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DISSEMINATION OF SPORES OF TR0DERNA DEFORNANS
(WEIR) DARXER

INTRODUT ION

The study undertaken here covers parts of the life

cycle of Elytroderma deforman8 (Weir) Darker. The inveati-

gations concern dissemination of asoospores and pathologi-

cal anatomy, Disagreement in the findings of earlier

workers suggested that these steps of the life cycle need

further clarification, Knowledge of the time of ascospore

discharge and of the conditions under which the spores

disseminate is essential for an understanding of the

potential of ascosporic infection, The identification of

the fungus myceliuni, In various parts of the host settles

a matter of long-standing controversy and also contributes

to a better understanding of the disease cycle.

These investigations were conducted in a stand of

blight infected saplings and small poles of ponderosa pine

on the Pringle Falls Experimental Forest (Pesohutes

National Forest) in Central Oregon, In this geographic

area blight has not become epiphytotic, but occurs usually

within the elevatlonal limits described by Hunt (4) as

widely scattered, rather definite patches of infection,

or infected individuals The pat1ies tend to be circular

varying in size from a few closely associated trees to

thousands occupying an area one half mile or more across

At the center of the larger patches, blight is severe
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result in the death of as many as fifty per cent of the

saplings, Some blight occurs in over-story trees near the

centers of the areas of infection,



LITERATURE REVIEW

Elytroderma deformans (Weir) Darker is an Ascomycete

which commonly is placed in the family Hypodermataceae of

the order Hysteriales, The fungus was originally described

by James R0 Weir (11) in 1916 under the name Hypoderma

deformans, In 1932 Darker (3, p. 65) reasoned his transfer

of the fungus as follows: "Elytroderma deformans is very

close to the genus Hypoderme11a in many characters but its

two-celled spores are sufficiently striking to set it off

in a separate genus," Elytroderma deformans is a common

pest of ponderosa pine (Pinus ponderosa Laws.) and jeffrey

pine (Pinus jeffreyi Grey0 and Balf.) forests where it

causes the disease commonly kno'wn as pine needle blight0

It also attacks other pines less seriously. Ponderosa pine

needle blight has detrimental influence on growth and in

many instances it also kills the host (2),

Pine needle blight is discussed in the literature by

Childs (2), Darker (3), Hunt (4), Lightle (6,7), Roth (8),

Waters (10), and Weir(ll), The papers of Lightle (6) and

Weir (11) are outstanding for their contributions, but also

for their lack of agreement on the disease. Weir's (11)

findings concerning the life cycle can be summarized as

follows: The reddish color of diseased needles may be

observed during the fall; hysterothecia (apothecia of

Lightle (6)) with mature spores may be found at any season

3
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of the year, mycelium is present in infected branches, and

maximum discharge of ascospores takes place during the

spring season, Lightie (6) reported the following: The

reddish color of diseased needles may be observed during

the spring; apothecia with immature spores were found in

July and August; deformed phloem is present in infected

needles and twigs, but mycelium is absent; spore dis-

charge takes place during the fall and early winter.

According to Roth (9) and Lightie (6,7) the first

observable disease symptom is fading of the color of the

needles in the fall. During the winter months diseased

needles become lighter in color than the healthy needles

and finally appear somewhat chiorotic, Rather suddenly,

during early spring, the needles take on a red color.

However, the basal portion in most instances remains green

until death. During the summer the red color changes to

the normal brown of dead needles, The above observations

are in disagreement with the earlier observations of Weir

(11) who reported that the reddish-brown color of infected

needles can be observed in September or October and indi-

cate the presence of the fungus in the immature state at

that late season,

The "imperfect stage", as described by Lightie (7,

p. 558) is formed during May and early June in Central

Oregon and its function is not known, Darker (3, p. 63)

describes the conidia as follows: tlpycnidja coneolorous
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with the leaf surface, appearing as small blisters up to

1.2 mm. long, subepidermal, in cross section 150-280/1' in

width, 35-5 deep (including overlying epidermis),

Conidiophores l2-l5,w long, arising from a basal layer

1-3 cells thick, simple, basal portion tipped by a slender

filament from which the conidia are pinched off terminally,

Conidia hyaline, bacillar, 0,4-0,6 x 4-6/h ,"

According to Lightle (7) the perfect stage appears at

first as dark narrow lines on the red needles. The

hysterothecia gradually lengthen and darken until they

reach about 100 mm, in length and are black and somewhat

shiny, They are innate and at the surface continue to

appear as long, narrow, black lines, Lightie (7) noted

that: "No ascospores were found in July or August, but

were found in all stages of maturity in September, By the

end of October, nearly all ascospores noted were mature as

to size and presence of a septum0 Whether or not they wore

physiologically mature could not be determined," These

observations related to maturity do not conform with WeirTs

(11, P. 279,283) report that: "Apothecia with mature

spores (Fig. 3) may be found at any season of the year,"

and that needles of "a more or less uniform reddish-brown

color", were observed as late as September and October,

Weir (11, p. 283) contends that: "The greatest number of

spores are expelled during the spring rainy season, May

and early June," Whereas Lightie (6,7) indicated that
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most spores are discharged in the fall with only a limited

number being collected during the spring.

