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CHAPTER I
INTRODUCTION

Lophodermium pinastri(Schrader ex Fries)Chevalier has for years
It

been considered the causal agent of the juvenile disease or Schutte
of Scots pine(Pinus sylvestris L.) in Europe.

European literature,
»

however, does not define parasitism of L. pinastri.

The experiments

of Haack, Prantl, Meyr, von Tubeuf and other early investigators
have been the proof of parasitism cited in European literature.

Yet,

these investigators working 75 to 100 years ago, did not conduct
controlled experiments with all factors other than ^ pinastri ex¬
cluded.

To date, definitive infection experiments have not proven

undeniable involvement of ^ pinastri as a pathogen in this disease
complex in Europe nor on eastern white pine(Pinus strobus L.) in
North America.

The objectives of the experiments reported here are

to evaluate more critically the pathogenic potentials of fhis organism
on P. strobus and P_^ sylvestris and to correlate its development in
the needle tissues with any detectable changes in the needles.
L. pinastri produces its fruiting bodies on the fallen needles
and the dead portions of live needles of the Scots pine, the eastern
white pine, and on pines generally in humid climates throughout the
world.

Because of the constant association of these fruiting bodies

with the dead needles and the presence of the mycelium of this fungus
in the dead needles as well as in necrotic spots on living needles,
L. pinastri has long been presumed to be the cause of the needle cast
ti

disease of Scots pine in Europe known generally as Schutte or Skytte.
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Just after 1900 ^erican foresters became concerned over a similar
disease occurring on many pine species but predominantly on the eastern
white pine.

Needle blight of eastern white pine causes a blighting of

needle tips while the green portions are profusely spotted.

Fruiting

bodies of L. pinastri are frequently seen on the blighted or dead
portions of needles.

American foresters were quick to attribute this

disease to L. pinastri, the same causal agent the Europeans blame for
•I

Schutte disease of Scots pine.

3

CHAPTER II
LITERATURE REVIEW

Historical; The disease in Europe,

Experimental work on the

It

Schutte disease of Scots pine began in Germany during the early years
of plant and forest pathology.

Robert Hartig and his associates were

the leaders of the new discipline of forest pathology and began reit

II

search on Schutte in the 1870*s.

Early workers on the Schutte

disease were all students or colleagues of Hartig; he no doubt in¬
fluenced their work considerably.
It

Schutte disease of Scots pine is most destructive on nursery
stock and plantation trees in their early years.
may appear on needles after "infection".

A variety of symptoms

Prantl(42) described the

first discemable symptoms as numerous yellow spots found in early
July.

A later symptom described by Haack(27) was a red brown color

which first appeared at the needle tip, in late September and slowly
increased during the winter, then rapidly affected all needles.
diseased needles fell in the spring.

These

Lagerberg(34) described these

symptoms as developing still later in Sweden i.e. as foliage turning
brownish-red shortly after the melting of the snows with the leaves
then drying up and later dropping off.
Proof of pathogenicity of L. pinastri on Scots pine in Europe
is attributed to early research by German foresters.

Prantl(42) was

one of the earliest to perform infection experiments with
on P. sylvestris.

pinastri

Microscopic examination revealed the fungus in

isolated yellow Spots in needles of diseased Scots pine throughout

4

Germany.

Apothecia-bearing needles were tied in bundles to the young

pines or sprinkled on the ground in the nursery.

In every trial,

needles of seedlings became covered with yellow spots by early July,
turned red-brown by winter, eventually turned brown and fell pre¬
maturely .
Mayr(38) performed more exacting infection experiments by
placing cold frames over Scots pine seedlings as soon as they emerged
in his Bavarian nursery,

Apothecia-bearing needles were spread on

the ground inside these cold frames.

By August, seedlings in the cold

frames were already clearly spotted and by September they were almost
completely red.
healthy.

Seedlings outside the cold frames remained green and

The disease did not spread to the control seedlings until

the cold frames were removed.
Mayr(38) described the experiments of Tursky which he saw while
in Russia.

Tursky set up beds of 5-6 year old Scots pines about one

meter in height and then seeded Scots pines in between.

Part of the

Scots pine quadrants were covered with infected needles; part were
left without a needle covering.

The Scots pine in the quadrants covered

with infected needles became red by September 21, and died that year;
the uncovered beds remained green but died the following year from
needle cast.
Haack^T) also sprinkled apothecia-bearing needles on some
plants on June 15, July 15, August 15, September 15 and October 15.
By the following March those plants infected June 15 and July 15 were
totally red,/those of August 15 only half red, and those of September 15
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had only a few red needles.
place from July to August.

This llaack stated, proved infection takes
Haack came to the conclusion that L. pina-

stri is a parasite, but one adapted to growth only on needles of
limited vitality.
Researchers in Germany did not all obtain positive results with
their infection experiments with L. pinastri.

Thus, serious doubt that

L. pinastri was the actual cause of the observed symptoms can be ac¬
knowledged.

Mechanical inoculations on young pine needles with fungus

mycelium by von Tubeuf(55) failed to cause infection.

Tying dead pine

needles with aerial mycelium of L. pinastri growing over them to
seedlings, and also placing young shoots into flasks of the fungus in
culture failed to cause infection.
II

Microscopic observations of Schutte in the European literature
are limited, and where they do exist are not clearly related to symptom
development or needle conditions.

Haack(27)

found that the initial

spread of the fungus was entirely in the intercellular spaces.

He

described the fungus as running the length of the resin canals and
recoiling from the endoderrais until heavy infection occurred.

The

vascular strand was only penetrated after the needle was heavily infected.
Jones(31)

observed mycelium on the surface of the needle and

entering through stomata.

Once inside,it formed a vesicle and produced

numerous hyphae which coiled around and filled the sub-stomatal cavity.
Mycelium entered the raesophyll tissue causing rapid disintegration.
After it crossed the endodermis it took the shortest route to the
phloem.

In his drawings, Jones illustrated hyphae throughout the
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mesophyll and transfusion tissues in significant quantities.

He did

not,however, relate this production of mycelium to infection, symptom
development, or fruiting body formation while the needles were green
or after needle abscission.

Jones only implied that there was a

relationship between developing symptoms and fungus invasion of the
tissue.
The disease in North America.

The first literature on needle

blight in the United States was primarily limited to accounts of gross
features of diseased trees, as well as individual needle symptoms.
Clinton(13), the first to report needle blight in the United States,
described white pine in Connecticut with undersized needles blighted
for up to 1/2 their length.

Clinton(14) reported this blight as some¬

times accompanied by an inconspicuous yellowish spotting.

Brooks(11)

noted the disease as causing a uniform browning of needles advancing
from the tip with the green portions covered with these yellow spots.
These symptoms were eventually observed throughout the range of
the eastern white pine, but first reports of the disease were from the
New England region.

Dana(20) reported blight of white pine as oc¬

curring throughout New England, New York, New Jersey, and Pennsylvania.
He recorded necrosis starting from the tip of young needles as the most
common symptom.
Numerous descriptive names have been given to foliar damage of
eastern white pine.

In the early literature nearly every investigator

had a new name for this disease.

As mentioned, Clinton(i4) and Dana(20)

used the term "blight", and Stone(52) used "sun scorch" to describe
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needle damage.

Burns (12) used ”tip-bum" to describe the rapid

searing and dying of needles of seedlings in the Vermont state nur¬
sery, which he attributed to high velocity wind.

