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Melampsora pinitorqua (Braun) Rostr. — Pine
Twisting Rust

The investigations into pine twisting rust made by SyLvEN in 1917—
1918 are still of fundamental importance. Even from an international
aspect, very few works as comprehensive as this have been dedicated
to Melampsora pinitorqua (Braun) Rostr.

In the first place, ReEcLER (1957) should be mentioned, especially
as his paper also refers to some Russian authors whose works have
hitherto been difficult to evaluate. TrRoscHANIN (1952) has made an
extensive study of pine twisting rust; it was written in Russian, but a
German translation is also available, Further, Mortonpo has published
several papers on his studies of Melampsora pinitorqua (1951, 1952,
1954 a and b, 1956, 1957 a and b, 1958, 1961), which are, however,
only available in Italian.

What there is further to be found in the literature after SYLVEN'S
works (1917 and 1918) comprises short articles and brief references in
sundry annual reports and similar publications issued by forest institu-
tions. A brief survey of this literature is, however, still well worth making,
because the Melampsora problem is extending considerably, i.e., in the
first place geographically, but also as a practical economic problem in
the forest.

To SyrLvix the fungus was known to exist in a few localities in central
and southern Sweden and in Germany. Nowadays, damage resulting
from its attack is being reported from practically the whole of Europe,
from Malselv, 69° 10’ north in Norway (JorsTap, 1953), southern
Lapland (Evrssmanw, 1952; Karperr, 1962), the author’s own obser-
vations from the Torne valley, the county of Medelpad and from Finland
(Kurava, 1950). In England, Melampsora has been recorded on several
occasions (Davy 1943; Peacr, 1944, 1951, 1957; Murray, 1961). In
Germany, at least two important papers (BOuNER, 1952, and REGLER,
1957) have been published. The Melampsora problem has been the
subject of investigation in Poland for many years (GARBOWSKI, 1929;
ORrLOS, 1935; BRENNEJZEN, 1957). Russia has also tackled the Melamp-
sora question (YoUuNITsky, 1927; Gavris, 1939; TroscHANIN, 1952; see
also REGLER above). Pine twisting rust is a regeneration problem in
large areas of the Mediterranean zone (MorioxDo, see above) down to
Cyprus (S. G. N., 1923, and Prace, 1962).
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Reports by ZiLLer (1961 and 1962), that Melampsora pinitorqua has
with certainty been found in North America, are also of great interest.

The above data are not complete and refer only to the occurrence
of the disease on pine. The problem has been further widened by the
fact that pine twisting rust will attack several Pinus species.

In the following account reference will be made to the names of the
species of pines used in the works cited, even though the latin names
in the sources may be critizised. The authors’ names have unfortuna-
tely not been given in the bibliography quoted, which reduces its accur-
acy, and makes it pointless to insert the names of any authors here.

BrracHr (1954) summarizes: Pinus silvestris, P. montana, P. strobus,
P. pinaster and P. pinea (without references to literature). In the case of
Italy he mentions: P. pinea, P. pinaster, and P. silvestris. MORIONDO
(e.g., 1951, 1954, and 1957 a and b) has found damage to P. silvestris,
P. pinea, P. pinaster, and finally to P. nigra in Italy. TRoscHaNIN (1952)
states that P. sfrobus is susceptible to the disease, and Bou~ER (1952) is
of the same opinion. TroscraNiN has further found that P. murrayana
is susceptible to some extent. It should be noted that P. murrayana is
considered to be the same as P. contorta var. latifolia, and that many
people think that the use of both these names should be discontinued in
favour of P. contorta as a cosmopolitan species (HarLow and HARRAR,
1958). Therefore, with regard to pine twisting rust, P. contorfa cannot
vet be recorded as absolutely resistant, although this has been inferred
by some authors. Besides some of the species already mentioned, PEace
(1962) has stated P. halepensis. In the statement concerning North
America P. ponderosa is named as the alternate host.

Various yearly reports from forest institutions have recorded the
occurrence of Melampsora—e.g., Rep. on For. Res. It is then often nec-
essary to translate Anglo-Saxon names such as maritime pine and
Corsican pine; and the definitions given in the leading encyclopaedias
do not always correspond. A future list of alternate hosts may well
contain other names than the nine species referred to above and which
can be given with certainty; it is probably the most comprehensive list
now in existence.

As to the occurrence of the disease on Populus, REGLER’s study of the
question (1952) can be mentioned.

