14, 21, 28 and 35 days.
The diameters after a growth of 35 days were compared
using a two-way analysis of variance. LSD (least
significant difference) was counted from the results of
15 °C.

22. Conidia production and
measuring

Light was provided as described by Dorworth and
Krywienzyk (1975) to encourage conidial production.

After two months the plates were examined, and
microscopic slide preparations were made by breaking
pycnidia to release conidia. Fifty randomly selected
conidia from each isolate were measured. The same
number of conidia from the pycnidia taken from nature
was also measured, and their septation counted. We
examined 69 specimens; most of which are now kept in
the HFR herbarium.

3. RESULTS

31. Influence of medium

On pure malt or Hagem agars, G. abietina
soon stops growing without reaching the
edge of the plate; but if pine needle extract
is added to the medium, the fungus keeps on
growing, producing a regular, round, fluffy
colony. The compounds in the pine needle
extract which cause the increment are not
known. There are also differences between
isolates in the way they react to the
medium. Isolate 5 grew faster than Isolate 6
on malt agar and pine needle extract, but
slower than Isolate 6 on Hagem agar plus
pine needle extract and soluble sugars. The
soluble sugars alone have no effect on
growth (Table 2). On Hagem agar and pine
needle extract, G. abietina produced larger
pycnidia than on malt agar plus pine needle
extract. The appearance of the colony
depends decisively on the medium and
illumination. The colonies of G. abietina
are fluffier on 1 % malt extract agar
containing pine needle extract than on
Hagem agar containing pine needle extract.

32. Mycelial growth on plates

G. abietina grew rather slowly: the diameter
of the colony after 35 days varied from 24
to 51 mm at 15 °C (Table 3). In samples
from the same diseased stand (Multia), the
colony diameter varied between 36 to 48
mm in the five isolates.

There were statistically significant differ-
ences in mycelial growth between isolates.
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Table 2. The average growth of Isolates 5 and 6 on
different media.

Taulukko 2. Isolaattien 5 ja 6 keskikasvu eri ravinto-
alustoilla.

Medium
Ravintoalusta

Colony diameter in mm. after 35 days.
Pesikkeen halkaisija, mm, 35 vrk.

Temperature — Lampotila

15 °C
5 6 5 6
Hagem agar 102 142 112 1438
Hagem agar
+ soluble sugars 9.4 140 118 156

+ linkoiset sokerit

Hagem agar

+ needle extract

+ soluble sugars 16.4 210 23.8 304
+ neulasuunte

+ liukoiset sokerit

Malt agar

+ needle extract 148 140 426 250
Mallasagar

+ neulasuute

Influence of medium:
Ravintoalustan vaikutus:

F =32.1"* df (3, 108)

lnterac;lqnw be(ween isolates anfi m.edlum: F = 9.7 df (3, 108)
Isolaatin ja ravintoalustan yhteisvaikutus:

The interaction of isolates and temperatures
was also statistically significant. Finnish G.
abietina isolates may be roughly divided into
two groups on the basis of mycelial growth:
Group 1 (Race A) includes isolates 1, 3, 4, 5,
11, 20, 21, 22, 23, 24, 25 and 26. Group 2
(Race B) comprises isolates 2, 6, 9, 12, 13,
14, 15, 16 and 17. Purely on the basis of
mycelial growth, it was difficult to classify
the rest of the isolates (7, 8, 10, 18 and 19)
as belonging to either of these groups. The
grouping was grounded on the least signifi-
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Table 3. The average colony diameters of isolates at temperatures of 0, 5, 10, 15, 20 and 25 °C after 35 days’

growth. (1 % malt agar + pine needle extract).

Taulukko 3. Isolaattien pesikkeiden halkaisijoiden keskiarvot 0, 5, 10, 15, 20 ja 25 °C lampdétilassa 35 vrk:n

kasvatuksen jalkeen. (1 % mallasagar + neulasuute).

