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MEBIA IARI0I8 - Needle Cast of larch 

INTRODUCTION 

(A) The fungus 

^eria laricis Vulllemin - needle cast disease 

of larch is a serious disease in larch nurseries in 

Europe 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 G-erardmer 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. Oonidia were sometimes found in a similar 

position on the upper surface in severely attacked 

needles. No mycelium was found in the branches 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 
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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 (1935) who stated that disease damage did not 

seem to be dependent upon the health of the tree. 

Vuillemin (1896) described the fungus in detail fzom 

Mer'8 material and named it Meria laricis. The 

mycelium consisted of branched hyphae showing a 

definite sheath; these hyphae being inter-cellular 

with no haustoria. The unusual funnel-shaped lumena 

of the ^yphal 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. Peace 

and Holmes (1933)> however, found that this phenomenon 

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 came 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 subsequently branched 

dichotomously in a more or less regular manner, each 

branch dividing into 1 - 3 cells. Each cell, just 

below the septum, produced a sterigma which cut off 

conidia consecutively, a new conidium being 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 conidia in succession from a 

single sterigma noted by Vuillemin was overlooked in 

appreciations and interpretations of his work by later 

workers (Peace and Holmes (1933) 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 

Meria and Ustilaginales suggested by Vuillemin. 

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 Imperfect!. 

Vuillemin further considered that the conidio-

phores of Merla were analogous with the promyoelium 

of the Ustilaginales. The production of several 

basidiosporee from each basidial cell in the 

Ustilaginales is very similar to spore production in 

Keria, but it must again be emphasised that spore 

production (from a phialide) in Pungi Imperfeoti 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 

affinities. Anastomosis between spores was not 

observed but anastomosis between fertile cells, a type of 

anastomosis occurring in Thecaphora in the Ustilaginaceae 

was common. Although the brandi spores of Ustilaginales 

normally have thick walls and germinate after being 

released from the host, the genera Doassansia and 

Ent.vloma possess thin walled brand spores that germinate 

in situ. The elongated promyoelium produced grows out 



and ruptures the host epidermis and produces 

'basidiospores' externally. This is very 

reminiscent of Meria 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 Meria 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. 

However, 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 Meria 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 
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them superfluous, although this is equally true of 

many other Ascomycetes. In his view Meria 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 to the characteristic 

Ustilaginales. Meria was not, however, strictly 

attributable to either group. Consequently, Tuillemin 

created a new family, the Hypostomaceae, to contain 

Meria with Hypostomum, another parasite of conifers 

described in the same paper as ttie type genus. This 

family was considered to occupy a transitional 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 Allescheria laricis. However, since 

the name Allescheria had been used earlier by Saccordo 

and Sydow (Sylloge fungorflm, - v.14 p.464) for an 
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entirely different fungus. AlleBoheria Hartig was 

renamed. Hartigiella by Sydow (ez lindau), who made it the 

sole representative of a separate sub-family, the 

Hartigiellaceae which he distinguished by the production 

of a single oonidium 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 hucidinaceae-Hyalosporae. 

He mentioned that the peculiar method of spore formation 

in the species had no counterpart amongst the Hyphomyoetes. 

Vuillemin (1905) showed that Hartig's fuag^a was 

identical with the one he himself had described and that 

his name - Merla 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, however, is not 

recognised by Hartig (1899), Baccordo (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 oftixe fungus by Hiley (1921), Peace and 

Holmes (1933) and Batko (1957) make little mention of its 

tazonomic position. 
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Peace and Holmes observed that the conidlophores 

that grew out in culture from stout hyphae were 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 

Vuillemin. 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 correctly 

traced. . 

Wakefield and. Bisby. (1941) in a classification of 

recorded British Hyphomycetes into wet and dry spored types 

place Keria in the dry spored group - the first mention of 

this particular spore characteristic. Clements and Shear 

(1934) express the olassifioation as 

0. Moniliales P. honiliaceae Macronemeae 

Meria laricis 

(B) (The fungus in culture 

A major contribution to the study of this fungus was 

the work of Peace and Holmes (1935), the first authors to 

study the fungus in culture as 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 

to occur more commonly 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 rather irregular. 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 trials, 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. Mer (1895) 

recorded occurrences at Nancy, G-erardmer and in the Yosges 

mountains, and Hartig (1895) stated that it was found 

throughout Germany. ' Bacdisch (1905) reported it from 

Northern Austria, and Fieri (1912) from twc localities 

in Italy. A single record from Norway was given by 

J/rstad (1925). All these records appear to refer to the 

disease on European larch (Lariz decidua. Mill). The 

first records in this country were given by Hiley (1921 

and 1925) when the disease was discovered on both European 

Larch and Western larch (Larix occidentalis Hutt.) 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 European and 

Western larch, although one needle of Japanese larch 

(L. leptolepsis (Sieb. 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 An 

L. occidentalis in Idaho and intimated that the disease 

was also 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. 

Prom his description of the disease symptoms the pathogen 

was probably heria. In Czechoslovakia, Prichoda (1954) 

mentioned that the fungus was recorded on European larch 

in 1900, but not reported again until 1952. 

Orlos (1951) has recorded the disease on Siberian 

and Asiatic larch. 
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It is apparent that until 1946 the disease was more 

or less confined to European 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, outbreaks of the disease on Japanese and 

Hybrid larches were noticed (Batko 1955) in several 

Forestry Commission nurseries scattered over the country. 

As a result of these attacks the present investigation was 

undertaken. 
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THE MmO-US IN 0UI,3?UE2 

(l) Materials and Methods 

(a) Oollection and storage of field material 

Forestry Oommission nurseries in various parts of 

the country sent material of European, Hybrid, and Japanese 

larch considered to be attacked by Meria. This material 

was stored, at over 60g6 Sulphuric Acid in a desiccator 

until isolations of the fungus could be attempted. 

Guiltures of Meria isolated from diseased trees in 1954 

by the Forestry Oommission 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 attempted isolations were carried out in 

a special inoculation chamber which was thoroughly sprayed 

with phenol thirty minutes prior to the isolation and 

again disinfected immediately afterwards. {I?he following 

technique, a modification of that used by Plakidas (1948), 

gave the most consistently effective method of isolation. 

From 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 n.eedle8 were 

out into small segments and these were washed with two 

changes of sterile water. The segments were finally placed 

on the surface of 2̂ * malt agar plates, â xmit four segments 

to each plate and incubated at 25°0. 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 Maria characteristics, 

transferred understerile conditions to a slope of 2fo 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 a more rapid and even 

growth, and the plates were incubated at 20°0 instead of 

25°0. 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 dua 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 4-0̂  humidity in a desiccator 

over sulphuric acid at 3°0, for any length of time, 

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

(c) Maintenance of stock cultures 

A stock culture collection of Meria 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°G for three weeks. 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 inoabated for 48-60 hours at 20°0 while the 

spAres commenced germination and then examined under #ie 

microscope. Early attempts at this method using Difco 

plain agar gave slow and uncertain germination, but later 

Doz-yeast agar was substituted and the results were more 

successful. 

Under the XIO eyepiece and XIO 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 %10 

eyepiece field, was sterilised in a flame and substituted 

for the normal objective. This was slowly racked down 
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until the cutting edge was just below the surface of the 

agar and hence it removed a small disc of agar holding 

the germinating spore. (This disc of agar was transferred, 

with a sterile needle, to a slope of Doz-yeast agar and 

incubated at 20°0. 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 20°0 and sub-cultured every two 

months, and the other kept in reserve at and only 

sub-cultured every six or twelve months. 

(2 ) 

(a) Oharacterisatlon of strains 

Peace and Holmes (1933) described two distinct 

strains of Meria in culture. One strain, faster growing 

and profusely sporing, was termed 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 saltant sectors tended to occur in the cultures unless 

these were o^bonosporous origin. Some of these saltants 
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were obviously intermediate between the strains but 

a few could not definitely be classified as either 'a' 

or 'b'. One of the more outstanding was a fluffy white 

variant that produced few spores and did not discolour 

the medium. Ihis variant was also isolated during the 

present investigation. 

Before commencing work on the determination of 

strains of Keria a random sample of stock cultures was 

taken and this was used as inocuUm in a preliminary 

experiment to determine the medium most suitable for 

growth. Each isolate was sub-cultured on the listed 

media and incubated for three weeks at 20°0. The 

incubated tubes were then examined and the colony size 

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

Table 1. 

Medium: Agar slopes Culture tubes 

A B 0 D E 

Dox + glucose 4 4 4 4 4 

Dox yeast 1 1 1 1 1 

Mannitol 5 5 5 5 5 

Potato dextrose 2 2 2 2 2 

Potato 3 3 3 3 3 

29̂  Malt 3 3 3 3 3 

Malt 1 1 \ 1 1 1 

Malt 40^ Sucrose 4 4 4 4 4 

Maize 3 3 3 3 3 

Maize yeast 2 2 2 2 2 
I Oatmeal 5 5 5 5 5 

Colony size: Arbitrary scale, largest -
Smallest 

1 
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5^ malt and Doz- yeast agar ^ave the largest colony 

size, and it was decided to use Dox-yeast for all culture 

work, as the initial establishment and growth of the 

fungus was more rapid on this medium tham on 5% malt. 

In order to investigate the presence of different 

strains of Meria, the stock culture collection was 

examined for differing morphological characteristics. 

All stock culture tubes were sub-cultured and incubated 

at 20°0 for four weeks and the following morphological 

characteristics were then noted: 

(a) Colour - the colour of the mycelium. 

(b) Type of mycelium - (i) whether tha mycelium 

was growing entirely 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 tha^ the green 

colouring matter diffused out into the agar. During 

the present investigation very little evidence of crystals 

was found. Extensive examination of plate cultures, 
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which showed the same discoloration phenomenon, 

revealed very few crystals which oould nat possibly 

account for the intensity of coloiir produced. !Uhe main 

part of the colour had therefore diffused out from the 

hyphae and consequently, preliminary attempts were iMwie 

to determine the nature of colouring matter. Different 

solvents were added to a 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 shaken 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 Meria laricis 

Solvent Degree of diffusion 
of colour 

Water Much 

Absolute 
Alcohol Little 

Uarbon 
tetrachloride Eone 

Petroleum 
ether Very little 

Mther Ve^y little 
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Since it proved impossible to extract any appreciable 

quantity of the pigment, further attempts to identify 

it were abandoned. 

(d) Degree of deliquescence of culture surface -

Peace and Holmes in their description of the two straina 

of Merla mentioned that the 'a' strain showed a 

deliquescent mycelial surface while tba 'b' strain was 

characteristically dry. Wakefield and Bisby (1941) 

dividing the Hyphomycetes into dry and slime spored 

groups, placed Meria 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 deliquescence 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 these clumps. (See Plate 5) 

In some cases these clumps coalesce so that the culture 

surface appears as 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 deliquescent areas 

within normally dry mycelium were examined microscopically 

and it was noticeable that the number of spore clumps 

in the wet areas was more than treble the number in the 

dry areas. 
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from the examination of a large n̂ mlier of 

different ieolates it was possible to distinguish four 

distinct growth forms of the fungus. description 

of these growth forms, from morphological appearance, 

is as follows:-

Strain a - a pink semi-aerial mycelium partially 

submerged. The mycelium is dry and there is no 

discoloration of the medium. 

Strain b - A yellow-green recumbent mycelium 

entirely on the agar surface. Mycelium is dry and there 

is much discoloration of the medium; thie colour passing 

through light to dark brownish green to almost black. 

Strain c - A tan or tan pink recumtent mycelium 

growing on the surface of the agar only. The surface of 

the culture is deliquescent and there is.no discoloration 

of the medium. 

Strain d - A white fluffy mycelium which is half 

below and half_ above the agar surface. The mycelial 

surface is dry and there is no discoloration of the medium. 

(See PIATE 1) 

A more detailed morphological examination was 

carried out tu determine further differences between 

these growth forms. 
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S tnil* c 

Cn.\K 

ELa.'2d 1: 

Appearance of the four cultural strains 

of heria in plate culture. 
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Detailed mornholoaical ezamination 

(i) Spores 

Peace and Holmes described two distinct spore types, 

macroconidia - 9^long and constricted at the centre, 

and microconidia, formed on germination of the 

macroconidia 3.6^Llong and not constricted at the centre. 

During the current investigation both types of spore 

were found, together with many gradaticma between the 

extremes. The measurements here however, refer to the 

macroconidia only as these were the spores produced 

directly from the mycelium. ^he jmicroconidla were formed 

only during germination of the macroconidia. 

Oare 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 (1923) 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 Meria 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 

Prom microscopic examination of cultures obvious 



2:$. 

differences in the number of spores formed by each growth 

form was evident. The deliquescent oulturae of the o 

strain showed the greatest number of sporea, while the 

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

A quantitative 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 c strains was cultured on a slope of Doz-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 20°0 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 su&pension 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. 

Table 3: Mean spore number of strains of Meria laricis 
under standard growth conditions. 

Wtrain kean number 
of spores 

a 0 

b 150 

c 1280 

d 0 
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Smaller volumes of water were aided 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 straina 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: Mean spore length of strains of Meria laricis 
under standard growth conditions. 

Strain Mean spore 
length yA 

a = 

b 10 

c 8 

d -

(ii) Mycelium: 

All the strains had septate multinucleate hyphae, 

It was apparent from a cursory examination that the 

growth rates of the strains were different, and a 

preliminary experiment to measure this difference was 

set up. 
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Using a flamed cork-borer, of diameter 9 mm., 

discs of mycelium and agar were out 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. Pive replicates 

from the same culture of each strain were used and the 

diameter of these cultures was measured after twenty-four 

days. 

Table 5: M e a n . d o f colonies of Meria strains 
after twenty-four days. 

Strain Mean diameter 
in cms. 

a 21.7 

b 29.5 

e 31.7 

d 25.4 

The colony diameter bears a relationship to the relative 

amounts of aerial and submerged mycelium. Strains b 

and c produce mainly surface growths but in strains a 

and d growth is mainly submerged. 

(2 ) 

(b) MorpholoKy and Cytology of the fungiis in culture 

Pew 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 ( I 8 9 6 B) Vuillemln described Meria in 

more detail. The hyphae were branched with some 

anastamoses, usually 2.5 - and ocoaeionally up to 

lO^kin diameter. The hyphal walls were soon transformed 

into a gelatinous sheath and there was § narrow lumen. 

This lumen, however, dilated in contact with the septum 

due to an uneven thickening of the wall, and the 

protoplasmic contents of the cell were banked at each end. 

Vuillemin used 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 present worker. 

A. Methods 

Detailed microscopic examination of plate cultures 

of Meria was not successful owing to the density of the 

Doz-yeast medium. As colony growth was slow and irregular 

on water agar, the following technique, a modification of 

that of Rees and Jinks (1952) was devised uaing a thin 

smear of Doz-yeast agar. 

Gleaned microscope slides were sterilised in a large 

covered crystallising dish in an 80°0 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 Ibs./sq.in. for ten minutes. In the 
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sterle inoculation chamber the centre of each sterile 

slide was painted with a thin film of Doi-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 inoubated at 20°0 for varying lengths of time, two 

weeks giving the best results. The resulting slide 

smears were then fixed and stained as follows: 

(i) Fix in acetic-alcohol (with a few drops of 

aqueusrferric chloride to act as mordanjO - 24 hours. 

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

ferric acetate. 

Attempts were made to obtain permanent mounts but 

these were unsuccessful. 

B. Results 

The mycelium consists of septate byphae (PLATE 2) 

that branch in an irregular manner, although the overall 

effect is a regularly advancing hyphal edge. This is 

especially true of the b and c 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. Anastamoees between branches are very common 

and all colonies quickly attain the tangled mycelial state. 

3). 

The cells vary in length from 8 ^ 18^ and are 

between 2^ and ^ in diameter. The cell wall is fairly 

thin (see PIATB 2) in contrast to the thick walls 

described by Tuillemin and Peace and 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 c strain agar smear culture after thirteen days' 

incubation. 

Normally the protoplasm is i^r^nular and evenly 

distributed. The cells are multinucleate; the nuclei 

being minute (PIATB 4). They are either evenly 

distributed amongst the cytoplasm or tend to be aggregated 

in the centre of the cell. Owing to their small size 

and the fact that they are buried in the granular material 

of the cytoplasm, it 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 nuclear number compared with those of the rest of the 

mycelium. This possibly indicates that nuclear fusion 

occurs prior to spore formation (see later section). 
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The only differences between the different strains 

of I'leria were in their methods of branching, to give 

recumbent colonies in b and c strains 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. 
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PLiil'E 4: Strain a multinucleate cells near 

colony edge. 
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GROWTH STUDIES UN THE PUFGU8 IN OULTUBB 

Peace and Holmes are the oiî r previous workera^ 

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°0, although some 

growth was evident at 5°0. 

To provide information for the investigation of 

the disease in situ and to help with artificial 

inocuMion studies, the growth of fung^a in culture was 

studied. 

Materials 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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(l) Effect of oompoBition of the medium on colony size. 

Prom a preliminary tube ezperimen^ it was found 

that Malt, Potato dextrose and Doz-yeast agars gave 

the best growth. A plate ezperimen^ was set up to record 

this growth difference. Five replicate plates of each 

strain on each medium were inoculated as outlined above 

and incubated for twenty-four days at 20°0. The colony 

diameter was measured and the mean of t&a replicates was 

used to construct the histogram. (PIATE 5) 

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

Medium Mean diameter of 
colony in mm. 

a b 0 d 

29& Malt 19.4 21.9 18.5 18. 9 

Potato 
dextrose 17.4 22.0 25.5 17. 9 

Dox-
yeast 21.0 34.4 33.0 21. 3 

Overall growth was best on Doz-yeast agar and the 

colonies had a more robust appearance than on the other 

media. The b and c strains showed the largest colony 

size on all media with the exception of the malt agar 

where all colonies were of a similar size. 

A duplicate experiment using agar slopes was set 

up at the same time and the tubes were examined to 
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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 fungal 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 c strains showed the largest 

colony diameter due to the fact that the a aad d strains 

had much submerged and aerial mycelium. Peace and 

Holmes (1953) 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 liquid medium 

in flasks. 

50 ml. of Doz-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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daye at 20 0. Every other day the flasks were shaken 

to mlz up the contents and to allow more air to dissolve 

in the medium. 

Using a Buohner funnel and filter pump the 

contents of the three flasks were filtered through a 

filter 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°0, cooled and 

reweighed. 

Table 7: Mycelial weight of strains in liquid culture, 

Strain Total mycelial weight 
in grammes 

a 0.0792 

b 0.0596 

0 0.0526 

d 0.0932 

The colonies with the largest diameter, those of b and 

c 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 d strain is approximately 50# 

heavier than that of both band c strains and 20# heavier 
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than the a strain. The growth in all flasks was 

fairly diffuse although there was a tendency for the 

formation of mycelial mats. %he medium in the b flasks 

was slightly discoloured. 

The most serious disadvantage of tbAs method of 

studying growth rates is the lack of oxygen available to 

the mycelium. This can be partially 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 shaker 

was designed (Ballance 1959) that would shake continuously 

three hundred 350 ml. flasks. It consisted of four flat 

trays connected above each other and arranged about a 

pivot in pairs. The bottom pair were connected to a 

geared down electric motor via an eccentrically arranged 

rod. I'his 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 weighed 

as previously but. because growth was much greater, the 

mycelium from individual flasks was filtered and a 

me^n mvcelial weight for each strain obtained. 
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Cable 8: Mean mycelial weight of strains grown 
in siiake culture. 

Strain hean mycelial 
weight in grammes 

a .1223 

b .1072 

0 .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 occurred as 

pellets which were either completely smooth (d strain), 

or showed small fluffy projections, (a, b and c strains). 

The pellets of the a and d strains were large (up to 

2 cm. in diameter) while those of the b and c strains 

were 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 

was identical with the previous experiment. 

The medium from all strains was examined for spores, 

a few were found in the b strain and many in the c strain 

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

This was obviously a more accurate 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 investigated 

using this method. One advantage of the method was the 

production of fairly large amounts of mycelium in a short 

tim^% A disadvantage, however, was the difficulty of 

preventing contamination, j&alh^r 1%/ bacteria and yeasts, 

if large numbers of flasks were inoculated from one batch 

of mycelial suspenaion. 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 impracticable, otherwise strictly 

sterile conditions were observed in order to prevent 

this casual infection. 

PltiSE 6 shows a comparison of the growth of Meria 

in solid and liquid culture. 

(3) Effect of temperature on growth and morphology 

(a) Growth Peace and Holmes discovered that the 

optimum temperature for growth of Meria was between 15°-

20°0 and that slow but continuous growth would occur at 

5°0. Since it was not possible to operate the shaker 

at a number of temperatures the plate culture technique 

(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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and liquid shake culture. 



41. 

25°0, 20°0, 15°0 and 10°0 and in a refrigerator at 0-5°0, 

three replicate plates at each temperature. The colony 

diameter was measured after twenty four day^ (TAB13 9). 

Table 9: Effect of temperature on growth of different 
strains after 24 days. 

Strain 

Mean Colony diameter in mm. 
after 24 days 

Temperature o 0 

0-3( lO*- 15 o 20^ 25 o 

a 

b 

c 

d 

10 

10 

9.2 

9.2 

15.5 

19.8 
17.0 

14.0 

19.7 

2 3 . 2 

25.7 

17.1 

21.6 

26.3 
31.7 

23.7 

16.1 

17.3 

23.2 

11.0 

Inoculum diameter = 9 Mm. 

(See PIATB 7) 

All strains show a fairly regular increase in growth as 

the temperature rises to 20°0, the optiamm. There is a 

fairly rapid falling in rate between 20° and 25° and 

several slope cultures incubated at 30°C showed no 

growth whatsoever. All strains also showed slow but 

continuous growth between 0° and 3°0. Oonseguently it 

was practicable to maintain duplicates of the stock 

culture collection on agar slopes in the refrigerator -

these only needing sub-oulturing onoe every six or twelve 

months. 



42, 

33 

2 9 

25 

Colony 

size - mms. 

21 

17 

13 

10° 15' 20' 
Temperature "c 

25 

S t ra in a 
b -

• I c * 
d 

7: Zhe effect of temperature on growth. 

Colony size after 24 days. - Inoculum 

diameter 9 mm. 



4-J)« 

(b) MorpholOKy 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°0 and 10°0 the mycelium of the b strain 

was yellow in colour: after two months the medium had 

turned an intense greeny-black land there were deliquescent 

spots on the mycelium which, when e:&amined, were found not 

to be spore clumps however. 

Since prolonged incubation at low temperatures 

affected the morphology of one strain it decided to 

investigate the effects of such incubation more fully. 

Several slope cultures of eadb of different strains 

were left in the 10°0 incubator for eight months. Owing 

to its construction the humidity inside the incubator 

remained 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 mycelium 

with many black deliquescent dots. These were found not 

to be spore clumps but there were a large number of 



spores in this culture possibly due to the long 

incubation period. 

One slope showed a brown mycelium and no 

discoloration of the medium. The num^^^ 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 the d strain cultures remained true 

to type. 

All strains abnormal at 10°C reverted to the normal 

type when sub-cultured and grown at 20°0. 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 bH on growth 

Most fungi are tolerant of a fairly wide pE range, 

and a preliminary experiment was set up to discover if 

this were true of Meria and also to see if the different 

strains were separable by different pH optima. 

Doz-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 Hydro chloric acid 

and 20^ EOH, to give a range from 1 to 10: the liquid 

ag#r being tested with pH paper. The tubes were then 
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autoolaved 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 a suitable 

range from pH3 to pHlO was available, the tested tubes 

being discarded. The slopes were inoculated, incubated 

at 20^0 for twenty-four days, and examined. 

(See PIA'fBS 8 and 9) 
/ 

Some mycelial growth was apparent in all tubes. 

The more acid media pH^.l and 4, were liquid jelly and 

the colonies were small and submerged, while the extreme 

alkaline media, pE9.2 and 10 were very solid and the 

colonies were compact and on the surface. Prom a 

superficial examination it appeared that there was a 

difference in optimum pH between the strains. Strains 

a and c showed the most robast growth and largest colony 

at pH4, while strains b and d had optimum colony size 

about pH6. 

As mentioned in the previous section on the effect 

of temperature on growth, some of the cultures of a given 

strain tended to show characteristics of a different 

strain under certain conditions (10°0) . , [Dhis was also 

evident here in colonies grown under highly alkaline 

conditions - pH9.2. Two especially were very noticeable 

on a cursory examination. 

1. Strain c at pH9.2 - most of the colony showed pink 
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aerial mycelium typical of the a strain, and there was -

only a very small deliquescent area near the top of the 

slope. When recultured unaer normal conditions the idbole 

colony ^rew as a pink &&a^Lmycelium - a typical a strain. 

A definite change of strain had occurred, not a temporary 

and reversible chan^^ such as that fouad in the low 

temperature experiments. 

2. Strain d pH9.2 - a large area of the mycelium was 

greeny brown in colour and there wae a distinct discoloration 

of the medium bengath the colony. A small section near 

the base of the slope showed typical b strain 

characteristics. Several recultures from all parts of 

the slope, under normal conditions, showed distinct 6 

strain characteristics, although some slopes had a 

distinctly brownish mycelium. Here again it appeared 

that an irreversible strain change had occurred. 

2his is the only recorded instance of any abnormal 

appearance of the d strain. It remained remarkably stable 

in culture throughout the whole period of experimentation. 