To sum up it can be said that Melampsora pinitorqua occurs all over
Europe (GAUMANN, 1959) and in parts of Asiatic Russia. Further, there is
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a risk of the disease being spread also in North America. The fungus is
known to attack at least nine species of the genus Pinus.

From the literature cited it can be seen that the distribution of
Melampsora increased considerably during the twentieth century; so
also did its importance as a pathogen. This is undoubtedly due to
many factors. More intense forestry, with extensive fellings in conjunc-
tion with balanced and rapid reforestation by means of sowing and
planting, has assisted this fungus. Further, great interest has been shown
in Populus, which is the alternate host for the fungus. Great quantities
of aspen were felled during two world wars, and this wood is nowadays
also used for pulpwood. The number of root suckers will thus naturally
increase considerably (cf. RENNERFELT, 1954). There has also been a
great interest for genetical improvement work on the genus Populus.
So far as Swedish conditions are concerned much of the large areas
where agriculture has been discontinued, and which cannot be planted
at the same rate, is in the first place turned into deciduous forest, much
of which is aspen. Natural meadowland in particular has—according
to Swedish statistics—decreased considerably (Sveriges off. statistik. Jord-
bruksrikn. 1956). This is above all the case in the counties of Norrbotten
and Visterbotten. In Europe, interest in reforestation has increased, at
the same time as structural changes have taken place in the present
forest areas due to attacks of Endothia on chestnut trees and to some
extent on oak, as well as attacks of Ceratocystis on elm (Kgrsric,
1960). It has, therefore, been necessary to fell an enormous amount of
chestnuts and elms and replace them with conifers and Populus species,
which may also have influenced the distribution of the pine twisting
rust.

It can be seen from the above that there is a good deal of information
available in the literature concerning the disease. But, when looking
for facts that are of practical importance, hardly anything can be
found besides that written already by Syrvix (1917 and 1918). By
various means it is still necessary to avoid the combination of pine and
aspen on fellings and to eradicate aspen near nurseries. Unfortunately,
however, this is often easier said than done. Experimental spraying has
been suggested in some cases, but for economical reasons this is only
possible in nurseries.

In the USSR spraying is recommended (TroscHANIN, 1952) and is
carried out in nurseries and in the field three to four times with four
to five days’ intervals in May—June. However, too little seems to be
known about the biology of the fungus to justify such treatment.

1* 312749
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Studies on Resistance to Melampsora

A brief preliminary report on the differences in the attack frequency
on different grafted clones of planted pine was made in 1954 (BERGMAN,
1954; RENNERFELT, 1954). The investigation covers eight clones with
ten grafts each. The author also had the opportunity of investigating
clonal material in the S.C.A. pine seed orchard at Nedansjo in 1953.
This work has been followed up by studies of the attack intensity on
different progenies of some of the original clones. It is true that differ-
ences in the occurrence of a pathogen on grafted clones will give an
idea of genetically conditioned resistance, but more reliable conclusions
cannot be drawn until a further study of the progeny has been made
(cf., e.g.,, WrigHT, 1960). The aim of the present paper is to give an
account of the investigations at Nedansjé as well as some data on the
biology of the fungus and studies on the method of inoculation, etc.
Gavris (1939) has also given some information concerning resistance
to Melampsora.

By studying the excellent planting schemes and protocols devised
for the plantation at Nedansjd, it was possible to follow the development
of each graft, to calculate the distance to aspen root suckers, etc. The
result of these investigations can only be that, even if consideration is
paid to the distance to aspen, the size of the grafts, etc., certain clones
show a greater susceptibility to pine twisting rust than others.

In Table I, data on this natural infection are summarized for 14
grafted clones with at least 17 grafts on each for the year 1952. It will
be seen that the attack frequency varies considerably in different years.
The values of the very low rate of infection in 1953 are hardly of any
importance, but they do not seem to contradict the results of the year
1952. However, the resistance problem cannot in future be solved by
making observations of the random occurrence of spontaneous in-
fection. The aim must be a uniform and experimentally established
infection.

Of the 14 clones examined, it was later decided to select four, which
not only included a large number of individuals (28 to 35) but also
seemed to differ considerably in their susceptibility to pine twisting rust
(see Table I). The intention was to inoculate these test clones with the
disease and later see whether the differences between the clones re-
mained.

