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MERIA LARICIS - Needle Cast of Liarch

INTRODUCTION

(4) The fungus

Merisa laricis Vuillemin ~ needle cast disease
of larch is a serious disease in larch nurseries in
BEurope and North America. The fungus attacks the
needles, causing browning and premature defoliation

which can seriously weaken and even kill the seedling.

The disease was first described by Mer (1895)
from material collected at a nursery near Nancy in
1890 and from subsequent examination of severe attacks
occurring in nurseries around the Gerardmer forest

during the summers of 1893 and 1894.

The pathogen showed a septate mycelium and
produced 'bunches' of conidia projecting through the
stomata near the mid-rib on the lower surface of the
needle. Conidia were sometimes found in a similar
position on the upper surface in severely attacked
needles. No mycelium was found in the brasnches or
even the short shoots, and it was suggested that
infection in subsequent years resulted from conidia

produced from mycelium over-wintering in the fallen



infected needles. This fact in turn suggested a
control measure, namely the collecting and burning

of all infected needles.

Mer considered that the pathogen attacked the
weaker trees to a greater extent than the stronger,
but this conclusion was not confirmed by Peace and
Holmes (1933) who stated that disease damage did not
seem to be dependent upon the health of the tree.
Vuillemin (1896) described the fungus in detail from

Mer's materigl and named it Meria laricis. The

mycélium consisted of branched hyphae showing a
definite sheath; these hyphae being inter-cellular
with no haustoria. The unusugl funnel-shaped lumena
of the hyphal cells (used by a banking of protoplasmic
contents on each side of the septa) were considered as
a diagnostic character that could be used when
fructifications (conidial clusters) were absent. DPeace
and Holmes (1933), however, found that this phenomenen
was by no means constant, occurring only among the

older hyphae.

Prior to spore formation, a thickened hyphal branch
grew towards the sub-stomatal chamber and proceeded to
swell into an aseptate mass. This mass underwent two

transverse septations followed by several oblique
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septations, eventually forming a two-layered tissue
of cells with dense contents - an upper fertile layer,
and a lower sterile layer which caﬁe to form a |
mucilaginous'cup protecting the fertile cells. The
fertile cells next elongated and the aseptate hyphae
produced by each cell grew up through the stomatal
ostiole. Bach of these hyphae subsequentiy branched
dichotomously in a more or less regular manner, each
branch dividing into 1 - 3 cells. Bach cell, just
below the septum, produced a sterigma which cut off
conidia consecutively, a new conidium béihg formed
subsequent to the shedding of each mature conidium.
Occasionally a second conidium was found to be forming

before the first was shed.

The formation of cohidia in succession from a
single sterigma noted by Vuillemin was overlooked in
apprecilations and interpretations of his work by later
workers (Peace and Holmes (19%3) and Dreschler (1941) )
Peace and Holmes showed that the phenomenon occurred in
culture and while assuming that it also took place in
nature made no observation of the fact. Assuming that
they were the first to observe the phenomenon they used
the diagnosis to throw doubt on the affinities between

Merig and Ustilaginales suggested by Vuillenin.

To a certain extent this criticism of the



connections between Meria and the Ustilaginales is

justified as this successive production of conidia
from a phialide is a common feature of many of the

genera of the Fungi Imperfecti.

Vuillemin further considered that the conidio-
phores of Meria were analogous with the promycelium
of the Ustilaginales. The production of several
basidiospores from each basidial cell in the
Ustilaginales is very similar +to spore production in
Meria, but it'must again be emphasised that spore
production (from a phialide) in Fungi Imperfecti is
very similar to Meria. This analogy could not therefore
be disputed until nuclear behaviour at the time of

spore delimitation was observed.

Several other resemblances between Meria and
Ustilaginales also led Vuillemin to propound these
gffinities. Ansstomosis between spores was not
observed but anastomosis between fertile cells, a type of

anastomosis occurring in Thecaphora in the Ustilaginaceae

was common. Although the brand spores of Ustilaginales

normally have thick walls and germinate after being

released from the host, the genera Doassansia and
Entyloma possess thin walled brand spores that germinate

in situ. The elongated promycelium produced grows out



and ruptures the host epldermis and produces
'basidiospores' externally. This is very

reminiscent of Merig with the production of hyphae

by thin walled fertile cells and consequent formation
of conidia outside the host. The fertile cells of
Meria are considered as analagous with the brand spores

of the Ustilaginaceae.

One of the difficulties encountered by Vuillemin
in this consideration of affinities between leria and
the Ustilaginales was in connection with damage caused
to the host by the fungus. Most Ustilaginales cause
little if any noticeable damage to their host during
the vegetative phase of their life history, the damage
occurring usually during the reproductive stage, while
the vegetative phase of Meria kills the host tissue.
Howewer, as the fructifications were formed such a short
time after needle browning became apparent, Vuillemin
considered that there was no differentiation in time or

space between the vegetative and reproductive phases.

Seeking further affinities Vuillemin also suggested
that the origin of spore bearing branches in Meriz was
identical with that of the origin of the ascus in some
Ascomycetes. Asci were suppressed as distinct organs,

however, as the special conditions of parasitism rendered



them superfluous, although this is equally true of

many other Ascomycetes. In his view Merig indicated
new affinities between the Ascomycetes and Ustilaginales
and was one of the stages in a series of transformations
which, by progressive adaptations to parasitism, led

from the primitive Ascomycetes Lo the characteristic

Ustilaginales. Meria was not, however, strictly
attributable to either group. Consequently, Vuillemin

created a new family, the Hypostomaceae, to contain

Meria with Hypostomum, another parasite of conifers

described in the same paper asthe type genus. This
family was considered to occupy a btransitional position
between the Ascomycetes and Ustilaginales as previously

mentioned.

The most important diagnostic characteristic of
this family is the formation of the nodule of fertile
and sterile cells in the sub-stomatal chamber of the
leaf prior to spore formation.

Another description of the disease was given by

Hartig (1899), who, unaware of Vuillemin's work, named

the causal fungus Allescheriza laricis. However, since

the name Allescherisg had been used earlier by Saccordo

and Sydow (Sylloge fungorum - v.14 p.464) for an



entirely different fungus. Allescheris Hartig was

rensmed Hartigiella by Sydow (ex Lindau), who made it the

sole representative of a separate sub-family, the
Hartigiellaceae which he distinguished by the production
of a single conidium on each cell of the conidiophore -
an example of careless observation. Lindau later

withdrew this sub-family in subsuming H., laricis under the

sub-division Botrydeae in the Mucidinaceae-Hyalosporae.

He mentioned that the peculiar method of spore formation
in the species had no counterpart amongst the Hyphomycetes.
Vuillemin (1905) showed that Hartig's fungus was

identical with the one he himself had described and that

his name - Meria laricis had priority over the later

Hartigiella. He also stressed once again the significance

of the sub-stomatal mycelial nodule in the taxonomy of
this fungus and the creation of a special family in which

it could be placed.

The significance of this nodule, nhowever, is not
recognised by Hartig (1899), Saccordo (1899, 1902, 1913),
Lindau (1910 ) and Piori (1912), who all preferred to
place Meria within the Fungi Imperfecti. In +this they
are followed by all the later workers. Further
descriptions ofthe fungus by Hiley (1921), Peace and
Holmes (19%3%) and Batko (1957) make little mention of its

taxonomic position.



Peace and Holmes observed that the conidiophores
that grew out in culture from stout hyphae wefe more or
less identical with those formed in nature. Hence the
hyphae from which the conidiophores originated were
considered equivalent to the sub-stomatal masses formed
in the needle - an equivalence tending to disagree with
the morphological significance imputed to these masses by
Vuillenmin. Peace and Holmes suggest that the systematic
position of the fungus is uncertain and that a decision
concerning its true position could only be reached when
the nuclear behaviour of the fungus had been cofrectly

traced.

Wakefield and Bisby (1941) in a classification of
recorded British Hyphomycetes into wet and dry spored types
place leria in the dry spored group -~ the first mention of
this particular spore characteristic. Clements and Shear
(1934) express the classification as

0. Moniliales P, oniliaceae Macronemeae

deria laricis

(B) The fungus in culture

A major contribution to the study of this fungus was
the work of Pesce and Holmes (1933%), the first authors to
study the fungus in culture aw well as to investigate the

disease in the field. In culture two distinct morphological
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strains, named 'a' and 'b', of the fungus were evident.

In isolations made from nature the 'b' strain tended
1o occur more commoniy than the 'a’'. Various experiments
to determine the effect of external conditions upon the
growth of the fungus in culture were attempted, although
the results obtained were rathef irregulax. Artificial
infection experiments were also carried out with especial
regard to the effects of humidity and sheltering of the
seedlings during the early part of the year. As a result
of these investigations and a series of field trisls, a
system of control using various sulphur sprays was

recommended.

(0)‘ Distribution

The disease was first reported from the Continent
towards the end of the nineteenth century. HMer (1895)
recorded occurrences at Nancy, Gerardmer and in the Vosges
mountains, and Hartig (1895) stated that it was found
throughout Germany.  Baudisch (1903) reported it from
Northern Austria, and Fiori (1912) from two localities
in Italy. A single record from Norway was given by
Jhrstad (1925). All these records appear to refer to the

disease on Buropean larch (Larix decidus. Mill). The

first records in this country were given by Hiley (1921
and 1525) when the disease was discovered on both European

Larch and Western’larch (Larix occidentalis Nutt.) in
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Scotland. Peace and Holmes (1933) carried out a large
number of inoculation experiments with different species
of larch, but only obtained infection on EBuropean and
Western larch, although one needle of Japanese larch

(L. leptolepsis (8ieb. and Zucc.) Murr.) was infected.

Neither the Korean larch (L. gmelini (Rupr.) Litvin)

nor the Asiatic larch (L. sibirica Ledeb.) could be

infected artificially.

The first American record appears to be that of
Ehrlich (1942) who noted disease symptoms o6n

L. ocecidentalis in Idaho and intimated that the disease

was glso well established in the Pacific Northwest.

Robak (1946) reporting from Norway noted symptoms
on plantation trees, between 13 and 20 years old, and
also the first occurrence of this disease on Japanese larch

and Hybrid larch (L. eurolepis Henry) Langner (1951) in

Germany noticed an unidentified fungus attacking certain
Hybrid larches produced during breeding experiments.

From his description of the disease symptoms the pathogen
was probably Meria. In Czechoslovakia, Prichoda (1954)
mentioned that the fungus was recorded on Buropean larch

in 1900, but not reported again until 1952.

Orlos (1951) has recorded the disease on Siberian

and Asistic larch.
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It is apparent that until 1946 the disease was more
or less confined to Buropean larch and Western larch or
was not sufficiently severe on the other larch species
for the symptoms to be noticeable. However, in 1954,
in Britain, outbresks of the disease on Japanese and
Hybrid larches were noticed (Batko 1955) in several
Porestry Commission nurseries scattered over the country.

ASs a result of these attacks the present investigation was
k &

undertaken.
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THis FUNGUS IN CULIURE

(1) laterials and Methods

(a) Collection and storagze of field material

Porestry Commission nurseries in wvarious parts of
the country sent material of European, Hybrid and Japanece
larch considered to be attacked by lierisa. This material
was stored at 3°C over 60% Sulphuric Acid in a desiccator
until isolations of the fungus could be attempted.
Cultures of leria isolated from diseased trees in 1954
by the Forestry Commission were also supplied by the

Forest Pathologist.

(b) Isolation

Due to the comparatively slow growth of the fungus
in culture, contamination of agar plates by other fungi
during isolation of the pathogen was particularly evident.
Consequently all attenpted isolations were carried out in
2 special inoculation chamber which was thoroughly sprayed
with 2% phenol thirty minutes prior to the isolation and
again disinfected immediately afterwards. The following
technique, a modification of that used by Plakidas (1948),

gave the most consistently effective method of isolation.

Prom the diseased material needles showing about 50%
browning were selected. These were sterilised in 0.1%

mercuric chloride for five minutes, and then rinsed in
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sterile water, Using a sterile scalpel the needles were
cut into small segments and these were washed with two
changes of sterile water. The segments were finally placed
on the surface of 2% malt agar plates, about four segments
to each plate and incubated at 25°C. After a week the
plates were examined. If mycelium had grown out from the
cut end of the needle segment it was examined under the
microscope, and, if it showed typical Meria characteristics,
transferred understerile conditions to a slope of 2% malt
agar.

Later, as a result of experiments on the fungus in
culture, the technique was slightly amended. The medium
used was Dox-yeast, this giving a more rapid and even
growth, and thg plates were incubated at 20°¢ instead-of
25°¢. In spite of the precautions observed, much trouble
was caused by contamination with other organisms. Normally
six replicate plates from each batch of three needles were
inoculated, firstly to overcome losses due to contamination,
and secondly to obtain as many differing cultures of the

fungus as possible.

Isolations from diseased material from the various
nurseries were continued for a two year period. Attempts
to store infected needles at 40% humidity in a desicécator
over 50% sulphuric acid at 3°C, for any length of time,

proved unsuccessful as isolations of lMeria from this
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material could not be made after fourteen days.

(e¢) Maintenance of stock cultures

A stock culture collection of Heria was obtained by
the following single spore isolation technique, a
modification of that used by La Rue (1920). Isolates
from diseased needle segments were incubated on Dox-yeast
agar slopes at 20°C for three weeks. Using a sterile
paint brush spores from these cultures were transferred
to a marked area on the surface of agar in a thin glass
petri dish. With cultures showing a large spore
concentration it was found advisable to dip the brush in
sterile water before transferring the spores, in order to
lessen their concentration in the agar plate. These
plates were incubated for 48-60 hours at 20°¢ while the
spores commenced germination and then examined under the
microscope. Barly attempts at this method using Difco
plain agar gave slow and uncertain germination, but later
Dox-yeast agar was substituted and the results were more
successful.

Under the X10 eyepiece and X100 objective a field was
found that contained only a single germinating spore. A
brass dummy objective with a circular cutting edge
corresponding in size to the %" objective with a X10
eyepiece field, was sterilised in a flame and substituted

for the normal %" objective. This was slowly racked down



15.

until the cutting edge was Just below the surface of the
agar and hence it removed a small disc of agar holdiné

the germinating spore. This disc of agar was transferred,
with a sterile needle, to a slope of Dox-yeast agar and
incubated at 20°C. At least five germinating spores

from each plate, i.e. from each single isolate. were

transferred by this method.

Bach batch of five tubes was examined after three
weeks' incubation and those showing differing
characteristics, mainly of texture, colour and degree of
discoloration of the medium, were kept for further
examination. Sub-cultures were made from each selected
tube, one maintained at 2000 and sub-cultured every two
months, and the other kept in reserve at 0°-3°¢ and only

sub~cultured every six or twelve months.

(2)

(a) Cuarscterigation of strains

Peace and Holmes (1933) deccribed two distinct
strains of Keris in culture. One strain, faster growing
and profusely sporing, was btermed the 'a' strain; the
other slower growing and sparsely sporing the 'b' strain.

These strains, however, were regarded as aggregates
as within either there was a wide range of variation.

Also saltent sectors tended to occur in the cultures unless

these were offmonosporous origin. Some of these saltants



were obviously intermediate between the two strains but
a few could not definitely be classified as either 'a!
or 'b'. One of the more outstanding was a fluffy white
variant thet produced few spores and did not discolour
the medium. This variant was 2lso isolated during the

present investigation.

Before commencing work on the determination of
strains of leris a rondom sample of stock cultures was
taken and this was used as inoculim in a preliminary
experiment to determine the medium most suitable for
growth. Bach isolate was sub-cultured on the listed
media and incubated for three weeks at 20°¢. The
incubated tubes were then examined and the colony size

estimated on a purely arbitrary basis. (Table 1).

Table 1.
Medium: Agar slopes Culture tubes
A B c D B
Dox + glucose 4 4 4 4 4
Dox yeast 1 1 1 1 1
Mannitol 5 > 5 5 5
Potato dextrose 2 2 2 2 2
Potato 3 3 3 3 3
2% Malt 3 3 3 3 3
5% Malt 1 1] 1 1 1
2% Malt 40% Sucrose 4 4 4 4 4
Maize 3 3 3 3 3
Maize yeast 2 2 2 2 2
, Oatmeal 5 5 5 5 5

Colony sige: Arbitrary scale. Largest - 1
Smallest - 5
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5% malt and Dox- yeast agar .ave the largest colony
size, and it was decided to use Dox-yeast for all culture

s the initial establishment and growth of the

©

work,
fungus was more rapid on this medium than on 5% malt.
In order to investigate tae presence of different
strains of leria, the stock culture collection was
exanined for differing morphological cuarascteristics.
All stock culture tubes were sub-cultured and incubzted
at 20°C for four weeks and the following morphological

characteristics were then noted:

() Colour - the colour of the mycelium.

(b) Type of mycelium -~ (i) whether the mycelium
was growing entvirely on the surface of the agar or if
the culture also showed submerged growth; (ii) general
mycelial appearance whether mainly aerial-fluffy or
mostly closely appressed to the agar surface - recumbent.

(c¢) Discoloration of the medium - a proportion of
the stock culture tubes showed distinct discoloration
of the agar. According to Peace and Holmes this
discoloration was due partly to brown granular accretions
produced by the Hyphal extremities and partly to the fact
that the whole mycelium became green and that the green
colouring matter diffused out into the agar. During

the present investigation very little evidence of crystals

was found. bxtensive examination of plate cultures,
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which showed the same discoloration phenomenon,
revealed very few crystals which could not possibly
account for the intensity of colour produced. The main
part of the colour had therefore diffused out from the
hyphae and consequently, preliminary attempts were made
to determine the nature of colouring matter. Different
solvents were added to a2 batch of tube cultures showing
a particularly intense greenish black colour in an
attempt to dissolve out the colouring agent. (Table 2).
The tubes were shsken vigorously and allowed to stand for
half an hour before examination. Very little colour was
apparent in any of the solvents immediately after shaking
with the exception of the tube containing water. After
standing however, several of the tubes showed a diffusion

of colours.

Table 2. The effect of different solvents on the
substance causing discoloration of the
medium in certain cultures of Merias laricis

Solvent Degree of diffusion
of colour

Water uch
Absolute

Alcohol Little
Carbon

tetracnloride None
Petroleum .

ether Very little

Lther Very little
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Since it proved impossible to extract any appreciable
gquantity of the pigment, further attempts to identify

it were abandoned.

(a) Degree of deliquescence of culture surface -
Pegce and Holmes in their description of the two strains
of lMeria mentioned that the 'a' strain showed a
delicuescent mycelial surface while the 'b' strain was
characteristically dry. Wakefield and Bisby (1941)
dividing the Hyphomycetes into dry and slime spored '
groups, placed Heria in the former, but obviously examined
only a limited range of cultures. By examination of
the stock culture tubes it was evident that the degree
of deliguescence of the mycelial surface was dependent
upon the number of spores formed. The spores are formed
in definite‘clumps and isolates with a definitely wet
surface have a large number of thece clumps. (See Plate 5).
In some cases these clumps coalesce so that tne culture
surface appears a8 one mass of spores. On the other hand
the tubes with a dry mycelial surface have fewer clumps
and, in one particular strain, a complece absence of
spores. Plate cultures showing deliguescent areas
within normally dry mycelium were examined microscopically
and it was noticeable that the number of spore clumps
in the wet aress was more than treble the number in the

dry areas.
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From the examination of a large number of
different isol=atves 1t was possible to distinguish four
digtinet growth forms of tne fungus. The description
of these growth forms, from norpholosgical appearance,

ig a8 follows -

Strain 5 - a pink semi-serial mycelium vartially
submerged. The mycelium is dry and there ig no

discoloration of the medium.

Strain b -~ A yellow-green recumbent unycelium
entirely on the agar surface. Mycelium is dry and there
is much discoloration of the medium; the colour passing

through light to dark brownish green to almost black.

Strain ¢ - A tan or tan pink recumbent mycelium
growing on the surface of the agar only. The surface of
the culture is deliquescent and there is no discoloration
of the medium.

otrain d - A white fluffy mycelium which is half
below and half. above the sgar surface. The mycelial
surfzace is dry and there is no discoloration of the medium.

(See PLATE 1)

A more detailed morphologlical exawination was
carried out tou determine further differences between

these growth forms.
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Detailed mornhologicel examination

(i) SBpores

Peace and Holmes described two distinct spore types,
macroconidia - %ﬁ;long and constricted at the centre,
and microconidia, formed on germination of the

macroconidia 3.§ﬁ~long and not counstricted at the centre.

During the current investigation both types of spore
were found, together with many gradations between the
extremes. The measurements here however, refer to the
macroconidia only as these were the spores produced
directly from the mycelium. The microconidia were formed

only during germination of the macroconidia.

Care must be taken, however, in using spore number
and size and diagnostic features for the separation of
distinct strains. Dodsell and Christensen (1923),

working on Helminthosporium and Johann (192%) with

Pusarium noted that both the number and the size of spores
is altered under differing cultural conditions. Peace
and Holmes also noted that the spores of Meris show an
increase in length in old cultures. Consequently the
following observations were made on spores from recently
isolated cultures grown under identical environmental

conditions.

(a) Spore number

From microscopic examination of cultures obvious



differences in the number of spores formed by each growth
form was evident. The deliquescent cultures of the ¢
strain showed the greatest number of sporeg, while the

dry cultures of the a and d strains showed the least.

A guantitative estimate of the number of spores
produced by each strain was made as follows:

A single germinating spore isolate of each of the
a, b and ¢ strains was cultured on a slope of Dox-yeast
agar. As no spores of the d strain were available. a
very small hypha, equivalent in size to the germ tube of
a spore, was used as inoculum. The tubes were incubated
at 209C for three weeks. A standard volume of water was
added to each tube, which was then shaken to dislodge all
the spores, and the number of spores present in 1 ml. of
this suzpension was counted under the low power of the
microscope, using a haemocytometer. Five different drops
were taken from eacn tube and a mean obtained. The

results are given in Table 3.

Tabie 3: Mean spore number of strains of Merias laricis
under standard growth conditions.

Strain Iean number
of spores

a 0
b 150
c 1280
d 0
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Smaller wolumes of water were added to replicate slopes
of strains a and d but even then no spores were found.
The microscopic examination of large numbers of plate
cultures of both strains revealed very few spores in
the a cultures and only a single spore in the d cultures,
which was not viable.

(b) Spore Size

Using the suspensions from the experiment above,
at least fifty spores from each drop were measured and a

mean length was obtained.

Table 4: Iiean spore length of strains of leria laricis
under standard growth conditions.

Strain Mean spore
length M

a, -

b 10

c 8

a -

(ii) Mycelium:

All the strains had septate multinucleate hyphae.
It was apparent from a cursory examination that the
growbth rates of the ctrains were different, and a

preliminary experiment to measure this difference was

get up.
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Using a flamed cork-borer, of diameter 9 mm.,
discs of mycelium and agar were cut from well established
plate cultures of each strain. These discs were
transferred, under sterile conditions, to the centre of
fresh plates and incubated at 20°0. Five replicates
from the same culture of each strain were used and the
diameter of these cultures was measured after twenty-four
days.

Pable 5: Mean.digmeter of colonies of Meria strains
after twenty-four days.

Strain Mean diameter
in cms.

21.7
29.3
31.7
23.4

2 0 T P

The colony diameter bears a relationship to the relative
amounts of zerial and submerged mycelium. Strains b
and c produce mainly suriace growths but in strains a

and d growth is mainly submerged.

(2)

(b) Norpholoxzy and Cytology of the funegus in culture

Few observations on morphology and cytology of
the mycelium have been made by previous workers.
Vuillemin (1896 A), describing the mycelium in the

needle, mentioned that the hyphae were septate and
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In a later paper (1896 B) Vuillemin described Meriz in
more detail. The hyphae were branched with some
anastamoses, usually 2.5 - %M_and occasionally up to
l?»gin diameter. The hyphal walls were soon tfansformed
into a gelatinous sheath and there was a narrow lumen.
This lumen, however, dilated in contact with the septum
due to an uneven thickening of the wall, and thé
protoplasmic contents of %ﬂe cell were banked at each end.
Vuillemin uséd this observation as a method of identifying
the parasite if typical fructifications were absent.
Peace and Holmes, however, found this character was shown
only by some of the older hyphae, and fact confirmed by
the wpresent worker.
A. Methods

Detailed microscopic examination of plate cultures
of HMeria was not successful owing to the density of the
Dox~-yeast medium. As colony growth was slow and irregular
on water agar, the following technigue, a modification of
that of Rees and Jinks (1952) was devised using a thin

smear of Dox-yeast agar.