A quantitative experiment to find the optimum pH 

for growth was set up using the flask shake culture 

technique. Replicate flasks of pHl to pHlO were 

autoclaved. As previously, the pH of the medium was 

tested after autoclaving and a set of fl&sks showing a 

suitable range from pH2 to pH8 was inoculated with mycelial 

suspension and shaken for fourteen days The mycelium 
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from each flask was filtered, dried aad weighed and a mean 

dry weight obtained for each treatment. 

lable 10: Effect of pH on growth - Mean mycelial dry 
weight after fourteen days. 

pH after 
Mean dry Mycelium weight in gms. 

auto-
claving Strains 

a b 0 d 

2.1 .0148 .0371 .0217 .0170 

.1030 .0578 .0636 .1262 

4.3 .1206 .0794 .0665 .2932 

5.4 .2769 .0706 .0510 .2711 

6.1 .1537 .0327 .0210 .2751 

7.0 .0172 .0187 .0060 .0500 

8.2 .0105 .0106 .0113 .0053 

(See PI6TB 10) 

^he previous observation, th?t Weria shows a wide 

range of tolerance to pE, was confirmed -all strains 

showing growth from pS2.1 to pH8.2. This was the only 

range tested as it proved difficult to adjust the pHof 

the flasks before autoclaving, to obtain a larger range 

after autoclaving. 

All strains show a preference for acid conditions, 

especially strains b and c whose optimum is pH4. These 

two strains are also the most tolerant as the ran^e of mean 
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3 0 Strain a Stra in d 
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t̂ean 
mycelial 
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in gms. 

S t r a i n c Stra in b 

P1AT3 10: 

The effect of pH on growth in shake 

liquid culture after 14 days. 



51. 

mycelial weight over t_e whole pH scale is fairly low. 

Btrain a shows a very definite opti&um at ^55 with a 

fairly rapid fall in growth rite under more alkaline 

conditions Strain d hac little growth at the 

eztremes, pH2 and pE? and 8, hut over the central 

ranje, pH 4 - 6 is relativ&y insensitive to pH changes. 

It ie obviously not possible to separate the 

strains by ph optimuc as this is very similar in all. 

However, it can be said th^t strain d shows re&arkably 

similar growth at pH4, pH5 and pH6, which drops 

rapidly outside these limits. 

(5) %he effect of different sizars and different 
concentrations of sucrose on growth. 

Cochrane (1958) reports that most cultivable fungi 

can utilise glucose and many can grow on fractoce, 

mannose or galactose as a carbon source. Sucrose is 

another good carbon source but is not so universally 

available as maltose which is forced in nature during 

starch hydrolysis. 

In Do%-yeast agar sucro&e at a concentration of 

1.5^ is used as tLe carbohydr.te source. A shake culture 

experiment was set up to test firstly the preference 

of the different strains for a ^articular sugar, and 

secondly the concentration of sucrose giving optimum 

growth. 

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 tie experiment 2^ glucose, 2^ fructose and 

2^ sucrose were used and three replicate flasks for 

each treatment were inoculated. For tha second part 

the concentrations of sucrose were 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 

Doz-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 0.5 ml. of the suspension aided to each flask. The 

flasks were shaken for fourteen days, th^ mycelium from 

each flask was filtered and a dry weight obtained. 

(See Table 11 and ELaTB ll) 

Strains a and d show an undoubted preference for fructose 

as opposed to glucose while straim b and c 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 

kean dry mycelium weight in gms. 

Treat-
ment 

Strains 

a b c d 

Control 
no sugar 0 .0033 0 .0230 

2%; 
Glucose .0838 .1138 .1107 .0920 

2/̂6 
Fructose .2740 .1467 .0845 .3000 

2% 
Sucrose .2965 .1453 .1273 .2831 

Sucrose .3951 .1322 .1516 .3804 

10# 
Sucrose .3879 .2730 .2457 .5688 

20# 
Sucrose .3435 . 2566 .3260 1.0998 

Growth on the higher concentrations of sucrosd is 

variable. Strain a shows a slight though probably not 

significant depression of growth at 20^ sucrose, 

otherwise growth under all treatments is similar. Strain 

b shows definitely increased growth at 10# and 20^ 

sucrose, while the other treatments give a practically 

similar mycelial weight. Strain c increases its 
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11: The effect of different sû ârc and 
different concentrations of sucrose 
on growth after 14 days. 
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growth, by about one tuird from 10$6 to 20^ sucrose. 

The most interesting re&ults were shown by strain d 

where the growth rate increases enormously with every 

higher concentration of sucrose. 

In only two strains, b and d, were any recognisable 

amounts of mycelium formed in the control flasks. ^he 

fact tha^ 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 infective ability of 

particular strains - a point which 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 the method could be used to distinguish between 

strains c and d, both of which show proportionally 

increased growth at 10^ and 20^ sucrose aad strains a 

"^d b wuich do not. fhis also suggests that the osmotic 

pressure of the eel] contents of the mycelium of these 

two strains is higher t<an th~t of strains a and b. 

(6) The effect of different vitamins on -Towth 

kost fun^^ able to ^row in artificial culture are 

given a vitamin source or simple substances from which 

vitamins can be synthesised. There are five vitamins 

quoted (Pries 194-8) as being necessary for fungal 
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growth and many others wLich may affect growth, 

depending on the synthetic ability of the fungus. 

Thiamin, biotin, riboflavin, pyridoxine and 

inosital are the most important vitamiz^ concerned 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 made. One contained the correct 

quantities of all the vitamins tested,and one consisted 

of the basal medium without any vitamins. The 

remaining five contained all the vitamins except the 

particular one under test. Agar plugs, out from plain 

agar and sugar cultures, were used %8 inoculum, and the 

tubes were incubated at 20°0 for twenty-four days. 

Examination showed distinct differences in colony 

size within the four, strains und&r different treatments 

and also between the strains, ami a more detailed 

experiment using a larger vitamin range and flask shake 

culture, was therefore set up. All glass apparatus was 

cleanedi 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. 
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Three replicate flasks of each treatment were inoculated, 

the treatments including a batch with aJl th^ 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, ihe flasks were shaken for one month to ensure 

a substantial mycelial growth in all treatments, filtered 

and the mycelium dried and weighed. 

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

Vitamin Concentration 
gms/litre 

Nicotinic acid 200 

Pantothenic acid 400 

Pyridozine 100 

Inositol 5,000 

Thiamin 100 

Riboflavin 250 

Biotin 5 

Choline Chloride 400 

(See Table 13 and PIATB 12) 
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Table 13: Mean dry mycelial weight of strains of Meria 

grown under differing vitamin conditions. 

Mean dry mycelial weight gms 

Treatment Strains of Meria 

a b c d 

Doz-yeast .2286 .1738 .1333 .3439 

FO vitamins .0106 .0102 .0096 .8698 

Minus nic-
otinic acid .0171 .0207 .0455 .9388 

Minus Panto-
thAnio acid .0303 .0145 .9535 .0632 

Minus Inositol .0463 .0184 .0337 .1529 

Minus 
fyridoxine .0304 .0147 .0834 .1295 

i-linus 
Thiamine .0218 .0074 .0239 .0740 

hinus 
Riboflavin .0204 .0208 .0220 .0227 

Minus Biotin .0201 .0256 .0275 .0512 

Minus Choline 
Chloride .0189 .0218 .0254 .0482 

All Vi&amins .0213 .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 

disagreement between the replicates but mainly to 
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the type of inoculum used in some of the flasks. 

Insufficient inoculum from plain doz cultures was 

available and a small quantity of mycelium from Doz-

yeast shake culture was used after many washings with 

sterile 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 adequate growth of a and c strains, but is 

necessary for b and d. Strain b is the only strain that 

requires 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 strains b and d and 

strains a and c have some physiological connection and 

supplies additional proof for a tendency that has already 

shown itself during other growth studies. 

Study of Meria laricis in culture has revealed that 

the species is divisible into four distinct cultural 

strains. These strains can be identified by mycelial 

colour and type, the number of spores they produce end 
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their length and their differing (growth rates. 

In all 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 em 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 

concentrations of sucrose, and different vitamins on 

growth in culture were carried out. 

DIBOUbSlUH 

Pour distinct cultural strains of Reria have been 

recognised. These have been designated a, b, c and d, 

and can be identified by various cultural characteristics. 

Peace and Holmes described two strains a and b which 

appear to correspond with the present a aad b strains, but 

also mentioned the occurrence of a further sparsely sporing 

variant with a white fluffy mycelium which corresponds to 

the current strain d. The recognlitioA :. of these strains 

will be important when considering the pathogenic aspects 

of this disease and may in fact account for the sudden 

appearance of Keria on previously resistant tree species. 

All strains recain stable during sub-culturing under 

normal cultural conditions but growth for long periods 
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at 10°0 produced reversible strain changes while growth 

tmder differing pH conditions produced permanent strain 

chan&^s. At 10°0 tLere was a tendency for certain a 

strain cultures to take on c strain characteristics 

(a deliquescent surface mycelium) and some c strain 

cultures showed b strain characteristics (discoloration 

of the medium and dry mycelial surface). All these 

reverted to normal type when sub-cultured and grown at 

20°0. This indicates that the cultural strains are not 

definite genotypes but aggregates containing nuclei of 

some or all of the different strains. The dominance of 

particular strain nuclei gives the observed strain 

characteristics but this dominance c-̂jn. be upset under 

certain cultural co.iditions. 

During the pE experiment two permanent strain 

changes occurred, %oth from cultures grown at pH9.2. A 

strain d culture changed to strain b and a strain c 

culture changed to strain a. Strain d remained remarkably-

stable through 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 culture between pH6 and 8 could 

account for this strain change. The d strain nuclei 

were adversely affected under these alkaline conditions, 

shown by the rapid fall in growth, while those of 

the b strain, being slightly more tolerant, were 
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able to exert their effect. This effect however was 

permanent unlike the temperature effect. If the 

strains are interchangeable 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. 
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SPORE PumiAriON Al̂ D 

Vulllemln (1896) describes in detail the formation 

of spores of heria 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 cu.p-shaped 

mucilaginous sterile layer. Cells from the fertile 

layer elongate, undergo septation and protrude from the 

stomatal pore, subsequently branching in a regularly 

dichotamous manner. 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. Oonidiophores, 

similar to those found in nabre, 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 produ.ces an indefinite number 

of spores successively. The spores are identical to 
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those produced in nature and prior to germination a 

septum forms across the constriction - aa observation 

not recorded by Vuillemin, Saccardo or lindau. 

Dreschler (1941), describing an unknown disease 

of nematodes, called the parasite Heria coniospora 

using as one of the major reasons the similarity of spore 

production to that of Meria laricie. Oonidiophores 

are pushed out through the integument of the nematode 

and become divided by septa into cells of a uniform 

length. Bach cell forms a short sterigma, at the distal 

end, which abstricts small conidia consecutively. 

The present investigation has confirmed earlier 

observations and more detail of spore formation of the 

fungus in culture is available. 

Spore formation in culture 

Hethod - The slide smear cultures used for the 

cytological ezamination of Meria were kept under the 

same conditions, 20°0 and a high humidity, 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. Observations on spore formation; Strains b and c 

Spores are produced from hyphae exactly similar 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 nuMre granular 

byphae acted as conidiophores. These were observed 

under adverse conditions ia 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 andc&t off 

spores consecutively, usually one every twenty-four hours, 

(PLATES 13 and 14). The conidiophore cells were 

multinucleate, although they contained fewer nuclei 

than the normal vegetative cells. The conidia were 

also multinucleate (see P1AT2 18) - an important fact 

to be considered when discussing the taxonomy of the 

strains. 

(b) A hyphal branch would coil into a o&rcle 

or partial circle, septation would occur and spores 

would be cut off from sterigmata as previously into 

the inside of the coil. (PLATS 15). Usually, however, 

neighbouring hyphal branches would anastamose with the 

original circle and these would also begin to cut off 

spores (PIATB 16). This method of spore production 

accounts for the spore clumps, especially obvious in 

the o strain at low magnifications (PLATB17). 
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i 

13: Strain b after 10 days: spore 
formation showing septr.tion. 

14: Strain, b after lb days: three 
initials abstrictin^: &?ny spores 
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Piĵx'1'3 15: Strain c - early stage of spore 
formation within coiled hyphae. 

'i'A3IiS 16: Strain b after 11 days - a more 
advanced sta^e of hyphal coiling and 
spore lormation. 
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i-'jjA'Jii] 17: Strain c after 13 days shoeing 

e^ore clumps. 
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There appears to be no definite reason why one 

or other of these conidiophore formations should arise. 

Method (b) occiirs rather more frequently than method 

(a) especially in c strain cultures. However, neither 

method 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. Method 

(a) is very similar to that observed in tha naedles 

(Vuillemin) and by Peace and Holmes and Dreschler in 

culture. Method (b) is possibly a modification occurring 

under favourable conditions in culture with the production 

of large numbers of spores. Isolated instances of 

spore formation at the extreme colony edge have been 

observed (PIATB 18) but this is unusual. 

On one occasion one b strain culture on plain 

agar that had been incubated for twenty-one days 

developed aerial spore clumps, resembling the conidio-

phores of Aspergillus. formally 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 germination. The time of septation is 

however variable. In the majority of instances 

septation does occur prior to germination, especially 
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PL&f^_18: btraia o after 12 days chowing 

nuolei within the scores and the 

spore forming initial. 



rialB 19: Strain b after 14 days - epore 
formation at the colony ed^e. 
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20: Strain b after 21 days showing 
aerial spore clumps. 
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in the o strain. Conidia of the b strain, however, 

often form a septum immediately after abstriction or 

even before abstriction (See 13). 

Vuillemin describes the spores as being granular 

throughout.Saccardo (1902) and &indau (igiO) mention 

that the ends of the spore each contain a lar&e oil 

globule. Peace and Holmes state that although oil 

drops do occur the ends of the spores are usually 

granular. Recent observations partially confirm both 

views. Giroular semi-transparent areas around the 

edges of which the nuclei are fou&d, occur at the ends of 

the spores. These are not oil globules but may be 

vacuoles as they appear to contain no granular contents. 

The remainder of the spore is filled with granular 

cytoplasm, the nuclei often being obscured by aggregations 

of the granules. (flAIB 21) 

Owing to the small size of the spores it was 

difficult to observe accurately the number of nuclei in 

each spore. Generally the numbers varied between two 

and ten, and these were usually aggregated at the ends, 

although spores were occasionally found where all the 

nuclei were aggregated in the centre. The number of 

nuclei in each spore was reduced prior to spore 

germination. In a c strain germination experiment 

430 of the spores showed a single nucleus, 49^ two 
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21: Strain b after 16 days showing 

apparent spore vacuoles and 

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

whereas it 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 a and d 

Both strains a and. d were cultured by the slide 

smear technique for observations on spore formation 

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. This 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 inoculation. 
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A. Factors affeoti&s spore formation 

It was decided to investigate factors affecting 

spore formation in culture as these would have a bearing 

on spore formation in nature. 2he 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, 

although the nitrogen source may aloo h^^^ effect. 

a pathogenic fungus sach as Keria, t±Le physical 

factors will be more important than the chemical, as the 

chemical composition of the host remains fairly uniform. 

(i) ^he effect of temperature on st^re formation 

slope cultures used in the experiment for the 

effect of temperature on growth (p. 39 ) were 

investigated for spore number and size. A standard 

volume of water was added to eich tube which was 

vigorously shaken to dislodge all the spores. A drop 

of this suspension was examined under the high power of 

a microscope using a haemocytometer. The number and 

size of the spores was recorded. Neither strain a nor 

strain d produced conidia. 
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?able 14: Effect of temperature on spore number 

in 1 ml. of spore suspension. 

Temp-
erature 

Bo.of 
of 

spores in 1 ml. 
suspension Temp-

erature Strain 

Temp-
erature 

b c 

0 0 0 

10 0 320 

15 52 1580 

20 150 4240 

25 1 2020 

20 0 is the optimum temperature for the formation of 

oonidia in both strains b and c. This is the same 

temperature as the growth optimum. o strain, 

being more vigorous from the sparing point of view, 

produces spores at both 10° and 25°0 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°G shows 48^ spores Gyain length, the longest (4^) 

being 8 However at 20°0 the smallest spores are 

8y|̂  (24^) and 48^ are lO^^in length. The c strain 

spores are similar but the difference in length is 
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not 80 marked and. probably not significant. Spores 

at 10°, 15^ and 20° are 8y\ long while 48^ of the 

spores formed at 25° are l(^in 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 oecondly 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 aad an arbitrary 

assessment of mycelium growth and sporulation was made. 

The technique is 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°0 for several days. The lids were 

cooled and painted, under sterile conditions, with a 

smear of Doz-yeast agar in their centre and then 

replaced at 80°0 for several days. The pots were 

removed from the oven anda few drops of a solution 
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giving a known humidity were placed in the well. The 

lid, with its edges smeared with silicone grease and 

with the dried agar face downwards was placed over the 

well and the pot left to equilibrate at 20°G for twelve 

hours. A spore smear was made on the agar of each lid 

and the pot was incubated at 20°0. Due to the thin 

glass lid, germination and subsequently mycelial growth 

and eporulation, ^ could easily be observed under the 

low power of the microscope without disturbing the 

contents of the pot. 

2able 15: Arbitrary assessment of mycelial growth and 

spore formation of Meria under differing 

humidity conditions. Scale: 1 - 5 . 

Humidity -

Mycelial growth and 
sporulation: Scale 1 - 3 

Humidity -
Strains 

3, b 

li 0 l-L 0 K 0 

100 1 — 1 2 1 — 

99 

98 

3 

2 

— 3 

2 3 

2 

1 

1 

3 

90 

1 — — 

2 - - — 3 -

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 was "uzisatisfactory for 

growth and only the b strain sporulated. $9$$ E.E. 

gave the best myoeliil growth in all strains but 

only the c strain showed a little sporulation. 98^ 

R.H. gave maximum sporulation in both b and o strains 

and while at 909& E.H. growth was good, in a and c 

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 strain at 100^. It is doubtful 

whether this slight difference between the b and c 

strains will have any effect upon inoculam. available 

for infection in nature. The humidity will fluctuate 

rapidly over these small limits and b and c conidia 

will be formed and probably released at the same time. 

This means that the relative abundance of b and c 

inoculum in nature will depend entirely on relative 

numbers of trees or needles infected with strains b 

and c in any particular area. 

(3) Jhe effect of light on spore formation 

It has long been recognised that fungi can be divided 

into different groups depending upon their reaction 

to li^t (Hawker.1957). 

Slope cultures of the four strains were given 

the following light treatments for one month at 20^0, 
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hy means of a 60 watt pearl tim^Bteii filament lamp 

installed close to the glass insiilatlng door of the 

incubator. Spore size and number were counted and 

the morphology of the colo&y noted. 

Light conditions: 

(i) Continuous light 

(ii) Continuous dark - tubes were placed in a 

light tight but not air tight tin 

(iii) Normal day - this was in fact exposure to 

sixteen hours light in every twenty-four. 

^able 16: Effect of light on spore numbers in 

1 ml. of spore suspension. 

Treat-
ment 

Numbers of spores in 1 
of spore suspension 

ml. 

Treat-
ment Strain 

Treat-
ment 

a b c d 

Continuous No spores 
light 10 27G 1080 formed 

16 hour 
light 8 10 1550 do. 

Continuous 
dark 12 50 3340 do. 

All cultures were normal morphologically, with the 

exception of strains b and d grown in continuous 

darkness. 2here was less pigmentation of the b 

mycelium than usual, and the d strain was less fluffy 

and showed a slight browning of the mycelium. ^he 



82. 

former effect was probably due to the darkaese but 

both may be caused by the continuous b i ^ humidity 

in the enclosed tin. 

I'his is one of the few experiments where the a 

strain has sporulated. However, the number of spores 

produced is negligible and there is difference 

between the treatments. The b strain shows greater 

sporulation in continuous light than in the other 

treatments, but again the difference is probably not 

significant. The c 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 darlcness, may again be due to 

the humidity conditions in the enclosed tin but, as 

there is a definite decrease in numbers formed as the 

total exposure to light increases, it is more likely 

to be a definite darkness effect. 

Ihe effects of light on conidial formation are 

of little consequence in nature where the host is 

subject to normal day and night and conidial formation 

will depend more upon temperature and humidity 

conditions. The different light treatments had no 

effect onthe aize of the spores of either strain b 

or strain c. The measurements showed their normal 
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spread with optimum 10/xfor b strain gu%i 

strain. 

jy&ior D strain az^ d^for c 

As a result of these responses, Meria will 

actually be placed between different ]Ĵ #it response 

groups. The fungus will sporalate during light and 

even in continuous light, but forms a larger number of 

spores in complete darkness. 

(4) The effect of different siugars and different 

concentrations oh sucrose in spore fnrmatinn 

Most fungi will give maximum sporulation at fairly low 

sugar concentrations. The tube cultures inoculated 

to observe the effect of sugars and sucrose concentra-

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 conidial form-

ation in strains a and d. The results were ttsrefore 

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 numbers of spores 
in 1 ml.suspension 

Strain c 

2^ Fructose 1560 

2# Glucose 480 

2̂ 1 Sucrose 1280 

5^ Sucrose 1580 

10# Sucrose 740 

20% Sucrose 6 (See PLATE 22) 
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STRAIN 0 

2 900 

2300 
Number 
of spores 
in 1ml. of 

suspension 

1700 

1100 

5 00 

1600 

JH 

1200 

8 0 0 -

4 0 0 

1% 
N 

05% 
N 

025% 
N 

No 
N 

0 
2% 2% 2% 5% 10% 20% 

Sucrose 

PLATE 23: 

The effect of concentrations 
of sodium nitrate on 
sporulation. 

PLATE 22: 

The effect of different 
sugars and different 
concentrations of 
sucrose on sporulation. 
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Fructose gives better sporulatioa tbaa 

Sucrose, Idie difference ^3 probably not 

significant. Glucose gives poor sporulation. 

Spore formation is at its maximum at sucrose and 

there is a steep decline in numbers formed at 1^# 

and 20^ sucrose. The cultures have in fact become 

more mycelial as growth is actually better in 18^ 

and 20fo sucrose than in 3% sucrose. Spore size is 

not affected by any of these treatments. 

Meria shows tbe normal response to sugar 

concentrations producing most spores at fairly 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 most of the mould fungi can also utilise nitrates. 

While some facultative parasites (Sphiobolus graminis) 

require organic nitrogen for growth, others will grow 

well on a nitrate source. Sporulation in culture 

tends to be at its 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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coacentrationG of sodium nitrate on sporulation 

was investigated. 

Slope cultures with differing concentrations 

of sodium nitrate were inoculated incubated at 

20°0 for one month. The numbers length of 

spores present were measured. 

In Doz-yeast a,̂ r̂ the concentration of sodium 

nitrate is about 0.2# and consequently lower 

concentrations were used for the experiment. The 

results are confined to strain c 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: Effect of concentrations of sodium nitrate 

on spore number in 1 ml. of suspension. 

Concentration 
of sodium 
nitrate 

No. of spores 
in 1 ml. of 
suspension 

Concentration 
of sodium 
nitrate 

Strain o 

0.1# 600 

0.05# 660 

0.025^ 860 

No EaBO^ 2660 

(See 

Sporulation, in culture, tends to be at its maziumum 

at low concentrations of nitrogen, although the actual 

source of nitrogen may also exert an effect. 
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Tb.ere is a small but definite increase in 

spore numbers with a decrease in the concentration 

of sodium nitrate in the medium. Bbjciamm sporulation 

occurs in the absence of sodium j&itrate. As the 

chemicals Ased in the preparation of medium were 

not pure it is probable that there was a certain 

concentration of nitrogenous impurities, in the form 

of nitrates, present. Chis very low concentration 

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 Meria in nature 

will be the purely physical ones of temperature and 

humidity. 

(6)The effect of vitamins on sporulation 

During experiments concerning the effect of 

vitamlna on growth in shake culture slope cultures 

were prepared by the addition of 30 agar agar to 

the solutions and these were inoculated with the 

different strains of Meria. After twenty-eight days 

at 20°0 spore number and size were noted. 
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'fable 18; Ihe effect of vitamins on oonidial 

number in 1 ml. of suspension. 

Vitamin 
missing 

dumber of spores in 
of suspension 

1 ml. Vitamin 
missing 

a b c d 

Inositol 0 0 330 0 

Nicotinic 
acid 0 34 210 0 

Pantothenic 
acid 0 37 450 0 

Pyridozine ] 0 44 200 0 

Spores were not formed in a or d cultures and the 

number of spores formed under different vitamin 

treatments by strains b and o did not significantly 

differ. Spore size in both strains was similar to 

the normal - b strain mostly between 10 and 14^i 

and c strain between 6 and 8 ^ . Unfortunately no 

results are available for the other vitamins used in 

the growth experiment owing to destruction of slope 

cultures before examination. 



89. 

B. Factors affeotl^K spore aermination 

An investigation of factors affecting germination 

seemed essential as a prerequisite for the study of 

the epidemiology of Keria. 

Ihere are difficulties inherent in the study 

of spore germination concerned with methods of sampling 

(McOallan and Wilcozon 1959) and methods of recording 

results (We11 man and KcOallan 1942). I^mkins (1932) 

suggested that three criteria should be employed in 

germinatimistudies: (i) latent period of germination -

i.e. average time for germ tubes to appear, (ii) 

percentage of spores germinating, (iii) rate of 

elongation of 6erm tubes, and that (i) and (ii) would 

give the most useful information regarding the effect 

of environment on germination. KcOallan and 

Wilcozon (1932) after comiuenting on. means of assessing 

variation in germination experiments suggest that the 

chl-sguared 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°0 by means 
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of a sterile oamelhair brush and transferred rapidly 

to a marked area of the experimental vessel. 

(b) Oountin^ The counting of spores was carried 

out as far as possible without disturbing or opening 

the vessel in which they were germinating to avoid 

contamination during long term experiments. As Keria 

germinates slowly six or twelve hour observational 

periods were found to be most suitable. The method 

consisted of microscopic examination of many low power 

fields of the inoculated area and the counting of 

percentage number of spores showing germination. - At 

least 100 spores were counted. 