No method for the inoculation had been described earlier (cf.
however REGLER, 1952, concerning inoculation on individual pines,
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Table 1. Spontaneous infection of Melampsora pinitorgua on grafted clones of Scots
pine at Nedansj in 1952.

Clone Number of | Number of Seedlings with
individuals attacks 0 1 2 3 4 5 6 attacks

Z 66 38 0 38

Z 2018 27 2 25 2

Z 4013 29 3 26 3

Y 4509 28 3 26 1 1

Z 4012 20 4 17 2 1

X 4201 39 9 33 4 1 1

Y 4506 27 7 21 5 1

Y 4014 19 5 15 3 1

Z 4005 41 16 28 10 3

Z 4011 23 9 17 4 1 1

Y 4015 19 8 12 6 1

Z 4010 21 10 15 4 0 2

Z 2017 17 10 9 6 2

Z 4009 27 34 7 13 4 1 1 0 1

and Morioxpo, 1961). The pine shoots are normally infected by basi-
diospores, which are formed when teliospores on aspen leaves grow out
with basidies. A large-meshed net bag containing aspen leaves with an
abundance of teliospores was fastened to each graft to be inoculated.
This work was carried out in May, 1957. Provided that the climatic
conditions were favourable, the prospects of the grafts being uniformly
infected by the fungus should be good. It is generally considered that
damp weather, especially if it is also warm, in the spring and early
summer will favour the attacks of rust. This is also the case with
Melampsora on pine (SyLvin, 1918). The germination conditions of
the teliospores and thus also the distribution biology of the fungus to
pine are, however, probably among the least known factors of the
ecology of this fungus.

By the end of June, extensive growth of the fungus had occurred on
the infected clones, though in a varying degree. This seems to be
comparable with the earlier investigations made in 1952 and 1953. It
was not unusual to find up to 20 caeomata per shoot—in a few cases as
many as 70-odd caeomata wwere recorded on a single shoot. Such
heavy attacks do not generally occur under ordinary circumstances.

The grafts investigated in 1957 had for several years been standing
with a planting space of 5 meters; no internal sheltering effect between
the plants was therefore feasible. The attack was very strongly con-
centrated fo the top shoots and the adjacent shoots. The green annual
shoots on the lower branches were seldom attacked.

SyLvEN has made the same observation but considers the reason to
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be that the top of the seedlings will be more freely exposed. The reason
must, however, be of a more physiological nature, as the difference
remains even in the case of the investigations referred to here, in which
all grafts were freely exposed. On 130 top shoots, 555 caeomata were
found, on 582 shoots surrounding the top shoots there were 690 caeo-
mata, while on 468 annual shoots on the lower branches there were only
33 caeomata (see Table II). The values summarized in this table refer
to the four test clones chosen in 1957 and confirm numerically the
location of the fungus to the pine tops irrespective of the degree of
exposure of the plant. The number of attacks on the top shoot itself is
without doubt the factor that varies most among the clones. A simple
statistical examination of the data obtained shows that there are signif-
icant differences—at least between Z. 4009 which is the most susceptible
clone—and the rest. Among the latter the differences are less pronounced.

In some cases no top shoot will develop, or the shoot is destroyed at
an early stage. In such cases it seems as if the number of caeomata
increases on the shoots surrounding the destroved top shoot. However,
before any of them have replaced the top shoot, they will probably have
acquired more of the character of top shoots, thereby influencing their
susceptibility to the disease.

Table II. Infection experiments with Melampsora pinitorqua on four clones of Scots
pine.

Annual
Annual |Top shoots—+ |shoots on
Clone hoot adjacent lower
Top shoot SHOOLS J we Number
surround- |annual shoots| branches
caeomata per . of grafts
shoot ing the |caeomata per —
top shoot shoot caeomata
per shoot
Z 66 1.4(=03) oo 0.9 0.9 (£ 0.2) 0.0 28
ZA0I3 2.7 0.9 1.2 0.1 32
Z4005 3.3.... . 0.7 1.2 0.0 35
Z 4009 9.0 (£ 1.9). ..., 2.2 3.3 (£ 0.7) 0.1 35
P=0001.................. P = 0.005
Number of shoofs............... 130 582 712 468
Number of caeomata............. 555 690 1245 33

The fact that the fungus is concentrated to the pine tops infers that
the question of resistance in this case is to be found in the metabolism
of auxines and growing substances, or in processes which are directed
by them (cf. Scuaw and Hawxkins, 1958). It would be of great interest to
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penetrate this resistance problem further with modern methods and
technical means. Melampsora will only attack young pines, and the
fungus gradually loses its importance for the host tree. It can very well
be that this change in susceptibility of the pine has something to do
with the change in the auxine spectrum of the host. Further, it would be
of interest to study to what degree Melampsora is influenced by the
pine’s incipient ability to flower.

