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A possible biological means was discovered to
control spread of the snow blight caused by Phaci-
dium infestans. Healthy foliage of various ericaceous
plants inhibited spread of snow blight on excised

branches of Scots pine under snow. Spread also was
inhibited by dead foliage of Vaccinium vitis-idaea
and Calluna vulgaris infected with unidentified snow
molds.

INTRODUCTION

Snow blight caused by Phacidium infestans
Karst. is one of the most important diseases
of seedlings of Scots pine (Pinus silvestris L.).
It is especially severe in northern Finland
(KaNnGas 1937). There are no satisfactory
methods to control the disease in the field,
although in nurseries it is effectively control-
led with pentachloronitrobenzene (JAMALAI-
NEN 1961).

The mycelium of P. infestans grows in
snow between branches and needles of its
host. The severity of snow blight depends
upon the depth and duration of snow cover
(BsorkMAN 1948). It is most severe on poor
sites (LINDBERG 1914, KoSSINSKAJA 1962).
In fertilization experiments on poor peat
land, in Finland, the abundance of snow
blight was influenced by the amount of po-

tassium and phosphorus added to the soil
(KurkerAa 1965). Snow blight was most
abundant on plots deficient in potassium and
where there was only scanty vegetation on
the forest floor. According to KoSSINSKAJA
(1962), dense vegetation on the ground can
decrease the severity of snow blight. Prelim-
inary observations indicated that the devel-
opment of snow blight depends not only on
the susceptibility of pine seedlings but also
on the nature and extent of surrounding
vegetation.

The objective of this study was to test the
hypothesis that healthy and diseased eri-
caceous vegetation can influence the spread
of snow blight in excised branches of Scots
pine.



MATERIALS AND METHODS

Three experiments were conducted in Pun-
kaharju and Leivonmiki during the winter
of 1966 —67. The spread of the snow blight
was investigated in rows of excised branches
from a ten-year-old stand of Scots pine. The
branches were taken at a height of 0.5 m.
Branches from different trees were mixed
together and inserted vertically into the soil
in rows 2 m long, on sites selected to include
the various types of soil cover and vegetation
listed in Table 1. The distance between
branches was 10 cm and between tips of
needles of different branches 0.5 —2 cm. It
was assumed that P. infestans could spread
from branch to branch without difficulty
because Bi6rkMAN (1948) had shown earlier
that the fungus could grow up to 46 cm in
one winter, at least 20—30 cm in rows of
seedlings and 12 cm even on bare ground.

The rows of branches were inoculated with
P. infestans at the both ends and in the
middle, so that the distance between the
points of inoculation was 1 m. Two needles
of Scots pine, naturally infected by P. in-
festans, were used for each inoculation.

The experiments were established in No-
vember before the ground was covered by
snow. The border between healthy and in-
fected parts of needles and branches in Scots
pines is very sharp (LAGERBERG 1912). In the
present investigation the determination and
measurement of the spread of snow blight in
rows of branches was based on the discolor-
tion in the needles and on the remnants of
mycelia, which are visible just after the melt-
ing of snow. Thus, the spread of snow blight
was measured visually in rows with an ac-

curacy of 1 ecm after snow melted in April.

In an experiment in Ikaalinen parish dur-
ing the winter of 1967 68, ericaceous plants
(Calluna vulgaris (L..) Hull and Vaccinium
vilis-idaea L.) infected with snow molds were
used to determine their influence on the
spread of snow blight. The method used in
this experiment was much the same as in
the previous experiments. The differences
were as follows:

The branches of Scots pine were layed
horizontally in rows 2 m long on forest humus
exposed by removing all other vegetation.
The rows were inoculated with P. infestans
at two points, each 0.5 m from both ends of
the rows. The dead ericaceous plants were
placed across the rows 2 -5 cm on one side
of the point of inoculation. No vegetation
was placed on the other side of the point of
inoculation. The presence of snow molds in
the foliage of dead ericaceous plants was
detected by culturing dead leaves on agar
plates at +5° C. The determination of the
limit of spread of snow blight was based on
the discoloration in needles only. Three types
of controls were used: (i) rows without in-
oculation and without vegetation; (ii) rows
without inoculation but with vegetation; and
(iii) rows with inoculation but without veg-
etation.

In Punkaharju the rows were replicated
twice, in Leivonmiiki three times, and in
Ikaalinen four times. Four measurements on
the spread of snow blight were made on each
row of branches. The significance of differ-
ences in the results were tested statistically
by orthogonal comparisons and LSD-tests.