(c) G-ermination Germination was regarded as 

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

(ii) a spore forming initial was present, as many 

conidia on germination immediately produced further 

smaller or microconidia from a spore forming initial 

(see PLATE34). As the spores were small theye criteria 

presented observational difficulties but the formation 

of a septum across the middle of the spore was also an 

indication that germination liad commenced or was about 

to stai't. Tnis criterion could not be used alone, 

however, as spores were often abstricted witb 

septation 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 strain c. the isolates differing. 

in age by one year, were made and incub&ted at 20°0 

for twenty-eight days. Using the technique mentioned 

above a smear of spores from each tû )e ws^ transferred 

to the surface of a marked area of Dox-yeast agar in 

a thin glass petri dish. .&8 the same time a count 

was taken of a number of spores j^resent in a 1 ml. 

spores suspension made by pouring 10 ml. of water into 

each culture tube. (See ELAIB 24). The thin glass 

petri dishes were examined while stillc&osed, every 

twenty-four hours and the percenta^^ spores germinated 

was counted. (See flAIE 25). 

The age of the isolate has a decided effect on 

both the number of spores formed and the percentage 

germination. The 1955 isolates produced a small 

number of spores with a low percentage germination while 

the 1957 isolates produced a large number of spores with 

a 52& germination. In consequence in all further 

experiments on spore germination,spores of the most 

recent isolate of each strain available, were used. 

Gottlieb (I95G) suggested that the following 

factors were important in germination of fungal spores -

water, nutrient availability (especially in pathogenic 
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PlAIa 25: The effect of the age of the isolate 

on spore germination. 
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fungi) oxygen and carbon dioxide, temperature, pH, 

dormancy, radiation and eenesoence - the relative 

importance of each of these factors depending on the 

fcmgus studied. 

Peace and Holmes were the only previous workers 

to attempt germination experiments with keria. One 

experiment to test the effect of temperature oh 

germination 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 e^ter drying for two days. Chis result helped 

to explain the check in Keria epidemics at the onset 

of dry weather. 

The factors tliat exerted the major effect on 

germination of heria, especially from apathogenic 

viewpoint, were considered to be nutrient, including 

larch needle extract, tempers.ture and humidity. 

(l) 2he effect of nutrient on fcermination 

G-ottlieb (1950) suggested that some form of 

carbohydrate, especially glucose or sucrose,frequently 

stimulated germimtion in r.any fungi, although 

sufficient nutrient to do this is removed froc; the 

°^ture medium when taking the spore sample. 
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Preliminary experiments using water agar gave 

poor germination results possibly as Î 'leria has very 

small spores and therefore insufficier^ nutrient for 

good geirciination. (The effect of various nutrient 

media on germination was consequently investigated. 

2hin walled petri dishes containing water agar, 

water agar plua 2̂ 6 sucrose and Doz-yeast agar were 

inoculated with c strain spores and incubated at 20°0 

for eighty-four hours, observations on germination 

being made every six hours. 

^able 20: Effect of different culture media on 

germination of spores using strain c 

Time 
hrs. 

Percentage Germination Time 
hrs. Water Water agar Doz-

aaar + 2% sucrose yeast 

12 0 0 0 

18 0 0 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 

60 3 24 30 

66 3 31 35 

. 84 5 31 37 

26) 
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PIAIZ 26: The effect of different culture media 

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

the addition of sucrose to water improved 

germination considerably, probably as the small 

spores contain insufficient stored 

nutrient for good germination on water agar. Two 

other points are evident (a) ]&utrient decreases the 

time lag before the commencement 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 completed germination in twelve hours 

(Pinkerton 1936). 

As a result of this experiment all other 

germination experiments were carried out uaing Dox-

yeast agar, and observed periodically for at least 

eighty-four hours. 

(2) The effect of temperature on germination 

Using the technique described above thin walled petri 

dishes containing Dox-yeast ^^%r were inoculated with -

spores from a, b and c strains. Two replicate plates 

of each strain were then incubated at each of the 

temperatures 0°, 10°, 15°, 20° and 25°C and examined 

at six hourly intervals for a total of seventy-two 

hours. The percentage germination of each replicate 

was recorded and the rean result tabulated (Table 20). 
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Table'21: Effect of temperature on germination of 
strainB a, b and o. 

Time Temp a b 0 Time Teap a b 0 Time Temp a b 0 

0 0 0 0 0 0 0 0 0 0 0 0 

10 G 0 0 10 4 0 0 10 4 0 0 

12 15 6 0 0 18 15 6 0 0 24 15 10 3 4 
hrs 20 6 0 0 

tirs 20 13 0 0 hrs 20 15 1 6 

25 0 0 1 25 6 0 1 25 9 0 1 

0 0 0 0 0 0 c 0 0 0 0 0 

10 4 0 0 10 5 0 0 10 6 8 0 

30 15 12 3 8 36 15 13 8 11 42 15 15 10 11 

hrs 20 24 1 8 hrs 20 27 6 24 
lirs 20 29 10 25 

25 18 0 3 25 20 0 6 25 31 0 8 

0 0 0 0 0 3 0 0 0 5 0 0 

10 13 12 3 10 14 20 3 10 14 21 9 

48 15 16 22 11 60 15 17 22 29 72 15 18 24 37 

hrs 20 33 10 40 
hrs 20 36 12 44 

hrs 20 55 25 45 

25 33 4 18 25 34 5 22 25 72 9 34 

27) 

All strains, with the exception of a, which shows a 

little germination at 0°C, com^enoe germination at 

10°0 but this may be delayed for up to forty-eight 

hours. Strains b and c show optima at 20°0 but 

strain a shows an optimum at 25°0- This experiment 

was one of the few in which spores of strain a were 

available for experimentation. 
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P1AT3 27: The effects of temgeratiire on 

germination after 72 hours. 
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It is also evident that strain a shows the better 

final percentage germination than either strain b or c, 

(3) Effect of relative humidity on fziermination. 

It is important in epidemiological studies of 

pathogenic fungi that the exact humidity requirements 

for germination should be determined aa these are 

useful, together with temperature data, for devising 

a forecasting system or a scheme of preventative 

measures. 

Gottlieb (1950) suggested that water was the 

primary factor in spore germination many spores 

require only water to germinate. Certain fungi 

require liquid water ( Puccinig corona# while others 

need a very high relative humidity (lOÔ i ferenospora 

nicotianae). The powdery mildews on the other hand 

can germinate with relative humidity of only 

This experiment presented difficulties as most 

of the conventional methods rely on a short total 

germination time and tend to use non-sterile apparatus. 

Keria has a long totsl germination time,allowing easy 

contamination, and also requires a nutrient source 

for best germination. A modification of the method 

devised by Clayton (1942) w^s used but proved 

unsuccessful as examination of the spore smears by 
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removal from the apparatus every hours caused 

contamination. Another unsuccessful method was 

to float sterile strips of cellophaz^^ impregnated 

with Doz-yeast agar and dried,with a spore suspension 

on their surface, on solutions giving-known humidities 

contained in sterile petri dishes. Finally a 

modification of a method devised by Snow (1949), was 

used, which has already been described (p.78). Bbe 

pots were examined after sixty hours. 

2able 22: Effect of humidity on germination of 

strain b and c spores after sixty hours. 

Solution Humidity at 
20OG 

b ^ germ. c ^ germ. 

Water 100 24 19 

.2% 
Sucrose 99.62 30 23 

.7*1 
Sucrose 98.65 10 7 

Sat. 
ZnSO^ 90 0 0 

Sat.NH^Ol. + 
72.6 0 0 

Sat. Na2 
Or2 Gy 52.0 0 0 

Sat. Oa 
012 

32.3 0 0 

Germination would only occur at humidities above 

90# and germination w^s better at 99^ relative 

humidity than lOO^u 
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As a result of this experiment a fuller 

investigation of germination in th^ upper humidity 

range was carried out. 

^able 25: Solutions giving known relative 

humidities above 90^^ 

Solution ]&umidity 

Water 100 

. 2K. Sucrose 99.62 

.7M Sucrose 98.65 

IM Sucrose 98.03 

Saturated 
Oxalic acid 96. 

Saturated 
Ba28D3 95 

Saturated 
EgHfO^ 92. 

Saturated 
ZnSO^ 90. 

As the results of the experiment g^ve a lower total 

percentage germination than obtained previously, the 

time for the second experiment was extended to 108 

hours and observations were taken every twenty-four 

hours, but otherwise the procedure was identical. 

See Table 24 (over) and 28 



103. 

2able 24: ĵ lffeot of humidity on germination of 8]jore8 

Time in Humidity b c 
hours 

100 7 0 
99.6 4 0 

12 98.6 • 0 0 
98 0 0 
96 0 0 

100 26 15 
99.6 31 17 

36 98.6 . 15 7 
98 11 0 
96 9 0 

100 58 25 ' 
99.6 71 36 

60 98.6 27 10 
98 26 0 

96 20 0 

100 67 27 
99.6 84 41 

84 98.6 49 12 
98 34 0 
96 26 c 

100 73 41 
99.6 93 57 

106 96.6 67 15 
98 39 0 
96 30 3 

Mo germination was recorded at 95̂ ' humidity or lower 

and ta^se are not included in the table. 

Germination only occurs at relative humidities 

above 95^^ The maximum germination is at 99.6^ R.E., 

100̂ ; R.H. giving the next best germination percentage. 

Strain b gave better germination than strain c, the 
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' ^ St ra in b 
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28: The effect of humidity on germination 

after 108 hours. 



opposite result to the effect of temperature 

ezperiment (p.97), and the maximum germination 

percentage of strain b was the highest recorded in 

any germination experiments. 

(4) Effect of larch needle extract on germination 

G-ottlieb (1950) suggested that pathogenic fungi 

germinate better on exudates of leaves or even bruised 

leaves oft&eir host plants, than on artificial media. 

(Turner (1953) using oats, has described a method of 

extraction which was modified for use with larch. This 

method and the results of the effect of larch extract on 

germination and growth of Meria wi^l be described in 

detail in a later section on pathogenicity. 

(5) Observations of the effect of exposure of the 

SDores to 0°0 before germination at 20°G 

During the experiment to test the effect of nutrient 

on germination (p.94) plates of Dox-yeast agar were kept 

at 0°0 for twenty-four and forty-eight haurs before 

incubation at 20°0 to test the effect of exposure to 

cold on spore germination. The results are shown in 

Table 25. 

(See PIAIE 29) 
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Table 25: Effect of exposure of spores of o strain 

to 0°C before germination at 20°0 

Time Percentage #e:rminatlon 
in 

hours Spores not 
exposed to 

0°0 

Spores 
exposed to 
0°0 for 24 
hours 

Spores 
exposed to 
0°0 for 48 

hours 

12 6 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 

84 
i 

37 41 64 

Exposure to 0°0 prior to germination increases the 

final percentage germination of strain c spores. 

Exposure to 0°0 for forty-eight hours practically 

doubles the final percentage germination when compared 

with spores germinated immediately at 20°0. It 

appears, from the graph, that exposuz^ to 0°0 also 

decreases the time for the combencement of germination 

as after forty-eight hours at 0°0, of the spores 

have germinated after twelve hours at 20°0 whereas no 

germination is found in either of the other two 

treatments. 
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SriLlIN 0 68hrs.at o"c 

.«-"24hrs.at 0 C 

— 'Not exposed 
lo 0°C 

26 68 
Time inhrs. 

p]jA2j 29: 2he effect of exposure to 0 C 

before germination at 20°0. 
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It ±8 doubtful whether this phenomenon will 

have any marked effect on the infective ability of 

Meria in nature. 

The plates exposed to 0°0 were then incubated for 

two weeks at 20°C until sufficient mycelium appeared 

to enable distinct morphological cultural differences 

to be detected. 'fhis 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°0. 

The plate exposed to 0°0 for forty-eight hours 

showed distinct areas of fluffy pink mycelium (a strain 

characteristics) within the c strain areas. (PIAiCE 30). 

On sub-culturing and typing, these mycelia proved t6 be 

a strain colonies. Here an irreversible strain change 

had occurred unlike the reversible changes of the 

previous experiment (p.44). 

Morphology of germination 

Peace and Holmes are the oiî y previous workers 

to have observed germination of the spores. They 

found taat 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 further large spores or masses 

of small spores. The large spores were termed 
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iVi.3LB 30: strain c after 48 hours at C°0 prior 

to spore germination and incubated 

at 20°0 for 12 days. 

Islands of strain a mycelium, amongst 

strain o mycelium. 
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maoroconidia and small sporee iBicrooonidia,which 

tended to be produced under poor nutrient conditions. 

Occasionally both cells of the original spore 

prod&ced germ tubes. 

the current investigation these 

observations were confirmed and further points noted. 

Infonnation for the morphology of germination was 

obtained by microscopic examination of all experimental 

material used in spore germination experiments, and 

reooi^ds were made either photojgraphically or using 

the camera lucida. 

Results (a) the septum sometimes formed before 

detachment of the spore from the sterigma. (See PIiAII:, 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. 

PMTE 31 

(c) Certain spores, when germinated 6n Dox-

yeast agar, persisted in a state of partial germina-

tion and cut off consecutively many macroconidia from 

a single sterigma. PMl'ES 32 and 34. 

(d) hicroconidia and ;%%%/ gradations between 



Ill, 

31: Striln b after 15 aays. Spore germination 
with one cell forming a germ tube while the 
other cuts off further conidia. 

PIuiTE 32; Strain b after 15 days. Spore germination 
showing continuous production of 
macroconidia from a single sterigma. 

10 L1»KA«* 

C/l,. 
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these and maoroconidia were also observed in many 

cultures but were confined to cultures with low 

nutrient concentration. Germination of the 

microoonidia was never observed and it was difficult 

to decide if the macroconidia, j^roduced from the 

original macroconidia, did in fact germinate, as no 

consecutive observations were made on a single 

germinating spore. 

(e) Pew spores showed the darkening of the 

germinating cell described by Peace and Holmes, both 

cells being equally granular. P1AZE8 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 iM̂ ced eĵ s. There appears 

to be a retardation of growth occurring after initial 

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

Bpore germination, 
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reveals many isolated spores with short 

non-astamosed germ tubes or sterigmata still 

cutting off further spores. The reason for this 

retardatimof growth is not known and was not 

investigated. 

The morphology of germination of Meria igin 

larch needles will be dealt with in a later section. 
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ARTiriOIAl INOOUIA^ION 

Peace and Bolmes were the only previous workers 

to attempt artificial inoculation experiments. Cbeir 

experiments were of three types, firstly aa attempt 

to determine the host range of heria amang the genus 

Larix, secondly the effect of tamperature and 

humidity on infection of single sjpeoimens of suGceptible 

species and thirdly larger experiments on a field 

scal.e connected with sheltering, transplantation and 

Meria attack. 

At the time (1933) Meria had only been recorded 

in nature infecting Larix decidua, Larix occidentalis 

and on a single leaf of a deoidua x Eaemferi hybrid 

and the authors 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 cultuired material, by adding water and 

brushing the surface, did not give such certain 

infection. These methods gave 80-100% success with 

European larch and Larix occidentalis, but only a 

single needle of Japanese larch was infected and the 

Siberian larch (1. sibirica Ledebour) and Korean 

larch (1. Gmelini Pilger var.) could not be infected. 
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Attempts were then made to discover if resistance 

of ti-ese larches to Meria was physiological but the 

results proved inconclusive. 

Prom general observations of spread of disease 

in larch nurseries Peace 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 daring showery weather. Individual trees 

were then inoculated and placed under bell jars of 

varying arrangements, to give varying evaporation 

rates, and again infection only occurred where the 

evaporation rate was low. Peace and Holmes concluded 

that the evaporation rate was more important than 

humidity which accounted for non-infection in nature 

during hot weather when evaporation rate was high. 

Prom a temperature experiment infection was 

found to occur between 10 and 25°0 but not at or 

a bove 30°0, 

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 Meria attack. Artificial inoculation 

experiments are obviously important in the study of 

Meria for several reasons: 

(a) The conditions under which Meria attack will occur 

can be accurately determined and a possible forecasting 

system devised. 

(b) I'he appearance of disease symptoms on the three 

different larch species inoculated simultaneously could 

give an indication of the susceptibility of the 

particular species and also the virulence of particular 

Meria strains. 

(c) It may be possible to distinguish between the 

different strains by their disease symptoms on 

particular species of larch or their severity of attack. 

In consequence the experiments were divided into 

three distinct series. 

(1) Greenhouse experiments. 

Î iaterial and methods 

Specimens of European, Hybrid and Japanese 

larches one year old were supplied by the Forestry 

Oommission 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 feill, were placed in 
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8 temperate greenhouse and. exposed to overhead 

illumination by fluorescent tubes. Dormancy wg.B 

broken after about two weeks and needles were 

produced which reached full size in four to five 

weeks but remained light ^reen and immature. It 

was also possible to break dormancy by exposing 

defoliated trees to illumination in a cold greenhouse 

during winter months but the needles formed remained 

small and soon withered. As far as possible the 

small scale experiments were carried out with the 

trees left in the cold unlighted greenhouse that 

developed needles under natural seasonal conditions. 

Inoculation technique 

Various techniques were used, the most successful 

being of modification of that of Peace and Holmes 

using artificial cultures. Slope cultures of the 

required strains were incubated for 28 days at 20°0 

and, using sterile water, spore suspensions were made 

by agitating the submerged surface of the culture 

using a rubber policeman. The suspensions from ten 

tubes were transferred to an atomiser and used as 

inoculum. Before spraying with inoculum the trees 

were first sprayed with water with a Flit gun, and 

after inoculation were transferred into inoculation 

bins (with glass lids) placed over a wet sand tray 

to maintain a high humidity, 
(See ELATa 35) 
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PLAZ3 25: Showing inoculation bins on a sand 

tray, containing inoculated trees. 
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To ensure that infection GOLild. occur the bins 

were placed in a shaded area and regularly sprayed 

with water to maintain the humidity. Forty-eight 

hours was the minimum incubation period underneath 

the bin and sixty hours was preferable. Hbwever, 

under summer conditions this encouraged the growth 

of various other fungi, especially Botrytis, and the 

incubation time was varied according to prevailing 

conditions. 

Infection was more certain if a 0.1^ solution 

of water agar was substituted for the sterile water 

used to make the suspension and this was subsequently 

used. 

After the appropriate t^ne the trees were 

removed from the bins and placed under individual 

cellophane covers to prevent cross-infection on the 

crowded g^^^nhouse benches. ^±18 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. 

Ihe 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 

experiments), which was partially overcome by placin. 
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the pots under the greenhouse staging or ia a shaded 

area outside the greenhouse. Unde^ 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 anfi 

retard infection, and humidity remained high. 

To test tha infectivity of different Meria 

strains on European, Hybrid and Japanese larch 

Isolates of strains a, b and c from each tree 

species were grown in slope culture and spore 

suspensions were made as explained above. Bach of 

these suspensions was sprayed on three similar trees 

of each larch (European, Hybrid and Japanese). The 

inoculated tfees 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-seven days later for disease symptoms. Disease 

symptoms, described 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 (Vulllemin 1896) 
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Table 26: Nurseries giving inoculum source for 

artificial inoculation experiments 

(single spore isolates) 

Narsery 
Tree 
Species 

Fungal 
Strain 

Fleet 

Fleet 

Fleet 

EL 

Jl 

a 

Coed-y-Brenin 

Benmore 

Q-lenfinart 

EL b 

Glenfinatt 

Fleet 

Glenfinart 

fll, 

HI 

Jl 

c 

When the needles are brown fructifications can be 

found protruding through the stomata on the lower 

needle surface (Ker 1895) but these omst not be 

confused with stomatal wax (Peace and Holmes) or 

grains of sand or resin (Prichoda 1954) and microscopic 

examination, after staining with cotton blue, is 

essential. These fructifications occu^ alongside the 

midrib on the lower needle surface but in severe 

infections can also be found in a similar position 

on the upper surface (ber 1895). Mer did not 

mention if fructifications were found on both green 

and brown parts of the needle but Vuillemin (1896) 

suggested that the fructifications and the mycelium 
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were confined to the green parte. He also noted 

later (1905) that if the needles were kept under damp 

conditions fructifications would occur fr'om both 

surfaces. 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 following criteria: 

(a) youngest needles are not affected but 

those a few inches from the shoot apex 

(b) the needle does not die over its whole 

length at the same time 

(c) fructifications are present. 

He noted that infection occurred on both the leaders 

and 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 its 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, the browning 

was confined to small isolated spots, observed 

by Batko (1955) and infection was confirmed by microscopic 

examination. Do confirm infection and 
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to investigate any change of strain that may bsve 

occurred in ^assa^e through the hoet, the infected 

needles were used in attempts to re-isolate the 

fungus (see method on p.l2) 

Prom this first experiment som^ infection was 

evident, especially on European larcb, insufficient 

to give any analysable results and consequently this 

experiment was repeated several times as trees and 

inocula were available. (The experimental method and 

as many environmental conditions as possible were kept 

identical throughout the whole experimental series. 

Although Peace and Holmes obtained a very high 

percentage (80 - lOO^O 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 suspension obtained from needles 

were attempted. Ihe overall results of this series 

of infection experiments run over a period of two and 

a half years are given in the followdz^ table. 
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Table 2%: Suicmary of results of infectivity 
ezperiments. 

Fungus 1 Tree species infected 

Strain Isolate 
from 21 

" 

HI, Jl 

a 

Ell 1 

E L j 

Jl 

y 
y 
y 

X 

X 

z 

z 

z 
y 

b 

21 1 

HI 

Jl 

y 
y 

X 

/ 
y 

z 

y 
z 
y 

0 

El 

HI 

JIi 1 

X 
y 
X 

% 

y 
z 

X 

z 

X 

y infection x - no infection 

The following trends can be seen: 

(i) European larch is more susceptible to Meria attack 

than either Hybrid or Japanese larc& 

(ii) It is possible that strain b is the most virulent 

as that isolated from albuapean larch infected both 

Hybrid and Japanese larches. fhese results will 

be considered more fully in the section dealing with 

nursery attacks. 



table 28: Detailed reeults of the infectivity experiment 

Tree 
species 

Fungus 
type 

Ho. of 
repli-
cates 
infec-
ted 

Wo. and position 
of infected 

areas 

No. of 
infected 
needles 

Remarks 
Fructi-
fica-
tions 
present 

Re-isola-
tion of 
Meria -
& strain 

KL Ela 2 4 - shoots 
scattered about 
seedling bottom 
and middle 

10 Poor infection. Small 
brown areas only. 
Others caused by 
damage to needle 

y -

El Hla 1 3 - shoots at 
top usually 
leaders 

8 large brown 
areas present 

y / 
b 

Jla 1 5 - shoots at 
top and middle 
of tree 

10 I!ypica^ infection 
mostly on leaders 

/ 
b • 

Jla 2 5 - mostly top 
leaders 

24 Yellow infection 
areas near base of 
top leader, white 
areas also present 

/ — 

Bl Bib 2 6 - mostly top 
shoots and 
leader 

55 Typical symptoms -
much browning 

y b 
c 

f-
[ V 
-<1 

(Continued overleaf) 



Table 28 (oontd.) 

Tree 
Species 

Fungus 
type 

No.of 
repli-
cates 
infec-
ted 

Wo. and position 
of infected 

areas 

No. of 
infected 
areas 

Remarks Fructi-
fica-
tions 
present 

Re-isola-
tion of 
Keria 
& strain 

El ELb 1 2 - top leader 
and few needles 
of top shoots 

6 Typical symptoms al-
thou^b few needles 
infected 

y b 

J1 Bib 2 5 - top or middle 
shoots - top 
leader on 1 tree 

15 Typical symptoms y c 

Elb 2 4 - top leader 
and top shoot 
leaders 

11 Typical symptoms y c 

EL ELb 1 3 - top leader 
and next shoot 
leaders 

8 Poor infection -
isolated brown spots 

y -

J1 Jib 2 12 - leaders of 
side shoots.Most 
of tree especiaUy 
bottom and middle 

32 Typical symptoms - also 
scattered white spots 
possibly due to scorchkg 

y 

B1 ELc 1 2 - top leader 
and both trees 

6 Typical symptoms but 
poor infection* 

y p 

in, ELc 1 3 - top leaders 
and one side 
leader near top 

7 little infection -
isolated brown spots 

y 0 
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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 

still using the original strain isolates, to give a 

standard technique, and from results already recorded 

regarding production and germination of spores (p.SI ) 

from ageing cultures it is probable that all strains 

were less virulent and 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 have 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 material received from the 

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 @s 
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previously mentioned (p. 14 ) In five out of nine 

re-isolations a different strain of Meria was 

identified from the strain used as inoculum. 2he 

significance of this will be discussed later. 

As a result of the poor percentage infection 

slight modifications were made to the method of 

obtaining spore suspensions for inoculum. Firstly 

a sterile 1^ O.Y. agar solution was u^^d in place 

of the water agar and after the suspension was made 

it was uncubated for 20°0 for twenty-four hours before 

inoculation. Secondly using a modificatinn of a 

method discussed by Andrus (1941) the mycelium, 

together with a certain quantity of D.T agar was 

removed from the culture tubes and homogenised, in 

0.1^ O.T. 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 speoies of larch 

Prom data sent from Forestry Commission nurseries 

it was noted that disease symptoms appeared at 

different times on different tree species and, u&L^g 

the information from the previous experiment this 

sequence was investigated. As the strain of Keria 

isolated from European larch appeared to be the most 



1131. 

virulent a large quantity of this inoculum was 

prepared. This was sprayed Onto three replicates 

of European, Hybrid and Japanese larch which were then 

treated as before. 

The first attempt was a failure as the temperature 

in the incubation bins rose over 32°0 and a further 

batch of trees were lost due to Batrytis 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: Effect of time on appearance of disease 
symptoms 

Infected 
tree 

Meria 
strain 

Date of 
inocula-
tion 

Date of 
appearance 
of disease 
symptoms 

Re-isol-
ated 
strain 

El b 4.2.57 21.2.57 b 

EL b 4.2.57 26.2.57 0 

JI, b 4.2.57 4.5.57 c 

Disease symptoms appeared earlier on European larch 

than on either Hybrid or Japanese larches when 

inoculated at the same time. Ihie possibly indicates 

that some substance present in European larch needles 

stimulates a rapid growth and reproduction of Meria 

or that initial infection of European larch occurs 

more rapidly than infection of Hybrid or Japanese due 

to anatomical or physiological reasons. 