Cleaned microscope slides were sterilised in a large
covered crystallising dish in an 80°C oven for at least
one week. Petri dishes, each containing a damp filter
paper and the two halves of a microscope slide, were

autoclaved at 15 1lbs./sq.in. for ten minutes. In the
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sterie inoculation chamber the centre of each sterile
slide was painted with a thin film of Dox-yeast agar ¢
using a sterile paint brush. The slides were then placed
face upwards on the half slides in the petri dish and
inoculum, either spores or a small piece of mycelium,
was placed at one end of the agar smear. These dishes
were inocubated at 20°C for varying lengths of time, two
weeks giving the best results. The resulting slide
smears were then fixed and stained as follows:

(i) Pix in acetic-alcohol (with a few drops of
aqueus: ferric chloride to act as mordant) - 24 hours.

(ii) Stain in a drop of weak aceto-carmine in

ferric acetate.

°

Attempts were made to obtain permanent mounts butb

these were unsuccesgssful.

B. Results

The mycelium consists of septate hyphae (PLATE 2)
that branch in an irregular manner, although the overall
effect is a regularly advancing hyphal edge. This is
especlially true of the b and ¢ strains, where the hyphae
tend to branch in one plane only. The a and d strains
do not show such a distinct edge as the hyphae immediately
begin to branch in several planes - those pointing |
downwards giving the submerged mycelium and the upwardly

directed ones giving the colonies their typical fluffy
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appearance. Anastamoses between branches are very common
and all colonies quickly attain the tangled mycelial state.

(PLATE 3).

The cells vary in length from %Pw l%p.and are
between %p.and %M in diameter. The cell wall is fairly
thin (see PIATE 2) in contrast to the thick walls
described by Vuillemin and Peace snd Holmes for the
mycelium in the needle, The banking of the protoplasmic
contents of the cell at the septum was only observed once
in a ¢ strain agar snear culture after thirteen days'

incubsation.

Normally the protoplasm is granular and evenly

distributed. The cells are multinucleate; <the nuclel
being minute (PLaATE 4). They are either evenly

distributed amongst the cytoplasm or tend to be aggregzted
in the centre of the cell. Owing to their swmall size

and the fact that they are turied in the granular materizl
of the cytoplasm, 1t is difficult to get an accurate count
of the number in each cell. The numbers appear to vary
between three and nine or ten. Occasionally apparently
uninucleate cells are found. The cells in the hyphal coils
where abstriction of conidia is occurring show a reduction
in nuciear number compared with those of the rest of the

mycelium. This possibly indicates that nuclear fusion

occurs prior to spore formetion (see later section).
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The only differences between the different strains
of leria were in their methods of branching, to give
recumbent colonies in b and ¢ straine and aerial and

submerged colonies in a and d strains.

In general the observations of Vuillemin and
Peace and Holmes have been confirmed but it must be
remembered that their observations were confined to

the fungus within the larch needle.



ate hyy

sept

showing

Strain ¢ hyphzal ansfomoses.



31.

3train a multinucleate cells near

®
°

44

PLATI

ge.

colony ed




32-

GROWTH STUDIES UN THE FUNGUS IN CULTURE

Peace and Holmes are the only previous workers:
to study the growth of the fungus in culture. They used
various techniques and found that optimum temperature
for growth was between 15° and 20°¢, although some

growth was evident at 5°¢.

To provide information for the investigation of
the disease in situ and to help with artificial

inoculgtion studies, the growth of fungus in culture was

studied.

VMaterials and methods

Stock plate cultures of each strain, derived from
single spore isolations, were used as inoculum in these
experiments. Agar plugs were used as inoculum as a large
number of these plugs could be cut rapidly from the agar
of a plate culture using a sterile cork borer of diameter
9 mm, Bach plug was then transferred with a sterile

pointed scalpel to the centre of a test plate and incubated.

In the plate experiments the diameter of the colony
was measured daily using a circular scale which consisted
of a series of concentric circles, differing in diameter
by 1 cm., drawn on graph paper to prevent inaccuracies
arising by measuring two diameters. For some treatments
tube cultures were also inoculated so that the morphology

of the culture could be studied.
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(1) Effect of composition of the medium on colony size.

Prom a preliminary tube experiment it was found
that 2% Malt, Potato dextrose and Dox-yeast agars gave
the best growth. A plate experiment was set up to record
this growth difference. Five replicate plates of each
strain oh each medium were inoculated as outlined above
and incubated for twenty-four days at 20°¢, The colony
diameter was measured and the mean of the replicates was

used to construct the histogram. (PLATE 5)

Table 6: Iiean colony diameter after 24 days of
strains grown on different media.

s Mean diameter of
Fedium colony in mm.
a b c d

2% Malt 18.4 21.8 18.5 18.9
Potato
dextrose 17.4 22.0 25.5 17.9
Dox-
yveasdt h 21.0 34.4 335.0 21.3

Overall growth was best on Dox-yeast agar and the
colonies had a more robust appearance than on the other
media. The b and ¢ strains showed the largest colony
size on all media with the exception of the malt agar

where all colonies were of a similar gize.

A duplicate experviment using agar slopes was set

up at the same time and the tubes were examined to
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FLATS 5: The effect of different media on colony
size after 24 days.
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discover any morphological differences. Apart from the
smaller colony size shown above, all treatments produced
colonies typical of the strain concerned, although the

d strain on Potato dextrose agar had less aerial mycelium

than the other two media.

(2) Shake and plate culture

Brown (1923), in his studies on fungsl growth,
mentioned that the diameter of a fungal colony does not nec-

essarily bear any relation to the amount of mycelium

present. This was certainly obvious by examination of
Meria colonies. The b and ¢ strains showed the largest

colony diameter due to the fact that the a and d strains
had wmuch submerged and aerial mycelium. Peace and
Holmes (19%3) measured the weight of mycelium by
dissolving the agar with hot water, but it was found to
be more convenient to grow the fungus in a liguid medium

in flasks.

50 ml. of Dox-yeast medium, without agar, was added
to 350 ml. conical flasks which were plugged into cotton
wool and autoclaved as usual. The initial inoculum was
obtained by homogenizing three slope cultures of each
strain in a Waring blendor using 250 ml. of sterile water.
0.5 ml. of the resulting suspension was added to each
flask with a sterile pipette. Three replicates of each

strain were inoculated and then incubated for twenty-four
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days ot 20°¢, hvery other day the flasks were shaken
to mix up the contents and to allow more sir to dissolve
in the medium.

Using a Buchner funnel and filter pump the
contents of the three flasks were filtered through a
rilter paper. Because of inaccuracies this method of
filtration was altered. The contents of the flasks
were poured through weighed porcelain crucibles containing
a wad of glass wool to retain the mycelium. These were
dried overnight in the oven at 80°C, cooled and

reweighed.

Table T: Mycelial weight of strains grown in liguid culture.

Strain Total mycelial weight
in grammes

2 0.0792
b 0.0596
c 0.0526
d 0.0932

The colonies with the largest diameter, those of b and
¢ strains, actually have the smallest mycelial weight,
while the colonies with the smallest diameter a and d
strains, have the greatest mycelial weight. The
mycelium formed by the 4 strain is approximately 50%

heavier than that of both band ¢ strains and 20% heavier
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than the a strain. The growth in all flasks was
fairly diffuse although there was a ‘endency for the
formation of mycelial mats. the medium in the b flasks

was slightly discoloured.

The most serious disadvantage of this method of
studying growth rates is the lack of oxygen available to
the mycelium. This can be ‘partiallly overcome by |
shaking the flasks every day - an inconvenient practice
in long term experiments. As two workers in the University
department were both interested in fungal growth, a‘éhaker
was designed (Ballance 1959) that would shake continuously
three hundred %50 ml. flagsks. It consisted of four flat
trays counnected above esch other and arranged about a
pivot in pairs. The bottom pair were connected to a
geared down electric motor via an eccentrically arranged
rod. This gave a reciprocating shaking movement of
about 40 cycles per minute and was run continuously

during an experiment.

An identical experiment to the one described above
was set up, using the shaker, and run for a similar
length of time. The mycelium was filtered and welghed
as previously but, because growth was much greatér, the
wycelium from individual flasks was filtered and a

mern wycelial welxght for eacn strain obbtained.



Table 8: lean mycelial weight of strains grown
in shake culture.

Strain liean mycelial
welght in grammes

a . 1223
b 10772
c .1054
d . 1602

The ratio of the weights of different strains was as
before but the morphology of the mycelium was entirely
different. In all strains the mycelium occurredlas
pellets which were either completely smboth (a straim),
or showed small fluffy projections, (a, b and c strainé),
The pellets of the a and d strains were large (up to
2 cm. in diameter) while those of the b and ¢ strains
weré small (less than 1 cm. in diameter). Similar
results for other fungi have been recorded by Burkholder
and Sinott (1945). The mycelial colour of all strains
wag identical with the previous experiment.

The mediuvm from all strains was examined for spores,

a few were found in the b g8train and many in the ¢ strain

flasks, but none were found in the a nor d cultures.

This was obviously a more accurgte and satisfactory
method of determining the effect of different factors on

growth, than that using solid media but only if sporulation
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was not being considered. Also various other physical
factors such as temperature could not be investigated
using this method. One advantage of the method was the
production of fairly large amounts of mycelium in a short
time. A disadvantage, however, was the difficulty of
preventing contamination, mainly by bacteria and yeasts,
if large numbers of flasks were inoculated from one batch
of mycelial suspension. Owing to the small size of the
sterile inoculation chamber only twenty flasks could be
inoculated without opening the door. Re-sterilization
after every batch was imprascticable, but otherwise strictly
sterile conditions were observed in order to prevent

this casual infection.

PLATE 6 shows a comparison of the growth of lierig

in solid and liquid culture.

(3) Bffect of temperature on growth and morphology

(a) Growth  Peace and Holmes discovered thaf the
optimum temperature for growth of Meria was between 150~
20°C and that slow but continuous growth would occur at
59¢. Since it was not possible to operate the shaker
at a number of temperatures the plate culture %echnique
(page 32) was employed to.compare the effect of

temperature on the growth rates of the different strains.

Plates of each strain were placed in incubators at
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25°¢, 20°C, 15°C and 10°C and in a refrigerator at 0-3°C,
three replicate plates at each temperature. The colony

diameter was measured after twenty four days (TaBLE 9).

Table 9: BEffect of temperature on growth of different
gtrains after 24 days.

Mean Colony diameter in mm.
after 24 days
Strain Temperature °¢
0-3° 10° 15° 20° 250
8, 10 15.5 19.7 21.6 16.1
o 10 19.8 25.2 26.3 17.3
c 9.2 17.0 25.7 31.7 23.2
d 9.2 14.0 17.1 23.7 11.0

Inoculum diameter = 9 mm.

(See PLATE 7)
All strains show a fairly regular increase in growth as
the temperature rises 1o 2OOC, the optimum. There is a
fairly rapid falling in rate between 20° andg 25° and
several slope cultures incubated at 30°C showed no
growth whatsoever. 411 strains also showed slow but
continuous growth between 0° and 3°C. Consegquently it
was practicable to maintain duplicates of the stock
culture collection on agar slopes in the refrigerator -
these only needing sub-culturing once every six or twelve

months.
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(b) Morphology A comparable experiment to study
the effect of temperature on the morphology of the
strains, in tube culture, was set up. All the strains,
with the exception of the b strain, showed their typical
characteristics at all temperatures.

At 0-3°C and 10°C the mycelium of the b strain
was yellow in colour: after two months the medium had
turned an intense greeny-black and there were deliquescent
spots on the mycelium which, when examined, were found not

to be spore clumps however.

Since prolonged incubation at low temperatures
affected the morphology of one strain it was decided to
investigate the effects of such incubation more fully.
Several slope cultures of each of the different strains
were left in the 10°C incubator for eight months. Owing
to its construction the humidity inside +the incubator
remgined fairly high and the agar did not dry up. These
tubes were examined morphologically and if they showed
abnormal characteristics there spores were also examined.
The results were as follows:

a strain Both slopes showed large pink wet
colonies although there were no spores present.

b strain One slope showed a lime yellow mycelilim
with many black deliquescent dots. These were found not

to be spore clumps but there were a large number of
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spores in this culture possibly due to the long

incubation period.

One slope showed a brown mycelium and no
discoloration of the medium. The number and size of
spores present were similar to those of the above slope.

c strain In one slope there was a tan discoloration
of the medium and a completely dry non-sporing mycelial
surface.

d strain All tihe d strain cultures remained true
to type.

all strains abnormal at 10°C reverted to the normal
type when sub-cultured snd grown at 20°¢. This effect
of prolonged growth at low temperatures on the morphology
of the mycelium is interesting and its significance will

be discussed later.

(4) The effect of pH on growth

Most fungl are tvolerant of a fairly wide pH range,
and a preliminary experiment was set up to discover if
this were true of Meria and also to see if tne different
strains were separable by different pH optima.

Dox-yeast agar was made in the normal way, and
after steaming, was poured into batches of test tubes.
The pH of these was adjusted, using i%@ Hydrochloric acid
and 20% KOH, to give a range from 1 to 10: +the liguid

agar being tested with pH paper. The tubes were then
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autoclaved and before the agar had solidified the tubes
were again tested to find any alteration in pH. All

of the tubes showed a difference in pH but é suitable
range from pH3 to pH1O was availsble, the tested tubes
being discarded. The slopes were inocula%ed, incubated
at 200C for twenty-four days, and examined. ”

(See PLAYTES 8 and 9)

s

&

Some mycelial growth was apparent in all tubes.

The more acid media pH3.1 and 4, were liguid jelly and
the colonies were small and submerged, while the extreme
alkaline media, pHY9.2 and 10 were very solid and the
colonies were compact and on the surface. From a
superficial examination it appeared that There was a
difference in optimum pH between the strains. Strains
a and ¢ showed the most robwst growth and largest colony
at pH4, while straing b and d had optimum colony size
about pHb6.

A8 mentioned in the previous section on the effect
of temperature on growth, some of the cultures of a given
strain tended to show characteristice of a different
strain under certain conditions (10°C).  This was also
evident here in colonies grown under highly alkaline
conditions - pHS.Z2. Two especially were very noticeable
on a cursory exanmination.

1. Strain ¢ at pHY.2 - most of the colony showed pink
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aerial mycelium typical of the a strain, and there was
only a very swall delicuescent area near the top of the
slone. When recultured unier normal conditions !
colony rsrew 28 a wing aerdnycelium -~ a typical a strain.

& definite chan_e of strain had occurred, not a temporary

and reversible chan.e such as that found in the low
temperature experiments.

2. Strain d pH9.2 - a large area of the mycelium was
greeny brown 1n colour and there wag s distinct discoloration
of the medium bveneath the colony. A small section near

the base o7 the slope showed typical b strain
characteristics. Several recultures from all parts of
the slope, under normal conditions, showed distinct d
strain characteristics, although some slopes had a
distinctly brownisn mycelium. Here again it appeared

that an irreversible strain change had occurred.

This is the only recorded instance of any abnormal
appearance of the d strain. It remasined remarkably stable

in culture throughout the whole period of experimentation.

A guantitative experiment to find the optimum pi
for growth was sebt up using the flask shake culture
technique. Replicate flasks of pHl to pH1O were
autoclaved. As previously, the pH of the medium was
tested after autoclaving and a set of flasks showing a
suitable range from pH2Z to pHS was inoculated with mycelial

suspension and shaken for fourteen days The mycelium
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from each flask was filtered, dried =and weighed and a mean
dry weight obtained for each treatment.

Table 10: BEffect of pH on growth - llean mycelial dry
weight after fourteen days.

lean dry liycelium weight in gms.
pH after
auto- . .
claving Strains
a b c a
2.1 .0148 L0371 L0217 L0170
3.1 . 1030 .0578 .063%6 L1262
4.3 .1206 0794 .0665 .2932
5.4 .2769 .0706 L0510 2711
6.1 L1537 L0327 .0210 2751
7.0 L0172 .0187 .0060 .0500
8.2 .01G5 L0106 L0113 .0053

(See PLATE 10)

The previous observation, thot Meria shows a wide
range of tolerance to pH, was confirmed -all strains
showing growth from pH2.1 to pHS.2. This was the only
range tested as it proved difficult to adjust the pHof
the flaskskbefore autoclaving, to obtain a larger range

after autoclaving.
All strains show a preference for acid conditions,

especially strains b and ¢ whose optimum is pH4 . These
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liquid culture after 14 days.
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mycelial weigat over t.e wnole pH scele is fairly low.
Strain o suows a very definite optimum at hS with a
fairly rapid fall in growth rote under wore allialine
coaditions Strain d has little growth at the
extreuwes, pHZ2 and pH7 =zna 8, but over the central
ranzse, pH 4 - & is relativdy insensitive to pH changes.
It ig obviously notv rossible to separate the
strains by ph optimum as this ies very similzr in =2l1l.
However, it can ve sald that strain d shows remariably

4 - B 5

similar growta at pH4, »HS and pH6, which drops

(5) The effect of different & wars and different
concentrations of sucrose on crowth.

Cochrane (1958) reports that most cultivable fungi
can utilise glucose and wany can Jrow on fructoce,

alactose as 2 carbon cource. Sucrose ig

mannose or g
anotier good carpon source but 1s not so universally
available as meltose watcn i1s forred in nature during
gtarch hydrolysis.

oy sucroce at a concentration of
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1.5 is used as tle carvohydr te source. A shase culture
experiment was set up to test firstly thne —reference

of the different stiraine for a _articular su.ar, and
-econdly the concentration of sucrose ziving optimum
Srowth.

Dox~yeast, minus sucrose, was used as a basal
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medium and the sugars to be tested were added. For the
first part of he experiment 2% glucose, 2% fructose and
2% gucrose were used and three replicate flasks for

each treatment were inoculated. For the second part
the concentrations of sucrose werc 5%, 10% and 20%,

again three replicates being used. As a control one
set of replicates contained the basal medium only without
sugar. The inoculum used was a mycelial suspension
obtained as follows: Mycelium of each strain grown in
Dox~yeast liquid medium was washed several times under
sterile conditions with sterile water to remove all
residual traces of sugar. This mycelium was then
homogenized as previously described, in a Waring blendor,
and C.5 ml. of the suspensionigded to each flask. The
Flasks were shaken for fourteen days, the mycelium from

each flask was filtered and a dry weight obtained.
(See Table 11 and PLaTE 11)

Strains a and d show an undoubted preference for fructose
as opposed to glucose while straimsb and ¢ can utilise
sugar equally well. All strains, however, grow as well

on their best monosaccharide as they do on 2% sucrose.
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Table 11: The effect of different sugars and

different concentrations of sucrose

on growth after fourteen davs

lean dry mycelium weight in gms.
Treat- Strains
ment
a b c d

Control
no sugar O L0033 G 0230
2%

@lucose . 0838 1138 . 1107 .0920
25
Fructose .2740 L1467 L0245 . 3000
29
sucrose . 2965 . 1453 1273 L2831
5% :
Sucrose 3951 . 1322 .1516 . 3804
10%
Sucrose 3879 L2730 . 2457 .5688
20% -
Sucrose . 3435 .2566 . 3260 1.0988

Growth on the higher concentrations of sucroseé is
variable. Strain a shows a slight though probably not
significant depression of growth at 20% sucrose,
otherwise growth under zll treatments is similar. Strain
b showe definitely increased growth at 10% and 20%

suprose, while the other tresmments give a practically

similar mycelial weight. Strain ¢ increases its



Ut
N

903

Strain d

703

Dry
Weght
gms.

Strain a _1

503}

5 Strain & Strain ¢
T u
03} ] u

o
.
.o

103§

003

2.2 22 5 1020 C 22 2 5 1020 C 2 2 2 5 102 cC 2 2 2 5 1020

Sugar -and percentage concentration

Trestwent for each strain is:

Control: 2. Glucose; 2% Fructose; 2 5, 10, 205
H 7 bl E
Sucrose

FlLal. 1l: The effect of different susare and
dofferent coucentrations of sucrose
on growth after 14 days.
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growth by about one tuird from 10% to 20% sucrose.
The most interesting results were snown by strain d
where the growth rate increases enormously with every

higher concentration of sucrose.

In oniy twoc straineg, b and d, were any recognisable
amounts of mycelium formed in the control flasks. The
fact that a certain amount of sugar is necessary for
growth and that strains a and d prefer fructose to
glucose may have a bearing on the intfective ability of
particular strains - a point wiilch will be discussed

later.

It is obviously not practicable to separate the
different strains on their ability to utilise different
monosaccharides and different sucrose concentrations.
However tue method could be used to distinguisih between
straine ¢ and d, both of which show »nroporitionally
increased growth at 10% and 20% sucrose and strains a
»ad b whicn do not. This also suggests tnat the osmotic
ressure of the cell contents of the mycelium of these

two gtraing is hig.er tan th~t of strains a and b.

(6) The effect of different vitaming on wrowth

bogt funi i able to _-row in artificisl culture are
given a vitamin source or simple substances from which

vitamine can be synthesised, There gare five vitanins

quoted (Fries 1948) as being necessaryv for fungsl



56.

growth and wany others wiich may affect growth,

depending on the synthetic ability of the fungus.

Thiamin, biotin, riboflavin, pyridoxine and
inositel are the wost imporitant vitamins concermed in
fungal growth and a preliminary tube culture experiment

was set up to determine their effect on Meria.

The medium used was ordinary dox. Seven separate
batches of agar were nade. Une contained the correct
guantities of all the vitamins tested,and one consisted
of the basal mediuvm without sany vitamins. The
remaining five contained all the vitamins except the
particular one under test. Agar plugs, cut from plain
agar and sugar cultures, were used gs inoculum, and the

1 . 1 O, o 3
tubes were incubated at 207C for twenty-four days.

Bxamination showed distinct differences in colony
size within the four strains under different treatments
and also between the strains, and a more detailed
experiment using a larger vitamin range and flask shake
culture, was therefore set up. All glass apparatus was
cleaned: with chromic acid and analar chemicals were
used wherever possible. The medium was dox with the
correct quantities of vitamins added (Table 12) before

autoclaving. This was possible as ascorbic and folic

acids, which are destroyed by heat, were not used.



57.

Three replicate flasks of each treatment were inoculsted,
.the treatments including a batch with all the vitamins
added, one with the basal medium only and one of the full
Dox-yeast medium for comparative purposes. The

inoculum for each flask was 0.5 ml. of homogenised
mycelial suspension, obtained from plain agar and sugar
cultures. The flasks were shaken for one month to ensure
a substantial mycelial growth in all treatménts, filtered

and tne mycelium dried and weighed.

Table 12: Concentrations of vitamins used in gms/litre.

Vitanin Concentration
ems/litre
Hicotinic acid 260
Pantothenic acid 400
Pyridoxine 100
Inositol 5,000
Thiamin 100
Riboflavin 250
Biotin 5
Choline Chloride 400

(See Table 13 and PLATH 12)
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Table 13: Mean dry mycelial weight of strains of Meria
grown under differing vitamin conditions.

lean dry mycelial weight gms.
Preatmernt Strains of Meria
2, b c d

Dox-yeast .2286 L1738 L1333 .3439
NO vitamins .0106 L0102 .00%6 .6098
inus nic-

otinic acid L0171 .0207 .0455 .0%88
Minus Panto-

thénic acid L0303 .0145 L8535 L0632
Minus Inositol .0463 .0124 0337 .1529
Minus

Pyridoxine L0304 L0147 . 0834 .1295
inus

Thiamine .0218 0074 0239 0740
inus

Riboflavin .0204 .0208 0220 L0227
Minus Biotin . 0201 .0256 .C275 L0512
Minus Choline

Chloride .0189 0218 .0254 0482
All Vikamins .021% 0255 { 0267 0621

The results of this experiment must be interpreted with
caution as only the b strain shows the replicates
containing all vitamins with a larger dry weight than

the other treatments. this is due partially to the

i e f B - £ 1 5 g
disagreement Letween the replicates but mainly to
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the type of inoculum used in some of the flasks.
Insufficienf inoculum from plain dox cultures was
avallable and a small quantity of mycelium from Dox-
yeast shake culture was used after many washings with
gsterile water. Obviously sufficient vitamins were
carried over into the test media to give a greater
growth than would have been expected. However, the
following trends occur. Choline chloride is apparently
not necessary for adeguate growth of a and ¢ strains, but is
necessary for b and 4. Strain b is the only strain that
reqguires thiamin for adequate growth. All strains show
some growth, though a very limited amount, without
vitamins.