RESULTS

Influence of healthy foliage

Large differences in spread of snow blight
were associated with the various types of
vegetative ground-cover tested in these ex-
periments. In all cases spread of snow blight
was inhibited significantly when growing
among healthy foliage of ericaceous ever-
greens in comparison with the spread observ-
ed in the rows of branches on the ground
where the vegetation was removed, or on
lichens, mosses, and in naturally defoliated
vegetation of Befula nana L. (Table 1).

In the experiment in Punkaharju the
spread of snow blight was inhibited most
completely by the foliage of Calluna vulgaris
and Vaccinium vitis-idaea, both of which are
evergreens. Mineral soil (control), forest
humus, and moss ( Pleurozium schreberi (Brid.)
Mitt.) apparently did not affect the spread.
The effect of Vaccinium myrtillus L. was
intermediate. V. myrtillus overwinters with-
out leaves, but its twigs usually form com-
paratively dense vegetation.

Similar results were obtained in the two
experiments in Leivonmiki (Table 1). The
ericaceous evergreens inhibited spread of
snow blight very effectively. In vegetation of
Empetrum nigrum L. (mixed with either
live foliage of Andromeda polifolia L. or dead
foliage of Eriophorum vaginatum (L.)) and in
vegetation of Ledum palustre L. the average
spread of snow blight was only 7.4 em. On
moss (Polytrichum commune L.), by compari-
son, the spread was 13.1 cm and on Sphag-
num-peat, lichen (Cladonia sp.), and in
shrubby vegetation of Betula nana the aver-
age spread of snow blight was 22.7—25.4 cm.

Table 1. Spread of snow blight in rows of Scots
pine branches placed on different types of ground
cover and on different types of vegetation.

Taulukko 1. Lumikaristeen levidminen ménnynoksa-
riveissd erilaisella maaperdlld ja erilaisessa kasvilli-
suudessa.

Average spread, cm

Type of ground Punka- . L
cover or vegeta- harju Leivonmdki
tion

Expt. I Expt. II Expt. ITI

Mineral soil (control) 13.3 —c —
Ground cover:
Sphagnum-peat (con-
trol) — 22.7 25.2
Forest humus (con-
trol) 141 — —
Lichens:
Cladonia sp. - - 25.4
Mosses:
Polytrichum commune

Pleurozium schreberi
(Brid.) Mitt.
Defoliated plants:
Betula nana L. — - 23.8
Vaccinium myrtillus
L. 9.4 — -
Evergreen plants:
Empetrum nigrum L.* - - 7.8
Empetrum nigrum L.® — 6.5 —
Ledum palustre L. - - 6.9
Vaccinium vilis-idaea
L. 6.8 - -
Calluna vulgaris (L.)
Hull 5.9 — -

12.4 — -

a Mixed with Andromeda polifolia L.

b Mixed with dead leaves of Eriophorum vagina-
tum L.

¢ No experiment

Influence of diseased foliage

The dead twigs and leaves of Calluna vul-
garis and Vaccinium vitis-idaea significantly
inhibited the spread of snow blight in rows
of excised branches of Scots pine in compar-

ison with the spread in rows where no treat-
ment with ericaceous plants was made (Fig.
1). An even greater difference in the spread
was observed on the sides of the inoculum



with and the other without ericaceous plants.
The spread of snow blight on the side without
ericaceous evergreens did not differ signifi-
cantly from that in control rows (Fig. 1).
No significant differences were detected be-

INOCULATED WITH PHACIDIUM INFESTANS
Inokuloitu Phacidium infestansilla
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SPREAD OF SNOW BLIGHT
Lumikaristeen leviaminen

INOCULATED WITH ERICACEOUS PLANTS
WHICH WERE INFECTED BY SNOW MOLDS

Inokuloitu lumihomeiden infektoimilla Ericaceae-
varvuilla

— HEALTY BRANCHES OF SCOTS PINE
Terveita mannyn oksia

tween the spread, when rows of branches
were treated with V. vilis-idaea or with
C. vulgaris. In the control rows, which were
not inoculated with P. infestans, there was
no evidence of snow blight.

Fig. 1. Spread of snow blight in rows of excised

branches of Scots pine. The spread in the both

directions was measured from the point of inocu-

lation with Phacidium infestans. a) Rows treated

with dead foliage of Vaccinium vitis-idaea, b) Rows

treated with dead foliage of Calluna vulgaris, c) Rows
not treated with vegetation.