138. 

This confirms reported observations from the nurseries 

and indicates that nursery attacks start from a 

single infection time, although probably from many 

sources, as Heria is capable of overwintering in the 

fallen needles and producing fresh oonldia in the 

spring (Mer 1§95). It was not possible to distinguish 

between the different strains of Meria bv a cursory 

examination of infected needles as all strains gave 

similar disease symptoms. 

The very low percentage infection ia 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. Field experiments 

Field experiments have previously been performed 

by Peace and Holmes together with observations of the 

spread of Keria within normal larch nursery plots. In 

beds where diseased transplants were intermingled with 

un-infected trees infection occurred rapidly in the 

early summer. Similarly un-infected beds a few yards 

from a group of infected trees became heavily infected, 

although no infection was observed on a bed 20 yards 
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from the Infection Gource. 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 that for rapid infection to occur 

the disease source must be abundant and near to the 

un-infected plants and then infection would take place 

in short steps from the origins Th^^ 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 frichoda 

(1954) suggested 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 aad further infection 

was prevented. Both workers noted that spread of 

disease was stopped by the onset of dry weather. 

In order to investigate the spread of Heria under 

natural conditions a series of field experiments were 

set up in three groups: 

(a) To investigate distance of spread from inoculum 

source in discontinuous plots of trees, 

(b) To investigate rate of spread of different 



Meria strains in continuous plots of trees 

(c) Zo investigate rate of spread from one tree 

species to another in continuous plots of trees. 

As the a and b strains of Heria appeared to be the most 

virulent froc ^reenhoase experiments tnese strains were 

to be used as inocula in these field experiments. 

Several thousand European and Japanese larch 

were sent by the Forestry Oommission, unfortunately 

only sufficient Hybrid larch were available to replenish 

potted stock of this species, and the experimental 

layout was modified so that this species could be 

planted ween available. 

Zhe trees were planted during December and January 

1956-57 in a shallow sheltered south facing valley of the 

Botany garden and were arranged in plots as indicated. 

(a) To investigate spread of inoculum in 

discontinuous plots. l^o areas of plots as shown -

JL 0 0 

EL 

<> 
^ Q Q Infection plot - mixed 

dL, HI, Jl. 

(P1A23 39) 
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Strain a experimental plots, 

m 
strain b experimental plots , 

PLiiT'E 36; beri:es (a) experiments with incubation 
covers over infection plots. 
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To give dense cover the trees were planted four inches 

apart. Ihe central plot was three feet square, and 

the smaller plots were 3' z 1'6" t±ie plots were 

three yards apart. Space was left i# tb^ second 

diagonal for the planting of Hybrid larch when these 

became available. 

Two areas of these plots were planted side 

side but ten yards apart in identical soil, to test 

spread of strain a and strain b. 

(b) To investigate the spread of different Keria 

strains in continuous plots -

-Infection plot 

ijdi -

Pour plots, two of European and two of Japanese larch 

were planted as shown. The trees in the infection 

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

(c) To investigate rate of spread from European 

to Japanese larch in a continuous plot -

s 

HL 
0 1 

J L 
1 
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Jjj plots with incubation covers over the infection plot 

EL and Ji, plots showing anemometer. 

31' Series (b) experimental plots. 
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Two plots, planted as shown, were placed three yards 

from the far end of the plots in (b) above. Zo 

record the weather conditions throughout the 

experimental period meteorological equipment was 

borrowed from the keteorological Office. A cup 

counter anemometer Ii-Ik.II was erected at tree height 

by series (a) and (b) plots - see PIATB8 and 57, 

and a direct reading thermograph was used to record 

continuously wet and dry bulb temperatiiires in a 

Stevenson screen placed at the side of the infection 

plot in series (a) experiment (see PLATE 26). By 

meajis of a simple plastic grid designed by Hirst and 

Steadman (1956) rapid readings of relative humidities 

above 90^, between and 90^ and below 759̂  co^d be 

read directly from the recording paper in the thermograph. 

Experimental details 

In the early summer of 1957 (20th Hay) large 

quantities 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. Oare was 

t&ken that the neighboroughing trees were not infected 

by chance, by covering the&e 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 maintain a high, humidity. 9%^ ao1%#2 

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 imzimum and minimum thermometer kept inside, 

the maximum temperature had reached IIĜ '̂, enou^ to 

kill the inoculum. 

Attempts were made to spray the polythene covers 

continuously with water out these proved impractical 

and on a moderately sunny day the temperature inside 

the cover was at least 10°^ above that of the 

surroundings. 

Eventually hessian covers were substituted for 

polythene and the^e proved more effective, although 

frequent watering was necessary as drying out occurred 

very rapidly. Using hessian covers a second inoculation 

was made on 21st June. Rain occurred in the night 

and during much of the fir̂ t̂ day keeping the covers 

wet. The infection plots were covered for four days 

and watered twice daily. The thermograph indicated 

that in the screen the humidity did not fall below 750 

for the whole of the incubation period and that the 

temperature flactuated between 72° and 52°P. 

Several examinations of trees in th^ infection 
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plots revealed no disease symptoms. 

A third inoculation was attempted on 23rd August, 

(The covers were left in placefbr a week, being watered 

twice daily, and humidity was over 70̂ ^ for siz days. 

However the temperature in the screen rose to 83°P 

during the early incubation period. Again no signs 

of infection were found on periodic examination of the 

plots for the three weeks after rmnoval of the covers. 

A final attempt at infection was made on 3l8t 

September under cooler conditions bu^ the overnight 

temperatures were down below and again no 

infection was evident. 

The experiments were then discontinued as the 

trees began to shed their needles. 

A reason for the failure of these experiments 

wiS probably the abnormal weather conditions of summer 

1957 giving very high temperatures which killed the 

inoculum before penetration of the needles occurred. 

The temperatures in the sheltered valley were probably 

higher than those of exposed ground in the same area. 

In 195d the experiments were restarted. The first 

inoculation took place on igth Kay and the temperature 

under the covers remained within suitable limits 

(48°? - 71°F). The covers were kept in place for six 

days and watered twice daily. After removal the 



141. 

humidity remained very close to 90^ for the next seven 

days. Zzamination of infection plots showed some 

infection on bmth plots in series (a) experiments and 

the European larch plot infected with b strain of 

Meria in series (b) experiment. 

Further attempts were made, at monthly intervals, 

to infect the non-infected plots but without success. 

Series (a) experiments At the end of the summer 

all European 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 

infected, on the plots nearest the infection plot 

while only moderate or light on plots furthest from 

the infection plot. 

b strain experiment - European larch plots 

nearest infection plot showed severe infection at front 

and sides of plot especially on top leader shoots. 

One ofthe further plots showed moderate infection at 

the front of the plot while the other showed severe 

infection atthe ends only. 

b strain IIM lK|-€cUii 

a a m a a 4L 



Although some Japanese larch showed disease symptoms 

in the infection plot no Japanese larch in the other 

plots were infected. 

a strain ezperiments - European larch plots 

nearest infection plot showed sligt^ infection, one at 

the side; on the top leading shoots and the other 

scattered throughout the plot on top leaders and one 

side leader of a tree in the front. Ibth the farther 

plots showed very slight infection, only a few needles 

scattered throughout the top leaders of a few scattered 

trees. . 
% EL 

a strain 

WW 

0 0 m 0 0 TL 

Again, Japanese larch were diseased in the infection 

plot, but no disease symptomg 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 made at the 



end. of August 1958. Ifo isolations were inade for the 

diseased, material and so the strains of Keria have 

not been determined. 

Series (b) experiments 

Ihe infection plot of one plot of European larch 

inoculated , with b strain of jberia showed moderate 

infection, a scattering of trees, iBostly 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. On plants scattered 

throughout this three yards the top leaders showed 

several infected needles (usually three or four). 

There was a slight tendency for the of infected 

needles per tree to be greater 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 available and 

no re-isolations of the pathogen were made. 

Series (c) experiments 

After repeated monthly inoculations no infection 

was obtained mh the European larch areas with either 

a or bi strains of Meria. 

Discussion of results to field experiments 

Ih^ 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) experiments, where infection by 

this strain 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 also confirmed, namely that European larch are 

much more suspectible to Neria than Japanese larch, 

these being the only trees infected in each series of 

experiments, apart from the infection plots and a 

single leading ahoot of one Japanese larch. 

(iii) Peace and Holmes' observations regarding 

spread were confirmed, Meria will easily spread over 

short distances. It is not known whether the 

infection of the plots furthest from th^ inoculum source 

in the (a) series experiments aooarred at the same 

time as the nearer plots but, judging by the appearance 

of the infected trees in each plot (one third to two 

thirds browning of needles, little shrivelling of 
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browned portion and needles still adhering to the 

ehoot) it is possible that infection was simultaneous. 

The greatest distance of spread in isolated plots 

appears therefore to be six yards, regardless of wind 

direction - both diagonals were infected. 

Within a continuous plot infection from a source 

again occurs easily but not, from the results obtained, 

very rapidly. This infection did not, in fact, spread 

to a neigh_Jbouring plot of European larch only two feet 

to one side of the infected plot. 

The poor results to these field experiments are 

probably due to a combination of reasons. The inoculum 

used in 1958 was obtained from aeria cultures which had 

been isolated up to two years previously, giving a much 

reduced infective 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 

between individual plots before further information 

regarding spread is available. 

3. laboratory larch culture experiments 

To provide details of &eria 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 ezamination. 

larch culture methods - to determine the best 

culture method out leading shoots ±̂ x)m plantation 

larches were grown with their cut surfaces dipping in 

a sterile trial solution inside large boiling tubes 

sealed 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 3G: I'rial solution and effect on growth 

and health 

Solution Growth and 
Health 

Water 

0.1% Sucrose 

1^ Sucrose 

10% Sucrose 

Moderate 

Moderate 

Good 

Poor 

Several of the shoots showed infection by saprophytic 

fungi, especially those in 10& sucrose solution. The 

growth and general health of the shoots in 1^ sucrose 

appeared to be best, although there was slight mould 

infection, and this solution was used for future 

culture experiments. 

When inoculum was being prepared for other 

inoculation experiments larch culture tubes were also 
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prepared. leading shoots of European,Hybrid and 

J^jane^e larches were washed for five minutes under 

a cold running tap in an attempt to remove undesirable 

organisms. Using a, b and c strains of Meria both 

surfaces of all the needles on the shoots were then 

inoculated with the spore suspension using a sterile 

paint brush and working in the inoculation chamber. 

The cut end of the shoot wae then placed beneath the 

surface of sterile 1# sucrose in a sterile boiling 

tube and the tubes were sealed and left on the laboratory 

bench. By inoculating replicate shoots sufficient 

material was available to enable removal of needles 

every few days for microscopic examination. B&mple 

needles were removed at four, seven and ten days and 

those showing typical disease symptoms at three weeks, 

and embedded in wax for microtome sectioning. 

^able 31: Plan of larch culture experiment and results. 

larch 
suecies 

, . 
b^ria 
strain 

Infec-
tion Remarks 

a 
b 
c 

Good on upper needles 
do. 

Oontamination by other fungi 

HI 

a 

b 
0 

J 
Sprouting of short shoot 

no disease symptoms 
Scattered infected needles 

Jl 
a 
b 

0 

1 
Oontamination by other fungi 
Good infection of several 

neeaies 
One possibly infected needle 
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Only four shoots showed any distinct disease symptoms 

after three weeke but four, seven and ten day samples 

of all shoots were embedded in waz and the reason for 

non-infection may be discovered by microscopic 

examination. Repeated inoculation of fresh specimens 

of the uninfected shoots failed to infection but 

samples of theoe at four, seven and ten days were 

embedded and sectioned. ^o re-isolations of Meria 

were attempted from Uie infected needles. 

After removal needles were treated as follows: 

(i) Fixed in Oarnoys fixative for twelve hours, 

(ii) Embedding in wax blocks which were sectioned 

on a microtome, 1.6 and 3). sections of each needle 

being cut; 

(iii) Sections were stained and examined. Several 

staining techniques were tried. Ag^ueous Azure A 

(Huebschman 1952) and Fleming's triple stain were 

partially successful but a double staining technique 

using 1# aqueous safranin and picro-aniline blue gave 

the best results. 

^he observations confirm the results of previous 

workers (see Introduction). Keria 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 remains high. 
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The iLyceliu$ is intercellular and. the hyphae have 

relatively thick walls. (There are no hauetoria. 

iPrior to spore formation several hyphae grow towards 

a stoma and form a coiled mass beneath its pore. Prom 

this mass the conidiophores emerge through the stomata 

as aseptate club shaped hyphae later becoming one to 

three septate. Oonidia are formed from each cell by 

the production of a 'bubble' from the eterigma near 

the end of the cell, as in culture (see Plates 11 and 16) 

Several nuclei pass into each conidium. Bach sterigma 

produces a further conidium as soon as one is shed but 

it is not known how long this process continues. 
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PA'fEO&miOITT 

In an attempt to devise a forecasting system 

or at least to specify the conditions under which 

Keria attack might occur it is important to study the 

iiathojenicity of the fungus. 

Ker (1895) su^^gested tlist under very wet 

conditions the attack would be very severe and that 

weak trees were more susceptible than healthy trees, 

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

[Dhe mycelium was not found in the branches and the 

fungus probably over-wintered in the needles aS was 

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 European larch 

were affected but not Japanese. fea-ce and Holmes 

noted that the fungus over-wintered in the needles 

but more probably those adhering to the tree and not 

those onthe ground. In the older trees it was likely 

that the shed infected needles, caught between the 

branches, provided the infection source for the 

following spring. As a result of their spread 



experiments the most important pathogenic factors 

were (a) the a^e of the tree, as apj^reciable daznage 

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 a wide range of 

temperatures (0° - 25°0). There ŵ is evidence 

that weak trees were more susceptible to attack than 

healthy trees. As a result of artificial infection 

experiments, when infection of Japanese larch proved 

impossible, Peace and Holmes decided to investigate 

the reasons for this resistance. To discover if 

resistance was purely mechanical a n^m#)er of inoculations 

were made by clipping off the tips of needles with a 

pair of scissors dipped in spore suspension. Many 

successful inoculations were made on European larch 

but none on Japanese, indicating that resistance was 

largely physiological. Further experiments were made 

to test this hypothesis. Both boiling and 6old water 

extracts of the different needles were made, the 

former sterilised by autoclaving and the latter by 

passage through a Berkfeld filter. Germination of 

spores and mycelial growth w"s similar on both extracts. 

In case the concentration of immunizing substance 

within the needle had been too dilute for effect on 

spore germination, a further experiment using expressed 
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juice from both types of needles v̂ is attempted. 

Uncertain mycelial growth occurred botb extracts 

hut germination of spores iniBuropeaa larch extract 

occurred more rapidly than germination of spores in 

Japanese larch extract. (This result could have been 

caused by decay of toxic substances under unnatural, 

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 

cause death. 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 rangie - No mention of Meria attack on 

other than European or Western larch 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 Japanese and 

Hybrid larches in Britain. 
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(Do Bummarise results from jjrevioiis 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 

a disease source. 

(iv) iPructification will occur under humid conditions. 

(v) Infection was confined to European and Western 

larch until 1946 when diseased Japanese and Hybrid 

larches were discovered. 

(vi) The resistance of Japanese larch to Keria attack 

is apparently physiological, 

Prom results already obtained these trends have 

been confirmed and -̂iven greater specificity and other 

trends have become apparent, which are as follows: 

(a) Infection will occur only under very hig^ humidity 

as the spores will not germinate unless relative 

humidity is above 95^. [Che temperature range for 

infection recorded by Peace and Holmes 0° - 25°C has 

been confirmed by spore germination experiments. 

(b) Prom artificial inoculation experiments it can be 

seen that European larch is more susceptible to Keria 
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attack than either Hybrid, or Japanese larch and that 

the b strain of I-Ieria is more virulent than either 

strain a or strain c. Much of the infection is 

confined to the leading shoots, especially in the 

taller trees, a point previously noted by Hiley (1921), 

(c)8pread of Leria inoculum occurs at least six yards 

from an infected plot regardless of the wind direction 

and it will occur easily but not very rapidly, in 

continuous plots of similar trees. 

In order to investigate the susceptibility of 

European larch to Meria attack, aid. the partial 

resistance of Japanese larch, a series of experiments 

following the lines suggested by Peace and Holmes, 

were performed. 

Using a modification of a technique described 

by (jLumer (1953) an extract of larch needles was 

prepared. 50 gms. of larch needles were collected 

from six or seven year old trees and, after washing, 

were macerated in a Waring blendor with 50 iLl. of 

water. The resulting suspension was then filtered 

to remove the larger debris^and the filtrate 

centrifuged at a low speed for five minutes. [Uhe 

supernatant was sterlised by passing through a Seitz 

filter, and then transferred to a sterile burette. 

One hundred and twenty 350 ml. flasks each 
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containing 50 nil. of the basic minerals fornid in 

Doz-yeast agar were prepared. To sixty of these was 

added sufficient sucrose to give a solution and 

the whole batch was sterilised in the autoclave. 

To twenty four of the other flasks without a^gar 

European larch extract was added, twelve receiving 

ten drops (= 5 ml.) of extract and twelve receiving 

40 drops (= 20 inl.) of extract. Twenty four flasks 

with sugar were treated in a similar fashion. Japanese 

larch extract was added in the same way to a further 

forty-eight flasks. The remainder of flasks with 

and without sugar were controls. A12 extracts were 

added to the flasks in the inoculation chamber. 

Inoculum was prepared by scraping the mycelium 

from the surface of Heria cultures 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 then transferred 

to the shaker for three weeks, after which the mycelium 

was removed, dried and weighed. 

See Table 32 overleaf and 

PIATB8 38 and 39 
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Table 32: The effect of different concentrations of 
larch needle extract on tbe growth of 
Keria in non-sugar and sugar solutions. 

8uga] ' Extract 
treat-
ment 

Mean dry weight of mycelium in g m . 8uga] ' Extract 
treat-
ment a b c d 

Ifo 
sug-
ar 

Control .0020 .0008 .0011 .0012 

Ifo 
sug-
ar 

31 lOd 

40d 

.0034 

.0135 

.0020 

.0077 

.0013 

.0057 

.0040 

.0098 

Ifo 
sug-
ar 

lOd 

40d 

.0054 

.0089 

.0012 

.0038 

.0021 

.0021 

.0036 

.0125 

+ 
Sug-
ar 

Con trol .0432 .0249 .0177 .0493 

+ 
Sug-
ar 

El lOd 

40d 

.0760 

.1501 

.0648 

.0887 

.0506 

.1384 

.0855 

.1632 

+ 
Sug-
ar 

Jl lOd 

40d 

.0771 

.1028 

.0578 

.1042 

.0315 

.0628 

.0851 

.1780 

effect of larch extract on growth of Meria 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.) ?orty drops of extract give greater growth 

than ten drops of extract except in strain b (+ sugar) 

flasks and strain c (- sugar) flasks. 

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

drops of European larch extract give greater growth 
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•015 

•012 

•009 
Mean 

dry wt. 
mycelium 

•006 

• 0 0 3 

•000 

Strain a 

Strain d 

Strain b 

Con EL JL EL JL 
troUO 10 40 AO 

J] 

Strain c 

C E J E J 
10 AO 

C E J E J 
10 AO 

C E J E J 

10 AO 

38: 2he effect of different concentrations 

of larch needle extract on growth in 

non-sugar solutions. 
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Strain a 

Straind 

Strain c 

• 1 2 

Mean 
dry wt. 

mycelium 

Strain b 

•08 

06l 

001 
Con EL JL EL JL 
trol. 10 10 40 40 

C E J E J 
10 40 

C E J E J 
10 40 

C E J E J 
10 40 

Drops of extract 

riATZ 39: The effect of different concentrations 

of larch needle extract on growth in 

su.̂ #r solutions. 
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than for ty drops of Japanese larch e x t r a c t . !Kbe 

pos i t iun i s reversed i n s t r a i n band d f l a s k s although 

the d i f f erence in growth i s u n l i k e l y to s i g n i f i c a n t . 

However, in f l a s k s without sugar, f o r t y drops of 

European larch extract g ive greater growth than for ty 

drops of Japanese larch extract i n a l l f l a sks except 

those of the d s t r a i n . 

These r e s u l t s indicate that there i s a substance* 

or substances, present in larch n e e d l e s that promotes 

the growth of k e r i a . This substance shows a greater 

concentration in European than i n Japanese larch 

needles , or i t i s present in Japanese larch with an 

i n h i b i t i n g substance that p a r t i a l l y n u l l i f i e s i t s 

e f f e c t on growth, or more e s p e c i a l l y i n nature i t 

i n h i b i t s or retards germination of Keria spores 

landing on the needle surface . 

Slower germination of spores , leading to slower 

i n i t i a l i n f e c t i o n , followed by s lower mycelial growth 

once within the t i s s u e s could account for the delay i n 

the appearance of d i sease symptoms on Japanese larch 

when compared with European larch , i f both t rees are 

inoculated simultaneously. 

I t therefore seemed advisable to t e s t the e f f e c t 

of larch ex trac t on spore germination. Peace and 

Holmes had already found that , when using sap 
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ezpreseed from Japanese larch n e e d l e s , germination 

was delayed, but as water e x t r a c t s bad given a 

r e s u l t i n the growth experiments descr ibed above 

t h i s technique was repeated. 

A mineral and sucrose agar was made but 

with the agar as a ins tead of normaJ so lu t ion , 

to al low for d i l u t i o n . Prior t o pouring the s t e r i l e 

agar in to t h i n g l a s s p e t r i d i s h e s tern or f o r t y drops 

of needle extract were added to the t e s t t u t e s , when 

the agar was almost s o l i d , i n case the substance In 

the needle was destroyed by heat . A f t e r thorough 

mixing the p l a t e s were poured and, a f t e r they had 

s o l i d i f i e d , a spore smear was made i n the usual manner, 

The p l a t e s were incubated f o r seventy-two hours at 

20°0 and then percentage germination wa^ recorded. 

See %able 33 ( o v e r l e a f ) and PIAIE 40 

The fo l lowing trends are apparent: 

( i ) The addi t ion of larch e x t r a c t increases the 

percentage germination i n a l l s t r a i n s when compared 

with the control p l a t e s . 

( i i ) Stra ins b and c ( f o r t y drops) and s t r a i n 

b ( t en drops) show a s i g n i f i c a n t d i f f e r e n c e between 

germination percentage i n European and Japanese larch 

e x t r a c t . In a l l three treatments germination i s 
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Table 33: E f f e c t of larch e x t r a c t on germination 
of heria spores a f t e r seventy-two hours. 

extract E l extract 
Strain Treatment ^ germ. S t r a i n Treatment ^ germ. 

Control 47 Control 53 
a 10 drops 53 a 10 drops 59 

40 drops 57 40 drops 62 

Control 35 Control 30 

b 10 drops 43 b 10 drops 62 

40 drops 47 40 drops 59 

Control 40 Control 43 

0 10 drops 51 0 10 drops 53 
40 drops 50 40 drops 65 

much l e e s i n Japanese larch e x t r a c t , although i t i s 

s t i l l greater than the contro l . 

( i i i ) Stra in a l i t t l e d i f f e r e n c e i n 

germination percentage under any treatment. 

^heee r e s u l t s confirm those of the growth 

experiment. There i s a subct&nce present in larch 

needles which promotes spore germination and mycel ial 

growth but the concentration of t h i s substance i s 

l e s s i n Japanese larch than European larch or i t s 

ac t ion i s i n some way inh ib i ted i n Japanese IdTch. 

2he d i s t i n c t d i f f erence i n t o t a l germination percentage 

of the b s t r a i n treated with European and Japanese 



Strain a Strain b 
Strain c 

60 

50 

% 
Germ. 

40-

30 

2 0 
Con EL JL EL JL 
ti*©! 10 40 

C E J E J 

10 40 

Drops of extract 

C E J E J 

10 40 

40: Ihe e f f e c t of larch e x t r a c t on 

germination a f t e r 72 hours. 
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larch extract cmlLi account f o r t h e delay i n 

appearance of d isease symptoms on Japanese larch 

on simultaneous inoculat ion of both t rees , but as 

no record of percentage germination with time or 

maximum germination percentage were made t h i s cannot 

be s tated d e f i n i t e l y . I t i s l i k e l y that a lower 

percentage germination coupled wi th slower mycelial 

growth ins ide the needles accounts f o r t h i s delay. 

A second experiment to determine the d i s t r i b u t i o n 

of the promoting substance and i t s poss ib le des truct ion 

by heat was carried out. The e x t r a c t i o n technique 

previously employed (p. 154) was repeated, but a f t e r 

removal of larger needle debris from the suspension i n 

the Waring blendor, c en tr i fuga t ion was commenced. 

The supernatant was divided into tmo portions; one 

was s t e r l i s e d by pp^sage through 8 e i t z f i l t e r and 

added to the mineral plus sugar agar as described, 

while the other was added, in f o r t y drop a l iquots , 

to t e s t tubes of non-steri lejmameral plus sugar agar 

which were tL.en s t e r i l i s e d in the autoclave and poured 

into p e t r i d i shes . The sediment from centr i fugat ion 

was a l s o divided into two port ions , on^ was spread 

over tre bottom of a s t e r i l e p e t r i d i sh and a s t e r i l e 

cellophane d i sc placed on i t s sur face , while the 

other was treated in a s imi lar manner but then 
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r e - s t e r i l i s e d in the autoclave. Spore smears were 

made, in a l l p la t e s , of b and c s t r a i n s and these were 

incubated for e ighty- four hours a t 20°C and then 

examined. 

Table 34: The e f f e c t of l i q u i d so l id larch 
extract on germination a f t e r 84 hours. 