The most interesting of these trends is the partial
requirement for choline chloride of strains b and d and
the fact that it is not necessary for the growth of a
and c¢ strains. This indicates that sitrains b and 4 and
strains a and ¢ have some physiological connection and
supplies additional proof for a tendency that has already
shown itself during other growth studies.

SUMMARY

Study of Meria laricis in culture has revealed that

the species is divisible into four distinet cultural
strains. These strains can be identified by mycelial

colour and type, the number of spores they produce =nd



their length and their differing growth rates.

In 2ll strains the mycelium is a tangled mass of
branched and anastamosed hyphae. The hyphae are
septate and multinucleate with dense cytoplasm. More
definitive growth studies were made in an attempt to
distinguish between the strains and experiments concerning
the effects of the composition of the medium, the
temperature, the pH, different sugars and different
coucentrations of sucrose, and different vitamins on

growth in culture were carried out.

DIBCUSSIUN

Pour distinct cultural strains of jeris have been
recognised. These nhave been desiznated a, b, ¢ aﬁd 4,
and can ve identified by various cultural characteristics.
FPeace and Holmes deéscribed two strains a and b which
appear to correspond with the present a and b strains, but
also mentioned the occurrence of a further sparsely sporing
variant with a white fluffy mycelium which corresponds to
the current strein d. The recognition : of these strains
will be important when considering the pathogenic aspects
of this disesse and may in fact account for the sudden

appearance of lieria on nreviously resistant tree species.
all strains rerain stable during sub-culturing under

normal cultural conditions but growth for lon. seriods
R
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at 10°C produced reversible strain changes while growth
under differing pH conditions produced permanent strain
changes. At 10°C tiere was a tendency for certain a
strain cultures to take on ¢ strain characteristics
(a deliquescent surface nycelium) and sone ¢ strain
cultures showed b strain characteristice (discoloration
of the medium and dry mycelial surface). All these
reverted to normal type when sub-cultured and grown at
20°¢. This indicates that the cultural strains are not
definite genotypes but aggregates coataining nuclei of
some or all of the different sirains. The dominance of
particulzar sirain nuclel gives thne observed strain
cnaractericstics but tais dominance c-n be upset under

certedin cultural co.ditions.

During tue pH experiment two germanent sirain
chanszes occurred, both from cultures grown at pH9.2. A
strain 4 culture changed to strain b and a strain c
culture changed to strzin a. Strain d remsined remarkably
stable throush frequent sub-culturing and this was the
only change of strain recorded for this strain. The
rapid fall in growth, measured by dry weight of mycelium,
shown by strain d shake culbure between pH6 and 8 could
account for this strain chan_e. The d stirain nuclel
were adversely affected uncer these alkaliné conditions,
shown by the raprid fall in growth, while those of

the b strain, beiny slightly more tolerant, were
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able to exert their effect. This effect however was
rermanent unliike the temperature effect. If the
strains are interchanzeable under differing cultural
conditions, it is probable that they will also
interchange during passage through the needle.

The significance of these strain interchanges and
of the strains in relation to the pathogenic aspects of

Meria will be discussed later.



SEORE FURMATION AlD GBERIIINATION

Vuillemin (1896) describes in detail the formation
of spores of keria when pathogenic in the larch needle.
A thickened hyphal branch grows into the sub-stomatal
chamber, swells into an aseptate mass and then undergoes
various septations to form a two layered tissue. The
upper, fertile layer is protected by the cup-shaped
mucilaginous sterile layer. Cells from the fertile
layer elongate, undergo septation and protrude from the
stomatal pore, subsequently branching in o regularly
dichotamous menner. Bach branch divides into 1-3 cells
and each cell forms a sterigma just below the septum.
Spores are cut off consecutively from this sterigma, a new
one beginning to form after the first is abstricted. The

spore is unicellular with a constriction in the centre.

Peace and Holmes confirmed these observations and
described spore formation in culture. Conidiophores,
similar to those found in nglire, are produced from
Specialised hyphae. These hyphae are thicker and contain
more cytoplasm than the normal vegetative hyphae and are
probably equivalent to the sub-stomatal masses found in
nature. The number of cells in each conidiophore is
variable and each sterigma produces an indefinite number

of spores succesgively. The spores gre identicsl to
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those produced in nature and prior to germination a
septum forms across the constriction - an observation

not recorded by Vuillemin, Saccardo or Lindau.

Dreschler (1941), describing an unknown disease

of nematodes, called the parasite Meris coniospora

using as one of the major reasons the similarity of spore

production to that of leria laricis. Conidiophores

are pusihed out through the integumen?t of the nematode
and become divided by septa into cells of a uniform
length. BEach cell forms a short sterigma, at the distal

end, which abstricts small conidia consecutively.

The wpresent investigation has confirmed earlier
observations and more detalil of spore formation of the

fungus in culture is available.

Spore formation in culture

Iethod - The slide smear cultures used for the
cytological examination of leris were kept under the
same conditions, 20°C and a high huwidity, for periods
from ten to twenty days. It was found that during the
interval spore formation had commenced in various parts
of the culture. and using the aceto-carmine staining
technique previously described (p.27) details of this

process could be observed.

1. Obgervations on spore formation: Htrains b and ¢

spores are produced ¥rom hyphae exactly similer in
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appearance to vegetative hyphae apart from a decrease
in nuclear number. This disagrees with Peace and
Holmes' observations where larger and more granular
hyphae acted as conidiophores. These were observed
under adverse conditions in starved and staled cultures,
but were by no means predominant and were never present
in normal cultures. The conidiophores were formed in

two different ways.

(a) A hyphal branch would become septate and each
cell would form a sterigma at the distal end and et off

spores consecutively, usually one every twenty-four hours.

(PLATES 13 and 14). The conidiophore cells were

multinucleate, although they conteined fewer nuclei
than the normal vegetative cells. The conidia were
also multinucleate (see PLATE 18) - an important fact
to be considered when discussing the taxonony of the
strains.

(b) A hyphal branch would coil into a dircle
or partial circie, septation would occur and spores
would be cut off from sterigmata as previously into
the inside of the coil. (PLATE;QQ). ‘Usually, however,
neighbouring hyphal branches would anastamose with the
original circle and these would also begin to cut off
spores (FLATE 16). This method of spore production
accounts for the spore clumps, especially obvious in

the ¢ strain at low magnifications (PLATE 17).



PLATE 1%: Strain b after 10 days: spore
formation showing septation.

PLATE 14: Strain b after 16 days: three
initials abstricting many speres.




Strain ¢ - early stage of spore
fo

formation within coiled hyphae.

Otrain b after 11 days - a more
advanced stage of hyphal colling and
spore formation
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There appears 1o be no definite reason why one
or other of these conidiophore forméﬁions should arise.
ethod (b) occurs rather more freguently than method
(a) especially in c strain cultures.  However, neither
mefhod is confined to any particular part of the
culture, although there is a tendency for method (a?
to appear more obviously at the colony edge. Viethod
(a) is very similar to that observed in the needles
(Vuillemin) and by Peace and Holmes and Dreschler in
culture. Method (b) is possibly a modification occurring
under favourable counditions in culture with the production
of large numbers of spores. Isolated instances of
spore formstion at the extreme colony edge have been

observed (PLATE 18) but this is unusual.

On one occasion one b stralin culture on plain
agar that had been incubated for twenty-one days
developed aerial spore clumps, resembling the conidio-

phores of Aspergillius. Normally all conidiophores are

produced in the same plane as the mycelium or agar,
these however were borne aloft on short aerial hyphae
(PLATE 20).

Peace and Holmes record that the conidia become
septate prior to germinution. The +time of septation is
however variable. In the majority of instances

septation does occur prior to germination, especially
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in the ¢ strain. Conidia of the b strain, however,
often form a septum immediately after abstriction or

even before abstriction (See PLATE 13).

Vuillenin describes the spores as being granular
throughout.Saccardo (1902) and Lindau (1910) mention
that the ends of the spore each contain a large oil
globule. Peace and Holmes state that although oil
drops do occur tue ends of the spores are usually
granular. Recent observations partislly confirm both
views. Circouvlar semi-transparent areas sround the
edges of which the nuclei are found, occur at the ends of
the spores. These are not oil globules but may be
vacuoles as they appear 1to contain no granular contents.
The remainder of the spore is filled with granular
cytoplasm, the nuclei often being obscured by aggregations

of the granules. (PLATE 21)

Owing to the small size of the sgpores it was
difficult to observe accurately the number of nuclel in
each spore. Generaliy the numbers wvaried beltween two
and ten, énd these were usually aggregated at the ends,
although spores were occasionally found where all the
nuclei were aggregated in the centre. The number of
nuclel in each spore was reduced prior to spore
germination. In a ¢ strain germinstion experiment

4%% of the spores showed a single nucleus, 49% two
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PLATE 21: Otrain b after 16 days showing

apparent spore vacuoles and

granular cytoplasm.
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nuclei and only 8% showed three or more nuclei,

wheregs 1t was very unusual to find a uninucleate spore
in a spore clump. It was not possible to observe if
the reduced number of nuclei in the germinating spores,
when compared with the newly formed spores was a result

of nuclear fusion or degeneration of some of the nuclei.

2. Spore formation: Strains g and 4

Both strains a and d were cultured by the slide
smnear technique for observations on spore formaztion
but no instances were found in either. In one d
culture twenty-one days old there were branches that
appeared to be forming conidia at their tips although
no spores were found in their vicinity, but this was

the only observation made of this type.

Strain a when originally isolated, showed a small
amount of sporulation and some of the earlier
experiments on spore germination (see next section)
used spores of this strain. However, the ability to
sporulate was very rapidly lost in culture, usually after
one sub-culture, a phenomenon not uncommon in pathogenic
fungi grown artificially. Thisg created difficulties
both with spore germination tests and later with tree
inoculation, as only a few isolates of the a strain
were made during tiie later stages of the work and
consequently few a strain spore suspensions were available

for tree inoculstion.
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A. Factors affecting spore formation

It wae decided to investigste factors affecting
spore formation in culture as these would have a bearing
on spore formation in nature. The factors affecting
spore formation in the fungi include the physical
factors of temperature humidity and sometimes light;
however carbohydrate and nitrogen availability also
affect sporulation which occurs at low concentrations,
althoug:. the nitrosen source may also have an effect.

Yo g pathogenic fungus such as keriaz, the physical
factors will be more important than the chemical, as the

ciienical compogition of the host remasins fairly uniform.

(1) The effect oi tempersture on spore formation

Y

'he slope cultures used in the experiment for the
effect of tewperature on srowth (on. 39 ) were
investi:ated for syore number and size. A standard
volume of water was added to exch tube which was

vigorously shaken to dislodge all the s pores. A drop

of this susyension was exanined under the high power of

a microscope using a heemocytoneter. The number and
size of the svores was recorded. Keither strain a nor

strain 4 produced conidia.
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Table 14: Efiect or temperature on spore number

in 1 wml. of spore suspension.

No.of spores in 1 ml.
Temp- of suspension
erature Strain
O
C
b c
0 0 0
106 0 520
15 52 1580
20 156 4240
25 1 2020

20°¢ is the optimum temperature for the formation of
conidia in both strains b and c. This is the same
tenperature as the growth optimum. The ¢ strain,
being more vigorous from the sporing point of view,
produces spores at both 10° and 25°C where growth
is slow, but the b strain produces spores over a

limited range (15° - 20%) only.

In general the spores of both strains appear
to be longer at higher temperatures. The b strain at
15°C shows 48% spores kain length, the longest (4%)
being %,l. However at 20°C the smallest spores are
8/,\(24%) and 48% are 10/“ in length. fThe ¢ strain

spores are gimilar but the difference in length is
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not so marked and probably not significant. Spores

at lOO, 15° and 20° are S}Along while 48% of the

spores formed at 25° are lq/xin length. This result
emphasises the fact that spore measurement studies must
be made under standard environmental conditions. The
range of temperatures over which sporulation occurs is
important as the information can be used firstly during
artificial inoculation experiments and secondly while
attempting to devise a forecasting system for Meria

attack.

(2) The effect of humidity on spore formation

During experiments on the effects of different factors

on spore germination the humidity effect was investigated.
Due to the technique described below it was possible to
incubate the cultures for as much as one month. These
were then examined microscopically and an arbitrary

assessment of mycelium growth and sporulation was made.

The technigque ig a modification of that used by
Snow (1949). Small square 'staining pots'with flat
glass lids were stored in crystallising dishes and
sterilised at 80°C for several days. The 1lids were
cooled znd painted, under sterile conditions, with a
smear of Dox-yeast agar in their centre and then
replaced at 80°C for several days. The pots were

removed from the oven danda few arops of a solution
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giving a known humidity were placed in the well. ’The
1lid, with its edges smeared with cilicone grease and
with the dried agar face downwards was placed over the
well and the pot left to equilibrate at 20°¢ for twelve
hours. 'A spore smear was made on the agar of each lid
and the pot was incubated at 20%, Due to tne thin
glass 1id, germination and subseguently mycelial growth
and sporulation, . could easily be observed under the
low power of the microscope without disturbing the
contents of the pot.

Table 15: Arbitrary assessment of mycelial growth and
spore formation of Herias under differing

humidity conditions. Scale: 1 - 3.
® Kycelial growth and
sporulation: Scale 1 - 3
Humidity
% Strains
a b c
I C it c [ c
106 1 - 1 2 1 -
99 3 - 3 - 2 1
98 2 - 2 3 1 3
90 2 - - - 5 -
\ i

Lower humidities were not used as it was found, from
preliminary experiments, that no germination occurred

below 90% relative humidity.
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100% relative humidity wes unsatisfactory for -
grow%h and only the b strain sporulated. 99% R.H.
gave the best mycelial growth in all strains but
only the c strain showed a little sporulation. 98%
R.H. gave maximum sporulation in both b and ¢ strains
and while at 90% R.H. growth was good, in a and ¢
strains no spores were found by any culture. Sporulation
therefore occurs over a very limited range of relative
humidities - 98 and 99%, although some sporulation
will occur in the b straiﬁ at 100%. It is doubtful
whether this slight difference between the b and ¢
strains will have any effect upon inoculmm available
for infection in nature. The humidity will fluctuate
rapidly over these small limits and b and ¢ conidis
will be formed and probably released at the same time.
This means that the relative abundance of b and ¢
incculum in nature will depend entirely on relative
numbers of trees or needles infected with strains b

and ¢ in any particular area.

(3) The effect of light on spore formation

It has long been recognised that fungi can be divided
into different groups depending upon their reaction
to light (Hawker 1957).

Slope cultures of the four strains were given

the following light treatments for one month at 20°¢,
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by means of a 60 watt pearl tungsten filament lamp
installed close to the glass insulating door of the
incubator. opore size and number were counted and

the morpholoyy of the colony noted.

Light conditions:
(i) Continuous light

(ii) Continuous dark - tubes were placed in a
light tight but not air tight tin

(iii) Normzl day - this was in fact exposure to
sixteen hours light in every twenty-four.

Table 16: Effect of light on spére numbers in
1 ml. of spore suspension.

Bumbers of spores in 1 ml.
Treste of spore suspension
men’t Strain
a b c d
Continuous No spores
light 10 270 1080 formed
16 hour
light 8 10 1350 . do.
Continuous
dark 12 50 3340 do.

A1l cultures were normal morphologically, with the
exception of strains b and d grown in continuous
darkness. There was less pigmentation of the b
mycelium than usual, and the d strain was less fluffly

and showed a slight browning of the mycelium. The
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former effect was probably due to the darkness but
both may be caused by the continuous high humidity

in the enclosed tin.

This is one of the few experiments where the a
strain has sporulated. However, the number of spores
produced is negligible and there is no difference
between the treatuments. The b strain shows greater
sporulation in continuous light than in the other
treatments, but again the difference is probably not
significant. The ¢ strain shows the greatest
sporulation in continuous darkness with a diminution
of numbers of spores in sixteen hours light and a |
further reduction in continuous day. This large
number, in continuous dar.iness, may again be due to
the humidity conditions in the enclosed ftin but, as
there is a definite decrease iﬁ numbers formed as the

total exposure to light increases, it is more likely

0 be a definite darkness effect.

The effects of light on conidizl formation are
of 1little consequence in nature where the host is
subject to normel day and night and conidial formation
will depend more upon temperature and humidity
conditions. The different light treatments had no
effect onthe wize of the spores of either strzin b

or strain c. The measurements showed their normal
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spread with optimum l?/xfor b strain and %M,for c
strain. As a result of these resyonses, Merisg will
actually be placed between different light response
groups. The fungus will sporulate during light and
even in continuous light, dbut forms a la}ger number of

spores in complete darkness.

(4) The effect of different sugars and different

concentrations ox sucrose in spore formation

Host fungi will give maximum sporulation at fairly low
sugar concentrations. The tube pultures inoculated
to observe the effect of sugars and sucrose concenﬁra;_
tions on growth (p.51 ) were examined to assess the
numbers and size of conidia present. Unfortunately

the b strain slopes became infected with Penicillium sp.

and these were discarded. There was no conidial form—
ation in strains a and 4. The results were therefore

confined to strain c.

Table 17: The effect of different sugars and different
concentrations of sucrose on numbers of
spores in a 1 ml. spore suspension - strain c.

treatment | 5 RO O o
Strain ¢

2% Fructose 1560

% Glucose 480

% Sucrose 1280

54 Sucrose 1580
1C% Sucrose 740
20% Sucrose 6 (See PLATE 22)
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2% Fructose gives better sporulation than 2%
Sucrose, but the difference is probably not
significant. Glucose gives poor sporulation.
Spore formation is at its maximum at 5% sucrose and
there is a steep decline in numbers formed at 10%
and 20% sucrose. The cultures have in fact become
more mycelial as growth is actually better in 10%
and 20% sucrose than in 5% sucrose. Spore sige is

not affected by any of these treatments.

Meria shows the normal response to sugar
concentrations producing most spores at fzirly low
concentrations of sucrose, while maximum growth occurs

at higher concentrations of sucrose.

(5) The effect of nitrogen concentrations on

spore formation

Many fungi absorb nitrogen in the form of ammonium salts
but mosgt of the mould fungi can also utilise nitrates.

While some facultative parasites (Dphiobolus graminis)

require organic nitrogen for growth, others will grow
well on a nitrate source. Sporulation in culture
tends to be at ite maximum at low concentrations of
nitrogen, although the actual source of nitrogen may
also exert an effect. The nitrogen in Dox- yeast
medium is in the form of sodium nitrate, and as growth

on this medium is satisfactory the effect of different
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concentrations of sodium nitrate on sporulstion
was investigated.

Siope cultures with differing concentrations
of sodium nitrate were inoculated and incubated at
20°C for one month. The numbers and length of

spores present were measured.

In Dox-yeast agar the concentration of sodium
nitrate is about 0.2% and conseguently lower
concentrations were used for the experiment. The
results are confined to strain ¢ as neither strain a
nor strain d showed any sporulation and sporulation
was sparse in strain b with practically no difference
between treatments.

Table 18: Bffect of concentrations of sodium nitrate
on spore number in 1 ml. of suspension.

Concentration Ho. of spores
of sodium in 1 ml. of
nitrate guspension
Strain ¢
0.1% 600
0.05% 66C
¢.025% 860
No ﬁaEOB 2660

(See PLATH 23)
Sporulstion, in culture, tends to be at its maxiuwmum
at low concentratione of nitrogen, although the actual

source. of nitrogen may also exertv an effect.
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There is a small but definite increase in
spore numbers witi: a decrease in the concentration
of sodium nitrate in the medium. Haximum sporulation
oceurs in tne absence of sodium nitrate. As the
chemicals used in the preparation of the medium were
not pure it is probable tuat there was a certain
concentration of nitrogenous impurities, in the form
of nitrates, present. This very low councentration

would account for the large spore production.

The conidia were of normal length in all
treatments. It is difficult to equate the effect of
nitrogen concentration on sporulation in nature. It
must again be emphasised that the most important
factors affecting the sporulation of Meriaz in nature
will be the purely vhysical ones of temperature and

humidity.

(6) The effeet of vitamine on sporulation

During experiments concerning the effect of
vitamins on growth in shake culture slope cultures
were prepared by the addition of 3% agar agar to
the solutions and these were inoculated with the
different strains of Heria. After twenty-eight days

at 20°C spore number and size were noted.
Iy
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Table 18: The effect of vitamins on conidial
number in 1 ml. of suspension.

. . Number of spores in 1 ml.
Vitamin P :
missing of suspension

a fol c d

Inositol 0 0 230 0
HNicotinic

acid o 34 210 o
Pantothénic

acid 0 37 450 0
Pyridoxine O 44 200 |. O

Spores were not formed in a or d cultures and the
number of spores formed under different vitamin
treatments by strains b and c¢ did not significantly
differ. Spore size in both strains was similar 1o
the normal - b strain mostly between 10 and l%/\

and ¢ strain between 6 and ?/A' Unfortunately no
results are available for tne other vitamins used in
the growth experiment owing to destruction of slope

cultures before examination.
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B. PFactors affecting spore germination

An investigation of factors affecting germination
seemed essential as a prerequisite for the study of
the epidemiology of Lerig.

There are many difficulties inherent in the study
of spore germination concerned with methods of sampling
(MeCallan and Wilcoxon 1939) and methods of recording
results (Wellman and FeCallan 1942). Tomkins (19%2)
suggested tuaat three criteria should be employed in
gerningtion studies: (i) latent period of gernination -
i.e. averaze time for germ tubes to appear, (ii)
pereentage of spores germinating, (iii) razte of
elongation of germ tubes, and that (i) and (ii) would
give the most useful information regarding the effect
of environment on germinaticn. FicCallan and
Wilcoxon (193%32) after comuenting on means of assessing
variation in germination experiments suggest that the
chi-squsred test should be applied to the results to
discover if in fact the deviations in results are not
simply due to sampling errors.

In the present investigation the following methods
were employed in order to eliminate as many errors as
possible.

(a) Sampling Spores were obtained from culture

tubes incubated for twenty-eight days at 20°¢ by means
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of a sterile camelhair brush and btransferred rapidly
t0 a marked area of the experimental wvessel.

(b) Counting The counting of spores was carried
out as far as possible without disturbing or opeﬁing
the vessel in which they were germinating to avoid
contamination during long  -term exyeriments. as leriag
germinates slowly six or twelve hour observational
periods were found to be mosv suitzble. The method
consisted of microscopic examination of many low power
fields of the inoculated area and vihie counting of
percentaze number of spores showing germination. - At
least 100 spores were counted.

(¢) Germination Gerumination was regarded as

having occurred if (i) a germ ‘tube was visible,

(ii) a spore Fforming initial was present, as many
conidia on germination immediately produced further
smaller or microconidia from a spore forming initial
(see PLATE34) . Ag the sporeg were small these criteria
presented observational difficulities but tiae formation
of a septum across the middle of the spore was also an
indication that germination had commenced or was about
to start. Thnis criterion could not be used alone,
however, as spores were often abstricted with

seplbation completed.

A preliminary experiment to investigate the
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effect of age of the isolate on both the formation
and germination of spores was carried out. Three
tube cultures of etrain c. the isolates differing
in age by one year, were made and incubated at 20°¢
for twenty-eight days. Using tire technique mentioned
above a smear of spores from each tube was transferred
to the surface of a marked area of Dox-yeast sgar in
a thin glass petri dish. As tiie same time a count
was taken of a number of spores Lresent in a 1 ml.
spores suspension made by pouring 10 ml. of water into
ach culture tube. (See PLATE 24). The thin glass
petri dishes were examined while stillctosed, every
twenty-four hours and tne percentase spores germinested

was counted. (See PLATE 25).

The age of the isolate has a decided effect on
both the number of spores formed and the vercentage
germination. The 1955 icolates produced a small
number of spores with a low percentage germination while
the 1957 isolates uroduced a large number of spores with
a 52% germination. In consequence in all further
experiments om spore germination,spores of the most

recent isolate of each strzin available, were used.
Gottlieb (1950) suzsested that the following
factors were important in germination of fungsl spores -

water, nutrient availability (especially in patliogenic
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fungi) oxygen and carbon dioxide, <btemperature, pH,
dormancy, radiation and senescence - The relative
importance of each of these factors depending on the

fungus studied.