It may thus be of interest in itself to establish that different clones
behave differently to Melampsora. But evidently the inheritance of the
progeny is of greater importance, and the purpose was in this case to
study seedlings from the four clones earlier studied by means of
methodical infection.

As no cross-breeding had at that time been carried out at the Nedansjo
pine seed orchard the only. alternative was to arrange the necessary
cross-breeding. The method used is described by ERLUNDH-EHRENBERG
and Smak (1957). Further, there is a paper by HappErs and AHGREN
(1958) on the spontaneous cone and seed production at Nedansjo,
which may be of some use. Cross-breeding took place in the spring of
1958, but as often happens in pine pollination, some clones did not
flower at all. For this reason, the shortage of pollen led to all four clones
being pollinated with one and the same clone, i.e. Z. 4011, which was a
good pollen producer in 1958. Data referring to Z. 4011 are given in
Table 1. This clone is of ordinary resistance and can be compared with,
for instance, Z. 4005. Cross-breeding was also carried out between Z. 66
and Z. 4009. This cross-breeding scheme is, of course, very limited but
it should suffice to give an idea of the resistance of the progeny in
F; from clones with statistically proved differences. The I'j-material
must further be superior to an open pollination in that atleast the pollen
producer is constant.

While waiting for the result of the cross-breeding, seeds from open
pollination in the plantation were collected from the four clones as well
as from the pollen producer Z. 4011.

Plantations normally produce an open pollinated progeny for direct
use in forestry. It is therefore most important to know whether the
progeny of the very susceptible clone Z. 4009, for instance, is consid-
erably inferior to that of the other clones. The difference may never
appear in the Fi-material.

In the summer of 1959, there were about 1750 one-year-old seedlings
from the above-mentioned five provenances in an ordinary nursery bed
in the plantation at Nedansjo. Unfortunately, however, most of the
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Fig. 1. A method of inoculating in a nursery by using a cage of wire-netting.

seedlings of the very important Z. 66 had been washed away by a
current of water during the winter.

No method of inoculating such small seedlings has been described
earlier. Bearing in mind the risk of the disease spreading, the wisdom
of infecting in a nursery was discussed. A low cage of wire-netting was
built erected round the plants (see Fig. 1), and aspen leaves with
teliospores were placed on the netting. In order to keep the leaves in
place and to prevent the disease from spreading, a damp, coarse cloth
was placed on top of the leaves and fastened round the lower edges of
the cage by digging it down into the soil. The cloth was kept damp
for two days and the cage was then removed. The procedure was
repeated twice during the shooting of the seedlings. No damage what-
soever could be discovered in the nursery outside the cage!

On the other hand, there was a loss of about 30 per cent of the
inoculated seedlings. The damage was generally not so well defined in
the caeomata as in older pines. The entire annual shoots of the damaged
one-year-old seedlings were often covered by an unbroken caeoma
(see Fig. 2). Even the needle tips could be discoloured by small caeo-
mata. The cotyledons of germinal plants may sometimes he damaged
(SyLvEx, 1917; TroscHaNIN, 1952; ZILLER, 1961 and 1962). The
needles of older plants are clearly vulnerable, but not until now has
the pine twisting rust been held responsible for such damage (cf.
TroscHANIN, 1952; BOHNER, 1952; REGLER, 1957, all of whom are of
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Fig. 2. The entire shoots of one-year-old seedlings were often covered by an unbroken
caeoma.

the opinion that the needles of older plants cannot be infected). Gar-
Bowski (1929) points out that the basal parts of the needles may be
infected, probably in connection with damage to the shoot.

Table I1I shows that there are no distinct differences in the progenies
in Fj after open pollination whether the mother clones show a good
resistance or not. The progenies of Z. 66 were too few in number to
allow an interpretation of their value.
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Table I1I. Seedling progeny test after open pollination.