Colony diameter in mm after 35 days
Pesikkeen halkaisija, mm, 35 vrk

Temperature °C — Lampétila °C

Colony diameter in mm after 35 days
Pesikkeen halkaisija, mm, 35 vrk

Temperature °C — Lampétila °C

Isolate!) Isolate!)
Isolaatti 0°C  5°C  10°C  15°C  20°C  25°C Isolaatti 0°C  5°C 10°C  15°C  20°C  25°C
1. 10.5 152 394 452 482 9.5 30.2 253
10.0 132 266 314 340 9.8 28.2 29.7
3 7.8 142 352 40.2 454 11.8 33.2 22.8
4 11.2 174 328 40.0 49.0 10.2 353 21.7
5 94 148 316 426 476 8.8 39.2 13.7
6 106 140 216 250 278 . 5.8 37.5 8.0
7 98 176 363 380 288 20. 8.5 44.0 19.7
8. 104 15.0 382 342 432 21. 9.2 44.7 9.8
9. 76 142 268 350 308 22. 113 47.0 13.2
10 6.6 128 317 328 404 23. 7.7 443 11.2
11 423 24. 11.0 42.0 24.8
12 320 25. 9.3 442 25.5
13 103 32.0 27.5 26. 13.7 43.0 24.0

F-values: 1. Isolates 1—10
among isolates F = 79.8 7 (df 4, 200)
interaction F = 22.8*** (df 9, 200)
LSD = 12.3 mm (at 15°C).

2. Isolates 13—26

among isolates F = 2 * (df 13, 210)
interaction F = 41.2*** (df 26, 210)
LSD = 6.5 mm (at 15 °C).

1) Isolate numbers are defined in Section 2.

cant difference at 15 °C. The mean growth
in Group 1 was 43.2 mm and in Group 2 it
was 31.4 mm. The isolates of Group 2 come
from Northern Finland, except isolate 2,
and the isolates of Group 1 come from
Southern Finland and Switzerland. Isolates
2, 6,9 and 10 could have degenerated, since
they had been preserved in storage tubes for
2 to 4 years.

The optimum temperature for the growth
of isolates varied between 15—25 °C. The
optimum temperature and the reaction to
high temperature (25 °C) varied between
isolates independent of racial variation.

33. Two types of conidia in Finland

Finnish G. abietina isolates produced
conidia in light 2—4 months after inocula-
tion. Two types of macroconidia exist: In
Southern Finland conidia were usually 4-
celled (Race A); and in Northern Finland
conidia were usually 4—8 -celled (Race B)
(Fig. 1 and 2). An isolate is classified as Race

8

F-arvot: 1. Isolaatit 1-10:

Isolaattien valilld F = 79.8*** (v.a. 4, 200)
Yhdysvatkutus F = 22. (v.a. 9, 200)
PME = 12.3 mm (15°C:ssa).

2. Isolaatit 13-26:

Isolaattien valinen F = 22.2°
Yhdysvaikutus F = 41.2%
PME = 6.5 mm (15°C:ssa).

(v.a. 13, 210)
(v.a. 26, 210)

)" Isolaattien numerot on mairitelty kappaleessa 2.

B (4—8 -celled type) if it has at least one
7-or 8-celled conidium in a sample of 50
conidia. Microconidia were also found in ten
isolates. The septation of conidia seems to
be genetically determined, because it was the
same on both artificial medium and on
shoots, with one exception (18) (Table 4).
Our findings also suggested that there may
be mainly only one type of conidia in the
pycnidia of the same shoot or damage area.
The distribution of septation varied be-
tween pycnidia in the same isolate. In this
study, only qualitative differences in
septation were examined.

The size of conidia varied between 14—56
X 3—4 um (Table 4). Some isolates (15, 16,
18 and 23) produced deformed conidia on
the artificial medium. The deformed conidia
on petri dishes often had an expanded cell
and were shorter than normal conidia.

Four to eight celled conidia (Race B) were
found all over the country, but the 4-celled
conidium type (Race A) has been found only
twice in Northern Finland (Fig. 3).

Uotila, A.