Peace and Holwes were the only previous workers
to attempt germination experiments with Meria. One
experiment to test the effect of temperature on
Lermination was unsuccessful but another, to test the
viability of spores under wet and dry conditions,
indicated that spores did not germinate freely after
drying with calcium chloride for one hour and were
killed after drying for two days. This result helped
to explain the check in leria epidemics at the onset
of dry weather.

The factors tihat exerted the major effect on
germination of leris, especially from apathogenic
viewpoint. were considered to be nutrient, including

larch needle extract, temperzture and humidity.

(1) The effect of nutrient on germinstion

Gottlieb (195C) suggested that some form of
carbohydrate, esgecially glucose or sucrose,frequently
stimulated germin tion in nany fungi, although

gufficient nutrient to do this is removed frow the

Culture medium when taking the spore sample.
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Preliminary experiments using water agar zave
poor germination results poseibly as Meria has very
small spores and therefore insufficient nutrient for
good germination. The effect of wvarious nutrient

media on germination was consequently investigated.

Thin walled petri dishes containing water azar,
water agar plus 2% sucrocse and Dox-yeast agar were
inoculated with ¢ strain spores and incubzted at 20°¢
for eighty-four hours, observations on germination
beinz wade every six hours.

PTable 20: DBffect of different culiture media on
germination of spores using strain c

Time Percentage Germination
hrs. Water Water agar Dox-
agar + 2% sucrose yeast
12 C 0 G
18 C G 12
24 2 14 17
30 3 15 18
36 3 16 24
42 3 18 25
48 3 19 27
54 3 21 29
6C 3 24 50
66 3 51 35
- 84 5 51 37

( PLaTE 26)
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PLATE 263 The effect of different culture medisa

on spore germination.
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Best germination is given by Dox-~yeast agar but

the addition of sucrose to water agar improved
gernination coansiderably, probably as the small
spores (?A*x 3.§p0 contzin insufficient stored
utrient for good germination on water agar. Two
other points are evident (a) nutrient decreases the
time lag before the commencezent of germination,
(b) +the final germination percentage figure is not
Very high.

It is interesting to note that germination is
complete only after eighty-four hours whereas most
fungi have couwpleted germinaticn in twelve houfs
(Pinkerton 1936).

48 a result of this experiment all other
sermination experiments were carried out using Dox-
yeast agar, and observed periodically for at least

eighty-four hours.

(2) The effect of temperature on germination

Uging the technigue described above thin walled jpetri
dishes containing Dox-yeast 221 were inoculsted with
spores from a, b and ¢ strains. Two replicate plates
of eacin strain were then incubated at each of the
s o -0 0 Nl 0 .
temperatures 7, 107, 157, 207 =nd 25°C and examined
at egix hourly intervals for a total of seventy-two

W

hours. The percentage germination of each replicate

\ %

w2 recorded and the rean result tabulated (Fable 2C).
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Table 21: Effect of temperature on germination of '
straine a, b and c.

Pime |Tenp| 2 b ¢ ime|Tenpla b c|lime fewpla b ¢
010 0 C G| © © 01 ¢ ¢ 0C
10 6 O © 1014 © O© 106y4 O O
12 15 6 0 0] 18 156 0 0] 24 15110 3% 4
hrs | 55 | 6 o o ™| 2013 0 o ™| 2015 1 6
25 G O 1 2516 0O 1 2519 O 1
0 0 0 G 1o ¢ © o 0 0©
10 4 © © 0}5 ¢ C 1016 8 O
30 15 {12 3% 81| 36 15113 & 11 42 1515 1¢ 11
hrs | oo loq 1 8| BTS| 2027 6 24| BT 20|29 10 25
25 {18 © 3 25120 G 6 25131 0O 8
U 0 ¢ O 013 © O ¢y 5 0 O
10 113 12 3 16 {14 2C 3 10114 21 9
48 15 {16 22 11| 60 15117 22 291 72 15118 24 37
hrs | 50 |33 10 40| 27| 2036 12.44| BFS] 20|55 25 45
25 {33 4 18 25124 5 22 1 25172 9 34
(PLaTE 27)
A1l strains, with the exception of a, wiica shows 2
little germination at OOC, comnence germination at
10°C but this may be delayed for up to forty-eight
hourse. Strains b and ¢ show opbima at 20°C but
strain a shows an optimum at 25°¢. This experiment

was one of the few in which spores of gtrain = were

available for experimentation.
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PLATE 27: The effects of temperature on

germinztion after 72 hours.
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It is also ewvident that strain a shows the better

final percentage germination than either strain b or c.

(%) Hffect of relative humidity on germination.

It is important in epidemiological studies of
vathogenic fungi that the exsct humidity requirements

for germination should bhe cdetermined as these nre

(Vo]

useful, tozether with temperature data, for devising
a forecasting system or a scheme of preventative
reasures.

Gottlieb (1950) susgested that water was the
srimary CTactor in spore germination and many spores
reguire only water to germinate. Certain fungi

require liguid water (Luccinis coronatd while others

need a very high relative humidity (100% Perenospora

nicotianae). The powdery mildews on the other hand

can germinate with relative humidity of only 75%.

This experiment presented difficulties as most
of the conveniional methods rely on s short total
germination time and tend to use non-sterile apparatus.
Heria has a longz totzl germination time,allowing easy
contamination, and also requires a nutrient source
for best germination. A modification of the method
devised by Clayton (1942) wes used but proved

unsuccessful as examingtion of the spore smears by



removal from the apparatus every six hours caused

contamination.
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Another unsuccessful method was

to float sterile strips of cellophane, impregnsted

with Dox-yeast agar anc dried,with 2 spore suspension

on trneir surface, on solutions giving known humidities

contaired in sterile petri dishes.

modification of
used, which has

pots were exami

Table 223

Finally a

2 method devised by Snow (1949),

already been described (p.78).

-

ned after sixty hours.

iffect of humidity on germination

of

strain b and ¢ spores after sixty hours.

Solution |Humidity at b % germ. |c % germ.
2090

Water 100 24 19
. 2B

Jucrose 99.62 30 2%
T
Sucrose g8.65 10 7
oat.

ZnsCy 90 o 0
Sat.NHg01.
+ Kil0% 72.6 0 0
Sat. Nap

Crp O 52.0 G ¢
Sat. Ca 32.3% G 0
Clo

Germination would only occur at humidities above

90% and zerminstion w:g better at 99% relative

humidity tazn 1

00%.
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s a result of this experiment a fuller
investigation of germination in the upper humidity
range was carried out.

Table 2353 Solutions giving known relative

hunidities =zbove 90%.

Solution Humidity
Water 160
.2W Sucrose 86,62
LTl Suerocse g8.65
1  Sucrose 88.03%
Saturated

Cxalic acid 86.
Saturated

Haz803 95
S%turated

LZHPO4 ge.
Saturated

ZnSO4 90.

As the results of the experiment gave a lower total
percentage germination than obtained previously, the
time for the second experiment was extended to 108

hours and observations were tezken every twenty-four

hours, but otherwise the procedure was identical.

See Table 24 (over) and PLATE 28
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table 24: wffect of humidity on germination of s.ores
of "strain thnd c.

Time in | Humidity b c
hours
100 7 C
9.6 4 0
12 98.6 -0 O
98 0 G
96 6] o
100 26 15
9.6 51 17
%6 98.6 .15 7
98 11 0
96 9 0
100 58 25 °
89.6 71 36
60 95.6 27 10
98 26 o]
96 20 0
1060 67 27
99.6 84 41
84 98.6 49 12
98 3 ¥]
96 26 C
100 ) 41
99.6 93 57
1Co 95.6 67 15
y8 39 0
96 30 3

No germination was recorded at 95%¢ humidity ox lower
and tuaese are not included in the table.

gerwinztion only occurs at relwtive humidities
above 95%. The maximum zermination is at 99.6% R.H.,
1005 R.H. giving tine next best germination percentage.

Strain b gave better germination tham strain ¢, the
faw} <
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PL4LTEL 28:  The effect of humidity on germination
after 108 hours.
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opposite result to the effect O0f temperature
experiment (p.97), and the maximum germination
percentage of strain b was the highest recorded in

any germinatinn experiments.

(4) Bffect of larch needle extract on germination

Gottlieb (1950) suggested that pathogenic fungi
germinate better on exudates of lezves or even bruised
leaves of their host plants, than on artificial media.
Turner (1953) using oats, has described a method of
extraction winich was modified for use with larch. This
method and the results of the effect of larch extract on
germination and growth of Meria will be described in
detail in a later section on pathogenicity.

(5) Observations of the effect of exposure of  the
spores to OOC before germination at 20°¢

During the experiment to test the effect of nutrient

on germination (p.94) plates of Dox-yeast agar were kept
at 0°C for twenty-four and forty-eight hours before
incubation at 20°C to test the éffect of exposure to
cold on spore germination. The results are shown in

Table 25.

(See PLATE 29)
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Table 25: Effect of exposure of spores of ¢ strain
to 0°C before germination at 20°¢

T@me Percentage germination
in «
hours iigigidniﬁ 2§§§§2a %o i;‘iiiiiq %o
0°¢ 0%C for 24 {C°C for 48
hours hours

12 o 0 9

18 12 20 13

24 17 23 23

30 18 27 31

36 24 26 34

42 25 32 35

48 27 34 41

54 29 35 42

60 35 37 44

66 35 37 45

384 37 41 64

- o} . . . .
ixposure to O°C prior to germination increases the
final percentage germination of strain c spores.

Bxposure to 0°Cc for forty-eight hours practically
doubles the final percentage germination when“éompared
with epores germinated immediately at 20°0. It
appears, from the grapn, that exposure toAOOC also
decreases the time for the commencement of germination
as after forty-eight hours at 0°C, 9% of the spores
have germinated after twelve hours at 20°C whereas no

germination is found in either of the other two

treatments.
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It is doubtful whether this phenomenon will
have any marked effect on tne infective ability of

Veris in nature.

The plates exposed to 0°C were then incubated for
two weeks at 20°C until sufficient mycelium appeared
to enable distinct morphological cultural differences
to be detected. This was to discover if any strain
changes had occurred similar to those already observed

in the effect of long exposures of the mycelium to 10°¢.

The pl=ate exposed to 0°¢ for forty-eight hours
showed distinet areas of fluffy pink mycelium (a strain
characteristics) within the ¢ strain areas. (PLALE 30).
On sub-culturing and typing,these myceliag proved to be
a strain colonies. Here an irreversible strain change
had occurred unlike the reversible changes of the

previous experiment (p.44).

Morvholozy of sermination

Peace and Holmes are the only previous workers
to have observed germination of the spores. They
found tnat during germination the spores, placed in
water, swelled at one end and a septum formed at the
constriction. The larger cell darkened and formed a
germ tube which either produced mycelium directly or
a sterigma producing furtvoer large spores or masses

of small spores. The large spores were termed



O
.
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macroconidia and small spores microconidia,which
tended to be produced under poor nutrient conditions.
Cccasionally both cells of the original spore

produced germ tubes.

During the current investigation these
observations were confirmed and further points noted.
Information for the morphology of germination was
obtained by microscopic examination of all experimental
material used in spore germination experiments, and
records were made either photographically or using

the camera lucida.

Results (a) the septum sometimes formed before
detachment of the spore from the sterignma. (See FPLATE 13)
(b) the majority of spores, especially those
of strain b, when _erminated on Dox-yeast agar
produced germ tubes or spore forming initials from
both cells, although if one cell was cutting off
spores, the other normally produced a germ tube only.
PLATE 31
(c) Certain spores, when germinsted on Dox-—
yeast agar, persisted in a state of partial germina-

tion and cut off consecutively many macroconidia from

a single sterigma. PLATES 32 and 34

(d) kicroconidia and many gradations between



PLATE %1:

PTLATE 323

Strain b after 15 days. Spore germination
with one cell forming a germ tube while the
other cuts off further conidia.

Strain b after 15 days. ©OSpore germination
showing continuous production of
macroconidia from a single sterigma.




112.

these and macroconidia were also observed in many
cultures but were confined to cultures with low
nutrient concentration. Germination of the
microconidia was never observed and it was difficult
to decide if the macroconidia, produced from the
original macroconidia, did in fact germinate, as no
consecutive observations were made on a single
germinating spore.

(e) Pew spores showed the darkehing of the

germinating cell described by Peace and Holmes, both

cells being equally granular,. PLATES 33 and 34.

Under any one treatment most of the situations
described above can usually be discovered. The
formation of microconidia, which are sometimes round
but often the same shape as the macroconidia., under
conditions of low nutrient, appears to be the only
stable phenomenon but it is possible that these are
just macroconidia improperly formed owing to lack of

nutrient.

One interesting observation is the long periods
of time that elapse, in some cases ten, twelve or
fourteen days before the formation of a distinct
mycelial mass visible to the naked eye. There appears
to be a retardation of growth occurring after initial

germination as microscopic examination of the cultures
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PLATE 33 Strain b after four days showing

gspore germination.
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Germination to form further spores

Strain a 72hrs.

Strain b 84hrs.

b0

Strain b 6days
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revegls many isolated spores with short
non-astamosed germ tubes or sterigmata still
cutting off furtner spores. The reason for this
retardatim of growth isg not known and was not

investigated.

The morphology of germination of Lieria pn

larch needles will be dealt with in a later section.
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ARTIPTICIAL INOCULLTION

Peace and Holmes were the only previous workers
to attempt artificial inoculation experiments. Their
experiments were of three types, firstly an attempt
to determine the host range of leria among the genus
Larix, secondly the effect of temperature and
humidity on infection of single specimens of susceptible
gpecies and thirdly larger experiments on a field
scale connected with sheltering, transplantation and

Meria attack.

At the time (1933) Keris had only been recorded

in nature infecting Larix decidua, Larix occidentalis

and on a gingle leaf of a decidua x Faemferi hybrid

and the guthors therefore attempted to inoculate many
other different species and races of larch. Inoculation
was carried out by spraying or brushing the needles

with a spore suspension prepared by macerating the
diseased needles in water. A spore suspension
prepared from cultured material, by adding water and
brushing the surface, did not give such certain
infection. These methods gave 80—160% success with

Buropean larch and Larix occidentalis, but only a

single needle of Japanese larch was infected and the

Siberian larch (L. sibirica Ledebour) and Korean

larch (L. Gmelini Pilger var.) could not be infected.
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attempts were then made to discover if resistance
of t..ese larches to leria was physiological but the

results proved incoaclusive.

From general observations of spread of disease
in larch nurseries FPeace and Holmes considered that
the weather is the most important factor influencing
severity of an attack, and that moisture was the most
important climatic component. Investigations on
these lines were attempted and with trees inoculated
and left in the open infection only occurred on those
inoculated during showery weather. Individual trees
were then inoculated and placed unaer bell jars of
varying arrangements, to give varying evaporation
rates, and again infection only occurred where the
evaporgtion rate was low. Pezce and Holmes concluded
that the evaporation rate was more important than
humidity which accounted for non-infection in nature

during hot weather when evaporastion rate was high.

From a temperature experiment infection was
found to occur between 1G and 25°C but not at or
above 30°C.

Sheltering the seedlings grown in nursery beds
by means of lath screens to prevent infection, gave

anomalous results, while the manurial treatment of

the seedlings and their geographical source has no
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bearing on leriag attack. Artificial inoculation
experiments are obviously important in the study of
Heria for several ressons:

() The conditions under which Meris attack will occur
can be accurately determined and a possible forecasting
system devised.

(b) The appearance of disease symptoms on the three
different larch specieé inoculated simultanebusly could
2ive an indication of the susceptibility of +the
particular species and also the virulence of particular
Ieria strains. '

(¢) It may be possible to distinguish between the
different strains by their dicease symptoms on
particular species of larch or tuneir severity of attack.
In consequence the experiments were divided into

three distinct series.

(1) Greenhouse experiments.

Material zand methods

Specimens of Buropean, Hybrid and Japanese
larches one yezr old were supplied by the Forestry
Commission and were planted in six inch pots and stored
in a cold greenhouse. In order to supply a constant
source of experimental material, about 20 trees of

each species, just after needle fall, were placed in
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& temperslte gresenhouse and exposed to overhead
illumination by fluorescent tubes. Dormancy was
broken aiter about two weeks and needles were
produced which reached full sige in four to five
weexs but remsined lignt green and immature. It
was also possible to break dormancy by exposing
defoliated trees to illumination in a cold greenhouse
during winter nonths but the necedles formed remained
small and soon withered. as far as possible the
small scale experiments were carried out with the
trees left in thne cold unlighted greenhouse that

developed needles under natural seasonal conditions.

Inoculation techniqgue

Various techniques were used, the most successful

being of modification of that of Peace and Holmes

sing artificial cultures. Slope cultures of the
required strains were incubzted for 28 daye at 20°¢
and, using sterile water, spore suspensions were made
by agitating the submerged surface of the culture
using a rubber policeman. The suswvensions from ten
tubes were transferred to an atomiser and used as
inoculum. Before spraying with inoculum the trees
were Tirst sprayed with water with a Flit gun, and
after inoculation were transferred into inoculstion
bins (with glass lids) placed over a wet sand tray

to wmaintain a high huwidity. (See PLAME 35)



Showing inoculation bine on a sand

tray, containing inoculated trees.
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To ensure that infection could occur the bins
were placed in a snaded =2rea and regularly sprayed
with water to maintain the humidity. Forty-eight
hours was the minimum incubation period underneath
the bin and sixtby hours was preferable. However,
under summer conditvions this encouraged the growth
of various other fungi, especially Botrytis, and the
incubation time was varied according to prevailing

conditions.

InTection was more certain if a 0.1% solution
of water agar was substituted for the sterile water
used to make bthe suspension and this was subsequently
used.

After the appropriate time the trees were
removed from the bins and placed under individual
cellophane covers to prevent cross-infection on the
crowded greenhouse benches. This again led to
contamination under high humidity conditions and so
larger wooden frames covered in cellophane and
polythene sheets that could take four or six similarly

treated pots, were substituted.

The major difficulty with the polythene frames
was the rapid rise in temperature to above 30°C
causing death of spores (see later section on field

xperiments), which was partially overcome by placing
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the pots under the greenhouse staging or in a shaded
area outside the greenhouse. Under summer conditions
most trees could be left uncovered in the open after
their initial incubation period, provided that the
overnight temperature did not drop below 10°0 and
retard infection, and hunidity remained high.

To test the infectivity of different Meris
straing on Buropean, Hybrid and Japanese larch

Isolates of strains a, b and ¢ from each tree
species were grown in slope culture and spore
suspensions wefe made a8 c¢xXplained above. Bach of
these suspensions was sprayed on three similar trees
of each larch (European, Hybrid and Japanese). The
inoculated trees were incubated for forty-eight hours
and then placed in the open under individual
cellophane covers. As insufficient inoculation bins
were available for eighty-one trees the experiment was
performed in two halves, firstly using a and b fungal

strains and secondly strain c.

The trees were watered regularly and examined
twenty-geven days later for disease symptous. Disease
symptoms, dezcribed by most authors, consist of a
yellowing and eventual browning (Mer 1895) of the
infected needles. This browning starts from the tip

and may eventually cover the whole needle, but the

needle is usually shed before this occurs (Vuillemin 1896).
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Table 26: HNurseries giving inoculum source for
artificial inoculation experiments
(single spore isolates)

N Tun .o
Narsery %g:gies é%?i?%
Fleet BL

Fleet HL a
Bleet JL
Coed~y~Brenin BL

Benmore HL b
Glenfinart Ji

Glenfinart &

Fleet HL ¢
Glenfinart JL

When the needles are brown fructifications can be
Tound protruding through the stomata on the lower
needle surface (Mer 1895) but these must not be
confused with stomstal wax (Peace and Holmes) or
grains of sand or resin (Prichoda 1954) and microscopic
examination, after stgining with cotton blue, is
essential. These fructifications occur alongside the
midrib on the lower needle surface but in severe
infections can also be found in a similar position

on the upper surface (ler 1895). ler did not
mention if fructifications were Tound on both green
and brown varts of the needle but Vuillemin (1896)

suggested that the fructifications =nd the mycelium
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were confined to the green parts. He also noted
later (1905) that if the needles were kept under daup
conditions fructifications would occur from both
gurfaces. Hiley (1921) recorded that the fructifica-
tions were confined to the browned parts of the needle
and suggested that Meria attack could be distinguished
from frost damage by the followingzg criteria:

(a) youngest needles are not affected but only
those a few inches from the shoot apex

(b) the needle does not die over ite whole
length at the same time |

(¢c) fructifications are present.
He noted that iﬁfection occurred on both the leaders
gand short shoots of the nursery trees but tended to be

confined to the leaders in six to seven year old trees.

In the present investigation browning of the
needle for at least one third of ite length, from
the tip downwards, and confirmed by microscopic
identification of the fructification, was used as an
indication of infection. Occasionally, under autumn
conditions in a non-heated greenhouse, tne browning
was éonfined to emall isolated spots, also observed
by Tatko (1955) and infection was confirmed by microscopic

examinaitlion. To confirm infection and
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to investigate any change of sirain that wmay have
cceurred in passage through the host, the infected
needles were used in attempts to re-isolate the

fungus (see method on p.12)

Prom this first experiment come infection was
evident, especially on Buropean larch, but insufficient
to give any analysable resulte and conseguently this
experiment was repeated several times as trees and
inocula were available. The experimental method and
as many environmentgl conditions as possible were kept

identical throughout the whole experimental series.

Although Peace znd Holmes obtained a very high
percentagze (80 - 100%) success in their inoculation
experiments they were using spore suspensions derived
from infected needles, a method not possible for the
current investigation. Success in all artificial
inoculation experiments was very limited and no
experiments using spore susiension obtained from needles
were attempted. The overzll results of this series
of infection experiments run over a period of two and

a half years are given in the following table.
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Table 27: Suwmary of results of infectivity
experiments.

[ fungus T'ree species infected
Strain ls§ii£e L HL JL
EL / x x
a HL / X X
JL Vi X v
EL v J J
b HL J J X
JL X x J
EL X X X
c HL J J b4
JL X X X

J - infection x - no infection

The following trends can be seen:

(i) Buropean larch is more susceptible to Meria attack
than either Hybrid or Japanese larch

(ii) It is possible that strain b is the most virulent
as that isolated from aluropean larch infected both
Hybrid and Japanese larches. These results will

be considered more fully in the section dealing with

nursery attacks.



Table 28:

Detailed results of the infectivity experiment.

Iree |Fungus{No. of| No. =nd position | No. of Fructi- [Re~isola-~
species| type |repli- of infected infected Remarks fica- tion of
cates areas needles tions Meria -
infec- present| & strain
ted
&L Bla 2 4 - shoots 10 Poor infection. Small v -
scattered about brown areas only.
seedling bottom Others caused by
and middle damage to needle
oL Hlsg, 1 3 - shoots at 8 Large brown J /
top usually areas present b
leaders :
oL Jla 1 %3 - shoots at 10 Typical infection v /
top and middle mostly on leaders ' b
of tree
JL Jla 2 5 - mostly top 24 Yellow infection v -
leaders : areas mear base of
top leader, white
areas also present
BL ELb 2 6 - mostly top 35 Typical symptoms - v b
shoots and much browning ¢
leader

"LZT

(Continued overleaf)



Table 28 (contd.)

Tree Pungus [No.of |No. and position [Wlo. of
Species| type repli- of infected infected Remarks Pructi~| Re~isola-
cates areas areas fica- tion of
infec—~ tions Meria,
ted present | & strain
EL HLb i 2 - top leader 6 Typical symptoms al- v b
and few needles though few needles
of top shoots infected
JL ELb 2 5 - top or middle | 15 Typical symptoms J c
shoots - top
. leader on 1 tree o _ _
HL ELb 2 4 - top leader 11 Typical symptoms v c
and top shoot
leaders
HL HLb 1 3 - top leader 8 Poor infection - v -
and next shoot isolated brown spots
leaders
JL JLb 2 12 - leaders of 32 Typical symptoms - also v -
side shoots.Most scattered white sypote
of tree especidlly possibly due.to scorchipg
bottom and middle
e m—— T e e
BL Hle 1 2 - top leader 8 Lypical symptoms but c
and both trees poor infection:
HL Hle 1 5 -~ top leaders 7 Little infection - c
and one side isolated brown spots
leader near top
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The following tendencies. are noticeable:

(i) Infection in most cases was poor, only one or

two of the three replicates showing disease symptoms.
This is possibly caused by the loss of virulence of
Meria by continual sub-culturing. These inoculation
experiments were carried out for two and a half years
gtill ueing the original strain isolates, to give a-
standard tecinique, and from results already recorded
regarding production and germination of spores (p.91 )
from ageing cultures it is probable that all strains
were less virulent =nd less capable of causing infection.
(ii) Infection tended to be confined to the upper parts
of the tree, especially the top leader or leader of

one of the topmost side shoots. This could nave been
due to the spraying technique although, as far as
possible, the whole seedling was given an even spray

of spore suspension.