Kuva 1. Lumikaristeen leviiminen maahan riviin ase-

tetuissa mdnnyn oksissa. Levidminen mitaltiin ino-

kulointikohdasta lihtien. a) Kokeissa kdylelliin kuol-

leita puolukan varpuja, b) kokeissa kdiytettiin kuol-

leita kanervan varpuja, c) kokeel ilman Ericaceae-
varpuja.

DISCUSSION

The results of this investigation show that
significant inhibition of snow blight in Scots
pine can be achieved with foliage of erica-
ceous evergreens. The mechanism of this in-
hibition is an object of conjecture. In healthy
ericaceous vegetation it might be caused by
saprophytic fungi living on surfaces of plants
or by some constituent of the foliage itself.
In the case of dead ericaceous foliage the
cause of inhibition seems to be the antagonism
of other snow molds. The antagonism of
certain saprophytic organism is well known.
In some cases this antagonism has been used
to control pathogens of plants (WEINDLING
and Fawcert 1936, RisuBeTH 1952, 1959).

Generally, the vegetation on the forest
floor is considered as impediment for refor-
estation (crf. HERrTz 1935, YLI-VAKKURI

1961). The observed inhibition suggests that
ericaceous vegetation may be helpful for re-
forestation by offering a natural control of
snow blight, when seedlings of Scots pine do
not stand above the surrounding vegetation.
According to DarrouUx (1960), positive results
in control of plant pathogens with antago-
nistic microorganisms are still uncommon in
natural unsterilized soils. The conditions in
snow are obviously more like those in ster-
ilized soil. If the first organism colonizing
snow is antagonistic, it might be able to in-
hibit the growth of subsequent colonizers.

The author gratefully acknowledges financial sup-
port by the Society of Forestry in Finland and assist-
ance in preparing the manuscript for publication by
Dr. Ellis B. Cowling of North Carolina State Univer-
sity at Raleigh (USA).
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TERVEEN JA KUOLLEEN ERICACEAE-VARVUSTON JA MANNYN LUMIKARISTEEN
VALISESTA ANTAGONISMISTA

Ericaceae-varvuston vaikutusta lumikaris-
teen leviamiseen tutkittiin syksylld maahan asetetuissa
mdannynoksariveissd. Tutkimus jakautui kahteen
osaan. Toisessa selvileltiin eldvin varvuston, ja toi-
sessa edellisend talvena kuolleen, todenndkdiisesti lu-
mihomeiden tappaman varvuston vaikutusta.

Eldvddn varvustoon asetettiin 15 em pituisia mdn-
nyn oksien kdrkid 2 m riveihin 10 cm vdlein, jolloin
eri oksien neulasten vdliin jdi 0,5 — 2 cm pituinen tila.
Kuolleen varvuston vaikutuksen selvittelyssd kdytet-
tiin yhtendisid 2 m oksarivejd, jotka olivat paljaalla
humuksella. Molemmissa tapauksissa oksarivit ino-
kuloitiin lumikaristeisilla mdnnyn neulasilla. Kuol-
leitten varpujen vaikutusta tutkittiin panemalla oksa-
rivien pdidlle inokulointikohdan viereen n. 5 em pi-
tuiselle osalle kuolleita puolukan tai kanervan var-
puja.

Lumikaristeen levidiminen mitatliin oksariveissd
kevddlld lumen sulamisen jdlkeen inokulointikohdusta
alkaen niin pitkdlle kuin vdrinmuulosta neulasistossa
oli havaittavissa. Tulokset osoittival sekd terveen etti
kuolleen varvuston vdhentdineen lumikaristeen levid-
mistd verraftuna lumikaristeen maddrddn oksari-
veissd, jotka olival mineraalimaalla, turpeella, hu-

ksella, jakdlalld, alella tai vaivaiskoivun var-
vustossa. Eldvadan Eri 1 aseltetuissa
oksariveissd lumikariste levisi yleensd 4 —10 em. Eri-
laisissa kontrollikokeissa lumikaristeen levidminen
talven aikana vaihteli 10 ja 30 em:n valilld (taulukko
1). Kuva 1. osoitlaa kuoll, varvuston vaikutuk
Oksariveissd, joissa oli kuolleila varpuja, lumikaris-
teen keskimddrdinen levidminen oli 10 — 14 em. Tama
oli n. 50 %, vihemmin kuin kontrolliriveissi ilman
varpuja.
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