Fig. 1. 4-celled conidia type, Race A (x 1200).
Kuva 1. 4-soluinen kuromatyyppi, rotu A (x 1200).

P N
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Fig. 2. 4—8 -celled conidia type, Race B (x 750).
Kuva 2. 4-8 -soluinen kuromatyyppi, rotu B (x 750).

4. DISCUSSION

On the basis of the mycelial growth and the
septation of conidia, Finnish G. abietina
isolates can be classified as two races
according to the definition of Browder et al.
(1980).

Race A is found mainly in Southern
Finland and causes damage in the pole stage
and in mature pine forests in Southern
Finland. The conidia of Race A are almost
all 4-celled. Race B is distributed all over
Finland and has 4—8 -celled conidia. Race B
causes damage mainly in pine sapling stands
in Northern Finland. Both races kill pine
seedlings in nurseries. It seems that the
pathogen races are independent from host
species. Hypothetical pathogenic differences
were not examined.
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The growth of colony diameter has been
considered as a reliable method for the
comparison of fungal growth (Brancato and
Goldin 1953). Race A grew faster at 15 °C
than Race B. According to Skilling (1981)
the virulent ”European” race grew faster at
high temperatures than the "North Ameri-
can” race. When classifying fungal races
based on the growth of a colony we must
take into account the possible degener-
ation of, and virus or bacterial infections in,
the mycelia. Hollings (1982) has described
the effects of mycoviruses on plant
pathogens. In this study, the possible role of
mycoviruses was not investigated.

The medium and illumination determlne
the appearance of the colony on the plate.

9



For this reason, the appearance of the
colonies in this test cannot be compared to
those described earlier by Dorworth and
Krywienzyk (1975). The growth rates in this
study were in the middle range of those in
the earlier study of Dorworth and Krywien-
zyk (1975). G. abietina in Finland is a
facultative psychrofil.

The results on the size of the conidia
agree well with those of earlier studies
(Dorworth and Krywienzyk 1975, Ettlinger
1945 and Stephan 1978). Kujala (1950) states
that the range of conidial length in Finland
is between 29 and 46 um, while in this study
the range was from 14 to 56 um. The degree
of septation is related to the length of the
conidia, that is, the longer the conidia, the
greater the number of septa.

 w w2 o w w2 » 2w @ =
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BASKARTAN FOR STATISTIK 111879

Fig. 3. The geographical distribution of 4-celled (Race
A) and 4—8 -celled (Race B) conidium types.

Kuva 3. 4-soluisten (rotu A) ja 4-8 -soluisten (rotu B)
kuromatyyppien maantieteellinen jakautuminen.
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The ”North American” race has generally
4-celled conidia and the European” race in
the USA has 4—8 -celled conidia (Dorworth
and Krywienzyk 1975). Thus the conidia of
Race A resemble the conidia of the ”North
American” race, but the presence of the
perfect state and growth rates resemble
those of the ”European” race. The results of
this study do fiot agree exactly with the
theory of three continentally disjuncted
races. Two isolates from Switzerland re-
sembled Race B on the basis, of conidial
septation; but they resembled Race A in
mycelial growth. The existence of inter-
mediate races or races other than A and B is
also possible. Skilling (1981) has described
the development of an intermediate race in
North America. The distinctions of races A

Table / The distribution of septation, mean length,
and range of length of 50 conidia on shoots (a) and
artificial medium (b.)

Taulukko 4. 50:n kuroman solumdarin jakauma, keski-
pituus ja pitunden vaihteluvili versoilla (a) ja keino-

alustalla (b).