Kimball(33) coined

the term "short needle" and Swingle(53) used "chlorotic dwarf",
'T4eedle blight", the most commonly used term, was defined by Spaulding
and Hansborough(49) as occurring when needles reach full length.

It

was described as occurring after prolonged periods of cloudy, moist
weather followed by hot, dry days.

Linzon(35) described needle blight

symptoms of premature defoliation, small leaves and twigs, reduced
growth in height and diameter, and poorly developed root systems.
Many investigators studied the possibility that the problem was
environmental; that improper water relations might be the cause of
this disease.

Stone(52) noted that the blighting is usually confined

to the apical portion of the needle, seldom extending to the base.
He theorized that it was due to the removal of water vapor from the
needles in excess of the water supplied by the roots.

Spaulding(47)

noted that blighted needles may be of normal length or dwarfed and
that all ages of trees may become infected.

He further noted that

the disease could not be due to drought as some trees growing right
next to a reservoir which had not been empty for 15 years showed
symptoms of needle blight.

Baldwin(1) found that the disease was

not limited to dry growing sites but that symptoms did seem to inten¬
sify on them.

He found a high incidence of needle blight during wet

summers in New Hampshire.
Linzon(35) described injury of unknown origin to semimature-

8

needle tissue where he failed to find fungi present.

Several ap¬

parently saprophytic fungi later invaded killed leaf apices.

Linzon

(36) described the blighting of needle tips as having its incidence
in semimature-tissue and spreading distally to the mature tissue.
Research implicating air pollutants in this foliar disease has
been appearing with increasing regularity.

Berry and Hepting(7) were

unable to isolate a fungus from blighted white pines in the vicinity
of the big fossil-fuel electrical generating plant of the T.V.A. at
Kingston on the Cumberland Plateau of Tennessee.

Fertilizer appli¬

cation to diseased trees had no effect on the presence of tipbum.
When affected pines were transplanted out of this region, all trees
recovered.

Trees which were replanted in this region then suffered

a recurrence of disease symptoms, which included premature shedding
of older needles and yellowing and browning of the distal parts of
current needles.

They reported that this blight of white j)ine was

due to long, low-level fumigation with unidentified gas or gases.
Considerable variation in response to the causal agent or agents
exists between individual white pine specimens,

Spaulding(47) ob¬

served that healthy trees often have their branches interlaced with
trees which were affected by needle blight, yet there was no visible
contamination of these healthy trees.

Berry(6) grafted healthy

scions to understock on which needle blight symptoms were present.
Scions with needle blight symptoms were also grafted to healthy
understock.

The scion always maintained the same needle character¬

istics as the parent from which it was taken.

This evidence

9

coupled with needle blight symptoms after exposure to high ozone
fumigation as well as total recovery when the seedlings were trans¬
planted out of the Marlinton, West Virginia area demonstrated to
Berry that the causal agent was atmospheric and environmental in nature.
Further proof that atmospheric constituents were the cause of
at least some of this pathology came from removal of some pollutants
as well as exposure to known concentrations of pollutants.

Dochinger

et al(22) found that P. strobus trees suffering from chlorotic dwarf
showed remarkable recovery in chambers provided with activated charcoal
filters.

No mottling appeared on current needles for 2 years and pre¬

mature loss of older needles was arrested.

Banfield(4) exposed young

eastern white pine to continuous ozone fumigation with concentrations
at 18 pphm(parts per hundred million) for more than three days.
Needle spot symptoms of these trees were similar to those thought
to be due to Lophodermium damage.

Jaeger and Banfield(30) have shown

synergism of sulfur dioxide and ozone on white pine.

At 5 pphm 0^ or

SO2 separately for 10 days or more, little or no needle damage occurred,
but together at the same concentrations for the same length of time
all seedlings were severely spotted.
Investigations of pathogenicity.
pines throughout the world,

L. pinastri exists on numerous

Darker(21) reported it on 21 species of

pine in 11 states of the United States as well as Europe, Africa,
Asia, and Oceania.

Boyce(8,9) stated that

pinastri occurred on

26 species of pine including all pines growing in the South.
reported it on all species of pine in the Australian arboreta.

Stahl(50)
He
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observed though, that it was of minor importance in areas where rain¬
fall was less than 35 inches per year.

Stambaugh(51) described L.

pinastri as the most widespread needle cast fungus in Pennsylvania.
He said his field observations and pathogenicity tests provided
reasonable evidence of its saprophytic character but he did not give
any data to support this conclusion.
Zycha and Costonis(56) found that only highly weakened needles
were susceptible to infection by

pinastri.

Reindl(44) reported

that attack of young pines by L. pinastri is conditioned in all
habitats by distance of the needles from the soil surface.
Numerous investigators have associated L. pinastri with symptoms
they have found on eastern white pine as well as other pine species.
Spaulding(48) noted L. pinastri on Norway pine(P. resinosa) in the
nurseries of Massachusetts in 1930.

It appeared after heavy frosts in

October; green needles became dull in color and appeared d^ry.
Pycnidia formed in spring on dead spots and needle tips.
Reid(43) described a chlorosis of white pine needles in the
Sudbury district of Canada.
tantly was L. pinastri.

The only organism he could find consis-

Fruiting bodies were evident on fallen as

well as attached, dead needles.

Stahl(50) described the first symptoms

in Australia of ^ pinastri infection as minute light-green or white
spots with no sharp delimitation.
Banfield(2) described symptoms of Lophodermium needle cast as
yellow to orange spots, finally becoming brown.

They may appear within

10 days of exposure in June, or they may not show up until late in the
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succeeding winter.

Banfield(3) was able to keep new needles from

becoming spotted for two years by enclosing branches inside polyethy¬
lene bags.

Needles outside the bags became continuously spotted and

fell prematurely.

Plants grown in greenhouses with only filtered

air also developed no spots.

Seedlings exposed to an abundant

Lophodermium ascospore discharge in a mist chamber developed numerous
spot infections.

Banfield and Costonis(17) found mycelium present

in the minute yellow to red-orange lesions at the earliest sign of
spot development.

Spot frequency was reduced on new needles from

15 per needle of unsprayed control to 6 per needle when various fungi¬
cides including Cyprex were sprayed at two-week intervals from June 5
to August 15.
Infection attempts with ^ pinastri on white pine and other pine
species have also been made in the United States and Canada.

Although

most failed to produce infection, reports of losses in plantations
and nurseries attributed to

pinastri infection in the United States

are still appearing in the literature.

Darker(21) was one of the

early workers to attempt infection experiments with L. pinastri and
other members of the Hypodermataceae.

He worked on Bear Island, in

Lake Timagami some 60 miles down wind from the huge copper smelters at
Sudbury, Ontario.

He kept diseased twigs in moist chambers until

ascospores were discharging freely.
healthy needles.

Inoculum was tied above and below

The healthy branch was left on the plant and slipped

into a celluloid cylinder plugged on each end with moist sphagnum moss.
The- inoculum was left for several days before its removal.

Spore
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suspensions in water were sprayed on other plants.
inoculations were performed with
success.

In all, 40

pinastri on pine species without

Th'^se same procedures proved successful in producing in¬

fection with other members of the Hypodermataceae.
Boyce(8) conducted infection experiments with

pinastri on

loblolly pine(P. taeda), slash pineCP. caribaea), pond pine(P. rigida
serotina), shortleaf pineCP. echinata), and longleaf pine(P. palustris)
seedlings.