(iii) Pew re-isolations could be made although
frucitifications were present. This was unusual as

a fairly high proportion of success was obtained in

isolations from diseased materisl received from the

]

wm

nurseries. Of the nine successful re-isolations four
were strain b and five were strain c¢. These strains
were identified by direct slope culture of the isolated

fungus and not by taking single spore cultures as
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previously mentioped (p.14 ) In five out of nine
re-isolations a different strain of lMeris was
identified from the strain used as inoculum. The

significance of this will be discussed later.

As a result of the poor percentage infection
slizht modifications were nade to the method of
obtaining spore suspensions for inoculum. Firstly
a sterile 1% 0.Y. agar solutbtion was used in place
of the water agar and after the suspension was made
it was uncubated for 20°C for twenty-four hours before
inoculaﬁion; Secondly using a modification of a
method discussed by andrus (1941) the mycelium,
togetiner with a certain guantity of D.Y agar was
removed from the culture tubes and homogenised, in
0.1% 0.Y. agar solution, in a Waring Blendor. Neither
of these methods gave an increased percentage infection

and were later discarded.

The effect of time on the development of disease

symptoms on different species of larch

From data sent from Forestry Commission nurseries
it was noted that disease symptoms appeared at
different times on different tree species and, using
the information from the previous experiment this
seguence was investigated. As the strain of leria

isolated from Buropean larch appeared to be the most
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virulent a large guantity of this inoculum was
prepared. This was sprayed onto three replicates
of Buropean, Hybrid and Jzpanese larch which were then

treated as before.

The first attenpt was a failure as the tenperature
in the incubation bins rose over 3206 and a further
batch of trees were lost due to Bebtrytis infection.
However, using trees that had broken dormancy in a

light chamber and leaving these in a temperatergreenhouse

the following results were obtained:

Table 29: BEffect of time on appearance of disease
symptoms
Iinfected | Iieria | Date of Date of Re~isol-
tree strain| inocula- | appearance| ated
tion of disease| strain

symptoms

BL b 4.2.57 21.2.57 b
HL b 4.2.57 26.2.57

JL b 4.2.57 4.3.57 c

Disease symptoms appeared earlier on Buropean larch
than on either Hybrid or Japanese larches when
inoculated at the same time. This possibly indicates
that some substance present in Buropean larch needles
stimulates g rapid growth and reproduction of Meria
or that initial infection of Huropean larch occurs
more rapidly than infection of Hybrid or Japanese due

to anatomical or physiological reasons.
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Thie confirms reported oObservations from the nurseries
and indicates that nursery attacks may start from a
single infection time, although probably from many
sources, as lleria is capable of overwintering in the
fallen needles and producing Tfresh conidia in the
spring (Mer 1895). It was not possible to distinguish
between the different strains of [ieria by a cursory
examination of infected needles as all straing gave

similar disease synptoms.

The very low percentage infection in the whole
series of these inoculation experiments means that many
of the experiments have not given repeatable results,
although conditions have been kept as stable as possible.
The results so far listed are composite results

collected from all the experiments run over a two and

a half year period.

2. PField experiments

Field experiments hove previously been performed
by FPeace and Holmes together with observations of the
spread of Meria within normal larch nursery plots. In
beds where diseased btransplante were intermingled with
un-infected trees infection occurred rapidly in the
early sunmer. Similarly un-infected beds a few yards
from a group of infected trees became heavily inifected,

although no infection was observed on a bed 20 yards
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from the infection source. On the other hand in a
different area slight infection occurred on beds at
least 50 yards from an infection source. Peace and
Holmes concluded tnzt for rapid infection to occur

the disease source must be abundant and near to the
un-infected plants and thén infection would take place
in short steps from the origin. They observed that
four seed beds within 20 feet of the infection source
became infected at the same time and that even a four
feet high hessian screen did not delay attack of a
similar bed. Spacing of trees and seed beds was not
suggested as a prophylactic measure by Peace and
Holmes, who devised spraying techniques, but Prichoda
(1954) sugzested either a very wide spacing of trees
and beds or removal of two year old infected trees to
woods, during the growing season where infected needles
were lost between grass and weeds and further infection

was prevented. Both workers noted that spread of
disease was stopped by the ouset of dry weather.

In order to investigate the spread of -lleria under
natural conditions a series of field exyperiments were
set up in three groups:

(a) To investigate distance of spread frow inoculum
gsource in discontinuouse plots of trees,

(b) To investigate rate of spread of different
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Heria strains in continuous plots of trees

(c) To investigate rate of spread from one tree
species to another in continuous plots of trees.

As the a and b gtrains of leria appeared to bhe the most
virulent fror sreenhouse exieriments taese straing were
to be used as inocula in these field experiments.

Several thousand Buropezn and Japanese larch
were sent by tie Foreetry Commission, but unfortunately
only sufficient Hybrid larch were available to replenish
potted stock of this speciles, and the experimental
layout was modified so that this syecies could be
plonted wren available.

The trees were planted during December and January
1956-57 in a shallow sheltered south facing valley of the
Botany gorden =2nd were arranged in plote as indicated.

(2) To investizate spread of inoculum in

discontinuous plots. Two areas of plots as snown -
P I

%EL
>
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Lo give dense cover the trees were plsnted four inches
apart. The central plot was three feet square, and
the smwaller plots were 3' x 1'6" =and the plots were
three yards apart. Space vas left in the second

diagonal for the planting of Hybrid larchn when these

becane available.

Two areas of these plots vere planted side by
side but ten yards apart in identical soil, to test
spread of strain a and strain b.

() To investigate the spread of different Meris

strains in continuous plots -

4’/’/,,,~Infection plot

N %,
31(5 ///&/
/|
< %)is >
(PLLTE 37)

Four plote, two of Buropean and two of Japanese larch
were planted as shown. The trees in the infection

a8 1]

plot were 4" apart but the remainder were 6" apart.

(¢) To investiuate rate of spread from European

to Jdapanese larch in a continuous plot -
®

il e I I
yd
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JL plots with incubation covers over the infection plot.
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Two plots, planted as snown, were placed three yards
from the far end of the plots in (b) above. To
record tne weather conditions throughout the
experimental period meteorological equirment was
borrowed from the Ieteorological Office. A cup
counter anemometer Lk.II was erected at tree height
by series (a) and (b) plots - see PLATES 36 and 37,
and a direct reading thermograph was used to record
continuously wet and dry bulb temperstiures in a
Stevenson screen placed at the side of the infection
plot in series (a) experiment (see PLATE 36). By
means of a simple plastic grid designed by Hirst and
Steadman (1956) rapid readings of relative humidities
above 90%, between 75% and 90% and below 75% could be

read directly from the recording paper in the thermograph.

Experimental details

In the early summer of 1957 (20th lay) large
guantities of inoculum of a and b strains were prepared
using the standard method (p.118) and the infection
plots of all series of experiments, after being sprayed
with water, were sprayed with inoculum. Care was
teken that the neighboroughing trees were not infected

by chance, by covering tiese with sheets of polythene.

After inoculation the infection plots were

covered by wooden frames covered in polythene sheeting
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in order to malintain a high humidity. The actual
inoculation period was a fairly warm humid day that
had followed two days intermittent rain. The covers
were sprayed with water and left. On checking the
temperature inside the covers twenty-four hours later,
using a maximun and minimum thermometer kept inside,
the maximum btemperature had reached 118°F, enough to

kill the inoculum.

Attempts were wmade to spray the polythene covers
continuously with water but these proved impractical
and on a moderzately sunny day the teupersture inside
the cover was at least 109% above that of the
surroundings.

Bventually hessian covers were substituted for
polythene and the-e yproved more effective, although
fregquent watering was necessary as drying out occurred
very rapidly. Using hessian covers a second inoculation
was made on 2lst June. Rain occurred in the night
and during much of the firot day keeping the covers
wet. The infection plots were covered for four days
and walered twice daily. The thermograph indicated
that in the screen the humidity did not fall below T5%
for the whole of the incubation period and that the

temperature Tluctuated between 72° and 52°P.

Seversl examinations of ftrees in the infection
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plots revealed no disease symptoms.

A third inoculztion was attempted on 23rd August.
The covers were left in placefdr a week, being watered
twice daily, and humidity was over T70% for six days.
However the temperature in the screen rose to 83°p
during the early incubation period. 4g2in no signs
of infection were found on periodic examination of the

plots for the turee weeks after removzal of the covers.

A Tinal attempt at infection was made on 3lst
September under cooler conditions but the overnight
temperatures were down below 40°F and again no

infection was evident.

The experiments were then discountinued as the
trees began to shed their needles.

g

A reason for the failure of these experiments
wz8 probably the abnormal weather conditions of summer
1957 giving very high temperatures wnich killed the
inoculum before penetration of the needles occurred.
The teuwperatures in the sheltered valley were probably
nigher than those of exposed ground in the same area.
In 1958 the experiments were restarted. The first
inoculation took place on 19tn khay and the temperature
under the covers remained within suitable limits
(48°F - 71°F). The covers were kept in place for six

days eand watered twice daily. ATter removal the
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humidity remained very close to 90% for the next seven
days. dxamination of infection plote showed some
infection on both plots in series (a) experiments and
the Buropean larcin plot infected with b strain of
lieria in series (b) experinent.

Further attempts were made, at monthly intervals,

to infect the non-infected plots but without success.

Series (a) experiments At the end of the sunmer

all Buropesn larch plots in a and b strain experiments
showed some infection This tended to be severe -
i.e, many trees attacked and many needles on each tree
infecte&, on the plots nearest the infection plot
while only moderate or light on plots furthest from

the infection plot.

b strain experiment - Buropean larch plots

nearest infection plot showed severe infection at front
and sides of plot especially on top leader shoots.

One ofthhe further plots showed moderate infection at
the front of the plot while the other showed severe
infection atthe ends only. <Q> EL

b strain \
S % i \k*-ec\aat

0 0 &2 00 «

S
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Although some Japanese larch showed disease symptoms
in the infection plot no Japanese larch in the other

plote were infected.

a strain experiments - European larch plots

nearest infection plot showed slight infection, one at
the side. on the top leading shoots and the other
scattered throughout the plot on top leaders and one
gide leader of a tree in the front. Both the farther
plots showed very slight infection, only a few needles

scattered throughout the top leaders of a few scattered

trees. % o

a2 strain
@ Y \V\}L(,L'LA

areas

Again, Jdapanese larch were diseased in the infection
plot, but no dicease symptoms were discovered on any
of the other plots apart from a top leading shoot with
three infected needles on a tree in the front of one

of the nearest Japanese larch plots.
Unfortunately no records were made of the dates
of appearance of disease symptoms on plots other than

the infection plot - all recordings being wmade at the
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end of August 1958, No isolations were made for the
diseased naterial and so the strains of Meria have

not been determined.

Series (b) experiments .

The infection plot of one plot of Zuropean larch
inoculated . with b strain of keria showed moderate
infection, a scattering of trees, mostly with infected
top leaders, in early June. at the end of August
slight infection was noticeable on trees up to three
yards from the infection source. Cn plants scattered
throughout this three yards the top leaders showed
several infected needles (usuzlly three or four).
There was a slight tendency for the number of infected
needles per tree to be gréater nearer the infection
source but, at a cursory examination, infection could
still only be called slight. No records of the rate
of spread of infection in this plot are availlable znd

no re-isolations of the pathogen were made.

Series (c) experiments

After repeated monthly inoculations no infection
was obtained on the European larch areas with either
a or b: strains of Heris.

Discussion of results to field experiments

The results of these experiments are poor and

mostly inconclusive although certain trends can be
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recognised,

(i) The result of greenhouse experiments
suggesting that b strain is more virulent is confirmed
in the series (a) experinents, where infection by
this strein is much more severe than that of the a
strain. This difference could have been due to local
environmental conditions but it is unlikely in the
wide scattering of the plots. This suspected
virulence of the b strain is also confirmed by the
result of the (b) series experiment where the b strain

of Meria was the only one to give infection.

(ii) Another trend in the greenhouse experiments
was algo confirmed, nawmely that Buropean larch are
much more suspectible to Meria than Jzpanese larch,
these being the only trees infected in each series of

experiments, apart from the infection plots and a

single leading shoot of one Japanese larch.

(1ii) Peace and Holmes' observations regarding
spread were confirmed, lieria will easily spread over
short distances. It is not known whether the
infection of the plots furthest from the inoculum source
in the (a) series experiments occurred at the same
time as the nearer plots but, judging by the appearance
of the infected trees in each plot (one third to two

thirde browning of needles, little shrivelling of
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browned portion and needles still adherings tc the
shoot) it is possidle that infection was simultaneous.
13 o : * o o PR 3 3 e

The greatest distance of spread in isolated plots

appears therefore to be six yards, rezardless of wind

direction - both diagonals were infected.

Within 2 continuous plot infection from a source
agaln occurs easily but not, from the results obtained,
very rapidly. This infection did not, in fact, spread
to a neigh_bouring plot of Buropean larch only two feet

to one side of the inTrected plot.

The poor results to these field experiments are
probably due to a combination of reasons. The inoculunm
used in 19538 was obtained frowm lleris cultures which nad
been igolated up to two years previously, giving a much
reduced infeétive capacity (p.91). There were many
environmental difficulties mainly concerning the
humidity and temperature under the incubation covers
leading to non-infection of inoculation plots. Further
experiments need to be designed with a greater distance
vetween individual plots before further information

regarding spread is avallable.

3. Laboratory larch culture exvperiments

To provide details of Merisg infection within
individual needles, and also to discover the method of

infection, larch culture experiments were designed to
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produce material for examnination.

Larch culture mnethods - to determine the bect

culture method cut leading shoots from plantation
larches were grown with their cut surfaces dipping in
a sterile trial solution inside large boiling tubes
gsealed with a cotton wool plug. after the larch
leader was inserted these were left undisturbed on
the laboratory bench, and an estimate of their growth
and health was made after three weeks.,

Table 30: Trial solution and effect on growth
and healt

Solution Growth and
Health
Water oderate

C.1% Sucrose | koderate
1% Sucrose | Good
10% Sucrose | Poour

veveral of the shoots showed infection by saproghytic
fungi, especislly those in 10% sucrose solution. The
growth and genef&l health of the shoots in 1% sucrose
gppeared to be best. although there was slight mould
infection. =zand this solution was used for future
culture experiments.

When inoculum was being prepared for other

inoculation experiments larcn culture tubes were 2lso
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repared. Leading shoots of Buopeszn,Hybrid and
Jzgsanese larches were washed for five minutes under

g cold running tap in an atteuwpt to remove undesirable
orzanisus. Using a, b and c¢ strzins of Meris both
surfaces of all the needles on the shoots were then
inoculated with the spore suspensilon using = sterile
paint brush and working in the inoculation chamber.
The cut end of the shoot was then placed beneath the
surface of sterile 1% sucrose in a sterile boiling
tube and the tubes were cealed and left on the laboratory
bench. By inoculating replicate shoote sufficient
material was avalilable to enable removal of needles
every few days for microscopic examination. dample
needles were removed at four, severn and ten days and
those showing typical disease symptoms at three weexs,
and embedded in wax for microtome sectioning.

Pable 31: Plan of larch culture experiment and resultc.

Larch keria | Infec- 7
. . ;. e
gpecies | strain | tion Remarks
a J Good on upper needles
BL b do.
c - Contamination by other fungi
a - Sprouting of short shoot
no disease symptoms
HL b J Scattered infected needles
c —
a - Contaminztion by other fungi
JL b J Good infection of several
needlles
c - Une possibly infected needle




148,

Only four shoots snowed any distinct disease symptoms
after three weeke but four, seven and ten day samples
of all shoots were embedded in wax and the reason for
non-infection may be discovered by microscopic
examination. Repeated inoculation of fresh specimens
of the uninfected shoots failed to give infection but
samples of these at four, seven and ten days were
embedded and sectioned. Ho re-isolations of Meria

were attenpted from the infected needles.

*

After removal needles were treated =28 follows:

&=

(i) Pixed in Carnoys fixative for twelve hours.

(ii) Bmbedding in wax blocks which were sectioned
on a microtome, L.5 and T. sections of each needle
being cut;

(iii) Sections wers stained and examined. Several
staining techniqgues were tried. Agueous azure A
(Huebschman 1952) =nd Fleming's triple stain were
partially successful but a double staining technique
using 1% aqueous safranin =nd picro-aniline blue gave

the best results.

The observations confirm the results of previous
workers (see Introduction). [HMerias is a facultative
parasite, the needle cells being killed in advance of
the hyphae. The spore germinates on the needle surface
and produces a germ tube which enters the needle via

the stomatal pore, where the humidity remaing high.
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The wycelium is intercellular and the hyphae have
relatively thick walls. There =re no haustoria.

Prior to spore formation seversl hyphae grow towards

a stouma and form a coiled mass beneath its pore. From
this mass the conidiophores emerze through the stomata
as aseptate club shaped hyphae later becoming one to
three septate. Conidia are formed from each cell by
the production of a 'bubble' from the sterigma near

the end of the cell, as in culture (see Plates 11 and 16).
Several nuclei pass into each conidium. Bach sterigna
produces a further conidium as soon as one is shed but

it is not known how long this process continues.
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PATEHOGENICLITY

In én attempt to devise a forecasting system
or at least to specify the conditions under which
Lerin attack might occur it is important to study the
pethosenicity of the fungus.

lier (1895) suggested thzt under very wet
conditions the attack would be very severe and that
wealk trees were more susceptible than healthy trees,

although only young trees(up to two years) were attaciked.

The mycelium was not found in the branches and the

n

fungus probably over-wintered in the needles as wa
shown by low incidence of attack when shed needles were
removed and burnt in the autumn. Vuillemin (1905)
confirmed attack of nursery trees only and suggested

it occurred under humid conditions. Hiley (1921)
suggested that sporulation also would only occur under
humid conditions and noted the incidence of disease
symptoms on top leading shoots of six and seven year
old trees. Both Western larch and Buropean larch
were affected but not Japanese. Peace and Holmes
noted thet tr.e fungus over-wintered in the needles

but mere probably those adhering to the tree and not
those onthe ground. In the older trees it was likely
thzt the shed infected needles, caught between the
brancnes, provided the infection source for the

following spring. As a result of their spread
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experiments the most important rathogenic factors
were (a) the age of the tree,as apireciable damage

was only caused on one and two year old seedlings

(b) the weather, mainly moisture content of the air,

or more correctly the evaporation rate, and temperature,
although infection could occur over g wide range of
temperatures (OO - 259¢). There was no evidence

that weak trees were more susceptible to attesck than
healthy trees. Ag a result of artificial infection
experiments, when infection of Japanese larch vroved
impossible, Peace and Holmes decided to investigate

the reasons for this resistance. To discover if
registance was purely mechanical a number of inoculations
were wmade by clipping off the tips of needles with a
pair of scissors dipped in spore suspension. Many
successful incoculations were made on European larch

but none on Japsnese, indicating that resistance was
largely physiological. Further experiments were rade
to test this hypothegis. Both boiling and cold water
extracts of tune different needles were made, the

former sterilised by autoclaving and the latter by
passage through a Berkfeld filter. Germination of
spores and mycelial growth wzs similar on both extracts.
In case the concentration of immunizing substance
within the needle had been too dilute for effect on

spore germinztion, a further experiment using expressed
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juice from both types of needles was attempted.
Uncertain mycelial growth occurred in both extracts
but germination of spores in Buropean larch extract
ocecurred more rapidly than germination of spores in
Japanese larch extract. This result could have been
c-used by decay of toxic substances under unnstural
conditions, or it indicated that in nature on Japanese
larch, by delay of penetration of the infection hypha
under damp conditions, dry conditions would arise

and cause death. From spread experiments Peace

and Holmes concluded that for rapid infection to occur
the disease source must be abundant and near to the
uninfected plots when infection would occur in short
steps from the origin.

Prichoda (1954) while confirming suggestions
that the disease occurs under damp conditions and is
prevented from spreading by dry conditions, mentions
that it is more virulent on plants in poor soil than

on plants in good soil.

Host range -~ No mention of lieris atftack on

other than European or Western larcn is recorded prior
to 1946 when Robak from Norway noted the symptoms on
both Japanese‘and Hybrid larches.  Orlos (1951)
recorded the disease on Siberian or Asiatic larch and
Batko (1955) records infection of both Japsnese aﬁd

Hybrid larches in Britain.
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To summarige results from previous workers:

(i) Infection occurs under humid conditions and within
a wide temperature range and is arrested by dry
conditions.

(ii) Primary infection in the spring results from shed
infected needles or those still adhering or trapped

in the tree.

(iii) Infection occurs rapidly, by short steps, from

2 disease source.

(iv) Ffruciification will occur under humid conditions.
(v) Infection was confined to European and Western
larch untii 1946 when diseased Japanese and Hybrid
lzarches were discovered.

(vi) The reéistance of Japanese larch to Meria attack
is apparently physiological.

From results already obtained these trepds have
been confirmed and given greater specificity and other
trends have become apparent, which are as follows:

(a) Infection will occur only under very high humidity
28 the syores will not germinate unless relative
humidity is above 95%. The temperature range for
infection recorded by Peace and Holmes 0° - 25°C has
been confirmed by spore germination experiments.

(b) From artificial inoculation experiments it can be

seen that Buropean larch is more susceptible to Meria
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attack than either Hybrid or Japsnese larch and that
tone b strain of Lkeris is more virulent than either
gstrain a or strain c. Much of the infection is
confined to the leading shoots, especially in the
teller trees, a point previously noted by Hiley (1921).

(c)Spread of Leria inoculum occurs at least six yards
from an infected plot regardless of the wind direction
and it will occur eagily but not very rapidly, in

continuous plots of similar trees.

In order to investigate the susceptibility of
Buropean larch to leria attack, sad the partial
resistance of Japsnese larch, series of experiments
following the lines suggested by Feace and Holmes,

were performed.

Using a modification of a technigue described
by Turner (195%) an extract of larch needles was
prepared. 50 gms. of larch needles were collected
from six or geven year old trees and, after washing,
were macerated in a Waring blendor with 50 ml. of
water. The resulting suspension was then filtered,
to remove the larger debris and the filtrate
centrifuged at a low speed for five minutes. The
supernatant was sterlised by passing through a Seitz

filter, and then transferred to a sterile burette.

One hundreé and twenty 350 ml. flasks each
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conteining 50 ml., of the vasic minerals found in
Dox-yezst agar were prepared. To sixty of these was
added sufficient sucrose to give a 2% solution and
the whole batch was sterilised in the autoclave.

To twenty four of the other flasks without sugar
Buropean larch extract was added, twelve receiving
ten drops (5 5 ml.) of extract and twelve receiving
40 drops (¥ 20 ml.) of extract. Twenty four flasks
with sugar were treated in a simil=r fashion. Japanese
larch extract was added in the same way to a further
forty-eight flasks. The renzinder of flasks with
and without sugar were controls. All extracts were

added to the flasks in the inoculstion chamber.

Inoculum was prepared by scraping the mycelium
from the surface of lleria culftures grown on a plain
agar plus sugar medium and homogenising in sterile
water in the Waring blendor. 0.5 ml. of this
suspension was then added to each flask using a
sterile pipette. The flasks were tihen transferred
to the shaker for three weeks, after which the mycelium
was removed, dried and weighed.

See Table 32 overleaf and

PLATES 38 and %9
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Tfable 32: The effect of different concentrations of
larcn needle extract on the growth of
Leria in non-sugar and sugar solutions.