S tra in 
of 

ker ia 

l iqu id extract So l id extract 
Stra in 

of 
ker ia El E] w J l 
Stra in 

of 
ker ia 

Beitz 
f i l -
tered 

Auto-
c lav -

ed 

S e i t z 
f i l -
tered 

Auto-
c l a v -

ed 

Un-
s t e r -
i l e 

Auto-
c lav-

ed 

Un-
s t e r -
i l e 

Auto-
c l a v -
ed 

b 28 25 20 21 16 10 19 19 

0 19 21 12 15 0 0 0 0 

The percentage germination in a l l experiments i s 

low poj s ib ly due to the inoculum. In the b and the 

c s t r a i n with l i q u i d extract there i s l i t t l e d i f f erence 

between any of the treatments in percentage germination, 

Unfortunately no germination was observed in any of 

the c s t r a i n s o l i d extract p l a t e s . These r e s u l t s 

ind ica te that the promoting substance i s not f u l l y 

extracted in water, although germination i s somewhat 

b e t t e r ' i n the b s t r a i n l iqu id e x t r a c t p la t e s than 

the s o l i d extract p l a t e s , but t h i s i s probably due to 

the d i f f e r e n t techniques. The substamce appears to 
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be thermostable as germination i s hardly a f f ec ted 

autoclaving the extract . 

Ihese r e s u l t s give l i t t l e fur ther informatioa 

as to the i d e n t i t y of the promoting substance but 

the f a c t that i t i s water so lub le destroyed 

by heat and g ives increased growth when both sugar 

and mineral s a l t s are present i n the medium, could 

indicate a vitamin or combination of vitamins. I t i s 

un l ike ly , however, that there i s any d i f f erence in 

the vitamin const i tuents of ]&%ropean and Japanese 

larches to account f o r the d i f f e r e n c e s i n growth and 

germination given by these e x t r a c t s . There i s the 

p o s s i b i l i t y of an inh ib i t ing f a c t o r in Japanese larch 

which i n some way prevents e i t h e r t^ie a s s imi la t ion or 

the enhancing e f f e c t on growth and germination of 

the promoting substance. 

As increased growth of Keria . i s given with 

increasing concentrations of sucrose i t i s a l so 

poss ib l e that the promoting agent i s t h i s or another 

sugar; bat again i t i s u n l i k e l y that there would be 

a s u f f i c i e n t l y great d i f f erence i n sucrose 

concentration or a v a i l a b i l i t y of other sugars in 

Japanese and European larches to cause the d i f f e r e n t 

r e s u l t s obtained. Stra in a shows a preference f o r 

f ructose rather than glucose and i f t h i s was more 

readi ly ava i lab le i n European than Japanese larch 
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i t could, account for d i f f e r e n t growth r a t e . However, 

s t r a i n d a l so shows a preference f o r f r u c t o s e but 

the growth rate in j^uropean and Japanese larch 

ex trac t s , with and without sugar, i s very s imi lar 

and a l so i t would not explain the growth di f ferences , 

i n the d i f f e r e n t e x t r a c t s , o f s t r a i n s b and c (without 

sugar) which show no preference f o r f r u c t o s e . ' 

Further experiments on the i d e n t i f i c a t i o n of 

the promoting or in i i ib l t ing substances were not 

undertaken. 

(These r e s u l t s do not give any explanation of 

why the d i sease was apparently conf ined to European 

and Western larch u n t i l 1946. The b s t ra in of Heria, 

described by Peace and Holmes, i s p r a c t i c a l l y 

i d e n t i c a l from cul tural examination, with the current 

b s t r a i n i s o l a t e s and t h i s was the s t r a i n commonly 

i s o l a t e d from nature in 1933. G?he b s t r a i n i s s t i l l 

most commonly i s o l a t e d in nature ( s e e l a t e r sect ion) 

and i s obviously the most v i r u l e n t . Some genet ica l 

and phys io log ica l change must have occurred within t h i s 

s t r a i n , and within the a and c s t r a i n s a l s o , to enable 

i n f e c t i o n of previously r e s i s t a n t l a r c h spec ies to 

occur, but t h i s i s not detectable i n any simple 

morphologicaJ. or phys io log i ca l a n a l y s i s . 
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Summary: An appreciation of the work of previous 

authors led to the oonfiriLation of the i r r e s u l t s %nd 

invest igs-t ions into various f a c t o r s connected with 

the pathogenicity of Meria The fo l lowing points 

are important i n pathogenic s t u d i e s of Keria : 

( i ) I n f e c t i o n w i l l occur between 0° and 25°0 but only 

when the r e l a t i v e humidity i s over 959^ Infect ion 

i s arrested under dry condit ions by f a i l u r e of 

germination of spores 

( i i ) Primary i n f e c t i o n i n the spring r e s u l t s from 

inoculum re leased by fungus i n shed needles or those 

s t i l l adhering to or trapped i n th^ t r e e . These 

spores are produced on the onset of warmer weather i n 

the spring. Spores w i l l be produced at humidities 

over 95^ and at temperatures between 5°and 25°0 and 

i n f e c t i o n w i l l occur by a ^erm tube growing through 

the stomatal pore. 

( i i i ) The spread of inoculum occurs e a s i l y i n 

continuous p lo t s of s imi lar t r e e s and e a s i l y in 

separated p l o t s of s imi lar trees and probably between 

d i f f e r e n t t ree spec i e s , although t h i s has not been 

proved by f i e l d experiments but only by greenhouse 

inoculat ion . 

( i v ) European larch i s more s u s c e p t i b l e to Meria attack 

than e i ther Hybrid or Japanese parches, and d isease 

symptoms appear e a r l i e r on European than Hybrid or 

Japanese larch-
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SxtractB of both European and larch promote 

jrowth of Keria i n l i q u i d culture and a l so increase 

spore geminat ion , but growtn and jermination in 

certa in oases i s retarded i n J&paneye larch extract . 

accounts for l a t e r appearanace of disease 

symptoms on J^psnese larch when the two species are 

inoculated simultaneously. The substance, or 

substances, responsible for the promotion of growth 

and spore germination i s water s o l u b l e , thermostable, 

and i s poss ib ly a vitamin complex. The reasons f o r 

Japanese larch extract retarding ^growth and germination 

are not known, althoij.gh some i n h i b i t i n g fac tor . 

In ter fer ing with the a s s imi la t ion or act ion of the 

promoting substance, may be presents 

(v) The b s t r a i n of the fungus i s more v i ru lent than 

e i ther the a or c s t r a i n s as i t can attack a l l three 

types of t r e e . 

( v i ) No explanation of the sudden appearance of Leria 

on previously r e s i s t a n t l^rch s p e c i e s i s ^iven by 

the^e experiments. 

The s i g n i f i c a n c e of these f i n d i n g s w i l l be 

discussed in d e t a i l l a t e r . 
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DISTEIBU^IUK OP DI2P3RENT STRAINS OP MmBTi 

Peace and. Holmes were the o n l y workers to 

recognise d i s t i n c t s t r a i n s of K e r i a but they did not 

i n v e s t i g a t e the d i s t r i b u t i o n of t h e s e s t r a i n s i n 

nature beyond not ing that the b s t r a i n was i s o l a t e d 

more o f t e n than the a s t r a i n . 

In the present i n v e s t i g a t i o n i n f e c t e d material 

was rece ived from seventeen n u r s e r i e s scat tered 

throughout England, Wales and S c o t l a r ^ ( ibr exact 

l o c a t i o n s s ee map p l 7 6 ) t oge ther with severa l 

already e s t a b l i s h e d ker ia c u l t u r e s made at the Genetics 

nursery a t A l i c e Holt , Surrey. 

As liiany i s o l a t i o n s as p o s s i b l e were made from 

the diseased mater ia l , us ing the method already 

descr ibed, and a s soon as the c u l t u r e s were e s tab l i shed , 

s i n g l e spore i s o l a t e s were made. These were incubated 

f o r four weeks a t 20°C and then examined to type the 

s t r a i n of Keria. Several n u r s e r i e s sent materia l i n 

1955 and 1956 and i s o l a t e s were made i n consecutive 

years. Only a s i n g l e nursery (Wykeham) sent D_aterial 

i n 1957 and none was rece ived i n 1958. 

See ^'ables 35 and 36 ( o v e r l e a f ) 
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2able 35: The d i s t r i b u t i o n of Meria s tra ins amo]̂ ? 
d i f f e r e n t tree spec ies f o r years 1954 - 1957. 

Tree 
spec ies 

Nurseries 
sending 
inoc&lum 

No. of 
in fec ted 
specimens 

Tota l 
i s o l a t i o n s 

Iso lated 
s tra ins 

a b e d 

Euro-
pean 12 1 4 38 15 16 7 0 

Hybrid 6 7 19 7 4 7 1 
Japan-

, e s e 
1 

10 12 33 12 14 12 0 

Tota l 34 34 26 1 

There i s one extra specimen of the a s tra in from 
a Peace and Holmes culture lodged a t 3aarn in 
Holland. 

From Table 35 the general conclus ion i s that s tra ins 

a, b and c occur i n approximately s i m i l a r numbers 

and only one s t r a i n d culture has been obtained from 

a Hybrid larch . The smaller t o t a l nuah^^ of Hybrid 

larch i s o l a t e s i s due to the infrequen^^ of growth 

of t h i s s p e c i e s . Strains a and b are i s o l a t e d with 

equal frequency from both European and Japanese larch 

while hybrid larch i s o l a t e s show equal number of a 

and c s t r a i n s and rather l e s s b. 
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Table 36: Deta i l s of the d i s t r i b u t i o n of Meria s t r a i n s 
among d i f f e r e n t t rees and nurseries for 
years 1954 - 1957. 

Nursery 
and 
l o c a t i o n 

T r e e , i s o l a t e 
and year of 
i s o l a t i o n 

Nun 
0 

a 

.ber a 
f i s o 

b 

nd 8t 
l a t e s 

c 

rain 

d 

Total 
i s o l a t e s 
per 
nursery 

Al i ce 
Holt 
Surrey 

BL culture 
sent 1954 

3 1 4 

8t.Asaph 
Rhyl 

EL i s o l a t e d 
1956 

2 2 

Bareagle 
Stranraer 

EL culture 
sent 1954 

EL i s o l a t e d 
1955 

HL i s o l a t e d 
1955 

JL culture 
sent 1954 

JL i s o l a t e d 
1956 

3 

2 

1 

3 

2 2 

1 

2 

1 

1 

18 
Benmore 
Argyl l 

EL i s o l a t e d 
1955 

1 3 2 6 

Cast le -
ton 

Dumfries 
sh ire 

JL culture 
sent 1955 3 3 6 

Brenin 
N.Wales 

EL culture 
sent 1955 

JL i s o l a t e d 
1955 

1 3 

3 

1 

8 

Davidst-
ow 

Cornwall 

JL i s o l a t e d 
1956 

1 1 2 

Delamere 
Norwich 

EL i s o l a t e d 
1955 

3 1 
4 

F lee t 
Newton-
Stewart 
Wigtown 

EL culture 
sent 1954 

EL i s o l a t e d 
1956 

HL i s o l a t e d 
1955 

3 

2 

1 

2 ( ( continued) 
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Table 36 (co^^inued) 

Nursery 
and 
l o c a t i o n 

T r e e , i s o l a t e 
and year of 
i s o l a t i o n 

Number q,nd s t r a i n 
of i s o l a t e s iBol'StiJ 

per 
nursery 

Nursery 
and 
l o c a t i o n 

T r e e , i s o l a t e 
and year of 
i s o l a t i o n a b c d 

iBol'StiJ 
per 

nursery 

? l e e t 
contd. 

El i s o l a t e d 
1956 

culture 
sent 1954 

i s o l a t e d 
1956 

2 

3 

2 2 17 
Glasfryn 
Gaerns. 

EL i s o l a t e d 
1956 

HI i s o l a t e d 
1956 

1 

1 2 

Glenf in-
art 

Dunoon 
Argyl l 

El i s o l a t e d 
1956 

HI i s o l a t e d 
1956 

J1 i s o l a t e d 
1956 

1 

1 

1 

1 

1 

1 6 

Glengap 
8.W boot . 

J l i s o l a t e d 
1956 2 5 5 

G-lentrodL 
8.W Soot . 

i s o l a t e d 
1956 1 1 

Eie lder 
Northum-
berland 

i s o l a t e d 
1955 3 3 

ledmore 
Perth. 

El i s o l a t e d 
1956 2 2 

k i l l b u i e 
Ross and 
Cromarty 

El i s o l a t e d 
1956 

HI i s o l a t e d 
1956 

J1 i s o l a t e d 
1956 

1 

1 

1 

1 

1 

1 6 
Kortimer El i s o l a t e d 

1956 3 3 

Wykeham 
Yorks. 

El i s o l a t e d 
1957 1 1 

1 .Other i s o l a t e s 
p o s s i b l y 1932 s t r a i n a - obtained from Baarn 

from o r i g i n a l Peace and Eolmes 
cu l ture . 
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2 . I s o l a t e s from 
Inoculat ion 
ezueriments -

Tree, i s o l a t e 
and year of Strain 

Remarks 

i s o l a t i o n D c 

El i s o l a t e d 1957 ID Inoculated with a and I 
31, U 1957 1 II It b 
HI fl 1957 2 II If b 

tf 1957 1 1? ft b 
21, tl 1958 1 n ?i c 
HI ft 1958 1 If It c 

In an attempt to discover a r e l a t i o n s h i p 

between the fungos s t r a i n and l o c a t i o n of the nursery 

the data was analysed by using a map showing 

d i s t r i b u t i o n of d i f f e r e n t Keria s t r a i n s i n re la t ion 

to nursery l o c a t i o n . (See IlaP l ) The nurseries 

can roughly be divided into three groups: 

( i ) S c o t t i s h nurser ies ; ( i i ) Welsh and West of 

England nurser ies ; ( i i i ) Bast of England nurseries; 

the presence or absence of par t i cu lar Meria s tra ins 

on the d i f f e r e n t spec ies of larch within these 

groups was recorded. 

Tables 37, 38 and 39. 
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Table 37: D i s t r i b u t i o n of Meria s t r a i n s amongst 
d i f f e r e n t l arch s p e c i e s i n S c o t t i s h nurser i e s 

Nursery Tree Ker ia s t r a i n Nursery Tree 
a b c 1 d 

N i l l b u i e 21 
HI 
Jl 

* * 
* 

* 

-X-

ledmore El * 

Glenf inart 
Zl 
HI 
J1 

* 

* 

'X" * 
* 

* 

Kielder JL * 

Benmore HI * * * 

Bareagle 
JL 

* 
* 
* 

* 

* 
* 
* * 

Oast leton Jl * # 

Glentrool Jl * 

Benmore HI * * * 

F l e e t 
Bl 
HI 
JL 

* 

* 

* 

* 

* 
* 

* 

Glengap J]j * * 

SUIJiARY: 
lilL 2 4 4 

HI 5 3 '3 1 -

Jl 3 6 6 

Total: 10 13 13 1 
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Table 38: D i s t r i b u t i o n of Meria s t r a i n s amongst 
d i f f e r e n t laroh s p e c i e s i ^ Welsh and West 
of England n u r s e r i e s . 

Nursery Tree Meria s t r a i n Nursery Tree a D 0 

St.Aeaph 21 * 

Glasfryn EL 
KL 

* 

* 

Brenin EI, 
J l 

* 

* 

* 

I. or timer EI * 

Davidstow J l * * 
. 

Y: 
El 1 4 1 

HI 0 0 1 

JL 1 1 1 

Total: 2 5 3 

Table 39: D i s t r i b u t i o n of Leria s t r a i n s amongst 
d i f f e r e n t l arch s p e c i e s i n Szs t of 
England nurser ies 

W./'keham El * 

Delamere El * 

1 A l i c e Holt El * * 

SUIJ'LIRT: 

EL 1 
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Information and 
i n f e c t e d mater ia l . 

Information only. 
In fec ted materia l only, 

O Newton 

'V Hi align 
# 

lenf inort 

Benmoff 
• CottUton 

#9qr«oglc 
96lMtreoi 

0 

!ng hOA 

Si. A$qpf) 

rym 
# 

D«lamer# 

9 Sho bdon 

OTintcrn 
n̂pth III 

®ram»ft ui 

® Alice Holt 

•Co t 

KAf showing d i s t r i b u t i o n of ITurseries from which 
mater ia l and information has been r e c e i v e d . 
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2%ble 40: Frequency of occurrence of Meria s tra ins 
on d i f f e r e n t larch, s p e c i e s . 

Cree Stra in of Ler ia 

spec ies a to c 

El 5 9 7 
HI, 5 3 4 

JI, 4 7 7 
Total 14 19 18 

Che fo l lowing j o i n t s are no t i ceab le from examination 

of these t a b l e s . 

( i ) The t o t a l number of occurrences of a, b 

and c s t r a i n s of Keria on the d i f f e r e n t larch spec ies 

i s very s imi lar , although the b s t r a i n occurs 

approximately 25^ more of ten than the a s t ra in . This 

p a r t i a l l y confirms the conclusions reached i n an 

e a r l i e r s e c t i o n where i t was suggested that the b 

s t r a i n of the funjus i s the most v i r u l e n t . Che eqaal 

occurrence of b and c s tra ins was not mentioned by 

Peace and Holmes, who only recognised tne two s tra ins 

a and b, but i t i s poss ib le that c s t r a i n cultures 

could Lave been included under b s t r a i n f o r the sake 

of typ inj . as they resemble th i s s t r a i n rather than the 

a s t r a i n . I t i s unl ike ly th&t the c s t r a i n has ar i sen 

in the l a s t twenty years as Peace Holmes report 

many gradations in culture appearance between the ir 

a and b s t r a i n s , but due to i n s u f f i c i e n t time, these 
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were not re-cultured as s ing le spore i s o l a t e s . Prom 

the photographs i n the Peace and Holmes monograph i t 

appears that some of these intermediate ciiltures 

contain sectors of the c s t r a i n , a feature comnon in 

preliminary i s o l a t i o n s froL d i seased material before 

s ing le spore suh-culturing, i n which the c s t r a i n was 

i d e n t i f i e d . This does not however explain the 

incidence of a large number of c s t r a i n i s o l a t e s in 

the present i n v e s t i g a t i o n . Prom an e a r l i e r sec t ion 

i t can be seen that attempts at a r t i f i c i a l inoculat ion 

using t h i s s t r a i n ^ave very poor r e s u l t s , a f a c t 

incompatible with the high inc idence of th is s t ra in 

i n nature. However, an i n t e r e s t i n g observation was 

made in Keria cul tures made by r e - i s o l a t i n g the fungus 

fr'om a l l three spec ie s of larch a r t i f i c i a l l y inoculated 

with the b s t r a i n of Meria in 1957. In a l l three 

cases the re^bolated s t r a i n was the c s t r a i n . This 

ind icates t h a t a change of s t r a i n can occur while the 

fungus i s within the host , a very important point in 

any appreciat ion of the i d e n t i f i c a t i o n or d i s t r i b u t i o n 

of the d i f f e r e n t fungal s t r a i n s . I t i s poss ib le , 

therefore , that s t r a i n c i s r e l a t e d to s t r a i n b - a 

point which w i l l be discussed in d e t a i l l a t e r , and 

that a change from one s t r a i n to another, usual ly b 

to c, can occur within the larch need le . I t has 

already been suggested ( p . 6 3 ) tha t s t r a i n s b and d 
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are re lated p h y s i o l o g i c a l l y . This could mean that 

of tha t o t a l of e ighteen i s o l a t e s of the c s t ra in , 

the majority, as indicated by the r e s u l t s of the 

a r t i f i c i a l inoculat ion experiments, could have b&en 

the b s t r a i n when i n f e c t i o n occurred. In an attempt 

to t e s t t h i s hypothesis 'fable 36 was re-ezamined. 

Table 41: Re-examination of r e s u l t s from Table 36. 

Description of s t r a i n inc idence dumber of 
nurseries 

Nurseries i n which a l l 3 8 t r a i n s occur 6 

II !f " only a s t r a i n occurs 0 
n w II II ^ II 4 

M ft It " c If n 2 
u n " b U f! 13 
tl Sf " b and c n ri 7 

ii ff " a and c only occur 3 
H H " a and b jf 1 

M n " b and c H ft 1 

^otal nurser ies sending material 18 

Several further points are now e v i d e n t . 

(a) Out of the e ighteen nurser ie s from which Meria 

cultures were obtained th i r t een showed the presence 

of the b s t r a i n and four showed the b s t r a i n only. 

This i s fur ther evidence of the v irulence of the b 

s t r a i n of Keria as the c s t r a i n only occurred alone 
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in two nurseries and. the a s t r a i n was never found alone 

(b) The b and o s t ra ins oociir together i n seven 

of the nurseries but i n s i x of t h e s e i t i s together 

with the a s t ra in , only a s i n g l e nursery, Q-lasfryn, 

showing b and o s t r a i n s alone. This confirms the 

f a c t that s t ra in changes can occur between the b 

and c s t r a i n s . 

(c) The three occurrences o f & and c s tra ins alone 

a l so ind icate that s t r a i n changes between these two 

s t ra ins may occur within the needle e s p e c i a l l y as in 

s i z examples out of e ighteen the a, b and c s t ra ins 

occur together . This r e l a t i o n s h i p between the a and 

c s t r a i n s has already been reported (p.105 ) when a 

s t r a i n co lonies appeared within o s t r a i n colonies i n a 

c s t r a i n spore germination p la te l e f t f o r f o r t y - e i g h t 

hours i n a re f r igera tor and then incubated at 20°0. 

I t i s obvious that the d i f f e r e n t s t r a i n s of Meria must 

be re la ted to each other and i t now appears from both 

experimental and a n a l y t i c a l evidence th^t changes 

from one s t r a i n to another c^n occar while the 

i s in i t s p a r a s i t i c phase. However, as already 

mentioned, Keria remained extremely s tab le in culture 

apart from the instance mentioned above and certain 

other phenomena already reported (p .63 ) . This 

whole q . e s t i o n w i l l be discussed l a t e r . 

( i i ) Both European and Japanese larch show 
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approximately t^glce as many occurrences of b s t r a i n 

i n f e c t i o n as compared with a s t r a i n i n f e c t i o n . I t 

may be pos s ib l e i n the next s e c t i o n of the work to 

obtain fur ther confirmation of t h e suggest ion that 

the b s t r a i n of Meria i s the most v i r u l e n t by examining 

nursery data concerning the a c t u a l date of appearance 

of d i s e a s e symptoms. 

( i i i ) Of t he nurser ies showing a l l tree s p e c i e s 

i n f e c t e d Mi l lbuie and Glenf inart show b as the most 

i n f e c t i v e s t r a i n with l i t t l e a s t r a i n i n f e c t i o n , while 

Bareagle and P l e e t show a and c s t r a i n s a s the most 

i n f e c t i v e with some b s t r a i n i n f e c t i o n . 

( i v ) There i s no pattern o f d i s t r i b u t i o n of the 

d i f f e r e n t Meria s t r a i n s e i t h e r on p a t t i c u l a r larch 

s p e c i e s , except f o r t r a i t s mentioned i n ( i ) and ( i i ) , 

or wi th in d e f i n i t e areas of England, Scotland and 

Wales. One i n t e r e s t i n g po int , however, i s the 

occurrence of s t r a i n b on a l l ]&uropean larch from a l l 

the nurser ies i n the Welsh and West of England group. 

Owing to the c l o s e proximity of t h r e e of the nurser i e s , 

8 t . Asaph, Glasfryn and Ooed-y-Brenin i t i s a 

p o s s i b i l i t y that i n f e c t i o n arose from a common source, 

p o s s i b l y a p l a n t a t i o n of o lder t r e e s , or by a s e r i e s 

of s t eps from nursery to nursery. 

Although more data from o ther nurser ie s i s 

a v a i l a b l e and w i l l be examined in the next s e c t i o n , 
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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 

have occurred by passage of Meria through the host, 

in the first 1957 experiment when ten re-isolates of 

the b s t r a i n were i d e n t i f i e d from European ^aroh, 

four of these were from t r e e s sprayed with the a 

s t r a i n , the other s i x i s o l a t e s b e i r ^ t r e e s 

inoculated with the b s t r a i n . This confirms 

conclusions reached in (i) of a connection between a 

and b strains of Meria. 

To help in the explanation of the occurrence 

of the cultural strains of keria the number of 

different strains identified from each single 

i s o l a t e was examined. 

Table 42; Occurrence of different strains of Meria 

from s i n g l e i s o l a t i o n s from nature. 

Tree 1 strain 2 s t r a i n s 3 s t r a i n s 
species isolated isolated isolated 

El 7 6 1 
HI, 3 2 1 
JL 5 6 2 

Total 15 14 4 
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Out of t h i r t y - t h r e e isolates from diseased material 

f i f t e e n gave a s i n g l e s t r a i n on monosporus cul ture , 

fourteen gave two s t r a i n s and o n l y four showed three 

strains. Isolates from the t w e l v e nurseries where 

only a s i n g l e t r e e s p e c i e s was grow^ or in f ec t ed with 

Heria gave seven mixed cultures that produced two or 

more s t r a i n s on monosporus c u l t u r e . 

These r e s u l t s ind i ca te tha^ mixed s t r a i n 

i n f e c t i o n s are as common i n nature as s i n g l e s t r a i n 

i n f e c t i o n s and they occur with equal frequency i n 

nurseries where a s i n g l e tree species or two or three 

tree species are infected. 