He sprayed seedlings with spore suspensions and tied apothe-

cia-bearing needles on branches of others.

He was unable to obtain

infection on any plants whether inoculated indoors or outside.

Linzon

(37) found no mycelium in newly blighted semimature-tissue by both
cultural and histological analyses.

He too found no symptom formation

when he inoculated white pine seedlings with

pinastri by atomizer

or by tying needles to branches.
Detached white pine needles have been infected with

pinastri.

Although Costonis(16) was able to cause infection of detached white
pine needles with L. pinastri spores, he believed that needle blight
in New York was caused by ozone.

Costonis and Sinclair(18) isolated

L. pinastri from up to 1,8% of first-year, field-collected needles.
Detached needles inoculated with ascospores produced spreading chlorotic
to necrotic lesions characterizing the late stages of pathogenicity.
Symptoms were not observed on attached needles from which the fungus
was often isolated in the absence of any visible symptoms,

Costonis,

Sinclair and Zycha(19) obtained infection of 11 of 80 detached needles
and 135 of 245 detached needles which were exposed to an ascospore
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shower in a culture dish.

The needle tissue beneath the spore often

but not always developed a yellow-brown discoloration.
Reports of L. pinastri damage to pines in recent years has been
limited mostly the the Lake States area on species other than white
pine.

Nicholls and Skilling(39) described serious damage to P. resinosa

and P. sylvestris seedlings in several Lake States forest nurseries
in 1966.

L. pinastri was isolated consistantly from these needles but

no infection attempts were made.

IVhite pine were not affected.

Skilling and Nicholls (46) reported 40% of Scots pine in Cass County,
Michigan were heavily infected with L. pinastri.

This statistic was

obtained as a result of cultural isolates from needle lesions.

Symp¬

toms were spots with brown centers and yellow margins appearing in
early spring.

The needles began yellowing and turning brown in April-

June with subsequent needle fall.
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CHAPTER III
?4ATERIALS AND METHODS

Plant Materials

Selection and culture.

P. strobus seedlings utilized in these

experiments were selected from nursery seed beds because of their
*

abundant needle spotting and blighting,
mostly without symptoms.

*

P, sylvestris seedlings were

They were potted in one gallon cans, each

with four drainage holes.
Procedure for prevention of contamination by other agencies.

The

seedlings were grown in an unheated greenhouse(Fig. 1) covered with
8 mil vinyl plastic^.

A large fan(Fig. 2) with a thermostatic control

kept the temperature from building up excessively during the summer.
Air entering the greenhouse was filtered through activated charcoal
filters

2

to remove air pollutants and airborne spores.

The seedlings

were grown in the filtered-air greenhouse 1 to 3 years before they
were used for experimental purposes.

Needles which formed on these

seedlings after they were placed in the greenhouse were virtually
blemish-free.

Survey for Lophodermium pinastri on Pinus strobus

Nursery beds, plantations and closed stands.

Nursery beds,

plantations and closed stands were examined for the presence of
fruiting bodies of L. pinastri on fallen needles as well as attached
dead needles or dead portions of green needles.___
^Eskay-lite
^Manufactured by the Bamebey-Cheney Manufacturing Company,

Fig. 1, Greenhouse with air filtered through activated charcoal
filters, in which seedlings were grown.

2, Inside of greenhouse with seedlings, thermostatic control,
and fan with activated charcoal filter behind it.
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Isolated specimens.

Isolated specimens of eastern white pine

were examined in August 1972 for blemished foliage, and the presence
of fruiting bodies on fallen needles.

Xew and one-year-old needles

%rere cultured to determine if L. pinastri was present.

Needles from

isolated trees were utilized to lessen the possibility of wind-blown
needles from other trees contaminating the litter.

Isolation, Culture, and Identification of L. pinastri

Needles were surface-sterilized in 0.525^ sodium hypochlorite
(10% Chlorox) for ninety seconds, aseptically cut into 1-2 cm lengths,
transferred to petri dishes(Fig. 4) of 2% malt agar and incubated for
approximately 20-28 days at 22 C.

Each sample was plated in three

petri dishes, totalling 50 to 60 needle segments per sample.
The mycelium which grew from the cut ends of the needles was a
slow-growing white inycelium(Zycha and Costonis(55) estimated the rate
of growth at 0.5 mm per day).

In about 20-28 days these cultures

formed black pycnidia in which bacilliform conidia approximately 7 x
0.5 microns were formed.

Since apothecia did not form on any cultures,

the conidia were used for identification purposes.
Identification could also be made by incubating fallen needles
in a moist atmosphere until the black, elliptical(approximately
1.0

X

0.5 mm) apothecia formed.

The apothecia were usually sub-

epidemal but also occurred subcuticularly.

The asci contain 8

ascospores which were thread-like and approximately 120 x 1.5 microns.
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Infection Techniques

Exposure to ascospores in mist chambers.

Two wood-frame infection

chambers (Fig. 3), approximately 3 x 4 x 4 ft, covered with 8 mil vinyl
3
plastic

were placed in a shady area which received direct sunlight for

less than one hour per day.

Soil was mounded around the base of the

chambers to make them airtight.

Each chamber was supplied with five

mist nozzles fitted on copper tubing for maintenance of high humidity.
Potted blight-susceptible seedlings grown in a filtered-air green¬
house were exposed to ascospores of ^ pinastri in these sealed mist
chambers.

All seedlings were examined before use with a lOX hand lens

and determined to be free of foliar damage, except where noted.

Fallen

white pine needles with abundant, mature apothecia of L. pinastri were
collected in July-August of 1969, 1971, and 1972 from the Amherst
watershed area in Shutesbury, Massachusetts.

In each year except 1969,

part of the inoculum was sterilized for use in the control chamber.
The needles of the 1971 control group were boiled for 30 minutes; in
the 1972 control they were autoclaved for 20 minutes at 15 lbs. steam
pressure.

Each lot of inoculum was divided into two parts.

While one

portion was drying in the sun, the second was utilized in the chamber.
On days the inoculum was not changed, the doors of the chambers re¬
mained sealed.
Inoculum was placed approximately 1 1/2 to 2 inches deep between
the pots and also sprinkled on the foliage of the seedlings.

To

determine spore concentrations, a microscope slide was placed on the

•^Eskay-lite

Fig. 3. One of mist chambers used in infection experiments; here
shown open with seedlings inside.

Fig. 4. Petri plate with L. pinastri growing from surface-sterilized
P. strobus needle segments on malt agar after about 20 days.
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needle carpet, and a six inch metal disc was fastened on a stake
horizontally six inches over the slide to protect it from mist.

The

mist was turned on for two minutes or longer each day to moisten
inoculum and seedling

needles and to maintain high humidity.

Four such infection experiments were conducted during the summers
of 1969, 1971, and 1972.

The first experiment in July of 1969 ran

for 39 days while the second experiment in August of 1971 ran

55

days.

P. sylvestris seedlings were also added in the two infection experi¬
ments conducted during the summer of 1972.

Experiment one ran for 13

days in July and used 3 groups of P. strobus seedlings.
group of P_^ strobus seedlings had been exposed to

5

The first

pphm SO2 and

pphra O3 for one six-daylight-hour period in the summer of 1971.

10

The

second-year foliage on these plants had minute cream-colored flecking
(Fig. 5) centered on the stomata of the adaxial surfaces(visible only
with a hand lens).