Isolate Distribution, cells in conidia IIZ::?;(I;] Range of length
Isolaatti Jakauma, soluja kuromassa Keski- Vaibteluvali
pituus
Nr/No 2 3 4 5 6 7 8 pum pum
13 — 2 31 6 5 5 1 300 22—41
b 1 116 7 810 7 293 18—41
14a — — 22 5 5 9 9 352 25—49
b — —37 9 2 1 1 298 25—41
152 — 1 2513 5 5 1 295 25—37
b 2 2 45— — — 1 28 14—34
16a — — 101216 5 7 355 25—49
b 6 729 4 2 — 2 23 14—41
17 a — — 28 811 2 1 332 25—41
b 1 —3 9 4 1 — 288 22—41
18 a — — 36 8 4 1 1 307 22—45
b 1 1 48 — — — — 287 18—34
192 — 3 46 — 1 — — 266 18—37
b 2 3 4 1 — — — 272 14—37
20a 1 2 46 1 — — — 279 18—41
b 1 — 49 — — — — 269 22—34
21a 1 146 1 1 — — 295 18—37
b 1 — 49 — — — — 274 22—34
22a — 3 47 — — — — 273 18—34
b — 2 45 — — — 315 25—41
23b 2 1 47 — — — — 267 22—34
24b 2 4 43— 1 — — 258 10—30
25b — — 910 7 7 17 3938 33—56
26b — — 5 916 11 9 408 22—56

Uotila, A.



and B are not unambiguous, because there
were so many intermediate isolates.

Only ten isolates of the total 69 were
examined as to whether they produced the
same type of conidia on artificial medium as
on shoots. However, thé septation of
conidia 1s likely to be genetically deter-
mined.

The influence of climatic factors on the
presence of the perfect state is still unclear
(Roll-Hansen and Roll-Hansen 1973 a).
Further knowledge of the distribution of the
perfect state in relation to Races A and B is
needed. More knowledge is also needed on
the different types of damage caused by G.

abietina, especially with respect to Races A
and B. Race A could be a virulent strain in
Finland similar to the “European” race in
North America.

So far, it has not been possible to produce
the sexual stages of G. abietina in the
laboratory. This forms an obstacle for the
investigation of interbreeding between differ-
ent morphological and physiological races.
An interesting question is the role of
microconidia in the life cycle of G. abietina;
nothing is known about it although Roll-
Hansen and Roll-Hansen (1973 b) described
them a decade ago.
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SELOSTE

Suomalaisten Gremmeniella abietina -isolaattien fysiologisesta ja
morfologisesta vaihtelusta.

Gremmeniella abietina -sieni aiheuttaa tuhoja kaikeni-
kiisissa mannikoissa. Sieni on eristetty myos kuuselta,
kontortaminnyltd, vuoriminnylti, douglaskuuselta ja
lehtikuusilta. G. abietina -sienen kotelomaljoja (suvulli-
nen aste) muodostuu runsaammin Pohjois-Suomen
0,5—2,0 m pituisissa taimikoissa kuin Eteli-Suomen
riukuvaiheen minnikoissi. Suvuttomia kuromaitioiti
muodostuu runsaammin Eteli-Suomessa kuin Pohjois-
Suomessa. Laaja isintivalikoima, tuhot eri ikiisissi
metsikdissi ja erot suvullisten ja suvuttomien itididen
muodostumisessa viittaavat rodulliseen vaihteluun G.
abietina -sienikantojen vililli Suomessa.

Pohjoisamerikkalaisen teorian mukaan G. abietina -
sieni jakautuu kolmeen maantieteelliseen rotuun: iti-aa-
sialaiseen, eurooppalaiseen ja pohjoisamerikkalaiseen,
joista eurooppalainen rotu on Pohjois-Amerikassa viru-
lenttisin. Teoria vaatii vieli tismennyksii ollakseen luo-
tettava. Keski-Euroopassa sienelli on havaittu morfolo-
gisia eroja siten, ettd Alpeilla sieni muodostaa 4—8 -so-
luisia kuromia ja alavilla mailla 4-soluisia. Tissa tutki-
muksessa selvitettiin G. abietina -sienen fysiologista ja
morfologista vaihtelua. Ne saattavat ilmentii patogee-
nista vaihtelua.