Mother Number of Number of Percentage of
clone seedlings attacked attacked
1/0 seedlings seedlings
Z 66 12 0 0 too few
Z 4013 842 217 26
Z 4005 276 67 24
Z 4009 296 81 27
Z 4011 315 113 36

It might be of interest to mention an example of the experiments
carried out with Cronartium ribicola chiefly on Pinus strobus. RIKER
(1954) records a case of repeated selection of resistant trees, verified
by grafting and testing clones. But on studying the open pollination in
F; in comparison with plant material in general, no differences were
found. In a later work Partox and Riker (1958) published an account
of an extensive investigation, in which both open pollination and pro-
genies of controlled cross-breeding were studied. It is surprising how
seldom the progeny of resistant mother trees show a clear resistance in
Fi. Even so, there is today no one who doubts that it is possible to do
much to solve the ribicola problem with the help of resistance research.
In other cases of rust fungi an obvious resistance may be found already
in the progeny of open pollination of resistant mother trees. This can,
for instance, be the case with Cronartium fusiforme (BARBER et al.,
1957). This is also thought to be the case with Peridermium pini on
Scots pine (literature compiled by BoLranp, 1957).

In 1961, there were 974 one-year-old seedlings from the controlled
cross-breeding. These were inoculated in the way described above. It
was later found, however, that the damage frequency was surprisingly

Table IV. Seedling progeny test after controlled cross-breeding and, for the completion of
earlier investigations, also open pollination.

: Number of Percentage of

l\f:(l)gﬁzr l\;ggllﬁil G;)f attacked attacked

® seedlings seedlings
Z4011 X Z66............ N 140 1 0.7
X Z4013.. ... 397 42 10.6
X Z4005..... ... ... 125 12 9.6
X Z4009....... .. ... 210 4 1.9
Z4009 X Z66..... ..., 102 2 2.0
Z 4009 open pollination......... 221 12 5.4
Z 66 open pollination........... 106 6 5.7
Local provenance at Nedansjo. .. 167 26 15.6
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low. No conclusions should yet be drawn from this material, as it will
be necessary to carry out the infection again. In the meantime, the
seedlings will have to be replanted, but the experiment will naturally be
followed up.

Brief summary of the above experiment

In grafted clones of Scots pine, which had been under observation
several years, it was found that resistance to Melampsora varied. It has
been shown statistically that the values of the P-factor can amount to
0.001 when a comparison is made between the best and the worst
clones after a uniform inoculation has been made. On the other hand,
the progeny of an open pollination in Fy do not show any differences in
resistance, nor can the controlled cross-breeding progeny that have been
studied in F; give a simple answer to the question of heredity. It is
most unsatisfactory to have to prophesy the resistance of the progeny in
F; with no other guidance than the resistance of parental clonal material.
This is not to say that it should not be possible in the long run to produce
an open pollination material that shows better resistance to Melampsora.

Experiments Concerning the Germination Ability
of the Teliospore

From the experiments described above it can be seen that some
years pine seedlings are not easily infected by pine twisting rust.
This inconstancy must be very troublesome if it is intended to investigate
the conditions of the resistance in pine. Some years, pine twisting rust
will occur with great intensity on fellings and in nurseries. It has then
often been possible to correlate this occurrence with a mild and rainy
spring. SYLVEN (1918) has been referred to and he, in turn, has quoted
older sources. This relation to the weather is probably quite correct but
is too vaguely expressed to make it useful for experimental work in the
field.

And how is it possible to compare experiments in which the inocula-
tion were carried out in different years?

If it is at all possible to make any progress with experimental work
concerning pine twisting rust on pine, the very biology of the distri-
bution to pine must be further clarified. The conditions of the germina-
tion of the teliospores in spring have been insufficiently investigated,
see, however, REGLER (1952), and the Russian works referred to by
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him, especially ScHaFranNskaga (1951). The influence of the weather
on the formation of basidies is stressed; partly bv emphasizing the neces-
sity of repeatedly exposing the aspen leaves to rain and partly that the
temperature is relatively high and the air humidity as high as possible.
Further, it is shown that the basidiospores are sensitive to drying.

REGLER (1952) also states that particularly during mild autumns and
winters a great deal of the teliospores may germinate too early to coincide
with the shooting of pine. By wetting the aspen leaves several times
during autumn, partly in a green-house, a germination of the teliospores
with basidies was obtained.