No previous work has been done on the d i s t r i b u t i o n 

of the d i f f e r e n t s t r a i n s of Meria apart from a comment 

of Peace and Holmes that i s o l a t i o n s from nature more 

commonly gave the b s t r a i n of the fuagus than the 

a s t r a i n . In fec ted materia l s e n t from e ighteen 

nurser i e s throughout the country was used as a source 

of fungus i s o l a t e s and the s t r a i n or s t r a i n s of eadh 

i s o l a t e was determined. The r e s u l t s were then 

examined with regard t o nursery l o c a t i o n . There i s 

no apparent pattern of d i s t r i b u t i o n of s t r a i n s of 

Heria throughout the country apart from a tendency f o r 

a l l European l a r c h i n the Western reg ion ( inc luding 

Wales) to be i n f e c t e d with the b s t r a i n of Keria. 
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The b s t r a i n of Keria was more commonly i s o l a t e d 

than the a s t r a i n although the o s t r a i n was found 

as commonly as the b s t r a i n and var ious reasons f o r 

t h i s occurrence were examined. 
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FORESTRY OOM-ilSSIOR DATA AliD DISRIBE P0EBGA8TING 

inTRODUOTIOM 

The previous work regarding condit ions 

necessary f o r i n f e c t i o n and spread of Meria has 

already been summarised (p. 150 ) . As r e s u l t s tend 

to be s l i g h t i t was decided to I n v e s t i g a t e these 

phenomena more f u l l y . The i n v e s t i g a t i o n was divided 

into two parts , the f i r s t concerned with the ana lys i s 

of Heria attack in part icu lar n u r s e r i e s over a period 

of four years , and tue second u s i n g data from the 

f i r s t together with eztra information from the 

Meteorological o f f i c e , was an attempt to devise a 

forecas t ing system f o r Leria s i m i l a r to the Beaumont 

system f o r Potato b l ight (Phytophthora i n f e s t a n s ) . 

Part 1 - Analysis of Keria a t tack i n cer ta in larch 

l iurseries 

In conjunction with the f o r e s t Pathologis t 

(kr. T. R. Peace), a simple form was designed so that 

information re^^rdin^ keri^ attacLs could be recorded 
V OMMV lim llllB 

by Foresters the nurseries used in ana lys i s s tudies . 

The Forester was as_ed to supply information regarding 

the presence or absence of Heri^ at tack and, i f 

present , on wuich s^^ciee of l a r c h , and the daue of 

appearance; s e v e r i t y of a t tach , whether severe, 

moderate or sll_^ht; "Che subsecuent behaviour of the 



18 

disease on the in fec ted t r e e s ; b r i e f notes about 

weather condit ions , es^jecially any prolonged wet or 

dry periods and any other informo.tion that coiild 

pos s ib ly be of use in the i n v e s t i g a t i o n . (These 

foriiis were sent annually to the various larch 

nurseries throughout the country and were returned, 

e i ther at the end of August or l a t e September. 

Negative r e s u l t s , no obvious d i s e a s e attack or a 

part icu lar spec ies of larch not grown were a l so 

recorded. ITot a l l the nurser ies c ircu lated returned 

the completed forms and some of the others f o r only 

one or two years, and unfortunate ly some of the 

nurseries that sent i n f e c t e d mater ia l did not send 

completed reports . The map on page 176 shows 

the l o c a t i o n of the nurseries and presence or absence 

of diseased material and completed reports . 

(The s e v e r i t y of attach i s probably the c r i t e r i o n 

which would involve the most d i f f i c u l t y in est imation 

by the Forester as no d i s t i n c t r u l e s were given as 

an a i d . A severe attack i s l i k e l y to mean most of 

the t rees i n a part icu lar plot showing s u f f i c i e n t 

in fec ted needles to be obvious t o the observer on a 

cursory exair-ination of the p l o t . The densi ty of 

p lant ing may inf luence t h i s es t imat ion but no 

information i s avai lable on t h i s po int . A s l i g h t 

i n f e c t i o n r^eans that only a few, about 20^, of the 
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t rees are in fec ted and that Keria at tack can only 

be v e r i f i e d by a c lose examination of the individiial 

t r e e s . 

Certain niirseries supplied information 

regarding the seed somrce of the "trees and other 

d e t a i l s re-ardin;j t h e i r h i s t o r i e s , but without recourse 

to Forestry Oommission data s ca t t ered over the coimtry 

i t was not poss ib le to obts in tiie miss ing data about 

the other nurser ies . Peace and Holmes have pointed 

out that source of seed had no e f f e c t on attack in 

nature or by a r t i f i c i a l inocu la t ion , but langner (1951) 

mentioned that gmong Hybrid larch s u s c e p t i b i l i t v to 

er ia ^^ttack was more marked wi.en Japanese larch wjis 

Liied as the fcale parent, than when i t was used as the 

female parent. This ]j&rticular c o r r e l a t i o n between 

seed source and I^.eria attack was not analysed in the 

present inveL:tij;ation. 

The information from the nurser i e s i s recorded 

by arranging the nurser ies geographical ly from the 

north of 8cot.il9.iid to the west of England. 

ible 43: (over lea f ) 



fab le 42: Data from larch nurser ies f o r years 1955-1958 showing f i r s t no t i ceab le 

Nursery 1955 1956 1957 1958 Notes Nursery 
BL EL El HI J l 31, HI, J l 31 HI J i 

Notes 

K i l l b u i e — — — 

* 

20/6 28/7 28/7 19/7 NG 19/7 No recor 
i( 

i s 
57 other 
nurser ies 

Newtown — - — — — — 6/9 _ L5/8 / 
infected 

T u l l i a l l a n — — - — — — — — — — __ 

Ledmore - — 2/7 NG - 10/7 — - 15/7 —— 

Glenfinart - - — 15/8 15/8 15 /8 26/7 - - — — — 

Benmore / / / NG NG - NG NG -
— — _ 1 

Bareagle * X / 2^/8 13 /8 13 /8 NG NG 4 /8 NG NG 7/8 1 1 
Pleat / X 22/5 28/7 28/7 - — 15/7 — — 

- 1 
Widehaugh - - - 35/5 - - — l l / l C - 8 / 8 -

Wykeham - — NG NG - 20/8 - - - 17/7 — j 1 
Willingham - — - - — - — — — - — — 

Ooed-y-
Brenin / — / - - — — 

i NG NG NG_ 
Shobdon - ilG — 15/8 NG - 13/8 - - — — — 

Cintern - NG — — NG — 1 NG NG ~ NG 20/8 
Tair Onen NO- NG — — - — 

1 - — — — 

Delamere / NG - _ NG - NG —• — — 

Ampthill 
Davidatow HG 

NG 

NG X : NG 

- : L5/8 ' NG 
NG 

NG 25/8 

* , 
15/7 
NG 

3:o/b 

NG 
" 

15/6 
Moved g e e d l i i 
were i n f e c t e 

H 03 
00 

not attacked 
X Moderate at tack and date / s l i g h t attack EG - not -

L jrown. 
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Table 44: Summary of r e s u l t e . 
(a) Total i n f e c t i o n in. a l l years 

larch Total Sever i ty of attack 
spec ies reported Severe Moder- Blight 

attacks a t e 

El 21 8 4 9 
EL 10 — 4 6 

JL 19 1 3 15 

TOT&I, 50 9 11 30 

Table 45" / \ -
—: (b) i n f e c t i o n t o t a l s i n part icu lar years 

1955 

1957 

El 5 2 — 3 

HI 3 — 1 2 

J1 5 . 2 3 

1956 

El 7 4 2 1 

HI 4 2 2 

J1 5 - 5 

El 6 1 1 4 

HI G _ - * 

J1 5 1 4 

1958 

El 3 1 1 1 

HI 3 1 2 

J1 4 1 — _ 3 
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The f o l l o w i n g trends can be deduced from 

the data: 

( i ) Most at tacks occur on European larch 

while Hybrid l^rch shows the l e a s t . This i s p a r t l y 

due to the s c a r c i t y of Hybrid l a r c h nursery stock 

as ind ica ted by the few n u r s e r i e s t h i t a c t u a l l y 

t h i s s p e c i e s . This, however, confirms the 

conclus ion th^t European larch i s tie most suacept ib l e 

s p e c i e s of the t^ree e s p e c i a l l y when i t i s a l so 

noted that out of twenty-one records of tbe d i sease 

on t h i s spec i e s e ight of these i n d i c a t e severe 

a t t a c k s . No severe a t tacks a r e recorded on Hybrid 

larch and only one on Japanese l a r c h . 

( i i ) Most d i s ease a t tacks occur i n the e ight 

Scottish n u r s e r i e s . Out of a t o t a l of f i f t y 

recorded a t tacks , th ir ty - two occur i n S c o t t i s h 

nurser ie s and t h i r t e e n of these occur i n 1956. There 

may be s e v e r a l reasons f o r t h i s p a r t i c u l a r 

d i s t r i b u t i o n . F i r s t l y the weather condit ions i n 

Scotland may be more conducive to i n f e c t i o n , i . e . 

the humidity remains s u f f i c i e n t l y high f o r long 

enough to al low good germination and i n f e c t i o n , or 

more probably i n f e c t i o n sources are more frequent. 

Of the e ight S c o t t i s h n u r s e r i e s from which 

records have been rece ived , four report d i s e a s e 
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occurrence for at least two consecutive years 

one, Bareagle, showed i n f e c t e d larch f o r (LLL 

four years of the i n v e s t i g a t i o n . ledmore, where 

European larch s u f f e r e d a s e v e r e att&ck i n 1956, 

showed moderate a t tacks i n both 1957 195# on 

t h i s species and it can be seen from the further 

comments supplied by the f o r e s t e r s of t h i s and 

other n u r s e r i e s , that i n f e c t i o n occurs from year to 

year by contamination of the n u r s e r i e s with i n f e c t e d 

needles which act as an inoculum source i n the spring 

or, i n f e c t e d needles s t i l l adhering t o the t r e e 

provide inoculum i n the spring a f t e r transplantingf 

the s e e d l i n g s . Once inoculum i s a v a i l a b l e the 

d i s e a s e e a s i l y spreads among t h e d i f f e r e n t larch 

s p e c i e s as i n 1956, four out of a i z nurser ies that 

grew the three spec i e s of l a r c h reported attack on a l l 

three s p e c i e s , while lae other two were e n t i r e l y free 

from the d i s e a s e . Only a s i n g l e S c o t t i s h nursery, 

Sulliallan, remained e n t i r e l y f r e e from the disease 

f o r the four year period of the i n v e s t i g a t i o n . ^he 

occurrence of t h i r t e e n recorded a t tacks i n 1956 i s 

no doubt due to t h e weather c o n d i t i o n s a t the time 

and t h e f a c t that three of the n u r s e r i e s reported 

i n f e c t i o n i n 1955, a l l on a l l three larch s p e c i e s . 

( i i i ) A l l the severe a t tacks are reported from 

Scotland apart from one on European larch i n 1958 
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from Ampthill and one at Davidstow on Japanese 

larch i n the same year. In f a c t ^ f e w of the Welsh 

or Engl i sh nurser ies show much d i s e a s e and i n those 

i n which i t does occur at tack i s u s u a l l y only s l i g h t 

and only very o c c a s i o n a l l y moderate or severe . 

Referr ing to the r e s u l t s of the previous s e c t i o n it 

can be seen that t h i s i s not i n f a c t correlated with 

the inc idence of a p a r t i c u l a r s t r a i n of Meria. (The 

S c o t t i s h nurser ies show approximately eguaJL incidence 

of a, b and c s t r a i n s (10, 13 and 15) as do the Welsh 

and Engl i sh nurser ies (4 , 6 and 5 ) . I t i s i n t e r e s t i n g 

to note however, that the only i s o l a t e of the d s t r a i n 

was obtained from material from a S c o t t i s h nursery -

Bareagle . 

( i v ) Although the t o t a l number of a t tacks 

reported on Japanese larch (n ine teen) i s s imi lar to 

the t o t a l number reported on European larch (twentyone) 

only one i s a severe a t tack , whi le f i f t e e n are s l i g h t 

a t t a c k s . This confirms the conc lus ion that Japanese 

larch i s the most r e s i s t a n t s p e c i e s to Meria a t tack . 

Again r e f e r r i n g to the previous s e c t i o n t h i s i s not 

corre la ted with the inc idence of any par t i cu lar 

s t r a i n of her ia as out of a t o t a l of e ighteen s i n g l e 

spore i s o l a t e s of Meria from i n f e c t e d Japanese larch 

needles four were s t r a i n a, seven were s t r a i n b and 

seven were s t r a i n c . This he lps to confirm the 
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conclusion that the b s t r a i n of t h e i s the 

most v i ru lent as approximately ha2f of the i s o l a t e s 

from Japanese larch were of t h i s s t r a i n . Although 

seven i s o l a t e s of the c s t r a i n were i d e n t i f i e d , 

the poss ib le change in s t r a i n between b and c within 

the needle , explained i n the l a s t s ec t ion , could 

account f o r t h i s f a c t . 

(v) Of the seven nurser ies that report attack 

of European larch together with e i t h e r Hybrid or 

Japanese or b<yWi g ive i n f e c t i o n dates , fmur stmw 

that d i sease symptoms occurred on European larch 

prior to t h e i r appearance on t h e other spec ie s , two 

note appearance of symptoms at the same time on a l l 

spec ies and only a s i n g l e nursery, F l e e t , records the 

appearance of d i sease symptoms on European larch 

a f t e r symptoms on the other two s p e c i e s . This 

ind ica te s f i r s t l y that European larch i s more 

suscept ib le to Meria attack and that secondly the 

diseased European larch may ac t a s . a a inoculum source 

for i n f e c t i o n of the other l arch s p e c i e s . This 

second ind icat ion i s confirmed by the Fores ter ' s 

reports from Bareagle and P l e e t i n 1956 where the 

other s p e c i e s of larch were grown i n beds alongside 

the European larch and i n f e c t i o n of European larch 

and Japanese larch occurred approximately two weeks 

and two months from the f i r s t no t i ceab le symptoms 
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occurring on tbe European l a r c h . On the other 

hand i t must be pointed out t h a t i n one nursery at 

l e a s t , Widehaugh, Japanese l a r c h remained uninfected 

in a bed next to European larch showing a moderate 

Meria a t tack . 

In one of the nurser ies , H i l l b u i e 1957, where 

attacks occur simultaneously on European and Japanese 

larch, in fec ted material was a lready present as L̂L 

three spec ies of larch were i n f e c t e d in the previous 

year and i t i s poss ib le that i n f e c t i o n of the two 

spec ies occurred simultaneously a l s o . 

( v i ) Of the ten recorded ins tances of attack of 

European larch together with a t t a c k s on one or both 

of the other spec ies e ight show a more severe attack 

on European larch than e i ther of the other two larches , 

further evidence that European larch i s the most 

suscept ib l e of the three s p e c i e s . 

( v i i ) Only a s i n g l e nursery, Davidstow, Cornwall, 

reports i n f e c t i o n of Japanese l a r c h when the other 

spec ies of larch were not grown. This i n f e c t i o n was 

moderate i n 1955 and 1957 but severe i n 1958, the only 

recorded instance of a severe a t tack on Japanese larch . 

I s o l a t i o n of ker ia from i n f e c t e d material received i n 

1956, when the attack was s l i g h t , gave one a and one 

c s t r a i n culture of the fungus. &^re information 
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about the behaviour of t h i s d i s e a s e within th i s 

nursery i e a v a i l a b l e . Previous years infected 

seedl ings that have been planted out appear to supply 

the inoculum source for attack of the current year's 

seedl ings although t h i s attack does not become ser ious 

u n t i l the seed l ings are transplanted a f t e r one year. 

In one instance seedl ings were transplanted f i f t y 

yards from an in fec ted p lot of t ransp lant s and s t i l l 

became i n f e c t e d l a t e r in the season. 1%̂  Forester 

a l so notes that a system of v e r t i c a l l a t h she l ter ing 

to protect the seedl ings from exposure,decreases the 

inciaence of d isease from severe to s l i g h t , a fac t 

a l so reported in one instance by Peace and Holmes^ 

who a l so reported that certa in types of sh^iltering 

increased Meria attack by lowering the evaporation 

rate . 

Bareagle i n 1957 and 1958 a l s o shows i n f e c t i o n 

of Japanese larch in the absence of both European and 

Hybrid larches , but i n 1955 and 1956 a l l three spec ies 

were grown and a l l were attacked, g iv ing a large 

i n f e c t i o n source from year to year . At P lee t i n 

1957 Japanese larch only was attacked but t h i s time 

both European and Hybrid larch were present . In 

1955 and 1956 in t h i s nursery a l l three spec ies were 

a l so grown and a l l attacked by Neria , but unfortunately 

i n s u f f i c i e n t information as regards the pos i t ion ing 
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of the d i f f e r e n t larch speoiee i n 1957 i s avai lable 

na apparent reason f o r n o n - i n f e c t i o n of the 

other two spec ie s can be deduced. nursery 

shows no d isease at a l l in 1958. I t i s i n t e r e s t i n g 

to note that in both Bareagle and F lee t nurseries 

severe at tacks had previously occurred and that the 

b s t r a i n of Keria had been i s o l a t e d from diseased 

material sent from these n u r s e r i e s . 

( v i i i ) Of the four nurser i e s , Bareagle, F lee t , 

Glef inart and k i l l b u i e in which severe Leria attacks 

have been recorded, and which grow a l l three species 

of larch and from which material has been received, 

three show the oresence of the b s t r a i n of Meria on 

a l l three larch s^^ciee. Also i n these nurseries b 

s tra ins of Keria have been i s o l a t e d from the tree 

spec i e s , usua l ly European larch, on which the primary 

attack occurred. This- i s a f u r t h e r ind ica t ion th^t 

the b s t r a i n of the fungils i s the most v i ru l en t . 

F leet g ives b s t r a i n i s o l a t e s from only European and 

Japanese in fec ted mater ia l . ^he only other nursery 

sending diseased material and from which a severe 

attack has been recorded, Davidstow, only g ives a and 

c s t r a i n Heria i s o l a t e s as already mentioned but 

these i s o l a t i o n s were made in 1956 when the attack 

was only s l i g h t . 
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( i x ) f i f t e e n nurser ies record i n f e c t i o n by 

h e r i a at some time and out of theee^e leven show 

i n f e c t i o n f o r more than one year , 8%mw 

i n f e c t i o n f o r two consecut ive y e a r s , three show 

i n f e c t i o n f o r three consecut ive yearSjand two, 

Bareagle and Davidstow, show i n f e c t i o n f o r four 

coasecut ive years . These f a c t s i n d i c a t e that oi%3e 

i n f e c t i o n has occurred wi th in a nursery i t i s 

extremely l i k e l y tnat i t w i l l reappear i n subsequent 

years u n l e s s d r a s t i c s teps are tak^^ to eradicate 

the inoculum source of the current year. This may 

mean the c o l l e c t i o n of a l l f a l l e n i n f e c t e d needles 

f o r burning as suggested by Ker (1895) , or the 

removal of the i n f e c t e d s e e d l i n g s to a new bed where, 

as t r a n s p l a n t s , they may not r e t a i n the i n f e c t i o n . 

This new bed must be s u f f i c i e n t l y f a r from the 

previous or any other l i k e l y infection sources to 

prevent passage of spores . Even tha plant ing of 

Japanese larch i n areas p r e v i o u s l y bearing i a f e c t e d 

European larch would not prevent i n f e c t i o n , e s p e c i a l l y 

i f the European larch had been i n f e c t e d with the 

b s t r a i n of Meria. 

The best method of e r a d i c a t i o n i s undoubtedly 

non growth of any larch s e e d l i n g s i n the year 

f o l l o w i n g a severe a t tack . Although the fungus 
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overwinters in the f a l l e n needles and produces 

oonidia i n the fo l lowing spring, i t i s extremely 

un l ike ly that these diseased need le s could act as 

an i n f e c t i o n source in subsequent years . S l ight 

at tacks of the d i sease w i l l e a s i l y disappear i n the 

fo l lowing year without recourse t o d r a s t i c measures 

but once severe at tacks become ciammonplace the d isease 

i s d i f f i c u l t to eradicate . (^aoeinfection has become 

es tabl i shed within a nursery i n one part icu lar season 

i t i s poss ib l e to control i t by u s i n g the spraying 

methods devised by Peace and Holmes. Unfortunately 

these are expensive and not always s a t i s f a c t o r y , 

f i r s t l y , new growth i s cont inua l ly appearing which i s 

f r ee from the chemical coating, and secondly no 

ind ica t ion i s as yet ava i lab le of the most su i table 

time to spray. The devis ing of a forecas t ing system 

to ind ica te su i tab le spraying t imes i s the object of 

the next s ec t ion of the work. 
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PART 2 - DISaABB PUES0A8TING 

Forecast ing p o s s i b l e a t t a c k s of p laat d i sease 

with any accuracy i s a f a i r l y r e c e n t technique i n 

t h i s country. l arge (1953) i n conjunct ion with tbe 

Agr icu l tura l Meteorology Branch of the Meteorological 

O f f i c e has devised a s u c c e s s f u l system f o r f o r e c a s t i n g 

attacks of Potato Blight. Previous work on the 

d i s e a s e ind icated that a f o r t y - e i g h t t^mr period 

during which the temperature i n a Stevenson screen did 

not f a l l below 50°? (10°C) and the relative humidity 

did not f a l l below 75^ was a good indicator of a b l i g h t 

outbreak some seven to twenty one days l a t e r . These 

c r i t e r i a were used i n a country wide survey of the 

inc idence of the d i s e a s e although i t r e a l i s e d that 

(i) The c r i t e r i a assume a constant relationship 

between the screen c l imate and the c l imate wi th in the 

crop - an assumption which i s by no means va l id 

throughout the l i f e of the crop or during wet or 

very dry s p e l l s . 

( i i ) The weather report ing s t a t i o n s v e r e not a l l 

s i t u a t e d i n areas where potatoes were grown. 

However with c e r t a i n refinements^due to observations 

over a period of yearg, the above c r i t e r i a g ive a 

very good i n d i c a t i o n of the onset of potato b l i g h t 

and on r e c e i v i n g a b l i g h t warning the potato farmer 

can spray h i s crop with the appropriate f u n g i c i d e . 
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After euccesB with potato b l i g h t a farther 

system was devised to forecas t a t t a c k s of Apple Scab 

(Ventoria inegua l i s ) and various groups of i n f e c t i o n 

c r i t e r i a have been devised (8mith(l962) Preece and 

Smith (1961)) . 

I t was decided to attempt t o devise a forecas t ing 

system f o r Keria us ing the information from the 

nurseries in conjunction with weather data supplied 

by the Keteorological O f f i c e . Th^ weather data 

thought to be necessary i n d e v i s i n g a forecast ing 

system were -

1.̂  Daily mazimum and minimum temperature readings. 

2. Dai ly humidity readings, preferably several 
throughout the twenty-four hour period. 

2. Daily r a i n f a l l . 

4. Information as to wind s t r e n g t h and d irec t ion . 

The Meteorological Off ice Intimated that most of 

t h i s information was avai lable f o r extract ion . Che 

grid reference loca t ion of each of the nurseries that 

had been c irculated with the pr inted forms was sent 

to the Keteorological Of f i ce who supplied d e t a i l s of 

the nearest c l imat ic (g iv ing temperature, sunshine 

and r a i n f a l l ) and synoptic (g iv ing wind and humidity) 

weather s t a t i o n s , including t h e i r he ights above sea 

l e v e l . These were necessary i n order to make 

adjustments to the temperature f i g u r e s i f th i s height 
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d i f f e r e d appreciably from that of nursery. The 

extract ion of the vast quantity of data for t&e 

or ig ina l c r i t e r i a above would proved impoesible 

i t was decided to modify t h e s e c r i t e r i a . Humidity 

and temperature were considered t o be the most 

important variable phenomena of use in devis ing a 

forecas t ing system f o r Heria, and only these were to 

be extracted for the s i x monthly period, April to 

September in the year of at tack. meant usi^g 

data from the synoptic weather s t a t i o n s , many of which 

were lap to twenty-f ive miles from Idie actual nurser ies . 

I t msrprobable that the condi t ions h^^^ bear l i t t l e 

resemblance to those i n the nursery. However, s ix 

nurseries were chosen f o r weather data ana lys i s 

s u f f i c i e n t l y c lose to the i r synopt ic s t a t i o n s to 

ind ica te that the weather condit ions would be s imi lar 

to those of the s t i t i o n . Further d i f f i c u l t y arose 

when four of these reported no Meria i n f e c t i o n . 

Eventually seven nurseries were chosen for a t r i a l 

run with the 1956 weather data extracted from the 

Meteorological Off ice records. Pour of these 

nurser ies were S c o t t i s h and three English %nd they 

were chosen f o r several reasons -

(a) Proximity to a synoptic s t a t i o n 
(b) The type of d i sease recordssya i lab le 

(c) Their d i s t r i b u t i o n throughout the B r i t i s h I s l e s . 
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Table 46: Niirseries choeen for pre l iminary examination. 

Nursery 
and 
l o c a t i o n 

Nearest 
synopt ic 
s tn . d i s -
tance (mi les) 
D i f f erence 
i n h . a . s . 

I n f e c t i o n 
date 

Strain of k e r i a 
i s o l a t e d 

Nursery 
and 
l o c a t i o n 

Nearest 
synopt ic 
s tn . d i s -
tance (mi les) 
D i f f erence 
i n h . a . s . 1956 1957 1956 1957 

Mil lbuie 
Ross and 
Oromarty 

Tarbatness 

22m. 580' 

EI 20/6 

S ) 2 8 / 7 

1 9 / 7 

19 /7 

lb Ic 
l a Ic 
l b I c 

-

G-lenfinart 
Dunoon 
Argyl l 

Renfrew 
25m. 20' 

El) 
HI)15/8 
J l ) 

26 /7 l b Ic 
l a Ic 
l b I c 

-

Bareagle 
Stranraer 

West Preugh 

5m. 0' 

Bl 27/8 

S)13/8 

NG 

4 / 8 I 
- — 

F l e e t 
Wigtown 

West Freugh 

28m. 50' 

Bl 22/5 

1 5 / 7 

2b 
2a 

2b 2c 
-

Widehaugh 
Northum-
berland 

'fynemouth 

25m. 150' 

30/5 
HI -
J l - 11 /10 

No ma 
s 
terial 
ent 

Shobdon 
Shrop-
8 hi re 

Ross-on-
Wye 

28m. 537' 

El 15 /8 
HI NG 
J l -

1 3 / 8 
No ma 

8 
teriaJL 
ent 

Davidstow 
Cornwall 

8t.Mawgan 

22m. 613' 
KL) pn 
HI) 
J l 15/8 

EG 
NG 

26 /8 la I c 
r 1 

-

Table 47: Further nurser ies f o r second year (1957) 
i n v e s t i g a t i o n . 