Sugar Bxtract | Mean dry weight of mycelium in gms.
treat-—
ment a b c ad
Control L0020 0008 .0011 0012
o BL 104 L0034 .0020 .001% .0040
Sgg— 404 L0135 LOCTT .0657 .0098
g
JL 104 .0054 0012 0021 L0036
404 .0089 .0038 0021 L0125
pe—— s el Do S P e el
Control L0432 .0249 L0177 .0493
+ BL 104 L0760 L0648 .0506 .0855
2‘;&%“‘ 40a | .1501 | .os87 1384 | .1632
I 104 LUTTL .0578 L0315 .0851
404 L1028 L1042 .0628 . 1780

The effect of larch extract on growth of lMeria is
greater in flasks containing sugar, and the following
trends are apparent:

(i) In all flasks the addition of larch extract
gives greater growth than in the control flask.

(ii) Forty drops of extract give greater growth
than ten drops of extract except in strain b (+ sugar)
flasks and strain ¢ (- sugar) flasks.

(iii) In strain a and ¢ (+ sugar) flasks forty

drops of Buropezan larch extract give greater growth
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PLATE 39: The effect of different concentretions
of larch needle extract on growth in

sugar solutions.
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than forty drops of Japanese larch extract. The
position is reversed in strain band d flasks although
the difference in growth is unlikely to be significant.
However, in flasks without sugar, forty drops of
European larch extract give greater growth than forty
drops of Japanese larcan extraét in all flasks except

those of the d strain.

These results indicate that there is a substance,
or substances, present in larch needles that promotes
the growth of lLeria. This substance shows a greater
concentration in Huropean than in Japanese larch
needles, or it is present in Japanese larch with an
inhibiting substance that :artially nullifies its
effect on growth, or more especially in nature it
inhibits or retards germination of leria spores

landing on, the needle surface.

Slower germination of spores, leading to slower
initial infection, followed by slower mycelial growth
once within the tissues could account for the delay in
the appearance of disease symptoms on Japanese larch
when compared with Buropean larch, if both trees are

inoculated simultaneously.

Il therefore seemed advisable to test the effect
of larch extract on spore germination. Peace and

Holmes had already found that, when using sap



expressed from Japanese larch needles, germination
was delayed, but as water extracts had given a
result in the growth experiments described above

this technique was repeated.

A mineral and 2% sucrose azar was made but
with the agar as a 5% instead of normal 3% solution,
to allow for dilution. Prior to pouring the sterile
agar into thin glass petri dishes ten or forty drops
of needle extract were added 1o the test tubes, when
the agar was almost solid, in case the substance in
the needle was destroyed by heat. After thorough
mixing the plates were poured and, after they had
solidified, a spore smear was made in the usual manner.
The plates were incubated for seventy-two hours at

,ZOOC and then percentage germination was recorded.

See Table 33 (overleaf) and FLATHE 40

The following trends are anparent:

(i) The addition of larch extract increases the
percentage germination in all strains when compared
with the control plates.

(ii) Strains b and ¢ (forty drops) and strain
b (ten drops) show 2 significant difference between
germination percentage in Buropean and Japanese larch

extract. In all three treatments germination is
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Table 33 Bffect of larch extract on germination
of keria spores after seventy-two hours.

JL extract BEL extract
Strein|Treatment |% germ. | Strain | Treatment | % germ.
Control 477 Control 5%
a 16 drops 53 a 10 drops 59
40 drops 57 40 drops 62
Control 35 Control 30
b 10 drops 4% b 10 drops 62
40 drops 47 40 drops 59
Control 40 Control 43
c 10 drops 51 c 10 drops - 53
4G drops 50 40 drops 65

much less in Japsnese larch extract, althoush it ig
still greater than the control.

(iii) Btrain a sbows little difference in

ct

c,

zermination percentase under any treatmen

o b

These result. coufirm those of the growth
exreriment. There is a2 subotence present in larch
needles which promotes svore germinsvion and mycelisl
srowth but the concentration of this substunce is
less in J=panese Larca than Buropgean lorch or its
action i1s in some way inhibited in Jeyanese lurch.

Ihe distinct difference in total perninstion percentzge

- .

of the b sirain btreated witi Huropean and Japznese

QW
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larch extract could account for the delay in
appearance of disease sympltoms on Japanege larch

on simultaneous inoculation of both trees, but as

no record of @efcentage germination with time or
maximum germination percentzge were made this cannot
be stated definitely. It is likzely that a lower

percentage germination coupled with slower mycelial

crowth inside the needles accounts for this delay.
£ y

A second experiment to deterwmine the distribution
of the promoting substance and its possible destruction
by heat was carried out. The extraction technigue
vreviously employed (p. 154) was repeated, but after
removal of larger needle debris from the suspension in
the Waring blendor, centrifugation was commenced.

The supernatant was divided into two portions; one
was sterlised by passage through Seitz filter and
added to the mineral plus sugar agar as described,
while the other was added, in forty drop aliguots,

to test tubes of non-sterile mineral plus sugar agar
which were t..en sterilised in the autoclave and poured
into petri dishes. The sediment from centrifugation
was also divided into two portions, one was spread
over t.e bottom of a sterile petri dish and a sterile
cellophane disc placed onlits surface, while the

other was trested in a sgimiler manner but then



164.

re-sterilised in the autoclave.

Spore smears were

wade in all plates of b and ¢ strains and these were

incubated for eighty-four hours at 20°C and then

examined.
Table 34: The effect of licuid and solid larch
extract on germination after 84 hours.
Liguid extract Solid extract
Strain
- B, JL B JL
SeitzlAuto-|Seitz | Auto-|Un- |auto-|Un~ lauto-
fil- {clav-{fil- clav—-{ster-{clav-|ster—-{clav-
tered| ed tered ed ile ed ile ed
b 28 25 20 21 16 10 19 19
c 19 21 12 15 C 0 0 C

The percentage germination in all experiments is

low po.sibly due to the inoculum.

In the b and the

¢ gtrain with liguid extract there is 1little difference

between any of the treatments in percentage germinzation.

Unfortunately no germination was observed in any of

the ¢ strain sclid extrect plates.

These results

indicate that the promoting substance is not fully

extracted in water, although germination is somewhat

better in the b strain licuid extract plates than

the golid extract plates, but this is probably due to

the different technigues.

The substance appears to
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be thermostable as germination is hardly affected by

autoclaving the extract.

These resulte give little further information
as to the identity of the promoting substance but
the fact that it is water soluble and not destroyed
by heat z2nd gives increased growth when both sugar
and mineral salts are present in the medium, could
indicate a vitamin or combination of vitamins. It is
unlikely, however, that there is any difference in
the vitamin constituents of Buropean and Japanese
larches to account for the differences in growth and
germination given by these extracts. There is the
pogsibility of an inhibiting factor in Japenese larch
wnich in some way prevents either the assimilation or
the enhancing effect on growtn and germination of

the promoting substance.

As increased growth of keria .is given with
increasing concentrations of sucrose 1t is also
possible that the promoting agent is this or another
sugar; but again it is unlikely that there would be
a sufficiently great difference in sucrose
concentration or availability of other sugars in
Japanese and Buropean larches to cause the different
results obtained. Strain a shows a preference for
fructose rather tnan glucose and if this was more

resdily available in Zuropean than Japanese larch



it could account for different growth rate. Lowever,
strain d also shows a preference for fructose but

the growth rate in Suropean and Japanese larch
extracts, with and without sugar, is very similar
and also it would not explain the growth differences,
in the different extracts,of strains b and ¢ {(without

suzar) which show no preference for fructose.

Furtoer experiments on the identification of
the promoting or inhibiting substances were not

undertaken.

These results do not give any explanation of
why the diseasge was aypparently confined to Europeén
and Western larch until 1946. The b strain of Lierisa,
described Dby Peace and Holmes, 1s practically
identical from cultural examination, with the current
b strain isolates and this was the strain commonly
isolated frow nature in 1933. The b strain is still
most commonly isolated in nature (see later section)
and is obviously the most virulent. Some genetical
and physiological change must have occurred within this
strain, z2nd within the a and c strains also, to enable
infection of previoucly resistant larch species to
occur, but this is not detectable in any simple

morphological or physiological analysis.
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Summary: An appreciation of the work of previous
authors led to the confirmation of their results gnd
investig:ztions into various factors comnected with
the pathogenicity of lierig The following points
are important in pathogenic studies of lieria :

(1) Infection will occur between 0° and 2500 but only
when the relative humidity is over 95%. Infection
is arrested under dry conditions by failure of
gernination of spores

(ii) Primary infection in the spring results from
inoculum released by fungus in shed needlec or those
still adhering to or trapped in the tree. These
spores are produced on the onset of warmer weather in
the spring. Spores will be produced at humidities
over 95% and at temperatures between 5%and 25°C and
infection will occur by a germ tube growing through
-the stomatal pore.

(iii) The spread of inoculum occurs éasily in
continuous plote of similar trees and easily in
ceparated plots of similar trees and probably between
different tree species, although this has not been
proved by field experiments but only by greenhouse
inoculation.

(iv) Buropean larch is more susceptible to Heria attack
than either Hybrid or Japané&e Jarches, and diseace
symptoms appear earliier on Buropean than Hybrid or

Japanesge larch.
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Ixtracts of both Luropean and Jay-nese larch promote
crowth of Leris in liguid culture and also increase
spore zercin~tion, but growba and sermination in
certzin cases ig returded in Joranese larch extract.
This accounte for the later zpprearmnace of diseacse
symptoms on Japonese larch wuen tne two species are
inoculated simullianeously. The substance, or
substances, resionsible for tne .romotion of growth
and spore germination is water soluble, thermostable,
and is possibly a vitamin compiex. The reasons for
Japanese larch extract retardin; zrowtn and germination
are not xnown, a2lthough some inhibiting factor,
interfering with the assimilation or action of the
promoting substance, may be present.

(v) The b etrain of the fungus ie more virulent than

either the a or ¢ strzine as it can attack all three

types of tree.

(vi) Wo exyplanation of the sudden appearance of Lerig
on previously resistant l=rch species 1s Jiven by
tnere exyperiments.

The significance of these findings will be

discussed in detail later.
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DISTRIBUTICH CF DIFFSRENT STRATHNS OF MERIA

Peace and Holmes were the only workers to
recognise distinct strains of keria but they did not
investigate the distribution of these strains in
nature beyond nocting that the b strain was isolated
more often than the a strain.

In the present investization infected material
was received from seventeen nurseries scattered
throughout Bngland, Wales =nd Scotland (for exact
locations see map pl76 ) together with several
already establicshed keria cultures made at the Genetics

nursery at Alice Holt, Surrey.

As wany isolations as possible were umade from
the diseased material, using the method already
described, and as coon as the culitures were established.
single spore isolates were made. These were incubated
for four weeks at 20°C and then examined to type the
strain of Ileria. Several nurserieg sent material in
1955 and 1956 and isolates were made in consecutive
years. Only a single nurcery (Wykeham) sent naterial

in 1957 =2nd none wasg recelved in 1953.

See Tubles 35 and 36 (overleaf)



Table 55:

170.

The distrivution of rieria strains among

different tree species for years 1954 - 1

9

57.

Thiere is one extra specimen of the a

a Peace and Holmes culture lodged at

dolliand.

Lree Nurseries|io. of Isolated
species| sending infected Total strains

inocilun ! epecimens|icsolations a b ¢ d
Buro- i S

l’) l P i~
pean 2 4 5 1516 7 ©
ybrid 6 7 19 7 4 7 1
Japan- 10 12 53 12 14 12 O
| ese
Total 34 34 26 1

strain from

Baarn in

from Table 35 the general conclusion is that strzins

-

and only one strain

a Hybrid

and ¢ occur in

larci.

approximately similar numbers

d culture has besen obtzined from

The smaller total number of Hybrid

larcu isolates is cue to the infrequency of growth

of this =

pecies.

Strains g and b are isclated with

equal frequency from both European and Japanese larch

while hybrid larch isolates show

and ¢ strains and rather less b.

gual number of a
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Teble 363 Uetails of the distribution of Meris strains

among different trees and nurseries for

years 1954 - 1957.

Hursery Tree,isolate umber and strain Total
and and year of of isolates isolates
location | isolation a b c a per
nursery
Alice L culture 3 1 4
Holt sent 1954
Surrey
St.Asaph | BL isolated 2 2
Rhyl 1956
Bareagle | BL culture
Stranraer! sent 1954 3 1
mlL isolated
1955 2
HL isolated
1955 L 2 1
JL culture
sent 1954 3
JL isolated
1956 2 2 1 18
Benmore HL isolated 1 3 2 5
argyll 1955
Castle~ JL culture
ton sent 1955 % % ' 6
Dunmfries
shire
Breanin 2L culture
N.Wales sent 1555 1 3 1
JL isolated
1955 3 8
Davidet- 1 JL isolated 1 1 2
oW 1856
Cornwall
Delamere | BL isolated 3 1
Norwich 1955 4
Fleet BL culture
Newton- gsent 1954 3 1
Stewart BL isolatgd
Wigtown 1856 2
HI isoliated
1955 2 (continued)
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Table 36 (continued)

isoEQ%%%

Nursery Tree,isolate | Number and strain
and and year of of isolates oer
location | isolation =) B e T d nu%sery
#leet HL igolated
contd. 1956 2
Ji culture
sent 1954 3
JdL isolated
1956 2 2 17
Glasfryn | LL isolated
Caerns. 1656 1
EL isolated
1956 1 2
Glenfin- BL isolated
art 1956 1 1
Dunoon HL isolated
Argyll 1956 1 1
JL disolated
1856 1 1 6
Glengap JL isolated
S.W Scot. 1656 2 3 5
Flentroal | JL isolated
3.0 SBeot. 1956 1 1
Kielder JL isolated
Horthun-- 1955 3 3
berland
Ledmore BL isolated
Perth. 1956 2 2
kiillbuie ml isolated
Ross =nd 1856 1 1
Cromarty | HI isolated
1S56 1 1
JL isolated )
1956 1 4 1 6
Fortimer EL isolated
1956 3 3
Wylkeham &L isolated
Yorks. 1957 Pl 1

.Uther isolotes

wl possibly 1932

- strain a - obtzined from Buarn

from original Fezce and Holmes
culture.




2.Isolates from

inoculation
experiments -
Tree, isolate Remarks
and year of Strain
igoiation © c
BL isolsted 1957 110 Inoculated with a and 1
5L " 1957 1 i "D
HL " 1957 2 " "oy
JL t 1957 1 it i b
L " 1958 1 1 "oe
HL 1" 1958 1 " 1t c

In an attempt to discover a relationship

between the fungus strsin and location of the nursery
the data was analysed by using a map showing

distribution of different leria strains in relation

to nursery location.

can roughly be divided into three groups:

(i) Scottish nurseries;

England nurseries;

tae presence or absence of particular Heria strains

(iii) Bast of England nurseries;

(See MAP 1)

(ii) Welsh and West of

on the different species of larch within these

groups was recorded.

Tavles 37, 38 and 39.

The nurseries
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Table 37: Distribution of Lieria strains amongst
different larch sypecies in Scottish nurseries.

Nursery Tree L.eria strain
a, D c d
Hillbuie 2L #* *
HL * *
Jd L * *
Ledmore EL #
T ¥* %
Glenfinart HL * *
JL * *
Kielder ‘ JL %
Benmwore 5 HL 5 * #
jix * *
Bareagle HE * 5 %
JL * % *
Castleton JL * ¥*
Glentrool JL *
Benmore HL * * %*
BL * % *
Pleet HL * *
JdL * *
Glengap JL * *
SUMMARY s
o 2 4 4
EL 5 3 3 1 -
IL 51 6] 6
Total: 16 13 13 1
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Table 8: Distribution of Meria strains amongst
different larcn syecies in Welsh and West
of England nurseries.

1‘§ursery Tree Heria gtrain
2, D C
St.4acaph Bh ¥*
Glasfryn zh *
=L ®
Brenin EL * * i
JL
Lortimer il
Davidstow JL * *
SUMMARY .
BL 1 4 1
HL O C 1
JL 1 1 1
Total: 2 5 3

Table 39: Distribution of Lieris strains amongst
different larch specieg in Zzgt of

England nurseries

Wikeham il *
Delamere Wl * *
Alice Holt! BL * *

SULLARY ¢

3
H
[AS)
=
no
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Toble 40: Freguency of occurrence of Meria strains
on different larch stecies.

free otrain of lLeris
gpecies EY D C
EL 5 9 7
HL 5 3 4
Ji 4 7 1
Total 14 19 18

The following points zre noticeable from examination
of these tables.

(i) The total number of occurrences of a, b
and c¢ gtreins of lieria on the different larch species
is very similasr, althouzh thne b strain occurs
approximately 25% more often than the a strein. This
partially confirms tre conclusions reacned in an
earlier section where it was suggested that the b
strain of the funsus is the most virulent. The eqgual
occurrence of b and ¢ strains was not nentioned by
Peace and Holmes, who only recognised tne two strains
g and b; but it is possible that ¢ strain cultures
could :.ave peen included under b str-in for the sske
of typinz as they resemble this strain rather than the
a strain. It is ualikely thet the ¢ strain has arisen
in the last twenty years as Pesce and Holmes report
many gradations ia culture appe=rince vetween their

g and o strains, but due to insufficient time, these
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were not re-cultured as single spore isolaté&. From
the photographs in the Feace and Holmes monograph it
appears that some of these intermediate cultures
contain sectors of the ¢ strain, =2 Teature comi.on in
sreliminary isolations fror. diseased material before
single spore sub-culturing, in wihich the ¢ sitrain was
identified. This does not however explain the
incidence of a larze number of ¢ gtrain isolates in
the oresent investigation. Prom an earlier section

it can be seen that attempts at artificial inoculation
using this strain gave very poor results, a fact
incompaﬁible with the high incidence of this strain

in nature. However, an interesting observation was
made in keria cultures made by re-isolating the fungus
from all three species of larch artificially inoculated
with the b strain of Heria in 1957. In all three
cases the re-isolated strain was the c gtrain. This
indicates that a change of strain can occur while the
fungus is within the host, a very important point in
any appreciation of tne identification or distribution
of the different fungal strains. It is possible,
therefore, that strain ¢ is related to strain b - a
point winicn will be discussed in detail later, and
that a change from one strain to another, usually b

to ¢, can occur within tne larch needle. It has

already been suggested (p.63 ) that strains b and d
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are relsated physiologically. This could mean that
of the total of eighteen isolates of the ¢ strain,
the majority, as indicated by the results of the
artificial inoculation experiments, could have been
the b strain wanen infection occurred. In an attenmpt

to test this hypothesis Table 36 was re-examined.

Table 41: Re—-examinavion of results from Table 36.

Description of strain incidence Number of
nurgeries
Nurserieg in waich all 3% gtrains occur 6
" 1 " only a strain occurs C
i 1 i i 'b H] i 4
i it it LH) cC i it 2
11 i1 it 'b 3 H 13
it it i1 'b a,l’ld c it it 7
i i " g and ¢ only occur 3
it it it a and “b i 1 l
1 14 1 'b a.l’ld c i 11} l
Total nurseries sending material 13

Several further points are now evident.

(a) Out of the eizhteen nurseries from which Meria
cultures were obteined thirteen showed the fresence
of the b strain and four showed the b strain only.
This is further evidence of the virulence of the b

strain of l.eria as the ¢ strain only occurred alone
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in two nurserieg and tne a strain was never found alone.

(b) The b and ¢ sirains occur togethner in seven
of the nurseries but in eix of these it is together
with the a strain, only a sinzle nursery, Glasfryn,
showing b and ¢ strains alone. This confirms the
fact that strain chanses can occur between the b
and ¢ strains.

(c) The three occurrences of a and c strains alone
also indicate that strain changes between these two
straing may occur within the needle especially as in
six examples out of eighteen the a, b and ¢ strains
occur together. This relationship between the a and
¢ strains has =lready been reported (p.105 ) when a
strain colonies appe=red within ¢ strain colonies in a
c strain spore germination plate left for forty-eight
hours in = refrigeritor and then incubated at 20°.

It is obvious that the different strains of Meria must
be related to each other and it now appears from both
excerimental and analyticsl evidence tn=t changes

from one strain to another can occur while the fungus
is in its parasitic phase. However, asg already
mentioned, Leriaz remained extremely stable in culture
apart from the instance mentioned above and certain
other phenomena already revorted (p.63 ). This

whole ¢ .estion will be discuccsed later.

(ii) Both Europeazn and Japanese larch show
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spproximately twice ag many occurrences of b strain
infection as compared with a strain infection. It

may be possible in the next section of the work to
obtain further confirmation of the suggestion that

the b strain of lMeris is the most virulent by examining
nursery data concerning the actual date of appéarance
of disease symptoms.

(iii) Of the nurseries showing all tree species
infected Millbuie and Glenfinart show b as the most
infective strain with little a strain infection, while
Bareagle and Fleet show a and ¢ strains as the most
infective with some b strain infection.

(iv) There is no pattern of distribution of the
different Meris strains either on parxticular larch
species, excent for traits mentioned in (i) and (ii),
or within definite areas of England, Scotland and
Wales. One interesting point, however, is the
occurrence of strain b on all European larch from all
the nurseries in the Welsh and West of England group.
Owing to the close proximity of three of the nurseries,
St. &saph, Glasfryn and Coed-y-Brenin it is a
possibility that infection arose from a common source,
possibly a plantstion of older trees, or by a series

of steps from nursery to nursery.

Although more data from other nurseries is

available and will be examined in the next section,
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no infected specimens were received and this data
cannot be used here.

(v) Prom the identification of re-isolations
of Meria made from artificially inoculated larch
trees, it can be seen that several changes of strain
hgve occurred by passage of lMeria through the host.
in the first 1957 experiment when ten re-isolates of
the b strain were identified from Buropean larch,
four of these were from trees sprayed with the a
strain, the other six isolates being from trees
inoculated with the b strain. This confirms

conclusions reached in (i) of a connection between a

and b strains of Merig.

To help in the explanation of the occurrence
of the cultural strains of lieria the number of
different strains identified from each single

isolate was examined.

Table 42: OCccurrence of different strains of leria

from single isolations from nature.

Tree 1 strain | 2 strains | 3 strains
species | isolated | isolated isolated

EL 7 6 1

HL 3 2 1

JL 5 6 2
Total 15 14 4
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Out of thirty-three isclates from diseased material
fifteen gave g single strain on monosporus culture,
fourteen gave two strains and only four showed three
strains. Isolates from the twelve nurseries where
only a single tree speciles was grown or infected with
leria gave seven mixed cultures that produced two or

more strains on monosporus culture.

These results indicate that mixed strain
infections are as common in nature as single strain
infections and they occur with egual frequency in
nurseries where a single tree species or two or three
tree gpeciles are infected.

SUMMARY s

No previous work has been done on the distribution
of the different strains of Meria apart from a comment
of Peace and Holmes that isolations from nature more
commonly gave the b strain of the fungus than the
a strain. Infected material sent from eighteen
nurseries throughout the country was used as a source
of fungus isolates and the strain or strains of each
isolate was determined. The results were then
examined with regard to nursery location. There is
no apparent pattern of distribution of strains of
Meria throughout the country apart from a tendency for
all Buropeen larch in the Western region (including

Wales) to be infected with the b strain of lieria.
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The b strain of lleris was more commonly isolated
than the a strain although the ¢ strain was found
28 commonly as the b strain and wvarious reasons for

this occurrence were examined.



FPORLSTRY COLLIISSION Dala AND DISEASE FORECASTING

INTRODUCTION

The previous work regarding conditions
necessary for infection and spread of leria has
already been summarised (p. 150 ). As results tend
to be slight 1t was decided to investigate these
phenonmena more fully. The investigation was divided
into two parts, the first concerned with the analysis
of Meria attack in particular nurseries over a neriod
of four years, and tue second using data from the
first together with extra information from the
“eteorological office, was an attempt to devise a
forecasting system for lLerias similar to the Beaumont

system for Potato blight (Phytovhthora infestans).