The second group had been exposed to the same

concentrations of SO2 and O3 for a period of 5-6 days during daylight
hours.

The second-year foliage of these seedlings had larger chlorotic

spots(Fig.

) originating from the stomatal line area which were

6

readily visible to the naked eye.

The 1972 foliage of both groups

was unblemished as the plants had been held in the filtered-air green¬
house since fumigation in 1971.

The third group of trees had been

held in the greenhouse for three years without fumigation and their
1970, 1971, and 1972 foliage was unblemished.

Also added to this

experiment were P. sylvestris seedlings which were grown for one year
in the filtered-air greenhouse and thus had unblemished 1972 foliage.

Fig. 5. Stomatal spots which formed on P. strobus needles after
exposure to 5 pphm SO2 and 10 pphm O3 for 6 hours.

Fig,

, Stomatal spots which formed on P, strobus needles after
exposure to 5 pphm SO2 and 10 pphm~03 for 6 days.

6
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Half the plants in each group were placed in the treatment chamber
and half in the control chamber.
Inoculum for the final infection experiment, in the form of
apothecia on fallen needles of P. sylvestris, was obtained through
the courtesy of Drs. K. L. Lang of the Forstbotanisches Institute of
Ivfcinich and P. Schutt of the Universitat des Saarlandes, from three
areas in Bavaria.

These were collected in Passau, Eching, and

Grafrath in July, 1972 and had been kept dry until the beginning of
the experiment.
Once each experiment was completed and the inoculum had been
destroyed, the seedlings were placed in the filtered-air greenhouse
and subsequently examined for symptoms.
Direct mechanical inoculation.

Seedlings in this experiment

were grown in a filtered-air greenhouse for two years prior to inoc¬
ulation, and were returned to the greenhouse following inoculation.
Inoculations were made with mycelium of pure cultures of L. pinastri
grown on malt agar.

In each of the five treatments in this experiment

the three bottom fascicles on each branch of mature, one-year-old
needles were inoculated.

Control inoculations were made with an insect

mounting pin dipped in sterile, distilled water.
In the first inoculations, the pine needles were punctured 6-10
times under a stereoscope with an insect mounting pin with attached
L. pinastri mycelium scraped from a malt agar culture.

Needles in

the second infection attempt were punctured 6-10 times under a stereo¬
scope and mycelium from the culture was picked up and rubbed into
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the fresh wounds with a piece of muslin.
The last two infection attempts utilized a 2 x 4 mm agar block
with attached mycelium cut from a culture of ^ pinastri on malt agar.
The block of agar was tied in the center of each fascicle with thread.
Half of the fascicles were wounded with an insect mounting pin just
prior to tying on the agar block.

The remaining fascicles were not

wounded.
After each inoculation, the treated branch was enclosed within
a polyethylene bag and tied shut with string.
the branches 35-45 days.

The bags remained on

Each treatment was replicated twice for a

total of 30 needles for each manipulation.
Mycelium development.

Samples of needles of a tree exposed to

a ^ pinastri ascospore shower in an infection chamber in 1969 were
cultured and it was determined that mycelium of ^ pinastri was
present.

The stomatal faces of these needles were covered with yellow

spots which are described in more detail in the results section of the
1969 infection chamber experiment.

As soon as these needles turned

brown and abscised in September 1971, they were immediately removed,
placed in nylon screen bags, and placed in the litter under a white
pine thicket.

A portion of these needles was also autoclaved and

subsequently exposed on the same needle carpet to determine if spores
of L. pinastri might re-infect the dead needles after they had fallen.
The bagged needles were fixed and stained at intervals during
the next year to determine the extent of fungus development in the
tissues and its correlation to fruiting body production.

Alternate

needle pieces were fixed while the remaining pieces were cultured.
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Histological Methods

Fixation and embedding.

Needle segments 0.5 to 1.0 cm long were

fixed in 10% acrolein in distilled water for 24-48 hr at 0-5 C.

Speci¬

mens were dehydrated in two changes of 2-methoxyethanol for 24 hr,
n-propanol for 24 hr and n-butanol for 24 hr.

These solutions were

stored at 0-5 C; specimens were kept at 0-5 C from fixation through
all the changes.
Specimens were brought up to room temperature in n-butanol and
infiltrated with an activated monomer mixture of purified glycol
methacrylate(Appendix I), 94.5%; 2,2*-azobis[2-methylpropionitrile],
0.5%; and polyethylene glycol 400, 5.0%.

After two changes in this

monomer mixture, specimens were transferred to #00 gelatin capsules.
Capsules were filled to the top, and capped to exclude oxygen which
inhibits the polymerization and held at 40 C for 1-2 days.

An addi¬

tional day at 60 C completed the polymerization.
- ^

Sectioning and staining.

Trimming and shaping of specimen

blocks was done with a razor blade while the specimen was held in
a small vise.

An AO rotary microtome with a glass knife holder was

used to section at 4.0 to 5.0 microns.

Fine watchmaker’s forceps

were used to transfer each section to microscope slides previously
cleaned in 1% acetic acid in 70% ethanol.

Sections were floated on

a drop of distilled water on the microscope slide for positioning.
Drying caused sections to bond firmly to the slides.
Slides were placed in a saturated solution of dimedone(5,5dimethylcyclohexane-1,4 dione) for approximately 16 hr.

This was
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followed by a bath in running water for one hour.

A four-second

dip in 1% periodic acid in distilled water was followed by another
ten minute:, in a running water bath.
in Schiff reagent for 20 min.

Then the slides were immersed

This technique, usually used as a

histochemical test for carbohydrates, differentially stains fungal
cell walls and host cell walls when the immersion time in periodic
acid is limited.

This reagent was stored at 5 C and brought up to

room temperature before use.
Slides were then rinsed in three, 3 min potassium metabisulfite
baths followed by three, 3 min distilled water baths before they were
dried.

The potassium metabisulfite baths were made up of 90 ml

distilled water, 5 ml HCl, and 5 ml of 10% potassium metabisulfite.
Stained sections were mounted in Permount^.

Phase illumination

enhanced color differentiation and simplified observation and identification of mycelium._
^Sold by the Fischer Scientific Company.
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CHAPTER IV
RESULTS

Survey for Lophodermium pinastri on Pinus strobus

Nursery beds.

The adherent dead needles on most seedlings in

crowded nursery beds are usually abundantly covered with apothecia
*

of ^ pinastri.
Plantations and closed stands.

The litter beneath closed stands

of plantations and natural forest regeneration consists of fallen nee¬
dles which are usually abundantly covered with apothecia of L. pinastri.
These apothecia are not seen until June to July, at which time they
ripen.

These needles are covered by a new crop of fallen needles in

late September at which time there are few, if any, apothecia present
on the newly fallen needles until July of the following year.

It is

impossible to identify the needles of individual trees and to identify
which trees are yielding fruiting bodies.
Isolated white pines.

Twenty isolated eastern white pines were

sampled in August in the Amherst, Massachusetts area.

These trees

were lone pine trees in private residences, golf courses, etc. with
no large stands of pine nearby.

Profuse yellow spotting(Table 1),

readily visible to the naked eye, covered the adaxial faces of the
one-year-old, 1971 needles of these trees.

The 1972 foliage of

fourteen of the twenty trees had smaller, less conspicuous yellow
spots, averaging less than one spot per 5 mm of needle length.