Newton 
koray-
s h i r e 

Lossiemouth 

6m. 83' 

El 6/9 
m, -- No material 

sent 

ledmore leuchars El 10/7 Ic 
Perth- HI — 

s h i r e 27m. 317' J l — 

Wykeham 
Yorks. 

D r i f f i e l d 

17m. 413' 

El 20/8 
HI 
J1 

No material' 
sent 
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Before attempting to plot the a v a i l a b l e data ezaot 

weather c r i t e r i a for i n i t i a l Keria i n f e c t i o n would 

have to be postulated. Prom i^^ltural s tudies of 

the fungus and a r t i f i c i a l i n o c u l a t i o n experiments 

in the greenhouse i t i s obvious t h a t r e l a t i v e 

humidity i s the most important f a c t o r , control l ing 

spare germination, which w i l l on ly occur at r e l a t i v e 

humidities of over 95^ (see p.105). therefore , in 

nature, i t i s assumed that the spore w i l l not germinate 

on the needle surface unless the humidity i s above 

t h i s percentage. The spore w i l l germinate over a 

range of temperatures between 0°and 25°0 but as 

germination i s very slow at temperatures below 10°0 

(50°P) - only 5^ of the spores of the a s t r a i n having 

germinated a f t e r t h i r t y - s i z hours a t t h i s temperature 

while b and c s t ra in germination had not even 

commenced - i t was decided to use 10°0 as the lowest 

temperature reading. Consequently the c r i t e r i a 

postulated for the occurrence of a her ia attack are 

a Stevenson screen r e l a t i v e humidity over 90^, as 

Tarwood (1939) has said that the humidity in the 

immediate v i c i n i t y of the l ea f i s greater than in 

the surrounding a i r due to the lower l ea f temperature, 

and a temperature above 10°G continuously f o r 

f o r t y - e i g h t hours. 

I t was decided to p lo t the data i n two d i f f e r e n t 

ways in order to obtain maximum in terpre ta t ion of 



204. 

r e s u l t s . F i r s t l y the data was p l o t t e d as a t y p i c a l 

Potato Bl ight warning and record ti±ile using the 

above c r i t e r i a as the c r i t i c a l per iod and with two 

near c r i t i c a l periods. As humidity was the most 

important Criterion t h i s was considered as a standard 

and the temperature requirements were a l tered . [i?he 

f i r s t near c r i t i c a l period was humidity of over 90^ 

and temperature over 10°0 for twenty-four hours (as 

at f a i r l y high temperatures 20° and 25°0 germination 

could e a s i l y occur in t h i s time) and the second was 

humidity of over 90^ but temperature under 10°0 for 

f o r t y - e i g h t hours,as i t i s p o s s i b l e for germination 

to occur slowly under t h i s temperature. 

The second iiiethod of p l o t t i n g cons i s t s of a 

table recording the number of days on which part icu lar 

weather condit ions occur in the month before the 

i n f e c t i o n i s f i r s t reported. This i s more deta i led 

than the f i r s t method and ac t s as a check to the 

c r i t e r i o n of the c r i t i c s . ! period and i t w i l l a l so 

ind ica te i f other c r i t e r i a can be accepted to 

describe a c r i t i c a l period. 

The seven s e l e c t e d s e t s of data were t]jen 

p lo t t ed by both methods. 

1 - over l ea f . 
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KBTEOD 1: K3RIA PORBOASTING 1956 

956 

NURSE RY 
MAY JUNE JULY AUG 

7 U 21 5 1 2 19 26 2 9 16 23 30 6 13 20 

Mill bu i e lib 1 II 
+1 

i i n 1 
Gl anfina r t 1 nil 1 in II 'n 

Ba r eagle 1 1 
+ 

Fl eet 1 
¥ f 1 

Wid ehoug h 
»• 

Shob do n 1 r 1 
t-

Davids low 
f n in n 

^Cri t i ca l period — 48 hours humidity over 90% temp, over 10 

QNear c r i t i c a l - 24 hours 
veriod - 48 hours 

II II I I u 

I I I I 

10°0 f o r more than 
12 hours. 

" below 

f / i r e t reported i n f e c t i o n . 
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METHOD 2: KBRIA P0RE0A8TIM& 1956 

Nursery 
No. of days 
of 90̂ 1 R.H 
Weeks be&ie 

reported 
i n f e c t i o n 

No. of days 
of 70^. R.H 
Weeks be&re 
reported 
infection 

Temperature f o r 30 
days before 
reported i n f e c t i o n 

Week 
2 

Week 
3 , 

Week 
2 

Week 
3 

Below 
10°0 

Above 
f o r 
12hr8. 

Above 
10°0 

K i l l b u i e 
KL . 

HI & 
1 3 

1 
3 
3 

3 — • 20 
4 

10 
26 

G-lehfin-
art 

4 1 4 1 5 25 

Bareagle 
HI & 

El 
3 
2 

- 2 
2 

2 
3 

— 10 
16 

20 
14 

F l e e t 
El 

HI, & 
- 1 3 

1 
2 
2 

4 26 
6 24 

Widehau^ 
Bl — 1 1 1 27 2 

Shobdon 
1 — 2 — - 6 24 

Davidstow 
J l 1 — 3 3 - - • 30 

From the diseaBe record and warning tab le four 

reported outbreaks occur after critical periods and 

four occur a f t e r near c r i t i c a l p e r i o d s while two, 

Widehaugh and F l e e t i n f e c t i o n of Hybrid and Japanese 

l arch show no connect ion with p l o t t e d data. Of the 



p^tacks a f t e r the c r i t i c a l period one, 

L i l l b u i e European larch occurs three weeks a f t e r 

the incidence of the c r i t i c a l per iod while the other 

three (Glenf in ir t , a l l suec i e s , Bareagle Hybrid and 

Japanese and Bareagle 3urope&n l a r c h ) occur two 

weeks a f t e r the c r i t i c a l ^eriod. 

Examining the d e t a i l s of the L i l l b u i e European 

l \ r c h attack i t i s seen that there are three days 

when the humidity i s continuously over 90^ three weeks 

prior to reported i n f e c t i o n ; of tue t h i r t y days 

temperature readings twenty of theae show temperatures 

below 10°G at n ight . In contrast the d e t a i l s of 

Glenfinart i n f e c t i o n (on a l l t r e e s ) show four days 

with continuous 90^ humidity two weeks prior to 

i n f e c t i o n and a t o t a l of twenty f i v e out of t h i r t y 

days when the temperature i s above 10°0 for twenty-

four hours. Zhis indicates th^t i f the humidity 

condit ions are f u l f i l l e d i t i s the temperature that 

then controls the time of the development of d isease 

symptoms. The occurrence of s e v e r a l days with 

humidit ies over 70^ c lose to the c r i t i c a l period w i l l 

obviously prevent des i ccat ion and enable the germ 

tube to enter the stomatal pore. These days occur 

in both c i t ed examples. 

I t would aype&r from t h i s preliminary examination 

of tne data that the c r i t e r i a chosen to estimate the 
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occurrence of a Leria attack are i n f a c t va l id in 

the majority of cases , in s p i t e of 1±Le distances 

from the synoptic s t a t i o n s to the nurser ies . 

The f a i l u r e of the two n u r s e r i e s Widehaugh a&d 

F lee t to f i t in with the c r i t i c a l period cr i t er ion may 

be due to several reasons. F i r s t l y the distance from 

the synoptic s t a t i o n may be e x e r t i n g sm e f f e c t , 

although F lee t European larch :u%feGtion f i t s in with 

the c r i t i c a l period, and secondly the v i s i b l e signs 

of i n f e c t i o n may have occurred sometime before they 

were in f a c t reported. 

Ib i s l a t t e r c r i t i c i s m must be considered in 

the examination of a l l data c o l l e c t e d from the 

nurser ies , as very few s p e c i f i c i n s t r u c t i o n s were 

given to the Foresters about examination of diseased 

p l o t s and l i t t l e s p e c i f i c information was received 

on the forms. %he e f f e c t of tne large distance from 

the synoptic s t a t i o n on the weather i ^ th^ nursery 

was d i f f i c u l t to evaluate , and so i t was decided to 

repeat weather data ana lys i s for the 1957 growing 

season using the same nurseries and adding three 

others . This would a l s o help to v e r i f y the connection 

between overa l l temperature and time taken to develop 

d i sease symptoms. 
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1; POKelOAbl'im 1957. 

1 9 5 7 

N U R S E R Y 
J U N E J U L Y A u g u s t s e p t . o c t . 

Mi l i baic dgil im i 1 
1 1 

• 

Glen ( i n e r t fl 
¥ 

1 
Boreag 'e f l 1 1 1 

+ 

F| e e t 
1 1 

+ 

Wi (J though 
1 1 fl n 1 11 I f ] 

f 

S h o b d o n f f l f n' 
Davids low : i n (11 1 L II 

f 
f f l 

N c w t o n 
(1 i L i i f i r 

L II 

f nil fif 
L «dm ore f1 # 
Wykehom 

1 inn f) 

" C r i t i c a l period 

c r i t i c a l ^eriod 
I 
+a^r^t r s jor ted i n f e c t i o n , 
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KdTHOD 2: KBBIA FORBOASIINO 1957 

No. of days No. of days Temperature f o r 30 
of 90 & R.H of 70^ R.H days before 

Nursery Weeks before Weeks b e f o r reported i n f e c t i o n 
reported reported 
i n f e pt ion i n f e ction 

Week Week Week Week Belos Above Above 
2 3 2 3 10^0 f o r io"o 

12hrs. 

Ki l lbu ie 2 3 3 3 11 19 
Glenfin-

art - - 2 2 — 5 25 
Bareagle 2 - 3 2 — 2 28 
F lee t 2 — 1 - — 9 21 
Widehaugh 1 2 2 3 — 18 12 
Shobdon - - - 1 — 2 28 
Davidstow 3 — 3 2 — 1 29 
Newton 2 — 2 1 — 16 14 
^edmore — 1 2 - * - 12 18 
Wykeham 

' 

2 - 2 — — 4 26 

Prom the d isease record table f i v e reported outbreaks 

occur a f t e r c r i t i c a l periods and three a f t e r near 

c r i t i c a l periods with two, Glenf inart and Shobdon 

showing no corre la t ion with c r i t e r i a employed. On 

reference to uathod 2 table i t i s seen that four of 

f i v e c r i t i c a l period outbreaks are reported two weeks 

a f t e r the c r i t i c a l period and one; Widehaugh, three 

weeks a f t e r the c r i t i c a l period. v e r i f i e s the 

temperature e f f e c t noted in the previous years' 

ana lys i s as the former.nurseries show 19, 28, 21 and 
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29 days with the temperature above 10 C oohtinuously, 

while Widehaugh shows 

cont inuously . 

twelve days above 10 0 

This second a n a l y s i s again v e r i f i e s the v a l i d i t y 

of the weather c r i t e r i a chosen t o es t imate Meria 

at tack and the r e s u l t s of two y e a r s ' ana lys i s are 

summarised below: 

Table 48: SmaiARY OP 2WC YEliUtS' EBSUITS OF 
bUJEIA AilD POKWOAST. 

Year 
I n f e c t i o n a f t e r 
c r i t i c a l 

period 

I n f e c t i o n a f t e r 
near c r i t i c a l 

period 

Not 
analysable 
by c r i t e r -
i a used 

Tota l 

1956 

H i l l b u i e El 

Glenf inart 
Bareagle HI 
Bareagle 

K i l l b u i e HI, J l 

F l e e t 31 
Shobdon E l 
Davidstow 

F lee t EL 
& J1 

Widehaugh 

10 

1957 

K i l l b u i e J1 

Bareagle J1 
F l e e t 
Widehaugh J l 
Davidstow 

Bewton B l 

ledmore El 
Wykeham 2 1 

Glenf in-
art BIi 
Shobdon 31 

10 

Total 9 7 4 20 

Out of twenty reported Leria a t t a c k s nine occurred 

a f t e r c r i t i c a l ^er iods , seven a f t e r nepr 
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c r i t i c a l periods and. only four did not f i t into the 

c r i t e r i a used. ^his could be due t o the d i f f erences 

i n weather condit ions between the nursery and the 

synoptic s t a t i o n , e s p e c i a l l y as no eco log i ca l d e t a i l s 

of nursery s i t i n g are known, or de lay i n reporting 

incidence of the d i sease . The former reason i s more 

important as there.can be f a i r l y l a r g e humidity 

f luc tua t ions within a small area. 

A mare s p e c i f i c statement of weather c r i t e r i a 

necessary f o r Leria attack can be ^ade by further 

ana lys i s of the data, considering l e n g t h of time between 

c r i t i c a l and near c r i t i c a l period and appearance of 

d i sease symptoms and the temperature before the 

reported attack. 

fab le 48: (over l ea f ) 
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lah le 49: Purtiier analys i s of weather data showing 
connection betweeh temjjerature and 
disease incidence. 

[Cime 
between 
c r i t i c a l 
period 
and 
reported 
d isease 

Ni:miber c :f days Number of [Cime 
between 
c r i t i c a l 
period 
and 
reported 
d isease 

Nursery and 
tree spec ies 

Temp, 
over 10 
for 24 
hours 

lemp. 
over 10 
f o r 12 
hours 

c r i t i c a l 
period 
with R.E 

70)6 

1956 
Millbuie SI 4 17 3 

3 
weeks 

Ki l lbu ie EL J1 18 3 2 
3 

weeks F lee t El 
1957 
Wldehangh J l 10 

21 
11 

2 

3 

ledmore 21 12 9 -

1956 
G-lenfinart 

a i in, J l 14 4 

Bareagle in, J l 7 7 2 

Bareagle J&L 6 8 2 

2 Shobdon El 9 5 2 
weeks Davidstow 14 - 2 

1957 
Hil lbt i ie El J1 11 3 3 

Bareagle J1 14 — 3 

Davidstow J1 14 — 3 

Newton El 3 11 2 

Wykeham El 11 1 2 

I f the h-uimidity requirements f o r geriLin&tion of Keria 

spores are f u l f i l l e d then i t i s the temperature that 

i s the l imi t in . : f: .ctor i n time of development of 

H^ria symptoms. I f the temperiitare i s above 10 0 
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continuously for &08t of tue month tr^ i n f e c t i o n i s 

v i s i b l e a f t e r two weeks but i f the temperature i s 

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

v i s i b l e i n f e c t i o n , the symptoms take th:ee weeks to 

develop. 

Ih i s enables the pos tu la t ion of a more s p e c i f i c 

s e t of weather c r i t e r i a for the es t imat ion of Heria 

at tack. A Leria outbreak i s l i k e l y to occur two to 

three weeks After a f o r t y - e i g h t hour period whenthe 

temperature in the nursery does not f a l l below 10°C 

and t^e r e l a t i v e humidity does not fa21 below 90^. 

Ihe outbreak w i l l be three weeks a f t e r t h i s period 

i f the majority of the average d a i l y temperatures are 

below 1C°0 but w i l l occur two weeks a f t e r t h i s period 

i f the average da i ly temperatures are above 10°G. 

There appears to be no d i s t i n c t corre lat ion 

between date of appearance of symptoms and loca t ion 

of nursery (see ^reviouL sec t ion) as c a s t outbreaks 

occur in l a t e July, Aujust or September. %his may be 

due to unfavourable weather cond i t ions , probably too 

low a temperature in the e ' r l y part of the year, as 

tz^re are only two records in ^ay, F l ee t European 

larch 1S56, Widehaugh European l a r c h 1956 and one 

in June, L i l l b u i e European larch 1^56. Another 

p o s s i b i l i t y i s that primary i n f e c t i o n does occur 
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and the reported outbreaks are i n s t a n c e s of a 

larger secondary i n f e c t i o n from the primary 

inoculum re leased . 
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D I S 0 U 8 8 I 0 M 

The funguB 

Four d i s t i n c t cu l tura l s t ra ina of l ieria have 

been recognised, designated a, b, c and d, and 

these can be i d e n t i f i e d by various cul tural 

charaotcr i e t i c s . Peace and Holmes described two 

s t r a i n s , a and b, which correspond to tha present 

a and b s t r a i n s , and a l s o mentioned the occurrence 

of a further sparsely sporing var iant with a white 

f l u f f y mycelium corresponding to the current d s t r a i n . 

A l l the s t ra ins remain s t a b l e during frequent 

sub-cult&ring under normal condi t ions , bu± under 

cer ta in circumstances s t r a i n changes occur. Growth 

f o r long periods at 10°0 cauced a s t r a i n cultures 

to take on c s tra in c h a r a c t e r i s t i c s and o s t ra in 

cul tures to show b s t r a i n c n a r a c t e r i s t i c s . HbMever, 

a l l thebe cultures reverted to normal type when sub-

cultured and grown at 20°0. In the pH experiment 

permanent s t ra in changes occurred a t pH 9 .2; when 

a d s t r a i n changed to a b s t r a i n and a c s t r a i n 

changed to an a s t r a i n . Further permanent s t ra in 

oh&njes occurred in the passage of the fungus 

through the needle. In several a r t i f i d i a l i n o c u l a t i o n 

experiments using spore suspensions of the b s tra in 

of Meria, the c s t r a i n was r e - i s o l a t e d from the 
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in fec ted needle, and storage of s c o r e s of c s t ra in 

at 0°C for f o r t y - e i g h t hours ;prlor to germiimtion 

led to the formation of a s t r a i n c o l o n i e s . 

2o explain these changes i t i s necessary to 

regard Keria as a hetrocaryotic fung^^^ in common 

with many other fungi imperfect i . The c e l l s are 

mult inucleate , although the number of nuclei within 

each c e l l var i e s from one to ten^ and numerous 

anastomoses occur. Bach nucleus probably carries 

the c h a r a c t e r i s t i c s of one s t r a i n ar^ the phenotype 

w i l l defend upon the r e l a t i v e ^proportion of 

part icu lar s t r a i n nuc le i within the mycelium. 

Under cer ta in condit ions t h i s proportion can be 

a l tered to produce" Impermanent s t r a i n changes 

( e f f e c t of 10°0 mentioned above) or permanent 

s tra ins changes ( e f f e c t of a high pH or passage 

through the needle ) . The frequent anastamoses 

occurring i n cul ture probably accooat for the 

s t a b i l i t y of the s tra ins at 20°0 as each hypha w i l l 

have a s imi lar nuclear content t o those formed from 

the o r i g i n a l monosporus cul ture . These anastamoses 

are l e s s frequent within the needle and t h i s could 

account for the s t r a i n change by a l t e r i n g the 

part icu lar nuclear proportion. 

The spores of Keria are laul t inucleate , several 
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nuc le i passing into ê L̂ch conidiugi from the sterigma. 

However, observation of spores dar ing formation 

and spores prior to germination shows a reduction 

in number of nucle i from the former to the l a t t e r 

s t ^ t e . I t was not poss ib le to observe wnether t h i s 

reduction in the number of spores was caused by 

nuclear fus ion prior to germination or by nuclear 

d i s in tegra t ion . Nuclear fus ion , g iv ing heterozygous 

d ip lo ids , has been observed in Asperg i l lu s ni^er 

(Pontecorvo et a l . 1955) and Surges (1955) has 

sug^^sted t h t t the v a r i a b i l i t y and adaptive capacity 

of such a mechanism i s probably intermediate between 

gene mutation and sexual reproduction. I t i s 

un l ike ly tĥ ^̂ t th i s occurs in her ia as l i t t l e var ia t i on 

appears to ha;e occurred within the ftmg^a since the 

or ig ina l cul tural work i n 19D5. (Three of the 

present s t r a i n s were described by Peace and Holmes 

and the c s t ra in was probably missed only because 

the epidemiological s tudies were the prime object 

of the work. I f the nuclear degeneration hypothesis 

i s correct Mitot ic d i v i s i o n w i l l occur in the 

primordial c e l l at spore formation the d^^ghter 

nuc le i w i l l pass in to the spore. Som^ of theoe 

w i l l degenerate and, on germination, tne hyphae 

produced may in f a c t be of one or more d i f f e r e n t 

s t r a i n s As the culture cannot be a t tr ibuted to a 
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part icu lar s t ra in for at l e a s t f o u r t e e n days a f t e r 

germination, s u f f i c i e n t hypbal anas tamos es w i l l have 

occurred to eimble the hyphae to r e g a i n the ir 

or ig ina l nuclear complement and s t r a i n pheontype. 

I s o l a t i o n s from natujral i n f e c t i o n s of Meria 

from a l l t ree e^jecies reveal the equal occurrence, 

in any one nursery, of s i n g l e s t r a i n or mixed s t ra in 

i n f e c t i o n s regardless of the number of d i f f erent 

tree spec ies i n f e c t e d . This indics . tes that the 

i n f e c t i o n can be caused by a mixture of s t r a i n s or 

by a s i n g l e s t ra in of Ileria, depending on the 

ava i lab le inoculum, or that i n approximately 

of the i n f e c t i o n s a s t r a i n change has occurred within 

'the needle . I t i s l i k e l y thst both of these 

phenomena have occurred. (There i s a l i o l i t t l e 

d i f f erence between the frequency of occurrence of 

a, b or c s t ra ins of Heria i n nature indicat ing that 

the d i f f e r e n c e s between tiie s t r a i n s have l imited 

patholog ica l s i g n i f i c a n c e . However, i t i s obvious 

from the a r t i f i c i a l inoculat ion experiments and 

certa in nursery data that the b s t r a i n i s the most 

v i ru lent of the three . Symptoms of needle oast 

on t r e e s inoculated with tne b s t r a i n occur prior 

to symptoms on t ree s inoculated wi th the other 

s t r a i n s , and severa l r e - i s o l a t i o n s from these in fec ted 

needles reveal only the c s t r a i n of Keria. I'his 
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s t r a i n change from b to o i s a l so shown in the 

examination of nursery data, and i n d i c a t e s that 

some of the c s t ra in i s o l a t i o n s from nature were 

derived from i n f e c t i o n s caused by b s t r a i n inoculum. 

What therefore i s the s i g n i f i c a n c e and 

r e l a t i o n s h i p between the d i f f e r e n t s t r a i n s of Keria? 

Prom cul tura l s tudies there appears t o be a 

p h y s i i o g i c a l re la t ionsh ip between s t ra ins a and c 

and s t r a i n s b and d r e s p e c t i v e l y . Strains a and c 

have s imi lar pH optima, do not require choline 

chloride f o r growth and, when'cultured with 

Botryt i s a l l i i have no e f f e c t on i t s growth. Strains 

b and d have s imi lar pH optima, have a p a r t i a l 

requirement for chol ine chloride and wban cultured 

with Botryt i s a l l i i prevent i t s growth. During 
I lailĥ lli • •• •< liafĉ lllWH I<IP|*I I IK—Kl mil I •!. ^ 

the experiment on e f f e c t of pH on growth a s t r a i n 

change from d to b occurred, and during a germination 

experiment ^ s t ra in change from c to a occurred. 

However, a r t i f i c i a l inoculat ion experiments knd 

nursery data indicate s t r a i n b i s a l s o re la ted to 

s t r a i n c and s t r a i n a to s t r a i n b. A l l the s tra ins 

within the spec ies Herla l a r i c i s must be re la ted , 

but i t i s poss ib le tha^ certa in s t r a i n s are more 

nearly re lated than others . Hansen (1938 and 1942) 

and Hansen and Snyder (1945) working the problem 
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of heterocaryosis in Imperfect ! suggested 

that many of these show the 'dual phenomenon' . 

Within each spec ies of heterocaryot io fungus there 

are two d i s t i n c t homocaryotic genotopes, the M type 

with much mycelium and few oonidia and the 0 type 

with l i t t l e mycelium and many c o n i d i a . A great 

number of intermediates are p o s s i b l e amongst the 

heterocaryons (H and 0) as each can contain d i f f e r e n t 

proportions of the K and 0 n u c l e i . The M type i s very 

s tab le in culture and never reverted to the 0 type and 

both types remained true a f t e r passage through the 

host , ind ica t ing that M i s a true mutant of 0. Is i t 

poss ib le t o apply t h i s hypothesis to Keria? Examination 

of the data cer ta in ly revea l s the M type ( s t r a i n d) 

and pos s ib ly the 0 type ( s t r a i n c ) ; i t could be 

postulated that s t ra ins a and b are heterocaryons of 

h and G n u c l e i . Strains c and d remain s table in 

cul ture , except under abnormal condi t ions , and only 

s t ra ins a and b, the heterocaryons, change i n passage 

through the needle while c s t r a i n remained unaltered. 

Jinks (1952) found that simultaneous inoculat ion 

of a l i q u i d medium with spores of two homocaryons 

produced a greater dry weight of mycelium than e i ther 

homocaryon alone i n 80# of the experiments and suggested 

that t h i s improved growth was due to heterocaryon 

formation. This experiment was repeated using 
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mycel ial suspensions of the d i f f e r e n t s tra ins of 

r>ria in order to t e s t the dual phenomenon hypothesis , 

but the r e s u l t s were inconclusive as a l l mixed s t ra in 

cul tures , including the postulated heterocaryons, 

produced bet ter growth than e i ther of t h e i r s i n g l e 

s t r a i n s . Growth in p la te cul tures us ing d iscs of 

d i f f e r e n t s t r a i n mycelium placed c l o s e together was 

examined, but no hyphal fus ion between the d i f f e r e n t 

s t r a i n mycelia could be observed although i t was found 

that these fus ions wou).d occur between homocaryons 

(Ohristensen et a l . l 9 4 7 ) . I t i s therefore un l ike ly 

that the dual phenomenon can be appl i ed to Meria. 