Part 1 -~ Anglysis of kMeria attacli in certain larch

hurseries

In conjunction with tne rforest Pathologist

(br. 7. R. Feace), =2 simple form was designed go that
infor..tion rey .rding lieriz atvacls could be recorded
by Foresters .t the nurseries used in analysis studies.
The Forester was szs._ed To supply inlorm=tion rezarding
the presence or absence of lHeri. atvack znd, if
present, on wuicn speciee of larch, and the dave of

appearance; bi.e severity of attack, waether severe,

moderave or gii_nt; the subsecuent venaviour of the



disease on the infected trees; brief notes about
weather conditions, especially any prolonged wet or

dry weriode and any other information that could
possibly be of use in tihe investigztion. These

© forws were sent snnually to the vsrious larch
nurseries throughout the country and were returned,

er atv the end of Auvgust or late September.

o

/]

[

eitl

§

Negative resulits, no obviouse disease attack or a
barticular speciec of larch not grown wvere also
recorded. Not all the nurseries circulated returned
the completed forms and some of the others for only
one or two years, and uniortunztely some of the
nurseries that gsent infected waterisl did not send
completed reporis. The map on page 176 shows

tize location of tne nurceries and precence or absence

of diseased material and completed reports.

The geverity of attaclk is probavly the criterion
which would involve tue most difficulty in estimation
by taoe rforester =25 no distinct rules were given as
an aid. A severeattacx is likely to mean most of
the trees in a particular plot showing sufficient
infecied needles to be obvious to the observer on a
cursory exawination of the plot. The density of
planting nay influence this estimation but no
information i1 available on this point. A slizht

infection reans that only a few, about 20%, of the
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trees are inTected and that Merizs attack can only
be verified by a close examination of the individual

trees.

PR S 4

Certain nurseries supplied information
rezarcing the seed source of tne Wwees and other
detalils regardins their histories, but witnout recourse
to Forestry Commission data scattered over the country
it was not possible to obtzain tne missing data about
tne other nurseries. Feace and Holmes have pointed

out tiat source of seed had no effect on atitack in

nature or by artvificial inoculation, but Lanzner (1951)
mentioned that among Hybrid larch susceptibility to

Feria =ttacl was more marked we.en Jansznese larcih whe
woed as the rale parent, than when it was used as the

certicular correlation between
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* * e

gseed source and leria atitzcl was not amalysed in the
present invectisation.
The information from tne nurseries is recorded

by arranying the nurseries geographically from the

north of 3cotiand to the west of England.

Tovle 43%: (overleaf)
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Data from larch nurseries for years 1955-1958 showing first noticeable
infection dates and severity of attack.

Tursery 1955 1956 1957 1958 Hotes
EL| HL | JLyf 8L | BL | Jn ¥ oz |ago |Jz fun | 5o gL
¥ % 19/57 other
Fillbuie - - - {lec/6l28/7128/7119/7 {uG¢ 119/7 | No |records |lnurseries
) infected
Newtown - - - - | - - 6/9 - - @5/8 - |/
Tulliallan - - - - - - - - - - - -
.}{. N
Ledmore - - - §/7 NG | - j10/7 | - - W5/7{ - -
Glenfinart - - - H15/8115/815/8l26/7 | - - - - |-
Benmore / / / G | NG | - NG NG| - - - |- B
Bareagle * x / | 2t/8l13/8|13/8] 16 NG| 4/8 W NG | NG [7/8 ®
*
Pleet * / x \l22/s5128/7128/71 - - 15/74 - - 1~
Widehaugh - - - I38/50 - | - - | - pi/ig - | 8/8] - |
Wykeham ifes - - NG | NG | - jl20/8 | - - - 117/7 | - e
Willingham - - - - - | - - - - - - -
Coed-y~-
Brenin / - / - - | - - - - | NG | NG | NG
Shobdon - G | - fis/s8) ue | - l1s3/8 | - - - - -
Tintern - NG | - - { NG | - NG | NG| - §NG | me po/s
Tair Unen NG NG - - - - - - - - - -
Delamere / NG | - - | NG | - NG § -~ - -~ -
Ampthill - | we | - - | ne | - - | we] - n5/7) fo/d - oved coedis
- g4 #* Love ee 1mos
Davidstow NG He | x - -15/8 || ue | wele¥/s |ue | we 15/6ﬂ'were P ATestes
. : .

* Severe attack and date.

- not

attaclked

X loderate attack and date

/ slight attack

NG - not Lrown.
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Table 44: Sumnsry of resulte.

(2) Total infection in all years

Larch Total Severity of attack
species| reported | Severe | loder- | Slizht
attaciks ate

EL 21 8 4 9
HL 10 - 4 6
JL 19 1 3 15
TOTAL 50 é 9 11 30

m o
iable 43¢ (1) Infection totals in particular years.

1955
EL 5 2 E - 3
HL 3 - | 1 2
JL 5 - 1 2 3
1956
BT, 7 4 ; > 1
Hi 4 . } 2 2
JI 5 - i - 5
1957
BL 6 1 1 4
HI, G - _ -
JL 5 - 11 4 ;
1958
L 3 1 g 1 1
HL 3 - l 1 2
L 4 1 - 13




The following trends can be deduced from
the data: -

(i) Most attaclks occur on Furopean larch
while Hybrid l-rcn shows the leastd. This ds partly
due to the scarcity of Hybrid Zarch nursery stock
a8 indicated by the few nurseries that actually
grow this species. This, however, confirms the
conclugion th=t Buropean lercn is fhe most susceptible
s.ecles of the turee especlally when it is =2l1so
noted tnat out of twenty-one records of the disease
on this species eight of these indicate severe
attacks. No severe attacks are recorded on Hybrid
larch and only one on Japanese Jarch.

(ii) Most disease attacks occur in the eight
Scottish nurseries. Out of a total of fifty
recorded attacké, thirty-two occur in Scottish
nurseries and thirteen of these occur in 1956. There
may be several reasons for this particular
distribution. Firetly the weather conditions in
Scotland may be more -conducive to infection, i.e.
the humidity remains sufficiently high for long
enough to allow good germination and infection, or

more probably infection sources are more Ffrequent.

Of the eight Scottish nurseries from which

records have been received, four report disease
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occurrence for at least two consecutive years

and one, Bareagle, showed infected larch for all
four years of the investigation. Ledmore, where
Buropean larch suffered a severe attack in 1956,
showed moderate attacks in both 1957 and 1958 on
this species and it can be seen from the further
comments supplied by the foresters of this and

other nurseries, that infection occurs from year to
year by contamination of the nurseries with infected
needles which act 2s an inoculum source in the spring
or, infected needles still adhering to the tree
provide inoculum in the spring after transplanting.
the seedlings. Cnce inoculum is available the
disease easily spreads among the different larch
species as in 1956, four out of six nurseries that
grew the tiree species of larch reported attack on all
three specles, while the other two were entirely free
from the disease. Only a single Scottish nursery,
Tulliallan, remained entirely free from the disease
for the four year period of the investigation. The
occurrence of thirteen recorded attacks in 1956 is
no doubt due to the weather conditions at the time
and the fact that three of the nurseries reported

infection in 1955, all on all three larch species.

(iii) 411 the severe attacks are reported from

Scotland apart from one on mBuropean larch in 1958
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from Ampthill and one at Davidstow on Japanese

larch in the same year. In fact‘few of the Welsh

or English nurseries show much disease and in those

in whichh it does occur atvtack is usually only slight
and only very occasionally moderate or severe.
Referring to the results of the previous section it
can be seen that this is not in fact correlated with
the incidence of a particular strain of Meria. The
Scottish nurseries show approximately equal incidence
of a, b and ¢ strains (10, 13 and 13) as do the Welsh
and English nurseries (4, 6 and 5). It is interesting
to note however, that the only isolate of the d strain
was obtained from material from a Scotftish nursery -
Bareagle.

(iv) Although the tofal_number of attacks
reported on Japanese larch (nineteen) is similar to
the total number reported on Buropean larch (twentyone)
only one is a severe attack, while fifteen are slight
attacks. This confirms the conclusion that dJdapanese
larcn is the most resistantv species to Feria attack.
Agzain referring to the previous section this is not
correlated with the incidence of any particular
strain of keria as out of a total of eighteen single
spore isolates of Meria from infected Japanese larch
needles four were strain a, seven were strain b and

seven were strain c¢. This helps to confirm the
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conclusion that tne b strain of the fungus is the
most virulent as approximately half of the isolates
from Japanese larch were of this strain. Although
seven isolates of the ¢ strain were also identified,
thhe possible change in strain between b and ¢ within
the needle, explained in the last section, could

account for this fact.

(v) Of the seven nurseries that report attack
of Buropean larch together with either Hybrid or
Japanese or both and give infection dates, four show
that disease symptoms occurred on Buropean larch
prior to their appearance on the other species, two
note appearance of symptoms at the same time on all
species and only a single nursery, Fleet, records the
appearance of disease symptoms on Buropean larch
after symptoms on the other two species. This
indicates firstly that Buropean larch is more
susceptible to leria attack and that secondly the
diseased Buropean larch may act as, an inoculum source
for infection of the other larch species. This
second indication is confirmed by the Forester's
reports from Bareagle and Fleet in 1956 where the
other species of larch were grown in beds alongside
the Buropean larch and infection of European larch
and Japanese larch occurred approximately two weeks

and two montus from the first noticeable sympltoms
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occurring on the Buropean larch. On the other

hand it must be pointed out that in one nursery av
least, Widehaugh, Japanese larch remained uninfected
in a bed next to Buropean larch showing a moderate

Meria attack.

In one of the nurseries, HMillbuie 1957, where
attacks occur simultaneously on Buropean and Japanese
larch, infected material was already present as all
three species of larch were infected in the previous
yvear and it is possible that infection of the two

species occurred simultaneocusly also,

(vi) Of the ten recorded instances of attack of
furopean larch together with attacks on one or both

the other species eight show a more severe attack

)

o]

on Buropean larch than eitner of the other two larches,
furtner evidernce that Buropean larch is the most

susceptible of the three species.

(vii) Only a single nursery, Davidstow, Cornwall,
reports infection of Japanese lLlarch when the other
species of larch were not grown. This infection was
moderate in 1955 and 1957 but severe in 1958, the only
recorded instance of a severe attack on Jzpanese larcn.
Isolation of leria from infected material received in
1956, when the attack was slizht, gave one a and one

¢ strain culture of the fungus. More information
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about the behaviour of this disease within this
nursery ie available. Previous years infected
seedlings that have been planted out appear to supply
the inoculum source for attack of the current year's
seedlings although this attack does not become serious
until the seedlings are transplanted after one year.
In one instance seedlings were btransplanted fifty
yards from an infected plot of transplants and still
became infected later in the season. The Forester
also notes that a system of vertical lath sheltering
to protect the seedlings from exposure,decreases the
incidence of disease from severe to slight, a fact
also reported in one instance by Peéce and Holwmes.
who also reported that certain types of sheltering
increased lMeria attack by lowering the evaporation
rate.

Bareagle in 1957 and 1958 also shows infection
of Japanese larch in the absence of both EBuropean and
Hybrid larches, but in 1955 and 1956 all three speciles
were grown and all were attacked, giving a large
infection source from year to yezar. At Fleet in
1957 Japanese larch only was attacked bulb this time
both Buropean and Hybrid larch were present. In
1955 and 1956 in this nursery all three species were
also grown and all attacked by Meria, but unfortunately

insufficient information as regards the positioning
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of the different larch species in 1957 is availab;e
and no apparent reason for non-infection of the
other two species can be deduced. This nursery
shows no disease at all in 1958. It is interesting
to note tuat in both Bareagle and PFleet nurseries
severe attacks had previously occurred and that the
b strain of leria had been isolated from diseased

material sent from these nurseries.

(viii) Of the four nurseries, Bareacle, Fleet,
Glefinart and lillbuie in which severe lieria attacks
have been recorded, and which grow all three species
of larch and frow which umaterial has been received.

-

three show the oresence of the b strain of Meris on

A

11 three larch sp,ecles. Also in tiiese nurseries b

0]

trains of lLeris nnve Leen isolated from the tree
species, usually Buropean larch, on which the primary
attack occurred. This. is a further indication tu~t
the b strain of the fungis is the most virulent.
Fleet zives b strain isolates from only Buropean and
Japanese infected material. The only other nursery
sending diseased material and from which a severe
attack has been recorded, Davidstow, only gives a and
¢ strain lieria isolates as already wmentioned but

these isolations were made in 1956 when the attack

was only elight.
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(ix) Fifteen nurseries record infection by
Lierig at some time Aand out of these,eleven show
infection for more than one year, six show
infection for two consecutive years, three show
infection for three consecutive years,and two,
Bareagle and Davidstow, show infection for four
comsecutive years. These facts indicate tnat once
infection has occurred within a nursery it is
extremely likely that it will reappear in subsequent
years unless drastic steps are taken to eradicate
the inoculum source of the current year. This may
mean the collection of all fallen infected needles
for burning as suggested by Her (1895), or the
removal of the infected seedlings to a2 new bed where,
as transnlants, they may not retain the infection.
This new bed must be sufficiently far from the
previous or any other likely infectiom sources to
prevent passage of spores. Even the planting of
Japanese larch in areas previously bearing infected
Buropean larch would not prevent infection, especially
if tne Iuropean larch had been infected with the
b strain of Meria.

The best method of eradication is undoubtedly

non growth of any larch seedlings in the year

following a severe attack. Although the fungus
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overwinters in the fallen needles and produces
conidia in the following spring, it is extremely
unlikely that these diseased needles could act as

an infection source in subsequent years. Blight
attacks of the diseasge will easily disappear in the
following year without recourse to drastic measures
but once severe attacks become commonplace the disease
is difficult to eradicate. Oneeinfection has become
established within a nursery in one particular season
it is possible to countrol it by using the spraying
methods devised by Feace and Holmes. Unfortunately
these are expensive and not always satisfactory.
Pirstly, new growth is continually appearing wnich is
free from the chemical coating, and secondly no
indication is as yet available of the most suitable
time to spray. The devising of a forecasting system
t0 indicate suitable spraying times is the object of

the next section of the work.
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PART 2 — DISZASH FURECASTING

Forecasting vossible attacks of plant disease

with any accuracy is a fairly recent technique in
this country. Large (1953%) in conjunction with the
Agricultural kheteorology Branch of>the Meteorological
Office has devised a successful system for forecasting
attacks of Potato Blight. Frevious work on the
disease indicated that a forty-eight hour period
during which the temperature in a Stevenson screen did
not fall below 50°F (10°C) and the relative humidity
did not f=ll below 75% was a good indicator of a blight
outbreak some seven to twenty one days later. These
criteria were used in a country wide survey of the
incidence of the diseuse although it was realised that

(i) The criteria assume a constant relationship
between the screen climate and the climate within the
crop - an assumption wnich is by no means valid
throughout the 1life of the crop or during wet or
very dry spells.

(ii) The weather reporting stationswere not all
gituated in areas where potatoes were grown.
However with cert,in refinements.,due to observations
over a period of years, the above criteria give a
very good indication of the onset of potato blight
and on receiving a blight warning the potatvo farmer

can spray his crop with the appropriate fungicide.
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After success with potato blight a further
system was devised to forecast attacks of Apple Scab

(Venturia inecualis) and various groups of infection

criteria have been devised (8mith(1962) Preece and
Smith (1961)).

It was decided to attempt to devise a forecasting
system for Merig using the information from the
nurseries in conjunction with weather data supplied
by the keteorological Uffice. The weather data
thought to be necessary in devising a forecasting
cystemw were -

1., Daily maximum and minimum tempersture readings.
2. Daily hwaidity readings, preferably several
throughout tie twenty-four hour period.

Daily reinfall.

W

4., Information as to wind strength and direction.
>

The Meteorological Cffice intimated that most of
this inforwation was availsble for extraction. The
grid reference location of each of the nurseries tuat
had been circulzated with the nrinted forms was sent
to the lieteorological Office who supplied details of
tne nearest climatic (giving temperature, sunshine
and rainfall) and synoptic (giving wind and humidity)
weather stations, including their heights above sea
level. These were necessary in order to make

adjustments ‘o the temperature figures if this height
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differed appreciably Ifrom that of the nursery. The
extraction of the vast quantity of data for the
original criteris above would have proved impoesible
and 1t was decided to modify these criteria. Humidity
and temperzature were considered to be the most
important variable phenomena of use in devising a
forecasting system for keria, and only these were to
be extracted for the six monthly veriod, April +to
September in the year of attack. This meant using
data from the synoptic weather stations, many of which
were up to twenty-five miles from the actual nurseries.
It e probable that the conditlons here bear little
resemblance to those in the nursery. However, six
nurseries were chosen for weather data analysis
sufficiently close to their synoptic stations to
indicate tihat the weather conditions would ve similar
to those of tne station. Further difficulty arose
when four of these reported no Leria infection.
aventually seven nurseries were chosen for a trial
run with the 1956 weatier data extracted from the
Meteorological Oifice records. Pour of these
nurseries were Scottish and three English =nd they
were chosen for several reasons -

(a) Proximity to a synoptic station
(b) The type of disease records svailable
(¢) Their distribution throughout the British Isles.
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: HNurseries chosen for preliminary examination.

Nursery Hearest
and synoptic Infection Strain of herig |
location gtn. dis- date isolated
tance(miles)
Difference
in h.a.s. 1956 1957 1956 | 1957
Millbuie |Tarbatness |EBEL 20/6 | 19/7 |l 1b lc -
Ross ané HL>28/7 NG la lc
Cromarty |22m. 580 JL) 19/7 f1b lc
Glenfinart|Renfrew BL) 26/7 I 1b le _
Dunoon 25m. 20! HL)1l5/8 - la le
Argyll JL) - 1b lec
Bereagle |West Preugh EL)27/8 NG
Stranraer o HL NG - -
3m, O JL)lS/B 4/8
Pleet West Freugh EL)ZZ/S - 2b
Wigtown ) ' HL 2a -
28m. 50 JL>28/7 1577 ob 26
Widehaugh | ‘Tynemouth BL 30/5 -
Northum- g - - No material
berland 25m. 150 JL - 11/10 sent
Shobdon  |Ross-on- BL 15/8 | 13/8
Snrop- Wye HL NG - No magerial
shire 28m. 537! JL - - sent
Davidstow |St.Mawgan EL) KG NG
Cornwall |,, 1% HL) ™7 NG -
B JL 15/8 | 26/8 || la lc
Table 47: Further nurseries for second year (1957)
investigation.
Newbon Lossiemouth | BL 6/9
koray- HL - Ko material
shire 6m. 831 JL - gent
Ledmore Leuchars BL 10/7 lc
Perth- HL - -
shire 27m. 317! JL - -
Wykeham Driffield B 206/8
Yorks. HL - No n=terial
17m. 413! JL - sent
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Béfore attempting to plot the availsble dats exact
weather criteria for initial Merxria infection would
heve to be postulated. From cultural studies of

the fungus and artificial inoculation experiments

in the greenhouse 1t is obvious that relative
humidity is the most imnortant factor, controlling
spere gernination, which will only occur at relative
humidities of over 95% (see p.103). Therefore, in
nature, it is assumed that the spore wili not germinate
on the needle surface unless tine humidity is above
this percentage. The spore will germinate over a
range of temperatures bvetween 0%mnd 25°C but as
germination is very slow at temperatures below 16°¢
(50°F) - only 5% of the spores of the a strain having
germinated after thirty-six hours at this temperature
while b and ¢ strain germination nad not even
commenced - it was decided to use 10°C as the lowest
tenperature reading. Consequently the criteria
postulated for the occurrence of s lieria attack are

a Stevenson screen relative huwnidity over 90%, as
Yarwood (1939 ) has said that the humnidity in the
immediate vicinity of the leaf is greater than in

the surrounding air due to the lower leaf temperature,
and a bterperature above 10°¢ continuously for
forty—-eight hours.

It was decide&.to plot the data in two different

ways in order to ovtain maximun interpretation of
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results. Firgtly the data was nlotted as a typical
Potato Blight warning and record tble using the
above criteria as the critical period and with two
near critical periods. As humidity was the most
inportant criterion tnis was considered as a standard
and the temperature requirements were altered. The
first near critical period was humidity of over 90%
and temperature over 10°¢ for twenty-four hours (as
at fairly high temperatures 20° and 25°C germination
could easily occur in this +time) and thne second was
humidity of over 90% but temperature under 10°¢ for
forty—eight hours, as it is possible for germination

to occur slowly under this temperature.

The second wethod of plotiting consists of a
table recording the number of days on which varticular
weather conditions occur in the month before the
infection is first reported. This is more detuiled
than the firet method and acts as a check to the
criterion of the critical period =2nd it will also
indiczte if other criteria can be accepted to

describe a critical reriod.

The seven selected sets of data were tien

plotted by both methods.

HETHCD 1 - overleaf.



METE0D 1: MBRIA PORECASTING 1956

1956

MAY JUNE JULY AUG
N
URSERY 7 14 21 5 12 19 20 2 9 1623 30 6 13 20

Milibuie E_i ] " Y " I

Gilenfinart l "" ._ﬂ "

Bareagle

Fleet

Wid ehgugh g
| Shobdon n i I"'l +
Davids tow r n’m n

o . e aas . O
lCrltlcal period - 48 hours humidity over 90% temp. over 1073,
7 it it ] it

[Near criticsl - 24 hours "
H veriod - 48 hours " " "o i below
107C¢ for nore than
12 hours.

+ . iret regorted infection.
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METHOD 2: WMERIA FORECASTING 1956

Wo. of days| No. of days| Temperature for 30
Nursery of 90% R.H of 70% R.H days before
Weeks beforel Weeks befae || reported infection
reported reported
infection infection |
Week |Week || Week |Week Be%ow Avove Abgve
2 3 2 % 10°C (for 107¢C
| 12hrs.
Killbuie
EL | 1 3 3 3 - 20 10
HL & JL | - 1 3 - .- 4 26
Glenfin- -
art
BL, HL,JL | 4 1 4 1 - 5 25
Bareagle
HL & JL | 3 - 2 2 - 10 20
EBL | 2 - 2 3 - 16 14
Fleet
BL - 1 3 2 4 26 -
HL & JL - - 1 2 - 6 24
Widehaugh
L | - - 1 1 1 27 2
Shobdon
EL 1 - 2 - - 6 24
Davidstow
JL 1 - 3 3 - - 30

From the disease record and wsrning table four
reported outbreaks occur after critical periods and
four occur after near critical periods while two,
Widehaugh and Fleet infection of Hybrid and Japanese

1arch show no connecticn with plotted data. Of the
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Four =ttacks alfter the critical period one,
Lillbuie furopean larch occurs three weeks after
the incidence of the critical period while the other
three (Glenfin:rt, all species, Bareagle Hybrid and
Japanese and Bzreagle murcpesn larch) occur two
weeks after thc critical _eriod.

dxamining tue details of tre 1illbuie BEuropean
ttack it is seen that ti.ere are tnree days
when tie humidity is countinuously over 90, three weeks
wrior to reported infection; of tue thirty days
temperature readings twenty of thece show temperatures
below 10°C at night. In contrast the details of
Glenfinart ianfection (on all trees) show four days
with continuous 90% humidity two weeks prior to
infection and a total of twenty five out o thirty
days when the tewmpercture is above 10°¢ for twenty-
four hours. This incdic~tes tn~t if the humidity
conditions are fuifilled it is the temper=ture that
then controls the time of the development of disezse
symptoms. The occurrence of several days with
humidities over T70% close to ths critical period will
obviously prevent desiccation and enable the germ
tube To enter the stomatal pore. These daye occur

in pboth cited examples.

would aypecr frow this preliminary examinzation

%
of tune data tnat tae criteris chosen to estimnte the
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occurrence of a Leris atbtack are in fact valid in
the majority of cases, in spite of the distances

Trom the synoptic stations to the anurseries.

The failure of the two nurseries Widehaugh and
Pleet to fit in with the critical veriod criterion may
be due to several reasons. Firstly the distance from
the synoptic station may be exerting an effect,
although Fleet Buropean larch infecition fits in with
the critical period, and secondly the vieible signs
of infection nay have occurred sometime before they

were in fazct reported.

This latter criticism must be considered in
the examinstion of all data collected from the
nurseries, as very few syecific instructions were
siven to the IForesters about examination of diseased
plots and little specific informe=tion was received
on the forus. The effect of tae large distance from
the synoptic station on the weather in the nursery
was difficult to evaluate, and so it wasg decided fo
reveat weatier daota analysis Tor the 1957 growing
season using the same nurseries and adding three
others. This would also nelp to verify the connection
between overall temperature and time taken to develop

disease symptoms.
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MERTA PORGSCALLING 1957.

1957
womsery | JUNE JuLy AUGUST SEPT. ocT.
T T
. -L +
Glenfinart "
Bareagie ﬂ l 1 *
Fieet H P I‘ul +
Wid ehaygh n LL‘” E+
Shobdon I ﬂ ﬂ+
+
Davids tow n m
0]
Newton [l l‘”’ r
L edmore I +
Wykeham H . ]"” -‘l:]

al period
> critical eriod

firet reported infection.