The presence of the disease in infected trees is

indicated by other than the foliar symptoms. Lightie (6,

p, 36) reported "degenerating phloemt' in twigs of all ages

except the very youngest and in needles. He reported

mycelium only in the vicinity of the fruiting body and in

resin canals of needles, Witches brooms, according to

Lightie (6,7) are formed only on vigorously growing trees.

However, in weakened trees, the infected branches are

abnormally curved, Weir (11, p. 283) states that mycelium

is present in infected branches, and is associated with

formation of "witches'-brooms", however, he provided no

evidence to support his statement. The process of infec-

tion so far is not known,

Waters (10, p. 1) has recently studied the anatomy of

infected shoots, and reports the presence of myoelium of

Eltroderma "in the primary phloem of the needles, stems

and terminal buds months in advance of their appearance in

the leaf mesophyll just prior to sporulation,"

Roth (8, p. 189) after studying the annual sequence of

symptom development, reported that: "In the absence Of

ascosporic inoculum the new foliage of previously blighted

pine branchiets each year becomes symptomatic and bears

the fruiting bodies of Elytroderma,"



SPORULATION STUDIES

Methods

Ascospores of Elytroderma are cigar-shaped, 90-118 x

6-8,i, uniseptate and are surrounded by a gelatinous sheath

6-lO, in thickness, The spores are discharged through a

median slit from subepidermal hyaterothecia in the presence

of' free water, or during prolonged periods of' high humidity.

During the wet periods the gelatinous mass that surrounds

the ascoapores absorbs water, and increases in volume until

the internal pressure is greater than the elasticity of the

asous and at that time the ascus ruptures and spores are

released into the air, Owing to their great mass and heavy

gelatinous sheath, the spores are not adapted to study by

most mechanical spore collectors used successfully for

other more buoyant spores,

The following methods of spore collection were

employed: microscope slides exposed according to standard

procedure; oil traps as especially desi&ied for this study;

rain water traps to check the number of spores collected

from the air and also washed from infected needles; healthy

green pine foliage from which the spores were washed and

counted,

7
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Exposed Microscope Slides

Slides were exposed in open areas in the infected

forest, near infected branches, and directly on blighted

foliage.

In the first instance slides were placed in wire

clips, and each was protected from wind and rain by a

short (1.5 x 5.0 inch) metal roof and shield (Fig, 1).

The clips were fastened along appropriately placed stand-

ards at predetermined distances, Each standard consisted

of an eight-foot post set in the ground with a twenty-foot,

upright, removable pole attached, Roth (9) found that this

method in which the poles were always a few, to many feet

from the nearest fruiting bodies, intercepted very few

spores on slides located near the center of infection and

none near the margin of the infected area and beyond. This

experience contrasts with that of Lightle (6,7). It
appeared, however, that if periodic trends of spore dis-

charge were to be determined, larger populations would be

needed than those obtained by Roth (9), To meet this need,

slides were located one foot below each of eighteen heavily

infected branches. The slides were placed in holders made

from stiff wires one foot long with spring type clothes

pins fastened to each ends The upper pin held the device

to a branch, the other held the slide (Fig. 3), In

addition to the above positions, slides were held directly

against blighted foliage by clothes pins fastened to an



Fig. 1. A portion or a standard bearinS a slideholder,
with metal roof and shield, and an 01]. trap.

Fig. 2. The rain water traps and a distant view of a
standard bearing slides and oil traps.
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Fig, 3, Method of placing microscope slides one foot below
infected foliage,
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adjustable elbow-like support. In addition to slides,

liquid spore traps, were employed in an attempt to increase

the numbers of spores caught.