The

1972 foliage of the remaining six trees appeared unblemished when
examined in August with a lOX hand lens.

L. pinastri could not be
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cultured on malt agar from either the 1971 or 1972 needles of any
of these trees.
Fallen needles beneath these trees were examined; needles of
ten trees contained L. pinastri fruiting bodies.

Pycnidia, zone

lines and apothecia were found only in very small numbers, and on
only a few scattered needles.

Eight trees had fruiting bodies of

other fungi present, while the two remaining trees had no fruiting
bodies of any fungi present on the fallen needles.

Infection Experiments

Infection chamber studies.

The susceptible plants were exposed

to ascospores in small plastic mist chambers by sprinkling with fallen
needles bearing an abundance of mature L. pinastri apothecia.

The

seedlings and inoculum were kept moistened with the mist throughout
the experiment.

Spore counts were taken with microscope slides placed

at ground level in the chambers,

IVhen a slide was placed at a height

of 18 inches, approximately the level of the top of the seedlings, the
spore counts were about one-half those recorded at ground level.

The

relative humidity in the chambers during these experiments remained
within the range of 96 to 100%.
Seedlings in the 1969 experiment were placed in the chamber
July 14, 1969, and removed August 22, 1969.
in the spore trap was 24 ascospores/mm .

At this time the count

Six times during this period

the chamber was opened in the early afternoon and the inoculum was
removed and dried in the sun.

One day the chamber was left open about

six hours to dry with the plants still inside.

Each day when the
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cultured on malt agar from either the 1971 or 1972 needles of any
of these trees.
Fallen needles beneath these trees were examined; needles of
ten trees contained L, pinastri fruiting bodies.

Pycnidia, zone

lines and apothecia were found only in very small numbers, and on
only a few scattered needles.

Eight trees had fruiting bodies of

other fungi present, while the two remaining trees had no fruiting
bodies of any fungi present on the fallen needles.

Infection Experiments

Infection chamber studies.

The susceptible plants were exposed

to ascospores in small plastic mist chambers by sprinkling with fallen
needles bearing an abundance of mature L, pinastri apothecia.

The

seedlings and inoculum were kept moistened with the mist throughout
the experiment.

Spore counts were taken with microscope slides placed

at ground level in the chambers.

When a slide was placed at a height

of 18 inches, approximately the level of the top of the seedlings, the
spore counts were about one-half those recorded at ground level.

The

relative humidity in the chambers during these experiments remained
within the range of 96 to 100%.
Seedlings in the 1969 experiment were placed in the chamber
July 14, 1969, and removed August 22, 1969.
2
in the spore trap was 24 ascospores/mm .

At this time the count

Six times during this period

the chamber was opened in the early afternoon and the inoculum was
removed and dried in the sun.

One day the chamber was left open about

six hours to dry with the plants still inside.

Each day when the
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inoculum was not removed and dried, the mist was turned on for a
few minutes to keep seedlings and fruiting bodies moist as well as to
maintain high humidity.

Seedlings which remained in the filtered-

air greenhouse throughout the experiment served as controls, and
were used for comparative observations after all plants were returned
to the greenhouse.
Needles of the seedlings in the infection chamber had become
spotted by the time the seedlings Mere removed from the chamber and
returned to the greenhouse.

Needles were thickly covered with small

yellow spot lesions(Fig. 758) centered over the stomatal lines
on the adaxial surfaces.

These spots ranged in size from those so

small a hand lens was needed to see them, to larger spots extending to
50% of the width of the needle.
to the naked eye.
ished.

The latter spots were readily visible

The abaxial surfaces of these needles were, unblem¬

L. pinastri was isolated from these needles plated on malt agar.

When the needles of these seedlings abscised in August 1971,
they were taken from the branches, placed in a fine mesh nylon (stocking
fabric) sack and exposed in the litter beneath a white pine thicket.
These needles formed fruiting bodies concurrently with the fallen
needles of field trees.
after needle abscission.

Pycnidia production(Fig. 9) began immediately
Most pycnidia matured in October-November,

although pycnidia with mature conidia could be found throughout the
year.

Pycnidia production occurred mostly on the abaxial surfaces

although sometimes they were found on the edge and developing on both
the adaxial and abaxial faces.

Zone lines present on most fallen

Smallest yellow spots which formed after exposure of
seedlings to L. pinastri in mist chamber in 1969.

. strobus

Fig. 8, Largest yellow spots which formed after exposure of P, strobus
seedlings to
pinastri in mist chamber in 1969.

r, ;
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needles extended around all three faces of the needles.

Apothecia

(Fig. 10) matured by July following abscission and were also formed
primarily on the abaxial surfaces.

Less than 1% of the apothecia

were found on adaxial needle surfaces.

Abscised needles of the 1969

infection experiment, autoclaved before they were placed in the field,
did not produce

pinastri pycnidia or apothecia during the year

they remained in the field.
This infection experiment was repeated with variations in the
late summer of 1971 and twice in 1972,
eis

A second chamber was added

a control chamber in these experiments.

In this control, needle

inoculum was used that had been placed in boiling water for 30 min¬
utes and dried prior to its use here.

In the 1971 and 1972 trials,

the doors of the infection and control chambers were opened only for
as little time as was necessary to (1) remove the plants and the bur¬
lap with its carpet of apothecia-bearing needles and (2) to replace
the burlap and plants plus fresh needle inoculum.

The slide spore

trap was then replaced, the chamber tightly sealed, and the mist
system turned on a few minutes each day.

This entire operation was

completed within five minutes and was repeated 14 times during
morning hours in the 1971 experiment so that the plants were in con¬
tact with outside air only 70 minutes at most during the experiment.
The seedlings remained in the two chambers from August 7 to
September 29, 1971, a total of 53 days.

The spore count in the

infection chamber spore trap was 8 ascospores/mm

2

while in the

control spore trap it was about 5 ascospores/mm^(these ascospores

Fig.

9. Mature pycnidia of L. pinastri on fallen needles of P. strobus.

Fis• 10* Open apothecia of L. pinastri on fallen needles of P, strobus.
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were not viable) at the end of the experiment.

After the experiment

was completed, the needles on control seedlings were still unblemished
nor did they develop any spotting during the year they were held in
the filtered-air greenhouse after removal from the infection chamber.
When needles of inoculated seedlings were cultured,

pinastri

was isolated from 14.0% of the 336 needle segments plated(Table 2).
No needle segments of the 312 segments plated from the 7 control
trees produced even one colony of

pinastri.

The seedlings in the experiment which ran from July 19 to
August 1, 1972, a total of 13 days, were also unblemished when re¬
turned to the greenhouse after the experiment.

The chambers were

only opened twice, each time early in the morning.

Each morning

for nine days the inoculum was moistened, then it was removed while
the plants were left in the chambers for four more days and moistened
2

each morning.

The spore count reached 28 ascospores/mm

the plants were removed.

by the time

No ascospores were found in the spore trap

of the control chamber in which the needle inoculum had been auto¬
claved prior to use.

The spot lesions on seedlings fumigated with

SO2 and O3 did not increase in size or otherwise change in appearance
as the result of exposure to

pinastri.

No increase in size was

noted even after the seedlings were held in the filtered-air greenhouse
for four months after exposure to

pinastri.

When needles of P. strobus seedlings from the infection chamber
of this first 1972 infection experiment were cultured, 14.5% of the
1360 needle segments of 1972 or new foliage produced at least one
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colony of L. pinastri(Table 2).