(AW
e~
(@]

METHCD 2: KERIA FORECASTING 1957

No. of days | llo. of days|| Temperature for 30
Hurser of 90% R.H {of 70% R.H days before
WESELY | Yeeks before| Weeks beforg reported infection
reported reported
infegction infection
Week | Week Week | Week Be%ow sbove Abgve
2 3 2 3 107¢ for 16°¢C
12hrs. '
Killbuie 2 3 3 3 - 11 19
Glenfin-
art - -~ 2 2 - 5 25
Bareagle 2 - 3 2 - 2 28
Fleet 2 - 1 - - 9 21
Widehauzhy 1 2 2 3 - 18 12
Shobdon - - - 1 - 2 28
Davidstow| 3 - 3 2 - 1 29
Kewton 2 - 2 1 - 16 14
Ledmore - 1 2 - - 12 18
Wykeham 2 - 2 - - 4 26

From tie disease record table five reported outbreaks
occur after gritioal periods and three after near
critical yperiods with two, Glenfinart and Shobdon
showing no correlation with criteria employed. On
reference to method 2 table it ig seen that four of
five criticzal period outbreauxs are reported two weeks
after the critical period and one, Widehaugh, three
weeks after the critical period. This verifies the
temperature effect noted in the previous years'

analysig as the former nurseries snow 19, 28, 21 and
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29 days with the temperature above 10% continuously,
while Widehaugh shows only twelve days above 1¢°¢
continuously.

This second anaiysis again verifies the wvalidity
of the weather criteria chosen to estimate leria
attack and the results of two yezrs' analysis are
summarised below: |

Table 48: OSUHEARY COF TWC YToaRS' RBSULLS OF

LpRTa adTaCy AND PORBCAST.

Infection after! Infection after| Not

Year | critical near critical analysable| Lotal
period period by criter-
: ia used
}Millbuie EL Fillbuie HL JL | PFleet HL
& JL
1956 Glenfinart Fleet 5L Widehaugh
Bareagle HL JL | BShobdon EL
Bareagle 5L Dgvidstow JL 10
illbuie ol JiL | Newton L Glenfin-
art IEL
Bareagle JL Ledmore  EL Shobdon EL
1957 | Fleet JL Wykeham  EL
Widehaugh JL _
Davidstow JL 10
Total 9 7 4 120

Out of twenty reported lLeria attacks nine occurred

-

.

after critical  eriods, seven after Nesy
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critical periods and only four did not fit into thé
criteria used. This could be due to the differences
in weather conditions between the nursery and the
synoptic station, especially as no ecological detzils
of nursery siting are known, or delay in reporting
incidence of tne disezse. The former reason is more
important as tunere can be fairly larze humidity

fluctuations within a suall aresa.

A more suecific ststement of weather criteria
necegsary Lor keria sttack can be mzde by further
analysis of tae data, counsidering length of time between
critical and near critical period and appesrance of

disezse symptoms and the temperature before the

reported attack.

Table 48: (overleaf)
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Table 49: Furtier analysis of weather data showing

connection betweeh Temverature and

diseszse incidence.

Tine Humber df days Humber of
between days near
critical| INursery and Temp. Tenp. o critical
period tree sgpecies over 10” |over 10 period
and for 24 for 12 with R.H
reported hours hours T0%
diseasge
Fillbuie EL 4 17 3
illbuie EHL JL | 18 3 2
weeks %%cgt BL 2l 2
Widenauzh  JL | 10 11 3
Ledmore EL 12 9 -
1956
Glenfinart
&L HL JL 14 - 4
Bareagle HL JL 7 7 2
Bareazle &L o 8 2
2 Shobdon EL ] 5 2
WeCES | Davidstow JL 14 - 2
1957
Fillbuie LL JL 11 3 3
Bereagle JL 14 - 3
Dgvidstow JL 14 - 3
Tewton al 3 11 2
Wylzehamn EL 11 1 2
If the humidity reguirenents for germinstion of licria

spores are fullfilled then

is tie limiting T

teria symptoms.

it ie

the temperature taat

~ctor in time of development of

If the tenper=ture is above 16°¢
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continuously for most of tue month tre infection 1is

vigible after two weexs but if the temperature is
O~ . P .

below 10°C for more than half the month prior to

BN

vigible infection, the cymptoms take th.ee weeks to

develop.

This enables tune postulztion of & more specific
cet of weatner criteria for the estimation of leria
attack. A leria oubtbresk is likely to occur two to
three weexe =2fter a forty-eignt hour weriod wienthe
temperature in the nursery doeg not fall below 10%¢
and toe relative humidity does not fall below 90%.
The outbreazak will be three weelks =ffter this .eriod
if the majority of the average daii& tenperstures are
below 10°C but wiil occur two weeks efter this Leriod

. - . . o)
if the average d=ily temperztures =re above 107C.

There appecars to be no distinet correlation
between dzte of appesrance of symptoms and location
of nursery (gee _reviou. section) ag most outbreaks
occur in late July, Au_uset or September. This wey be
due to unfavourable wesiner conditions, probably too
low a bemperzture in the e .rly Lart of the year, as
toere are ounly two records in liny, Pleet Buropean
larch 1456, Widenaugh Huropean larcan 1556 and one

in June, l.illbuie Huropean larcin 1.56. Another

possibility ie thet primary infecti-n does occur
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and tne reported outbreaks are instances of a
larger secondary infection from the primary

inociilum released.
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DISCUBSSION

The fungus

Four distinct cultural sitrains of lieris have
been recognised, desiznated a, b, ¢ and d, and
tiiese can be identified by various cultural
cuaractsristics. Peace and Holmes described two
strains, a and b, which correspond to the present
g and b strains, and =lso mentioned the occurrsnce
of a further sparsely syoring %ariant with a waite

fluffy mycelium corresponding to the corrent d sirain.

All the sitrains remain stable during frequent
sub-culturing uﬂdef normal coxditions, but under
certain circumstances strain cunnges occur. Growth
for long periods at 10°C cauced a strain cultures
to take on ¢ strain charécteristics and ¢ strain
cultures to ghow b gtrain cnaracteristics. However,
2ll these cultures reverted to normal type wnen sub-
cultured and grown at 20°¢, In the pH experiment
permanent strain cninges occurred at pH 9.2. when
z d strailn changed to a b strain and a ¢ strain
chanzed to an a strain. Portrer cermanent strain
chizries occurred in tne passage o tne fungus
through the needle. In severzl grtificialinoculation

nts using spore suspencions of the b strain

m
™
Wt
@
[
b
E"g
@

rein vag re-isolated from the
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inTfected necedle, and ctorsge of suores of ¢ strain
On g - - . . .
2t 07C for forty-eight hours vrior to germivmtion

led to the formation of a strain colonies.

Yo explain thiese cuanges it is necessary to
rezard lierig as a hetrocaryotic fungus, in common
with wmany other fungi imperfecti. The cells are
multinucleate, although the number of nuclei within
each cell varies from one to ten. and numerous
anastomoses occur. Each nucleus probably carries
tne characteristice of one strain and the ghenotyve
will devend upon the relative proportion of
particular strain nuclei within the mycelium.

Under certain conditions this proportion can be
a2ltered to produce impermanent strain changes
(effect of 10°C mentioned above) or permanent
gtrains chanses (effect of a hizh pil or passage
through the needle). The frecuent anastamoses
occurring in culture probably acco.ant for tne
stability of the strzins at 20°C as each hypha will
have g simil2ar nuclear content to those formed from
the originsl monosporus culture. These anastamoses
are less frequent within fthe needlie and this could
account for the sitrain chenge by altering the

varticuliar nuclear proportion.

The spores of Leris are mulitinucleate, severa
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nuclei passing into e=ch conidiug from the sterizua.
dowever, observation of spores during Fformation

and siyores prior to germination shows a reduction
in number of nuclel from tne former to the latter
state. It was not possible to observe wnetner this
reduction in the number of spores wasg caused by
nuclear fusion prior to germination or by nuclear
disintegration. Nuclear fusion, gilving heterozygous

diploids, has been observed in Aspergillus nizer

(Pontecorvo et al. 195%) and Burges (1555) has
sugsested thi+t the voriabllity and adaptive capacity
of such a mechznism is urobably interwedizte between
Zene mutation and sexual reproduction. It is
unlikely thst tnie occurs in :eris as little variation
ears to ha e coccurred within the fungus since tae
orizinzl cultural worx in 1933%. Three of the
vresent strains were described by Fezce and Holmes
and the ¢ strain wags wrobably missed only vecause

the epidemiologicel studies were the prime object

of tne worx. If the nuclear degeneration hypothesis
is correct Mitotic division will occur in tue
primordial cell at spore forustion and tue deoughter
nuclei will passg into the sypore. Some of tuese
will degenerste and, on germination, tae hyphae
produced may in fzct be of one or more different

ctrains 48 the culture cannot be attributed to a
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particular strain for at least fourteen days after
germination, sufficient hyphal anastamoses will have
occurred to enable the hyphae to regain their

original nuclear complement and strain pheontype.

Isolations from natural infections of Leria
frowm all tree g_.ecies revezl the equal occurreunce,
in any one nursery, of single strain or mixed strain
infections regardliess of the number of different
tree species infected. This indicztes that the
infection can be caused by a mixture of eitrains or
by a single strain of Leria, devending on the
availlzable inoculum, or that in approximately 50%
of thae infections a strain change has occurred within
“the needle. It is likely th=t both of these

ittle

O
bt

phenomena have occurred. There is al-
difference between the frequency of occurrence of

b or gtraine of Heris in nature indicating that

Q

the differences between the strains have limited
pathological significance. However, it is obvious
from the srtificizl inoculiztion experimént@ and
certain nursery data that the b strain is the most
virulent of ti.e turee. sywptomwe of needle cast

on trees inoculated with tae b strain occur prior

to symptoms on trees inoculuted with the other
strains, and several re-isolations from these infected

needles revezl only the ¢ strain of leris. This



220.

strain chanse from b to ¢ is also shown in the
exawination of nursery data and indicates that
come of the ¢ stroin isolations from nature were
gerived from infectionsg cauced by b strzin inoculum.
What therefore is tae significance and
relationship between the different strains of Heria?
From cultural studies tnere appezrs to ve a
vhyeidogical relationship between strzins a and ¢
and strains b and d respectively. Strains a and ¢
heve gimilar o optima, do not reguire choline
caloride for growitn and, when cultured with

Botrytise 8l1lii have no effect on its growth. Strains

b and d have similar pH optima, have a vartial
reguirement for choline chloride and when cultured

with Botrytis allii prevent ite growth. During

ne experiment on effect of pH on growth a strain
change from 4 to b occurred, and during a germination
exveriment -~ sitrain change from c¢ to a occurred.
However, artificial inoculation experiments and
nursery data indicate strain b is a2lso relzated to

gstrain ¢ and stroin a to strain b. All the strains

within the species leris laricis must be related,
but it is possible thzat certain strains are more

nearly rel.ted than others. Hansen (1938 and 1942)

and Hengen and Sayder (1943) working on the nroblem
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of heterocaryosis in the Fungl Imperfecti suggested
that many of these show the 'dual phenomenon'.

Within each species of heterocaryotic fungus there

are two distinct homocaryotic genotopes, the I type
with much mycelium and few conidia and the C type

with little mycelium and many conidia. A great

number of intermediates are possible amongst the
heterocaryons (M and C) as each can contain different
proportions of the K and C nucleil. The M type is very
stable in culture and never reverted to the C type and
both types remained true after passage through the
host, indicating that I is a true mutant of C. Is it
possible to apply this hypothesis to lierias? Examination
of the data certainly reveals the M type (strain 4)

and possibly the C type (strzin c); it could be
posﬁuléted that strains a and b are heterocaryons of

It and C nuclei. Strains ¢ and d remain stable in
culture, except under abnormal conditions, and only
strains a and b, the heterocaryons, change in passage

through the needle while ¢ strain remained unaltered.

Jinks (1952) found that simultaneous inoculation
of a2 liquid medium with spores of two homocaryons
produeéd a zrester dry weight of mycelium than either
homocaryon alone in &0% of the experiments and suggested
that this improved growth was due to heterocaryon

formation. Thig experinent was repeated using
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mycelial suspensions of the different strains of
Keris in order to test the dual phenomenon hypothesis,
but the results were inconclusive 28 all mixed strain
cultures, inéludini the nostulzted heterocaryons,
produced better growth than either of their single
strains. Growth in plate cultures using discs of
different strain mycelium placed close together was
examined, but no hyphal fusion between the different
strain mycelia could be observed although it was found
that these fusions would occur between homocaryons
(Christensen et 21.1947). It is therefore unlikely

that the dual phenomwenon can be applied to Meria.

It would therefore sppear that these strains are
naturally occurring variants within the species leria
laricis which is a heterocaryotic fungus. They occur
both in culture and in nature where three are found in
approximately equal numbers, showing little pathological
significance (although the b strain is more virulent).
The strains are interchangeable under certzain culbural
conditions and also during passage through the host.
The phevotype of each strain could arise as follows:
If = single nucleus carries a single strain character-
istic the relative numbers of different nuclel wnresent
in thé mycelium would accouunt for a rarticular strain
phenotype. This phenotype will remain stable under

normal culbural couditions owing to hyphal anastomosis.
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However, under extreme cultural conditions, a high pH

or prolonged exposure to low temperature, an alteration
of the relative nuclear numbers within the hyphae can
occur. The nuclel exerting strain dominance may be
adversely affected by the conditions and fail to divide
or possibly degenerate. Nuclel of g different strain,
that can withstand the adverse conditions, will continue
to divide and very soon the influence of these nuclei
will supersede that of the original nuclei. When tne
mycelium is cultured again, under normal conditions,
these other nuclei will continue to exert their dominance
and hence a permanent strain change occurs. This systenm
could also account for the temporary strain changes
observed. Under less extreme cultural conditions the
original strain nuclel cease to exert their influence,
and another groégi%train nuclei influence the phenotyvpe,
causing a different morphological appearance, but

without an increase in their number. On re-culturing
under normal conditions the original s train nuclei re-
exert their dominant influence and the culture reverts

to the original phenotype. Why then is there not an
unlimited number of variants? It is probable that

there are only a limited number of nuclear mixtures wiich
give vigorous growth and sporulation, both in culture

and within the host, and these will therefore remain

dominant. In fact, under ideal cultural conditions,

¢
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other variants are found, although these can usually

be attached to a particular strain, but these normally
revert to a more distinct phenotype after severl
sub-culturings. Once in monosporous culture the
mycelium remained morphologically constant, i.e. no
sectoring was observed, and therefore probably no
mutations occurred. Another possible explanation of
the phenotyptic behaviour of leria is the mitotic
recombination theory (Roper 1952) leading to the
parasexual cycle (Pontecorvo 1956) which has been
observed in a few fungi imperfecti. These workers have
found that within heterocaryotic mycelia some of the
unlike haploid nuclei fuse, a mitotic crossover occurs
and e haploidisation different characteristics are found
in the haploid nuclei. However, observations of this
type of crossover are not possible in lieria owing to the
impossibility of isolating and typing uninucleate hyphal

segnents.

Cytoplasmic inheritance (Pincham and Day 1963%) must
also be considered as a third explanation but again no
evidence for this phenomenon was observed during tne
current investigation. In ract, the observed behaviour
of the fungus both in culture and in nature can best be
explained by the conventional heterocaryosis theory
outlined at first.

The taxanomic position of Meria, according to

previous workers, has aslready been discussed in the
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introduction and little further can be added. Meria

is an imperfect fungus, the spores being produced
asexually, and using the classification of Mason (1937)
and Wakefield and Bisby (1941) of slime spored and dry
gspored groups, it must be placed in the slime spored
group. C strain cultures prior to . conidial formation
are dry but as soon as conidial formation commences the
surface of +the mycelium becomes wet and slimy. There
appears to be little reason thnerefore for altering the
classification given by Clements and Shear (1934) -
Order: Moniliales, Family: koniliaceae - Macronemeae.

Meria laricis.

The disease

It is apparent, from the introduction, that needle
cast was more or less confined to Huropesn larch and
Western larch until 1946 when Robak (1946) reported its
occurrence on Hybrid and Japanese larch in Norway. In.
Britain outbreaks on these species were not reported
until 1954 (Batko) but no explanstion for sudden

appearance of disease on these previously immune species

fris

1

is given. It is possible, however, that these species
were attackhed in britain prior to 1854, but the atltacks
were very slizht snd not inmediztely noticeable. The
weather conditions during 1954 may have been such that

an obvious infection could easily be seen.
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It is obvious both from artificial inoculation
experiments and reported disease data that European
larch is the most susceptible larch species, Japanese
lerch is the most resistant and Hybrid larch hag an
intermediate susceptibility, varying with conditions
and parentage. The only reported severe attacks of
Meria occur on Buropean larch, with one exception, it
has the most reported disease attacks and where this
species 1s grown together with other speeies the attack

on Huropean larch 1s more severe.

Disease symptoms appear earlier on Buropean larch
than the other two species if all fhree are inoculated
simultaneously, a fact also confirmed by the nursery
data, and it is also evident that in nurseries growing
other species beside Huropean larch Leria attack occurs

by the Buropean larch acting as an inocculum source.

Bxperiments to investigate the nature of the
difference in susceptibility between the larch species
indicate that both mycelial growth and germination of
Meria spores is affected by an extract of larch needles.
Mycelial growth and germination of spores is enhanced
when this extract is added to non-nutrient medis.
However, this enhancing effect is greater when using
Buropean larch extractthan using Japanese larch extract,
and this could account for the resistance of Japanese

larch. Spore germination is promoted in Buropean larch
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by exosmosis of substances onto fie needle surface

and subsequent mycelial growth inside the needle is

also increased. The disease symptoms in this species
will therefore appear fairly rapidly, provided that

the other conditions for infection and gowth are at
their optima, and infection is evident on Zuropean
before Japanese larch. The delay in appearance of
disease symptoms on Japanese larch may well be due %o
the smaller effect that this species has on promoting
germination and mycelial growth of the pathogen. The
identity of the substance or substances having this
effect on Meria is not known, except that it appears

to be water soluble and thermostable, but it is possible
that it is not present in Japanese larch in such g

large concentration as in Buropean larch, or that it

is found in Japanese larch together with an inhibitor
which partially nullifies its effect. This explanation
accords withthe balance hypothesis of parasitism (Lewis
1953) where resistance or susceptibility of a host can
be explained by the fact that there are substances
amongst the host's metabolites agvailable to the parasite
that may.favour or hinder the parasites growth and that
the kinds and concentrations of these metabolites may
vary as conditions alter. It is possible therefore
that an inhibiting metabolite, possibly a vitamin or

vitamin complex, is present in Japanese larch cytoplasm
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which affects gerwination and growth of Meria and
delays the appearance of disease symptoms. This
metabolite may also limit the severity of the disease
attack as there is only a single recorded severe attack
on this species, the majority being slight attacks.
However, the balance hypothesis does not explain the
confinenment of lieria attack to Huropean and Western
larch until 1946. It is unlikely that changes have
occurred within Hybrid and Japanese larch within the
short neriod from 1933 (Peace and Holmes) and much

more likely that physiological changes h=ave occurred
within the fungus, to give greater virulence, enabling
infection of the previously resistant larch species to
occur. It is a combination of these changes and their
relation to the balance hypothesis that accounts for
the present infective ability of lieris.

It has already been pointed out that the different
strains of heria have little pathological significance
apart from the fact that the b strain is certainly the
most virulent. It is not possible to correlate a
varticular strain with a particular larch species or
even a particular geographical area and it is probable
that most infections are a mixture of strains and
probably emsnate from mixed inoculum sources. This
is obvious as passage through the tree can affect the

fungal strain.
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Strain b has changed to strain ¢ during passage
through the needle, indicating a relationship already
shown during cultural work, and from nursery data and
isolations from nature, strains ¢ and a are also inter-
changeable during nassage through the host. Peace
and Holwmes mentioned that the b strain was most
commonly igolated from nature, but some of these
cultures are probably neterccaryotic containing a
mixture of b and c¢ nuclei. Their results may be
considered to be in accordance with the findings in
the current work itnat b and c strains taken together

preponderate over the other strains isolated.

No explanation for the greater virulence of the
b strain is obvious from the cultural work on the
fungus, and 1t may be that the balance hypothesis
used bTo explain the susceptibility of Buropean larch
to Meria attack also offers an explanation for this
phenomenon.

PaTHOGENICILY AND EPIDaMICLOGY

Various conditions must be fulfilled before leria
attack can occur. From grtificial inoculation
experiments and studies on spore gerwination bthe two
mos important are humidity and temperature. The spores

only serminate at a relative humidity above 95% and
= J

this is obviously tae limiting faclor under natural
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conditions; a period of at least forty-eight hours

of this percentage humidity is necessary as the spores
germinate very slowly. If the humidity conditions

are fulfilled then the temperature becomes the limiting
factor but only in connection with the date of appearance
of the disease symptoms as germination of spores can
oceur at all temperatures between 0° - 25°C, A Meris
outbreal: will occur two weeks 2aft r a forty-eight hour
veriod when tie humidity is above 90% provided that the
temperature does not drop below 10°¢ during this period.
If the temperature drops below 10°¢ for more then half
the period after the infection date disease symptoms

are not visible for three weeks.

Spores are formed z2lso under high humidity
conditions and between teuperatures of 16° - 2500.
As the fungus grows slowly at 0°C it can possibly
withetand frost, survive the winter in the shed needles
on the ground and those still adhering to or trapped
in the tree. On the onset of warmer weather, together
with the correct humidity requirements spores are

produced and released.

Ho observations nave been made on the method of
spore release by any of the vrevious workers but it is
possible that one spore is pushed off the sterigma by
the formation of a second spore underneath. Rain

splash could also account for spore relezse both from
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the shed needles and the living infected needles

occurring later in the season.

The spores are dispersedby the wind and infection
of uninfected trees can occur up to 50 yards from an
infected plot. It is likely, however, that as Meria
is a slimey spored fungus the initial infection from a
shed needle on the ground will be restricted to a much
shorter range as the spores will tend to clump together
and stick to the needle surface giving a heavier spore

mass to be moved.

The spores will germinate on resching a 1érch
needle surface, provided the temperature and humidity
conditions are fulfilled, and he germ tube will enter
through the stomzatal pore. The mycelium grows inter-
cellularly and disease symptoms will eventually become
visible, the time lapse depending on the temperature.
Spores produced from the living needles have a better
chance of further dispersal as they are already up to
two feet from the ground, as usually the top shoots of
the trees are infected.

It has been possible to devise a forecasting system
to anticipate Meria attack, based on the Beaumont system
for Potato blight. The critical period, when infection
is likely to occur if inoculum is present in the air, is

a Stevenson screen humidity of over 90% and a
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temperature over lOOC, continuously for forty-eight hours,
and there are two near critical periods with the same
humidity criterion but different temperature recuire-
wents. Analysis of twenty reported lieris attacks using
this system showed that sixteen occurred after critical
or near critical periods in spite of the possible
discrepancies betweenthe weather conditions at the

nursery and the synoptic weather etations from which

the weather data was obtalined. It is possible theat with

I,.

coutinuous annuzl records of disease behaviour from

the aurseries this system could be cade more specific.
The sprayins tecnnigues devieed by Peace and

molmes can now be used only at the onset of critical

or near crutical ceriods to revent the suread of

Uwing to tue distance that lLeris infection has been
reported to travel from infected to uninfected beds, the
vrophylactic measure of transplanting previously
infected seedlings sowe distance away from uninfected
beds is of doubtful value unless the beds are at least
100 yards apart. It is inpracticable to burn the shed
infected needles, but care must be taken during
transplanting to remove all needles lodged in the branches
88 thnese will supply an inoculum source in the following
gnring.

Practiecally nothing is known of the infection
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of larches other than seedlings. Cursory examination
of older larch trees, scattered throughout the country,
in or out of plantations often reveal Meria infection.
This is only visible on fairly careful shoot examination
and in no way affects the health of the tree. However,
these infected trees muset act as inocilum sources for
nursery infection and it is obviously necessary 1o
investigate this effect in relation to specific
nurseries before the Tinal pattern of the epidemiolozy

of leria can be ascertained.
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