Vuoden 1981 aikana tutkittiin 10 suomalaisen isolaa-
tin rihmaston kasvua viidessa eri limpatilassa ja kuro-
mien muodostumista mallasagarilla, johon oli lisitty
minnynneulasuutetta. Ravintoalustakoe selvitti  liu-
koisten sokereiden ja neulasuutteen vaikutusta rihmas-
ton kasvuun mallas- ja hagemagareilla. Vuoden 1982 ai-
kana tutkittiin 16 isolaatin rithmaston kasvua kolmessa
eri limpétilassa. Kuromien muodostusta varten maljoja
pidettiin valossa ja 15 °C:n limpotilassa 2—4 kk. Ku-
tuhoniytteista.

Ravintoalusta ja valaistus vaikuttivat pesikkeen ul-
konikoon petrimaljalla. Liukoiset sokerit eivit vaikut-
taneet sienen kasvuun, kun taas minnynneulasuute oli
edellytys kasvulle (taulukko 2). G. abietina -sieni kasvaa
maljalla hitaasti: 5 vitkon kasvatuksen jilkeen pesikkeen
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halkaisija vaihteli valilli 24—51 mm. Isolaattien optimi-
lampéotila oli 15—25 °C, mutta kaikki isolaatit kasvoi-
vat myos O °C:ssa (taulukko 3). Isolaattien vililld oli
kasvunopeudessa tilastollisesti merkittivid eroja, joiden
perusteella ne voidaan jakaa kahteen ryhmiain. Joitain
1solaatteja ei voitu sijoittaa kumpaankaan ryhmain.
isolaattien vililli. Pohjois-Suomessa kuromat ovat
yleensi 4—8 -soluisia, kun ne Eteli-Suomessa ovat
useimmiten 4-soluisia. Etela-Suomessa esiintyy melko
yleisesti myos 4—8 -solun tyyppid, kun taas Pohjois-
Suomesta 4 solun tyyppid loydettiin vain kahdesti (kuva
3). Kuromien pituus vaihteli vililli 14—56 ym. Kuro-
mien pituuden vaihtelu johtui lihinni solujen lukumii-
ristd. Noin kymmeneltd isolaatilta 16ydettiin mikroko-
nidioita. Kuromien solujen lukumiira on ilmeisesti ge-
neettisesti maaraytynytta, koska 4—8 -soluiset isolaatit
muodostavat myos laboratoriossa 4—8 -soluisia kuro-
mia (taulukko 4).

Rihmaston kasvun ja kuromien solujen lukumiirin
perusteella G. abietina -sieni jakaantuu kahteen morfo-
logiseen tai fysiologiseen rotuun (A ja B). Rotujen vilil-
li ei kuitenkaan ole selvii rajaa ja muitakin rotuja kuin
A ja B saattaa olla. Rotu A:n kuromat ovat 4-soluisia ja
sen rihmasto kasvaa nopeammin kuin rotu B:n, jonka
kuromat ovat 4—8 -soluisia (kuvat 1 ja 2). Patogeeni-
suuseroja ei tutkittu.

Kanadalaisten ja amerikkalaisten tutkimusten mu-
kainen eurooppalainen rotu USA:ssa kasvaa nopeasti ra-
vintoalustalla muodostaa 4—8 -soluisia kuromia, kun
taas kanadalainen rotu kasvaa hitaammin ja muodostaa 4-
soluisia kuromia. Tamin tutkimuksen tulokset eivit siis
ole identtisii sen teorian kanssa, missi G. abietina -sieni
jaetaan kolmeen maantieteelliseen rotuun.

Kotelomaljojen esiintymisesta sekd rotujen A ja B
patogeenisuudesta tarvitaan lisitietoja. Mikrokonidioi-
den merkitys G. abietina -sienen eliminkierrossa on
myos selvittamiatti.

UOTILA, A. 1983. Physiological and morphological variation among
Finnish Gremmeniella abietina isolates. Seloste: Suomalaisten Gremmeniel-
la abietina -isolaattien fysiologisesta ja morfologisesta vaihtelusta. Com-
mun. Inst. for. Fenn. 119:1—12.

Uotila, A.
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