An account of some experiments carried out under Swedish conditions

If aspen leaves with teliospores from the previous year are collected
al about the time of the shooting of pine, it is generally possible to
observe the formation of basidies from the teliospores if the leaves are
kept wet, e.g. in Petri dishes. In one of the experiments, aspen leaves in
humid Petri dishes were put into thermostats with different temperatures:
4-5°,10°, 15°, 20°, 25°, and 30° C. A quick reading was made under a
preparator’s lens every hour. All preparatory work was carried out at
+4° C.

Already after one hour an abundant formation of basidies developed
in 4+ 15° 20° and 25° C, after another hour also in --10° C, and
after about 24 hours some activity could also be observed in - 5° C.
If the dishes that had been kept in -+ 30° C were moved to a lower
temperature, there was still no formation of basidies whatsoever. The
higher temperature has evidently a destructive effect on the humid
spores. A quick formation of basidies can thus take place within fairly
wide temperature limits. These values show a considerably quicker
germination than that recorded by REGLER (1957). However, if aspen
leaves were collected very early in spring or even in the autumn and
then put into humid Petri dishes, no formation of basidies took place.
The time of collecting the leaves therefore seems to be of significance,
and germination power in the teliospores seems to be subject to seasonal
variations.

In order to get a clearer view of the problem, some experiments
were made. In the spring of 1960, aspen leaves were collected once a
week from 15 April to 15 June and put into Petri dishes under laboratory
conditions at 4+ 20° C (see above). The material was taken from Gran-
sjon in the county of Medelpad; temperature, humidity and rainfall
were recorded on the spot. It was found that no spores germinated. The
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reason for this is not clear. Another fungus occurred abundantly on
aspen leaves that year, i.e., Coccomyces coronatus Karst. (SCHUMACHER
ex Fries). It cannot be excluded that this was a case of antagonistic
influence. No pine twisting rust was found in that locality in 1960.

In 1961 the experiment was repeated in fwo localities at Gransjén
and at Stenséngen, to the north of Stockholm. This year a better insight
of the biology of the fungus was obtained. In order to make a detailed
study possible, the test protocols have been collected in Tables V and
VI. From one of the experiments thermohygrograms are also given
with comments (see Fig. 3).

Aspen leaves were soaked overnight in cold water (+ 4° C) and then
placed in Petri dishes, which were kept at - 20° C (the same procedure
as described above).

Germination of basidies was registered after 1, 3 and 5 days and the
values 0, 1, 2 and 3 were obtained, whereby 0 naturally stands for no
formation of basidies and 3 for a very abundant formation. From the
tables it can be seen that the first samples collected showed very little
germination power after 24 hours; the formation of basidies, however,
gradually increased because of the favourable temperature and humid-
ity conditions. Later during the spring the sample material collected
from the Stockholm area showed a considerably quicker formation of
basidies, which coinecided with the shooting of the pine. Consequentially,
therefore, it could also be noted that damage to the young pines was
very common that spring.

Some details of the tables are worth special mention. In the material
from Medelpad an obvious increase in the germination intensity could
be noted after a rainy week (36 mm) with night temperatures that were
high for the time of the year (4-4° to 5° C). Later three cold and dry
weeks followed, during which the germination power of the spores was
unchanged. Not until after May 29 did the night temperature pass the
freezing-point, the day temperature then rising to between 20° and 30°
C. These temperatures in conjunction with some rain resulted in the
culmination of the spore germination. However, this seemed to come
somewhat too late to coincide with the shooting of the pine.

A comparison with the Stockholm material shows that in that area
only the first few weeks were dry and cold (night temperatures). This
period was followed by five weeks of rain and high temperatures, and
the culmination of the spore germination.

With regard to the germination power of the teliospores, the follo-
wing conclusion can thus be drawn. On the whole, it is difficult to
make the teliospores germinate at the time of the autumn when the
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Tab. V. Registration of teliospore germination of Melampsora on aspen leaves after re-
peated collection of leaves from 22 April to 18 June 1961. The intensity of germination is
given in 0, 1, 2 and 3, and registration is made after 1, 3 and 5 days at + 20°C. Material
from Bogesund (near Stockholm).