Only 6.5% of the 752 1971 needle

segments produced at least one colony of ^ pinastri.

No needle

segments from control seedlings produced any colonies of L. pinastri
when plated on malt agar.
»Vhen needles of the ^ sylvestris seedlings in the infection
chamber were cultured, 5.5% of the 507 1972 needle segments and
3.6% of the 194 1971 needle segments produced L. pinastri(Table 2).
None of the needles from the seedlings in the control chamber pro¬
duced any colonies of L. pinastri when cultured.
Seedlings in the second infection experiment of 1972 remained
in the chambers from August 12 to November 10, 1972, a total of 59
days.

Eleven P, strobus and ten P. sylvestris seedlings were placed

in chamber I with the Bavarian inoculum.

Fallen needles of P, strobus

with apothecia, from Massachusetts, were autoclaved and placed on the
eleven P. strobus and ten P. sylvestris seedlings in control chamber II.
The chambers were opened only three times, less than a minute each
time, to remove the microslide so the spores could be counted.

At the

end of this experiment the spore count in the infection chamber was
about one as cospore/mm

while no ascospores were found in the spore

trap in the control chamber.

On removal from the chambers the seedlings

were examined, and no needle damage was present.

After a month in

the greenhouse there was still no needle damage.
Needle segments of these seedlings were cultured immediately
after their removal from the chambers to determine if the needles con¬
tained ^ pinastri.

No colonies of ^ pinastri grew from needle
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segments from any of the

strobus or ^ sylvestris seedlings in

the infection or control chambers(Table 2).
An observation worth mentioning is the strong antibiotic capa¬
bilities which L» pinastri possesses in culture.

Growth of other

fungi was prevented within a distance of at least several millimeters
of the L. pinastri colony.

At times this was dramatically illustrated

when a petri plate was completely over-run by a contaminant except a
4-5 mm circle centered on a small colony of ^ pinastri.
Mechanical inoculations.

During the summer of 1972,

a total of

135 needles were inoculated with mycelium, and 75 were inoculated
with sterile distilled water for controls (Table 3),

Inoculated needles

were examined on Aug 15, when the polyethylene bags were removed and
again on Nov 10.
at those times.

No foliar pathology was noted on any inoculated needle
The only possible exceptions were the brown lesions

which formed at inoculating pin holes in both treated and control
needles.

The diameter of these spot lesions was approximately one-

half the width of the pine needle.

No new symptoms formed during the

4 months these seedlings were held in the filtered-air greenhouse
after the polyethylene bags were removed.
Seven of the 75 needles inoculated with sterile, distilled
water abscised before Nov 10, 1972.

Thirteen of the 30 needles

inoculated without puncturing and 23 of the 105 needles inoculated
with puncturing abscised before Nov 10, 1972.
Segments of inoculated needles were plated on malt agar on
Sep 10 and Nov 10, 1972.

None of the needles of the control inoc-
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Table 2.

Recovery of L. pinastri from non-symptomatic pine needles.

Date of
Experiment

Age of
needles
sampled
yrs.

Species

Total no.
Total no. needle
trees in segments
%
exper.
plated
Positive

INFECTION CHAMBER!/
Aug. 7 to
Sep. 29, 1971

1

P. strobus

8

336

14,0

Jul. 18 to
Aug. 1, 1972

1

P. strobus

18

1360

14.5

2

P. strobus

18

752

6.5

1

P, sylvestris

6

507

5.5

2

P, sylvestris

6

194

3.6

1

P. strobus

11

492

0

1

P, sylvestris

10

297

0

Aug. 7 to
Sep. 29, 1971

1

P. strobus

7

312

0

Jul. 18 to
Aug, 1, 1971

1

P. strobus

16

752

0

2

P, strobus

16

560

0

1

P. sylvestris

6

243

0

2

P. sylvestris

6

180

0

1

P, strobus

11

462

0

1

P. sylvestris

10

358

0

Sep. 12 to
Nov. 10, 1972

CONTROL CHAMBER

Sep. 12 to
Nov, 10, 1972

Inoculum was P. strobus needles bearing apothecia of L. pinastrTT
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ulations produced any colonies of L, pinastri at either time.

Ten

of 50 plated segments of Sep 10, from needles on which an agar block
with attached mycelium had been tied without wounding, produced L.
pinastri.

No colonies of L, pinastri appeared when additional needles

were plated on Nov 10,

No colonies of L. pinastri appeared at either

time on segments from wounded needles with agar blocks tied on them
or needles which had been punctured with a pin with attached mycelium.
Twenty-four of 59 segments plated on Sep 10 from needles wounded and
inoculated by rubbing mycelium into the wounds with muslin and 19 of
61 segments plated on Nov 10 produced at least one colony of L, pinastri.
Twenty-seven of the 36 needle segments from which

pinastri was

isolated on Sep 10 were from needles which had already abscised.

Nine

of those segments from which L, pinastri grew on Nov 10 were from
needles which had abscised.

Histological Studies

Periodic acid-Schiff reagent, a general histochemical reagent
for carbohydrates, was found to be a superior staining procedure
for ^ pinastri mycelium and fruiting bodies within eastern white
pine needles.

Pine needle cell walls stained red and mycelium and

spores of the fungus a purple-blue.

This technique, adapted from

Dring(24) depends on periodic acid to oxidize molecules with a
1,2-glycol group, or certain derivatives of this group, to aldehydes.
These aldehydes react with Schiff's reagent to produce an addition
compound which regains its color on restoration of the quinoid link¬
age (Hotchkiss 28).

Differentiation of the fungus from host tissues
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Table 3.

Recovery of
pinastri from mechanical inoculations of
Pinus strobus needles.

Plated
9/23/72

Treatments

Tot.
no.
segments

Control inoculations
with sterile
distilled water.

•

Agar culture block tied
on punctured needles.

Agar culture block tied
on uninjured needles.

Mycelium rubbed into
wounds with muslin.

Mycelium inoculated
into wound with pin.

No.
Pos.

Plated
11/10/72
Needle
Condition

Tot.
No,
Seg.

No. Needle
Pos. Condition

8

0

green

20

0

green

10

0

green

10

0

green

6

0

green

21

0

green

18

0

green

15

0

green

19

0

dead

22

0

green

15

0

green

17

0

green

20

0

green

18

0

green

26

3

dead

27

0

green

24

7

green

29

0

green

27

24

dead

20

10

green

12

0

green

31

9

dead

8

0

green

10

0

green

14

2

green

28

0

green

16

0

dead

15

0

green
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depends on the difference in rate of the periodic acid oxidation of
the carbohydrate walls of the two organisms.

By limiting the time of

immersion of the sections in periodic acid, the chitin and other
constituents of the hyphal cell walls, which oxidize quickly, are
stained strongly while the cellulose of the host is stained more
slowly.
Representative needles from all experiments as well as spotted
field trees were sectioned longitudinally.

Longitudinal sections

provided a larger cut surface for observation of mycelium than would
a cross section.

Needle pieces which had been plated on malt agar

and incubated 14 to 21 days, i.e. until large colonies of L. pinastri
grew from them, contained mycelium which had ramified throughout all
cellular and intercellular areas and could be found in every tissue
of the needles.
Green needles of trees exposed to ascospores in an infection
chamber were examined after approximately 2 years.