Liquid Traps

Spores were collected in liquid traps some containing

oil and some rain-water. The oil traps were made by placing

a seven-ounce flat food-processing can in yokes made from

aluminum strips. The ends of the strips opposite the yoke

were fastened to upright supports (Fig. 1). When the traps

wore mounted on removable poles, the nuts suspending the

cans in the yoke were not tightened, thus enabling the cans

to remain upright without spilling the oil when the pole

carrying the traps was lowered or raised (Fig. li).
Spore collection data were obtained from these devices

as follows: The 5 cc. of oil employed in each trap plus

any accumulated water was collected and taken to the lab-

oratory for examination. Contents of all traps at a given

level above the ground were collected into a common con-

tainer. At the laboratory the field collection represent-

ing a particular height was thoroughly mixed. A 25 cc.

sample was withdran and centrifuged f or 15 minutes at

2700 r.p.m. Afterwards 20 cc. of oil was drawn off with

an aspirator, and the remaining 5 cc. was examined at 100

diameters in a Howard Mold Counting Chamber f or the number

of spores present. The spore counting cell encloses a

volume of 30.0 cubic mm. (15 x 20 x 0.1 mm.) or 1/33.3



Fig, 4. Oil traps for spore collection at different
locations and distances from the 6round,

Pole with oil traps in upright position.
Pole lowered to empty the oil traps0
Detail of oil trap construction.
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Fig. 4
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cubic oni0 Ten observations of the entire chamber contents

were made and. the average of ten observations was multi-

plied by 33,3 to obtain the number of spores per 1 cc.

(size of sub sample in cc.). This value was then multi-

plied by 5 to obtain the total number of spores per sample

of 25 cc, This number in turn was multiplied by the actual

volume of the field collection divided by 25 (the volume of

the sample) which gives the total number of spores at a

given height.

An attempt was also made to collect spores in water.

Rain water from beneath infected branches was collected in

plastic dishes supported on small platforms several inches

below the blighted foliage and. examined for spores (Fig, 2).

If ascospores are the source of foliage infection

presumably needles in a blighted area intercept many of

the adhesive spores, A study of the number of spores

adhering to the foliage might serve as a measure of

sporulat ion.

Spores Intercepted by Foliage

An attempt was made to wash spores from green foliage

in a needle blight area, Selected green shoots close to

blighted foliage were marked so that needle samples, having

similar opportunity for spore interception, could be

removed, Spores were washed from the needles with F.A.A.

(formalin-acetic acid-alcohol), The spores were concen-

trated in the lower 2/5 of the liquid by centrifuging.
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Numbers wore determined by employing a counting well hold-

ing one cc, of liquid. The contents of the counting well

were examined with 60x objective and lOx ocular. With this

combination the counting well has 1960 possible observa-

tions of .51 cubic mm, each, Forty observations were made

and the number of spores determined in the manner described

in abrasion methods0

Progress of Depletion of Fruiting Bodies

It was believed that the approximate time of ascospore

discharge could be determined by mechanically opening the

fruiting bodies and counting the numbor of spores remaining

in samples of infected foliage collected at standard inter-

vals during the sporulation period. Material for this study

consisted of needles bearing fruiting bodies of Elytroderma

deforinans collected on Pringle Butte in Central Oregon from

August 23, 1958 to July 20, 1959, Two methods of spore

extraction were employed. In both, a sample of needles

adequate to provide 500 fruiting bodies was drawn at random

from each collection of diseased needles,

Abrasion Methods

Blender. In this method the needle tissue was

trimmed away as close to the fruiting bodies as was pos-

sible, To soften the needle tissue the pieces bearing

fruiting bodies were soaked for one hour in 100 cc, of

water, After soaking, needles arid water were poured into

the blender and macorated for twenty minutes. The mixture



17

was poured into a beaker, reineasured and examined. under the

microscope at 100 diameters; using a 1 cc, volume spore

counting cell. One field of the microscope covered an

area encompassing .5]. cubic mm. or 1/1960 of the volume of

the entire counting cell, Forty fields were counted after

which the cell was cleaned, refilled from the original

suspension, and again 40 fields were counted. The average

number of spores per one cc. was computed from these 80

observations. These averages were used to determine the

number of spores in the entire suspension and the number

per fruiting body.

Shaker, This method corresponded to the pre-

ceding method except that the sample of 500 fruiting bodies

was placed in 200 cc0 of distilled. water in a flask con-

taining a teaspoon of glass beads, The flask with its

contents was shaken on a mechanical shaker (Burrell Lab,

Shaker Wrist-Action) for four hours. Afterwards the water

with the spores was poured into tubes and centrifuged for

15 minutes at 2700 r.p.m. In this process the spores were

concentrated in five cc. of water which was examined micro-

s copically0

periments and Results

Experiments were designed to determine the time of

spore discharge, the rate of spore discharge as affected

by weather and the distribution of spores in and around

two of the patches of blight described earlier, One



18

infected patch was approximately 2,000 x 2,500 feet, the

other 50 x 30. Since the patches of infected trees were

surrounded by an extensive disease free area it appears

probable that the source of Elytroderma spores was clearly

defined.