Intensity of

germination 72 hours 120 hours mm .
after 24 hours Date rain Notes
ol1l2]3|o|1|2]3]o0]1]2]3
22/4—28/4 0
241 4| 2| of 16f 8| 4} 2| 10| 8| 8| 4| 28/4— 5/5 11 Shoots of Pinus
221 5| 3| o 1 8| 16 5| 7| 6| 11| 6| 5/6—11/5 22 elongating with
10| 5y 10 5] 2| 4| 8| 16] 12| 4} 8| 6| 11/5—18/5 6 coincide which
1| 5| 6; 181 3] 1| 2| 24 3| 8 4f 15 18/5—24/5 13 most rapid ger-
10| 8 6| 6 101 8 9 3| 26f 3] 1| 0| 24/5—31/5 20 mination of
17 5| 5| 3| 20f 51 3f 2f 27 11 0} 0| 31/5— 7/6 0 teliospores
Caeomata of Me-
22| 6| 2| 0j 24| 6| 0f 0] 30 0f 0 0Of 7/6—13/6 8 lampsora very
common
Clearly decreasing intensity of
germination 13/6—18/6 40

30 leaves of Populus frem. gathered at every registration.

Tab. VI. Registration of teliospore germination of Melampsora pinitorqua on aspen leaves
after repeated collection of leaves from 30 April to 17 June 1961. The intensity of germina-
tion is given in 0, 1, 2 and 3, and registration is made after 1, 3 and 5 days at + 20°C.
Material from Gransjon in Medelpad.

Intensity of
germination 72 hours 120 hours mm
after 24 hours Date rain Notes
ol1|2|3]o]1]2]3]o]l1]2]3
21| 6| 2| 1| 18] 6| 3| 31 7| 4| 16| 3| 30/4— 6/5 0
23| 5| 2 0j 20y 6| 3| 114 7| 7| 2| 6/5—13/5 36
9 10 5 6| 7/ 710 6, 8 10| 6| 6| 13/5—20/5 1
6| 111 6 7| 4t 8| 6| I12{ 13| 6| 6f 5| 20/5—27/5 1.5
50101 8 7| 10| 9| 6y 5/ 17| 8| 4| 1| 27/5— 3/6 5 |{Shoots of Pinus
3| 5| 8| 14) 15| 5| 8 1|21, 6| 3| 0| 3/6—10/6 10 elongating which
comes a little too
early to coincide
with most rapid
tgermination of
teliospores
Intensity of germination not yet 10/6—17/6 12 Rare cacomata
decreasing {of Melampsora

30 leaves of Populus trem. gathered at every registration.

leaves are shed or in the early spring. Not even under very favourable
temperature and humidity conditions can more appreciable activity be
registered. It must, therefore, be a case of germination inhibition.
However, this decreases in the spring under the influence of humidity



18 ALLAN KLINGSTROM

and rising temperature. As this decrease proceeds, smaller rain quan-
tities and shorter periods of favourable temperature will be required for
the formation of basidies. Aecording to the first experiment, one has
finally to reckon with a germination time of one hour. Dew and rising
temperatures, e.g. on cloudy nights, will be sufficient in the final stage.
It should perhaps be added, that it is quite easy to observe with the
naked eye how the little black-brown formations of teliospores ger-
minate and how they are covered by a white layer of basidies (see Fig. .
4). In case this is observed on wet aspen leaves when the pine is shoot-
ing, there will naturally be a great risk of damage from pine twisting
rust that vear. The critical time for pine is short, however. When the
shoots have developed so far that also the needles begin to show, the
main risk has been passed. This is shown by a number of experiments
described above in connection with the progeny test. If, at any time,
it should be necessary to apply spraying also in Sweden, the critical
time when pine may be affected by the disease is thus very short.
There is another phase in the biology of the distribution that is of
utmost importance. That is the path of the basidiospore from the aspen
leaves on the ground to the one-vear-old shoot of the pine. All that is at
present considered to be certain, is that the basidiospore is sensitive to
drying and high temperatures (25° to 26° C) (ScHAFRANSKAJA, 1940, as
cited from REGLER). Higher temperatures are genecrally followed by

SEREE i 5. » = A = - s et

Fig. 4. Crusts of teliospores on the under-side of aspen leaves, some of which have germinat-
ed with basidies.
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Fig. 5. Germinating basidiospores very much enlarged.

lower relative air humidity, which undoubtedly makes it difficult to
distinguish between the influence of temperature and that of relative
air humidity. The size of the basidiospores is only 5 to 8 u. If these
spores are to survive and be distributed over a large area—at most 250
meters according to TroscuaNiN (1952) and 200 meters according to
ScHAFRANSKaJA (1940, as cited from TroscuanNiN and REcLER)—the
humidity conditions must be very favourable.

It is quite possible that the small size of the spores permits them to
remain airborne even in rainy weather, which is out of the question in
the case of bigger particles, e.g., aeciospores or pollen (cf. McDoNALD,
1962).