Although mycelium

of L. pinastri grew from the ends of cultured sections of these needles
(Figs. 4 § 8), no mycelium could be identified in alternate sections
subjected to histological study.
Mycelium was not demonstrated histologically until after needle
abscission, although L, pinastri was cultured from needles at all
times.

Abscission of the needles used for histological studies

occurred in late September.

Hyphae could be seen within these sections

(Fig, 11) although only three or four hyphal strands could be seen in
a longitudinal section about 4 mm in length.

Intercellular mycelium
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was primarily present in the mesophyll tissues; only one hypha was
identified'within an endoderrais cell, and two hyphae were identified
within mesophyll cells.

The fungus had not penetrated through the

endodermis at this time.
Abscised needles were placed in nylon(stocking fabric) sacks
and placed under a pine thicket to facilitate normal development of
L* pinastri.

Within a month after abscission slightly more mycelium

was evident than at the time of abscission(Fig. 12).

The resin canals

(Fig. 13) and vascular system were penetrated by hyphae by this time.
Only small amounts of mycelium were present in each area, but a few
hyphal strands could be seen in every section made through the resin
canals and vascular system.
Mycelium within the mesophyll tissues reached maximum concen¬
tration by November corresponding closely to peak maturation of
pycnidia.

Greater concentrations of mycelium were seen only in

mesophyll tissues in association with apothecia production.
heaviest concentrations of mycelium

The

within the vascular strand were

likewise directly beneath the apothecia.
By July, apothecial maturation was complete.

Extensive mycelium

had developed in the resin canals(Fig. 14) and vascular system
(Figs. 15 § 16) in quantities approaching that of needles which were
cultured on agar before fixation.
Hyphae grew primarily through the long axis of the vascular
cells, with occasional branches appearing at all angles through ad¬
jacent cells.

The vascular system mycelium appeared to be consistently

Fig. 11. Hyphae of L. pinastri in intercellular space of mesophyll
tissue at the time of needle abscission in September.

Fig. 12. Hyphae of L. pinastri in intercellular space of mesophyll tis
sue in November subsequent to needle abscission in September.

Fig. 13. Hyphae within a resin canal in P. strobus needle in November sub¬
sequent to needle abscission in proceeding September.

Fig. 14. Hyphae within resin canal in July subsequent to needle
abscission in proceeding September.
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Fig. 15. Intracellular mycelium within the tracheids of P. strobus
needle xylem.

Fig. 16. Intracellular mycelium within the tracheids of P. strobus
needle xylem.
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intracellular.

Hyphae were identified in all vascular cells, including

tracheids, sieve cells, as well as parenchyma and tracheids within
the transfusion tissue.
The L. pinastri hyphae were approximately 2 microns thick, and
remained this size throughout the developmental period.

These hyphae

did not appear to change in size or character, with one exception.

In

the mesophyll tissue directly beneath the apothecia, the mycelium
appeared to consist of small isodiametric or pseudoparenchymous cells
rather than the normal long-stranded hyphae which appeared in the
rest of the needle.
Mycelium development in needles of spotted field trees did not
differ significantly from those exposed to ascospores in the mist
chambers.
needles.

Mycelium was not identified in sections of spotted live
It was first found in these needles after they had abscised.

The development continued in the same sequence as in seedlings exposed
to ascospores in the mist chambers.
Observations on mycelial development were not made after matur¬
ation of the apothecia as the life cycle had been completed as of that
time.

44

CHAPTER V
DISCUSSION

Ttie results of these experiments demonstrate that L. pinastri
is capable of penetrating living needles of both P. strobus and
P» sylvestris.

It is possible for the fungus to enter needles of

these species without visible symptom expression on the needles.
The spot lesions commonly found on pine needles appear to be caused,
according to recent work, by sulfur dioxide and ozone(5, 23, 30) as
well as other agencies such as Cronartium ribicola(15).

Although

the early stages of C. ribicola lesions appear to be indistinguishable
from those induced by SO2 and O3, the later stages of C. ribicola
lesions have a white-banded appearance(Clinton and McCormick 15)
and are distinctly different from SO2-O3 lesions.
It was evident, even from the small number of trees sampled on
the survey, that the needles of almost all isolated whit& pines in
the Amherst area develop chlorotic spots by their second year.

The

survey was not continued, as ^ pinastri was not isolated from even
one needle segment of the numerous live one and two-year-old needles
that were cultured from these twenty trees.

The new or 1972 needles

of two-thirds of the trees sampled were already significantly spotted
by August 1972,

L, pinastri could not be isolated from either the

one or two-vear-old needles, all of which suggest that L. pinastri
was not the causal agent of these symptoms.
L, pinastri fruiting bodies were found on a very few of the
fallen needles of almost half the isolated trees sampled.

This
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indicates that L, pinastri does become associated at some time with
even isolated white pines.

The small number of L, pinastri fruiting

bodies found on the fallen needles of these isolated trees probably
is due, in part, to an unfavorable microclimate for the fungus on
the ground beneath these isolated trees.

All of the sampled trees

in the survey were growing in pastures, lawns, or golf courses.

Most

of these trees were in the open and the needles beneath them were
exposed to considerable sunlight and wind which may have dried the
needles too rapidly for extensive fruiting body production such as
is found in closed-canopy pine stands.

Stahl(50) noted that L. pinastri

apothecia were abundant in all areas of Australia except low-rainfall
areas.
The results of exposure of pine seedlings to ascospores of L.
pinastri in a mist chamber demonstrated that L. pinastri is capable
of penetration and infection in living, apparently healthy needles
of P. strobus and P, sylvestris seedlings.

L. pinastri can become

established, without apparent damage to pine needles, when the seed¬
lings are protected from ambient air in a mist chamber.

Darker(21)

and Boyce(8) also were unsuccessful in producing spot lesions on
needles of pine species by using spore suspensions of L. pinastri or
by tying apothecia-bearing needles on seedlings within a closed
chamber.

Costonis et al(19) found, similarly, that some detached

needles of P. strobus did not produce any symptoms when exposed to
ascospores in a culture dish.

They were able to isolate L. pinastri
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from both the unspotted needles as well as those which became spotted
on exposure to ascospores in a culture dish.
Inoculum for the first control chamber was boiled in water for
30 minutes to inactivate the spores.

That the spores had been in¬

activated seems apparent from the negative results on exposure of
white pine foliage to these boiled spores, and failure of all attempts
made to culture the organism from the needles which had been exposed
to boiled inoculum.

Since spores were found on the spore trap in

the control chamber in which the boiled needles had been placed, it is
apparent that spores were dispersed, even though they were not viable.
When autoclaved at 15 psi for 20 minutes the spores were not only
inactivated, but the dispersal mechanism was destroyed as no spores
were found in the spore traps when this treated inoculum was used.
The inoculum collected in Bavaria appears to have been nonviable when used for the infection experiment.

The needles were

probably collected before the apothecia had matured and allowed to
dry too extensively in transit for further development.
could not be isolated from any

L. pinastri

strobus or P. sylvestris seedlings

exposed to this inoculum on fallen ^ sylvestris needles from Bavaria.
The inoculum had been collected in July, placed in polyethylene bags
and shipped to the United States.

When received on Sep 12, 1972 the

needles were very dry and the apothecia appeared to be small and im¬
mature.

When squash mounts of the hymenial layer were prepared, no

mature ascospores were found within the asci.

By exposing the inocu¬

lum to moisture and high humidity in the mist chamber during the
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infection experiment it was thought the fruiting bodies might continue
to develop.