I t would therefore appear t h a t these s tra ins are 

natural ly occurring var iants wi th in the spec ies heria 

l a r i c i s which i s a heterocaryot ic fungus. They occur 

both in culture and in nature where three are found in 

approximately equal numbers, showing l i t t l e pathological 

s i g n i f i c a n c e (although the b s t r a i n i s more v i r u l e n t ) . 

The s t r a i n s are interchangeable under cer ta in cultural 

condit ions and a lso during passage through the host . 

The phenotype of each s t r a i n could a r i s e as fo l lows: 

I f a s i n g l e nucleus carr ies a s i n g l e s t r a i n character-

i s t i c the r e l a t i v e numbers of d i f f e r e n t nuclei present 

in t h e mycelium would account for a part i cu lar s tra in 

phenotype. This ^henotype w i l l remain s t a b l e under 

normal cu&ural condit ions owin^ to hyphal anastomosis. 
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However, under extreme cu l tura l c o n d i t i o n s , a high pH 

or prolonged exposure to low temperature, an a l t e r a t i o n 

of the r e l a t i v e nuclear numbers w i t h i n the hyphae can 

occur. The n u c l e i exer t ing s t r a i n dominance may be 

adverse ly a f f e c t e d by the cond i t i ons aad f a i l to d iv ide 

or p o s s i b l y degenerate . Nuclei of a d i f f e r e n t s t r a i n , 

that can withstand the adverse c o n d i t i o n s , w i l l continue 

to d iv ide and very soon the i n f l u e n c e of these nuc l e i 

w i l l supersede that of the o r i g i n a l n u c l e i . When the 

mycelium i s cultured again, under normal condit ions , 

these other nuclei w i l l continue t o e x e r t t h e i r dominance 

and hence a permanent s t r a i n change occurs . This system 

could a l s o account f o r t h e temporary s t r a i n changes 

observed. Under l e s s extreme c u l t u r a l condit ions the 

o r i g i n a l s t r a i n n u c l e i cease t o e x e r t t h e i r i n f l u e n c e , 
of 

and another group/btrain nuc l e i i n f l u e n c e the phenotype, 

causing a d i f f e r e n t morphological appearance, but 

without an increase i n t h e i r number. r e - c u l t u r i n g 

under normal condi t ions the o r i g i n a l s t r a i n n u c l e i r e -

exert t h e i r dominant i n f l u e n c e and t h e culture rever t s 

to t h e o r i g i n a l phenotype. #hy then i s there not an 

unl imited number of var iants? I t i s probable tha t 

there are only a l i m i t e d number of nuc lear mixtures which 

g ive vigorous growth and sporu la t ion , both i n cul ture 

and with in the h o s t , and these w i l l t h e r e f o r e remain 

dominant. In f a c t , under i d e a l c u l t u r a l condi t ions , 
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other var iant s are found, although t h e s e can usua l ly 

be attached to a p a r t i c u l a r s t r a i n , bu^ these normally 

revert to a more d i s t i n c t phenotype af^^^ s e v e r l 

sub-cu l tur ings . Once i n monosporous cul ture the 

mycelium remained morphological ly constant , i . e . no 

s ec tor ing was observed, and t h e r e f o r e probably no 

mutations occurred. Another p o s s i b l e explanation of 

the phenotyptic behaviour of Meria is the mitotic 

recombination theory (Roper 1952) l e a d i n g to the 

parasezual cyc le (Pontecorvo 1956) which has been 

observed i n a few fungi i m p e r f e c t i . These workers have 

found that wi th in he terocaryot i c :mycelia some of the 

unlike haploid nuc l e i f u s e , a m i t o t i c crossover occurs 

a n d < # h a p l o i d i 8 a t i o n d i f f e r e n t c h a r a c t e r i s t i c s are found 

i n the haploid n u c l e i . However, observat ions of t h i s 

type of crossover are not p o s s i b l e i n Meria owing to the 

i m p o s s i b i l i t y of i s o l a t i n g and typ ing uninucleate hyphal 

segments. 

Cytoplasmic inher i tance (Pincham and Day 1963) must 

a l s o be considered as a th i rd explanat ion but again no 

evidence f o r t h i s phenomenon was observed during the 

current i n v e s t i g a t i o n . In f a c t , the observed behaviour 

of the fungus both i n cu l ture and i n nature can best be 

explained by the conventional h e t e r o c a r y o s i s theory 

out l ined a t f i r s t . 

Thetaxanomic p o s i t i o n of Keria , according to 

previous workers, has a lready been d i scussed i n the 
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introduction and l i t t l e further can be added. Meria 

i s an imperfect fungus, the spores being produced 

asezua l ly , and using the c l a s s i f i c a t i o n of Mason (1937) 

and Wakefield and Bisby (1941) of 8 l i a # spored and d^y 

spored groups, i t must be placed i n the slime spored 

group. C s t r a i n cultures prior t o cohidia l formation 

are dry but as soon as conidia l formation commences the 

surface of the mycelium becomes wet and sl imy, There 

appears to be l i t t l e reason there fore f o r a l t e r i n g the 

c l a s s i f i c a t i o n given by Olements and Shear (1934) -

Order: K o n i l i a l e s , Family: k o n i l i a c e a e - Macronemeae. 

Meria l a r i c i s . 

The d i sease 

I t i s apparent, from the introduct ion , that needle 

cast was more or l e s s confined to European larch and 

Western larch u n t i l 1946 when Robak (1945) reported i t s 

occurrence on Hybrid and Japanese l arch i n Norway. In 

Br i ta in outbreaks on these spec ie s were not reported 

u n t i l 1954 (Batko) but no explanation f o r sudden 

appearance of d isease on these previous ly immune spec i e s 

i s g iven. I t i s p o s s i b l e , however, that these spec ies 

were attacked in Bri ta in prior to 1954, but the attacks 

were very s l i g h t and not immediately not i ceab le . The 

weather condit ions during 1954 may have been such that 

an obvious i n f e c t i o n could e a s i l y be seen. 
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I t i s obvious both from a r t i f i c i a l inoculat ion 

experiments and. reported disease data that European 

larch i s the most suscept ib le larch s p e c i e s , Japanese 

larch i s the most r e s i s t a n t and Hybrid larch haB an 

intermediate s u s c e p t i b i l i t y , varying with conditions 

and parentage. Ebe reported severe attacks of 

Meria occur on European larch, with on^ exception, i t 

has the most reported disease at tacks and where t h i s 

spec ies i s grown together with other spee i e s the attack 

on European larch i s more severe. 

Disease symptoms appear e a r l i e r on European larch 

than the other two spec ie s i f a l l t h r e e are inoculated 

simultaneously, a f a c t a l so confirmed by the nursery 

da^a, and i t i s a l so evident that i n nurser ies growing 

other spec ies beside European larch Meria attack occurs 

by the European larch ac t ing as an inoculum source. 

Experiments to i n v e s t i g a t e the nature of the 

d i f f erence i n s u s c e p t i b i l i t y between the larch spec ies 

ind icate that both mycel ial growth and germination of 

Meria spores i s a f f ec t ed by an ex trac t of larch needles . 

Mycelial growth and germination of spores i s enhanced 

when t h i s extract i s added to non-nutrient media. 

However, t h i s enhancing e f f e c t i s grea ter when using 

European larch extractthan using Japanese larch extract , 

and t h i s could account f o r the res is tamce of Japanese 

larch. Spore germination i s promoted i n European larch 
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by ezosmoeis of substances onto"be need le surface 

and subsequent myce l ia l growth i n s i d e the needle i s 

a l s o increased. ^he d i s e a s e symptoms i n t h i s spec ie s 

w i l l there fore appear f a i r l y r a p i d l y , provided that 

the other condi t ions f o r i n f e c t i o n andig^wth are at 

t h e i r optima, and i n f e c t i o n is ev ident on European 

before Japanese l arch . The de lay i n appearance of 

d i s e a s e symptoms on Japanese larch may wel l be due to 

the smal ler e f f e c t that t h i s s p e c i e s has(Mi promoting 

germination and myce l ia l growth of the pathogen. ^he 

i d e n t i t y of the substance or substances having t h i s 

e f f e c t on Keria i s known, except th^^ i t appears 

to be water so lub le and thermostable , bMt i t i s p o s s i b l e 

that i t i s not present i n Japanese l a r c h i n such a 

l arge concentrat ion as i n European l a r c h , or that i t 

i s found i n Japanese l arch together witb an i n h i b i t o r 

which p a r t i a l l y n u l l i f i e s i t s e f f e c t . This explanat ion 

accords withthe balance hypothesis of paras i t i sm ( l ewi s 

1953) where r e s i s t a n c e or s u s c e p t i b i l i t y of a host can 

be explained by the f a c t that there are substances 

amongst the h o s t ' s metabol i tes a v a i l a b l e to the p a r a s i t e 

that may favour or hinder the p a r a s i t e s growth and tha t 

the kinds and concentrat ions of t h e s e metabol i t e s may 

vary as condit ions a l t e r . I t i s p o s s i b l e there fore 

that an i n h i b i t i n g metabol i te , p o s s i b l y a v i tamin or 

vi tamin complex, i s present i n Japanese larch cytoplasm 
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which a f f e c t s germination and growth of Meria and 

delays the appearance of disease symptoms. This 

metabol i te may a l so l i m i t the s e v e r i t y of the disease 

attack as there i s only a s ing le recorded severe attack 

on t h i s spec ies , the majority being s l i g h t at tacks . 

However, the balance hypothesis does rmt explain the 

confinement of Keria attack to European and Western 

larch u n t i l 1946. I t i s un l ike ly t h a t changes have 

occurred within Hybrid and Japanese l a r c h within the 

short period from 1953 (Peace and Holmes) and much 

more l i k e l y that phys io log ica l changes have occurred 

within the fungus, to g ive greater v i ru l ence , enabling 

i n f e c t i o n of the previous ly r e s i s t a n t larch spec ies to 

occur. I t i s a combination of t h e s e changes and t h e i r 

r e l a t i o n to the balance hypothesis tha t accounts for 

the present i n f e c t i v e a b i l i t y of Meria. 

I t has already been pointed out that the d i f f e r e n t 

s t r a i n s of Leria have l i t t l e pa tho log ica l s i g n i f i c a n c e 

apart from the f a c t that the b s t r a i n i s cer ta in ly the 

most v i r u l e n t . I t i s not pos s ib l e to corre late a 

part icu lar s t r a i n with a part icu lar larch spec ies or 

even a part icu lar geographical area and i t i s probable 

that most i n f e c t i o n s are a mixture of s t r a i n s and 

probably emanate from mixed inoculum sources . This 

i s obvious as passage through the t ree can a f f e c t the 

fungal s t r a i n . 
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Strain b has changed to s t r a i n c during passage 

through the needle, ind ica t ing a r e l a t i o n s h i p already 

shown during cu l tura l work, and from nursery data and 

i s o l a t i o n s from nature, s t r a i n s c and a are a l s o i n t e r -

changeable during passage through the host . Peace 

and Holmes mentioned that the b s t r a i n was most 

commonly i s o l a t e d from nature, but some of these 

cul tures are probably heterocaryot ic containing a 

mixture of b and c n u c l e i . 2heir r e s u l t s may be 

considered to be i n accordance with the f indings in 

the current work tnat b and c s t r a i n s taken together 

preponderate over the other s t r a i n s i s o l a t e d . 

No explanation for the greater v irulence of the 

b s t r a i n i s obvious from the c u l t u r a l work on the 

fungus, and i t may be that the balance hypothesis 

used to explain the s u s c e p t i b i l i t y of European larch 

to Heria attack a l so o f f e r s an explanation for t h i s 

phenomenon. 

PATHOGBNIOIYY AND BPIPaMIOlOGY 

Various condit ions must be f u l f i l l e d before Keria 

attack can occur. Prom a r t i f i c i a l inoculat ion 

experiments and s tudies on spore germination the two 

most important are humidity and temperature. The spores 

only germinate at a r e l a t i v e humidity above 95% a&d 

t h i s i s obviously the l i m i t i n g f a c t o r under natural 
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condit ions; a period of at l e a s t f o r t y - e i g h t hours 

of t h i s percentage humidity i s necessary as the spores 

germinate very s lowly. I f the humidity conditions 

are f u l f i l l e d then the temperature becomes the l i m i t i n g 

fac tor but only in connection with the date of appearance 

of the d i sease symptoms as germination of spores can 

occur at a l l temperatures between 0° - 25°C. A Meria 

outbreak w i l l occur two weeks a f t r a for ty -e igh t hour-

period when tLe humidity i s above 90^ provided that the 

temperature does not drop below 10°0 during t h i s period. 

I f the temperature drops below 10°0 f o r more th-n hal f 

the period a f t e r the i n f e c t i o n date d i sease symptoms 

are not v i s i b l e for three weeks. 

Spores are formed a l s o under high humidity 

condit ions and between temperatures of 10° - 25°0. 

As the fungus grows slowly at 0°C i t can poss ib ly 

withstand f r o s t , survive the winter i n the shed needles 

on the ground and those s t i l l adhering to or trapped 

in the t r e e . On the onset of warmer weather, together 

with the correct humidity requirements spores are 

produced and re leased. 

No observations have been made on the method of 

spore re l ease by any of the previous workers but i t i s 

poss ib le that one spore i s pushed o f f the sterigma by 

the formation of a second spore underneath. Rain 

splash could a l so account f o r spore r e l e a s e both from 
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the ahed needles and the l i v i n g i:nfeoted needles 

occurring l a t e r i n the season. 

The spores are dispersedby t h e wind and i n f e c t i o n 

of uninfected t r e e s can occur up t o 50 yards from an 

i n f e c t e d p l o t . I t i s l i k e l y , however,' that as Meria 

i s a s l imey spored fungus the i n i t i a l i n f e c t i o n from a 

shed needle on the ground w i l l be r e s t r i c t e d to a much 

shorter range as the spores w i l l t end to clump together 

and s t i c k to the needle surface igiving a heavier spore 

mass to be moved. 

The spores w i l l germinate on reaching a larch 

needle sur face , provided the temperature and humidity 

condit ions are f u l f i l l e d , and be germ tube w i l l enter 

through t h e stomatal pore. The inycelium grows i n t e r -

c e l l u l a r l y and d i s e a s e symptoms w i l l eventua l ly become 

v i s i b l e , the time lapse depending on the temperature. 

Spores produced from the l i v i n g n e e d l e s have a b e t t e r 

chance of f u r t h e r d i s p e r s a l as they are already up to 

two f e e t from the ground, as u s u a l l y the top shoots of 

the t r e e s are i n f e c t e d . 

I t has been p o s s i b l e to Revise a f o r e c a s t i n g system 

to a n t i c i p a t e Meria a t tack , based on th^ Beaumont system 

f o r Potato b l i g h t . The critical period, when i n f e c t i o n 

i s l i k e l y to occur i f inoculum i s present in the a i r , is 

a Stevenson screen humidity of over 30fo and a 
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temperature over 10°0, continuously f c ^ for ty -e ight houre, 

And there are two near c r i t i c a l per iods with the same 

humidity c r i t e r i o n but d i f f e r e n t temperature require-

ments. Analysis of twenty reported Meria attacks using 

t h i s system showed that s i x t e e n occurred a f t e r c r i t i c a l 

or near c r i t i c a l periods i n s p i t e of the poss ib le 

discrepancies betweenthe weather condi t ions at the 

nursery and the synoptic weather s t a t i o n s from which 

the weather dsta was obtained. I t i s poss ible thet with 

continuous annual records of d i sease behaviour from 

the nurseries t h i s system could be cade more s p e c i f i c . 

The spraying techniques Revised by Peace and 

Holmes can now be used only at the onset of c r i t i c a l 

or near c r u t i c a l periods to prevent the spread of 

the d i s e a s e . 

vwin^ to tLe d is tance that k e r i a i n f e c t i o n has been 

reported to travel from in fec ted to uninfected beds, the 

prophylactic measure of transplant ing previously 

in fec ted seedl ings some distance away from uninfected 

beds i s of doubtful v i l u e unless the beds are at l e a s t 

100 yards apart. I t i s impracticable to burn the shed 

in fec ted needles , but care must be taken during 

transplant ing to remove a l l needles lodged in the branches 

as these w i l l supply an inoculum source in the fo l lowing 

spring. 

P r a c t i c a l l y nothing i s known of the i n f e c t i o n 
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of larches other than seed l ings . Oursory examination 

of older larch t r e e s , scattered throughout the country, 

in or out of p lantat ions o f ten revea l Meria i n f e c t i o n . 

This i s only v i s i b l e on f a i r l y c a r e f u l shoot examination 

and in no way a f f e c t s the heal th of the t r e e . However, 

these in fec ted t rees must act as inoculum sources for 

nursery i n f e c t i o n and i t i s obviously necessary to 

i n v e s t i g a t e t h i s e f f e c t in r e l a t i o n to s p e c i f i c 

nurseries before the f i n a l pattern of the epidemiology 

of Heria can be ascertained. 



BIBIilO&RAPHY 

1. Al'TDBuS, O.P. (1941) Preparation of inooiilum 
with a mechanical l i q u i f i e r . Phytopathology 
31 6, $06-567. 

2. SAllAAOB, P.B. (1959) U n i v e r s i t y of Southampton 
Ph.D t h e s i s . 

3. 8 . (1955) Keria l a r i c i s on Japanese and 
Hybrid larch i n B r i t a i n . Trans. B r i t . Lycol . 80c. 
39 (1) 13-16. 

4. BiiUDISOH P. (1903) iDIotizen ilber Septoria p a r a s i t i c a , 
Pusoma g i n i , und A l l e s c h e r i a l a r i c i s . Oentralbl . 
f . d. ^eeamte Forstwesen x z i x . 46I. 

5. BROUN, W. (1923) Experiments on th^ growth of fungi 
on cul ture media. Ann. Bot. 37, 105. 

6. BUBEEOlJjjjA, P.R. and SINOiDT, ]3.W. (1945) 
Morphogenesis of fungus c o l o n i e s i n submerged shaken 
c u l t u r e s . Amer. J . Bot. ^2 424-431. 

7. BUEGBS; A. (1955) Problems a e s o o i a t e d with the 
s p e c i e s concept in Mycology. Spec i e s s t u d i e s i n 
B r i t , f l o r a . 

8 . 01AY2UH, O.N. (1942) The germination of fungus 
spores i n r e l a t i o n to c o n t r o l l e d humidity. 
Phytopathology ^2 921-943. 

9. ? .E . and BKBAR, 0 . 1 . (1931) The &enera 
of f u n g i . 

10. OOOHRAKE, 7.W. (1958) Physio logy of the Fungi. 
Wiley & Sons, New York. 

11. 0HRI8TdN5%N, O.k. (1947) e t . a l . Variat ion i n 
phytopathogenic f u n g i . Ann. Rev. Microbiol . 1 6I-84. 

12. DODBZll, 0HR18TBE83a, J . J . (1923) Variat ions i n 
l eng th of spores of HelTninthosporium sativum under 
d i f f e r e n t condi t ions of growth. Phytopathology 13. 50 

13. DR^SOHIBR, 0. (1941) Some Hyphomycetes p a r a s i t i c on 
f r e e - l i v i n g t e r r i c o l o u s nematodes. 
Phytopathology 773-801. 



14. EHELlGH, J. (1942) Recently a c t i v e d iseases of 
woody plants in Idaho. Plant D i s . Reptr. 26 (18) 
391-393. 

15. PINOHaM, J .R.8 . AED DAY, (1963) Genetics. 
Botanical Monograph ^ Blackwell , Oxfofd. 

16. ?IORI, A. (1912) I I Seccume d e g l i Aghi d^l l a r i c e 
causato da Oladosporium l a r i c i s Sacc. e Keria l a r i c i s 
V u i l l . Bul l . 80c. Bot. I t a l . 307. 

17. PRIB8, N. ( 1 9 4 8 ) The n u t r i t i o n of fungi from aspect 
of growth fac tor requirements. Trans. Br i t . Kycol. 
80c. 20 118-134. 

18. GOTTLIEB (1950) The Physiology of spore germination 
in Pungi. Bot. Rev. 16 229-258. 

1 9 . HANSEN, H.N. ( 1 9 3 8 ) The Dual Phenomenon in 
Imperfect Pungi. Kycologia ^0 442-455. 

20. HA B̂EK, H.K. and 8HYDEA, W.O. (1943) The dual 
phenomenon and sex in Hypomyces s o l a n i f . cucurbitae. 
Amer. J. Bot. 20 419-422. 

21. HARTIG; R. (1899) Due l&rchennadelbr&une erzeugt 
durch Al lescher ia l a r i c i s n . s p . Oentralbl. f . d. 
gesammte Porstweseh, 2^ 423. 

22. HAWICBR, li.E. (1957) The Physiology of Reproduction 
i n Pungi. Cambridge Kohographs i n Experimental 
Biology No.6 O.U.P. 

23. HIIEY, W.E. ( 1 9 2 0 ) The Pungal Diseases of Oommon 
larch. Clarendon Press . Oxford. 

2 4 . HIIET, W.E. ( 1 9 2 1 ) The larch need le - cas t fungus. 
Heria Lario is V u i l l . Quart. Jour. Forestry 1^ 57-62. 

25. HIR8T, J.K. and STEADKAN, O.J. (1956). The e f f e c t 
of height of observation in f o r e c a s t i n g Potato Bl ight 
by Beaumont's method. Plant Path. 2 4 135-140. 

26. HUEB80HMAH; 0. (1952) hethod of varying the average 
number of np.clei in conidia of Neurospora crassa. 
Kycologia 599-604. 

27. JINKB, J . l . ( 1 9 5 2 ) Heterokaryosis: a system of 
adaptation i n wild Proc. Roy. 80c. &ond. B I40 
83-99. ' 



28. JUHAKN (1923) Inf luence of temperature on 
morphology of Pasarium spores . Phytopathology 15 51. 

29. J0H8TAD, I . ( 1 9 2 5 ) Norske skogsykdommer. 1. Na le tre -
sykdommer bevirket av Eustsopper, Ascomyoeter og 
Pungi Imperfeoti . Kedd. Horske Skogfors^ksvesen. 

30. l a RHB, O.D. ( I 9 2 Q ) I s o l a t i n g Single Spores. 
Bot. Gaz. 20 519-520. 

51. ^ lANG-KBR, W. (1952) Reziprok unterschiedl iches 
Verhalten von l&rohen bastarden gegen eine Eadelerkran 
kung ( D i f f e r e n t i a l behaviour of larch reciprocal 
hybrids towards a needle d i s e a s e ) . Zeitschr. 
Porstgenet . 1^ 78-81. 

52. lAR&a, E.G. (1955) Petatd b l i g h t forecast ing 
i n v e s t i g a t i o n in England and Wales 1950-1952. 
Plant . Path. London ^ 1 

55. 1BWI8, R.W. (1955) An out l ine of the balance 
hypothesis of parasit ism. Amer.Naturalist 8%. 257-281 

5 4 . IIEDAU, G. ( 1 9 1 0 ) Dr. 1 . Eabenhorst's Eryptogamen 
Flora von Deutschland, Oesterreich und der Schweiz. 
Band 1, i x 744. 

55. KAWON; (1955 and 1957) Mycol.Papers. O.k. l Eos.5 & 4. 

56. KcOAllAF, 8.E.A. and WIIOOXON, P. (1952). The 
prec i s ion of spore g e m i n a t i o n t e s t s . Oontr. Boyce 
Thompson Ins t . 4 255-245. 

57. KcOAllAN, 8 .3 .A. and WIIOOXOE. P. (1959). An ana lys i s 
of f ac tors causing var ia t ion i n spore germination 
t e s t e of fung ic ides . 1. Kethods of obtaining spores. 
Oontr. Boyce Thompson Ins t . 11 5-20. 

58. MER, E. (1895) Une Nouvelle ^a lad ie des P e u i l l e s 
de Neleze. Oomptes Rendus, c x z i 964. 

59. ORlOb; H. ( 1 9 5 1 ) Przewodnik do oznaczania chor6b 
drzew i zn i l i zny drewna. Warezawa. 

40. PEACE, 2.R. and KOlWEb; C.H. (1955) Meria l a r i c i s 
the l e a f Oast Disease of l arch . Oxford Forestry 
Memoirs No.15. 



41. PLaXIDAB; A.G. (1948) a convenient method for 
i s o l a t i n g elow-growing pathogenic fungi from plant 
t i s s u e s . Phytopathology ^8 11 921-923. 

42. M. Elizabeth (1936). A comparative study 
of conldia l formation in Oepholosporium and some 
re la ted Hyphomycetes. Ann. Mo. Bot. Gdn. 2^ 1-68.^ 

43. PONYBCORVO; G. (1956) The paraaexual cycle in f u n g i . 
Ann. Rev. Kicrobiol . 10. 393. 

44. POMTBCORVO, G., ROPBR, J.A. and PuRBES, B. (1953) 
Genetic Recombination without sexual reproduction i n 
Aspergi l lus n iger . J . Gen. Microbiology. 8 198-210. 

45. PR33G3, T.P. and SLITH, O.P. (1961) Apple Scab 
I n f e c t i o n Weather in England and Wales 1956-60. 
Plant Path, 10 2 43-51. 

46.. PRIOHODA, A. (1954) Sypavka modrinu zp&8oben& houbou 
Meria l a r i c i s V u i l l . , l e sn ick^ Pr&ce. 33 8 364-368. 

47. REB8, H. and JINKS, J. (1952) Technique f o r the 
observation of nucle i in fungal hyphae. » 
Proc. Roy. 8oc. 140 100-106. 

48. ROBAK, H: (1946) Tre skogsykdommer som h i t t i l har 
vaert l i t e Ejent e l l e r paaktet i Horge.. (Three 
f o r e s t d i seases which have h i ther to been l i t t l e known 
or heeded i n Norway). Tidsskr. Skogbr. 10-11 323-334. 

49. ROPBRi J.A. (1952) Production of heterozygous 
d ip lo ids in fi lamentous fungi . Bxperimentia 8 I 4 . 

50. 8A0CARD0, P.A. and 8YD0V, P. (1899) . 
Syllo^^ Pun^orua x iv 464. 
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