What remains to be investigated then is the germination of the basidio-
spores and the penetration of the fungus into the pine shoot, as well as
the question of how and when during these processes resistance to the
fungus is established. Fig. 5 shows germinating basidiospores very much
enlarged.

Summary

It is evident from the review of literature in the beginning of this paper
that Melampsora pinitorqua is a matter of increasing interest in most parts of
Europe. The fungus is found all over Europe and adjacent parts of Asiatic
Russia. Recently, there has also been information which makes it very probable
that the pine twisting rust is also found in North America.
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At least nine species of Pinus are more or less suffering from Melampsora
pinitorqua: Pinus silvesiris, P. pinaster, P. pinea, P. strobus, P. mugo, P. nigra,
P. murrayana, P. ponderosa and P. halepensis.

Fourteen clones (with 17—41 grafts) have been examined after spontaneously
occurring disease. There were appreciable differences in their resistance to
rust. Some of the clones were chosen for experiments and given a heavy inocula-
tion with the fungus. Even after this standard artificial inoculation there are
distinct differences in resistance which have been examined statistically.

Irrespective of whether the small pines are standing alone or in dense spacing,
the fungus will only attack the top of the trees.

A progeny test with one-year-old plants after open pollination of the clones
does not reveal any differences in F; concerning fungal resistance (Tab. I).
A number of controlled pollinations were also made. The clones chosen for
inoculation experiments were pollinated with the same pollen from one clone
only. The progeny test did not show any differences in ¥, when the one-year-
old plants were exposed to Melampsora (Tab. II).

The germination biology of the teliospores on aspen leaves is a matter of
special interest in this paper. The germination must coincide with the develop-
ment of pine shoots in the spring. A pronounced germination inhibition of the
teliospores gradually disappears during the spring which usually coincides
with the shooting of the pines (Tab. V, VI). But the fungus may also pass the
winter in the aspen buds (cf. Klebahn, 1938; Kujala, 1950; Moriondo, 1956
and 1961). When the germination ability of the teliospores culminates, the
germination is very rapid. Finally one hour is quite enough for the development
of basidies at 15°—25° C.
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Sammanfattning

Melampsora pinitorqua (Braun) Rostr. — Nagra resistenshiologiska forsok

Av den inledande litteratursammanstéillningen framgér, att Melampsora
pinitorqua tilldragit sig ett okande intresse i de flesta europeiska ldnder.
Svampen upptréider i hela Europa och delar av asiatiska Ryssland. Vidare
finns uppgifter fran Nordamerika, som synes ge vid handen, att knickesjukan
lyckats sprida sig dven till denna kontinent. Atminstone 9 arter av sliktet
Pinus har visat sig mottagliga.

I detta arbete redovisas olika angreppsintensitet pa ympkloner av tall vid
spontan infektion. Av dessa vmpkloner utvaldes nagra, som utsattes for
intensiv experimentell infektion. Aven vid denna likformiga infektion bestod
statistiskt sdkerstillda skillnader i angreppsfrekvensen mellan t. ex. bista och
sdmsta klon. Svampen #dr starkt lokaliserad till sjilva toppen av tallarna
oavsett om dessa star i tita forband eller helt fristdende. Vid avkommeprévning
efter fri avblomning kvarstdr dock ej nagra skillnader i Fy vad betriffar
angreppsfrekvens. Ett begrinsat antal kontrollerade korsningar utférdes dven.
De utvalda klonerna — vari ingar bade den mest och den minst resistenta
enligt det refererade infektionsférséket — pollinerades med samma pollen-
donator. Forfaringsséttet ger intet uttommande besked om drftlighetsgangen
men dr dndé ett steg utover fri avblomning. Ej heller i detta fall upptriadde i
F4 néagra patagliga skillnader i resistens.

Teleutosporerna pé& asploven har fgnats sédrskild uppmaéarksamhet. Deras
groningshiologi dr av speciellt intresse for spridningen till tall. En tydligt pavis-
bar groningshidmning reglerar sporernas groningsférméaga. Himningen minskar
under varen pa grund av klimatiska orsaker, och sporernas groningsférméga
kulminerar, vilket kan sammanfalla med tallens skottskjutning. Basidie-
bildningen kan till slut ske p& mycket kort tid. En knapp timme #dr fullt till-
ricklig vid + 15—25° C.
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