However, the fruiting bodies did not mature, and only a

few ascospores were discharged when this inoculum was used in an infec¬
tion experiment.

The few ascospores found in the spore trap were

probably from old apothecia which had matured the previous season and
were non-viable by this time.
The results of the mechanical inoculations were very erratic
but L. pinastri was isolated from mechanically inoculated symptomless
needles just as it was isolated from symptomless needles which had
been inoculated with ascospores.

Small necrotic lesions formed as a

result of each puncture, but these did not vary in any way between
control and infection inoculations.

No symptom response to L. pinastri

occurred in the control inoculations with distilled water or those in
which L. pinastri mycelium was used.

Von Tubeuf(55) was also unsuc¬

cessful in inducing symptoms on Scots pine by introducing mycelium
from a L. pinastri culture into the needles of P, sylvestris.
It appears that no further infection of eastern white pine
needles occurs after they have fallen.

Needles exposed to L. pinastri

ascospores prior to abscission and autoclaved before being placed in
the field did not produce fruiting bodies.

Fruiting bodies of L.

pinastri only developed on fallen needles that had been exposed to
L. pinastri prior to abscission, when they were incubated in the
field.

This evidence corroborates that of Jones (31) and Von Tubeuf(54).
The antibiotic effect which was noted in results is very

effective.

This ability of

pinastri coupled with the presence of
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L. pinastri in the needle while still green and its fast growth in
moist, dead needles would explain the apparent exclusion of most
other fungi from needles invaded by L. pinastri.
L. pinastri could not be identified by histological methods in
any needles until after needle abscission.

Cultural study established

that the fungus was present in these green needles for it grew from
the ends of needle pieces adjoining those fixed and studied histo¬
logically,

Failure of identification of hyphae within these sections

probably is due to the intense red stain in the heavy walls of the
epidermis and hypodermis obscuring the hyphae or substomatal vesicle
as described by Jones (31).
The histological work presented here, in general, corroborates
the histological record provided by Jones with certain notable differances.

In the studies reported here for P. strobus the results

were correlated with the symptom syndrome and leaf abscission.

In

the work of Jones one is left to infer that the increasing involve¬
ment of the tissue by ^ pinastri was correlated with an intensifi¬
cation of the disease symptoms, although no such correlation is
specifically stated.

The studies presented here confirm the manner

of tissue colonization described by Jones, but no evidence has been
provided here of any colonization prior to abscission and death of
the needles,
L, pinastri does not appear to intensify symptoms induced on
pine by air pollutants such as SO2 and 0^.

Lesions caused by prior

49

fumigation by SO2 and 0^ did not appear to change in any way within
the 6 months they were held in the filtered-air greenhouse after
exposure to ^ pinastri.
Symptoms which appeared on seedlings in the first infection
experiment were probably due to low concentrations of an unidentified
air pollutant or pollutants.

The white to yellow spots on the stoma-

tal surfaces were indistinguishable from the spots induced by fumi¬
gation of seedlings with 5 pphm SO2 and 10 pphm 0-,

Leaks in the

chamber as well as frequent opening could have induced damage by
pollutants.
Ambient ozone levels were monitored with a Mast ozone meter for
several years in the area where these experiments were conducted.
The ozone concentration in the air of the Amherst area usually does
not exceed two parts per hundred million but on high ozone days it
ranges between 5 and 8 pphm, even attaining 12 pphm for short dura¬
tions on a few days each year.

IVe have not monitored SOg levels in

this area, but recent work by Jaeger and Banfield(30), Banfield(5),
and Dochinger ei^ a^(23) indicates that the profuse spotting, yellowing,
reddening and defoliation of needles common on P, strobus in this
area can be induced at will by exposure to ambient levels of sulfur
dioxide and ozone.
Costonis and Banfield(17) obtained significant reductions in
chlorotic spot production on

strobus with foliar applications of

fungicides including zineb, cyprex and arasan.
to the control of L. pinastri,

They attributed this

The work of several investigators
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including Kendrick et al(52) and Ordin e^al(40) have shown zineb
and numerous other foliar as well as systemic fungicides such as
benomyl(Pellisier et al 41) to effectively reduce damage due to
ozone on pinto beans.

The reduction in symptom production which

was obtained with fungicide applications to P. strobus may well
have been reduction in oxidant damage due to these fungicides.
Red blighting of needles which the early German foresters like
Mayr, Prantl, von Tubeuf and Haack reported as a result of their
infection experiments may have been due to SO2, O3, or both of these
gases.

Their infection experiments were conducted outside in their

nurseries located in the vicinity of heavily industrialized and ur¬
banized areas around Berlin, Munich, and Frankfurt.

Tne primary

source of energy in these areas, even today, is coal from the Ruhr
Valley.

This high-sulfur coal creates a discemable sulfur smell in

the air over large German cities during the winter period, the period
in which these foresters recorded the intensification of symptoms.
The minimal concentration of SO2 detectable by smell is about 3 ppm
(Boyce 10) which is adequate to cause extensive damage to pines by
itself.

For this reason many pathologists(Godzik § Harabin 26,

Ilmurzynski 29, and Schnaider et al 45) admit that native pines in
the vicinity of large European cities today are too unproductive for
continued cultivation.
European and American literature alike have attributed the
needle cast disease of Scots pine, white pine, and pines generally
to L. pinastri,

The primary reason for this is the ubiquitous nature
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of the fruiting bodies of L. pinastri on fallen needles or dead por¬
tions of green needles.

In almost every instance an outbreak of

Lophodermium has been attributed to the abundant production of apothecia
on foliage that has died due to an undefined agency.

No investigator

known to the writer has induced this diseased state by L. pinastri in
critical pathogenicity studies.

Early infection experiments with

this fungus are still the primary source of information on which
pathogenicity is based today even though these initial infection
experiments were extremely crude.

The only critical evidence appears

to be that of von Tubeuf(55), Boyce (8), and Darker(21) in which no
symptom production was recorded.

The pathology(needle spotting,

yellowing or reddening, blight and needle casting) with which this
organism has been associated on pines in Europe and America is more
apt to be due to air pollution as has been demonstrated for the
eastern white pine(5, 23, 30).
The work reported here lends no support to this long-standing
assumption of pathogenicity of ^ pinastri.

It does confirm the ever¬

present correlation of the fungus with pine needles from their initial
weeks of growth until after death.

The pathogenicity studies corre¬

lated with the histological and cultural studies reported here make it
clear that although always present, L. pinastri has no pathogenic
potential.

Until such time as disease symptoms can be induced at

will, by exposure of pines to this fungus, we must conclude that it
is not pathogenic.
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CHAPTER VII
APPENDIX

I. Purification of glycol methacrylate.

The glycol methacry¬

late sold by Rohm and Haas Co. was labelled 96% 2-hydroxyethyl
methacrylate, 2.6% methacrylic acid, 0.6% ethylene glycol dimeth¬
acrylate and 3.0% higher boiling methacrylates.

To remove methacrylic

acid, unpurified material was passed through a 95 x 4 cm column of
Amberlyst A-21 as described by Feder and O’Brien(25).

Hydroquinone

and its methyl ether, added to the glycol methacrylate by the manu¬
facturer to prevent spontaneous polymerization during storage are
sometimes present in sufficient concentration to interfere with
polymerization.

These inhibitors were removed with activated char¬

coal as described by Feder and 0’Brien(25).