Data concerning the time of discharge were obtained

from all the spore trapping devices described in the

section on methods including interception by foliage, and

from the study of ascus depletion. Spore distribution

data were obtained from exposed slides and from oil traps.

In the larger blight patch slides were attached to

the supports previously described at levels of 1, 5, 13,

21, and 29 feet above the ground. The fourteen supports

employed were spaced at 66 foot intervals along a straight

line continuing four chains beyond the limits of the infec-.

tion patch at one end and extending through the patch

center to its north limit0

Slides were changed weekly from August 29 to December

19 and every three weeks from then until January 16, at

which time collections were discontinued, Because of the

gelatinous nature of the spore sheath adhesive slides were

not required, The results of these studies are shown in

Tables 1 and 8.

Slides mounted on the poles were several to many feet

distant from the infected foliage and the source of spores,

In order to obtain information on the number of spores



19

Table 1

Number of Elytroderma spores collected on different dates
in a patch: of blighted pine saplings on microscope slides
exposed at various levels0

nearer the point of spore discharge slides were held, one

foot below heavily infected branches, as described under

methods (Fig. 3). Eighteen stations exposing a single

slide at each were employed, Slides were changed concur-

rently with those on the poles. The results are shown in

Table 2.

In order further to check sporulation near the spore

source 18 slides were placed directly on the infected

needles, scattered through the infected patch. The slides

were changed daily from August 18, 1958 to termination of

the experiment on September 25 at which time it was real-

ized that accumulation of dew on the lower side of the

Collect.ion
Date

1958-1959

Number of spores collected at
the following heights in feet:

1 5 13 21 29

Total
Number
of Spores

Aug.25 0 0 0 0 0 0
Sept.l 0 1 3 1 1 6
Sept.5 0 0 0 0 0 0
Sept.11 11 8 0 0 0 19
Sept.16 0 0 0 1 1 2

Sept0 25 2 0 1 1 2 6
Oct.4 0 0 1 0 0 1Oet0ll 1 0 0 1 0 2
Oct.17 0 0 0 2 0 2

Oct.25 2 3 4 0 1 10
Oct.31 0 0 0 0 0 0
Nov.7 0 3 1 1 3 8
Nov.23 1 3 4 7 3 18
Dec.6 0 2 0 1 0 3
Dec.19 3 2 3 0 0 8
Jan.16 2 2 0 0 0 4

Total 22 24 17 15 11 89
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Table 2

Number of spores obtained from microscope slides located
one foot below infected branches,

Collect ion
Date

1958-1959
Number of spores collected

from 18 slides.

Aug.25 0
Sept, 1 4
Sept, 5 2

Sept. 11 13
Sept. 16 0
Sept, 25 0
Oct.4 4
Oct.11 0
Oct.17 3
Oct, 25 2
Oct. 31 0
Nov. 7 10
Nov0 23 o

slides and around fruiting bodies created an artificially

wet condition and caused discharge of spores which other-

wise would not have taken place,

Because of the relatively small area of glass slides,

the required shielding of the slides, and other disadvant-

ages it was suspected that the slide method would not pro-

vide spore samples of adequate size, To avoid these diff i-

oulties oil traps as described earlier were employed.

The oil traps were fastened to four of the poles in

the line supporting slides and to 5 similar poles forming

a parallel line through the infection patch at a distance

Dec,6 4
Dec. 19 0
Jan. 16 4

Total 46
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of 25 feet. All were located in or within 3 chains of the

infected patch. Each pole held spore traps at ground level,

at 5, 10, 15, 20, and 25 feet from ground. Once a week

from August 20, 1958 to December 19, 1958, and every three

weeks from December 19, 1958 to January 16, 1959, samples

were collected and examined according to the procedures

described in the section on methods. Results are shown in

Table 3 and Figure 5

Table 3

Number of spores collected in oil traps placed in an
infected forest area from August 25, 1958 to January 16,
1959.

The other experiment employing liquid traps involved

the examination of rain water gathered from below infected

branches1 The purpose was to relate the discharge of

spores to the number of spores washed from the infected

Collection
Date

1958-1952

Actual numb er of spore s collected:
Daily
Rate

Distance from Gzound in Feet
0 l0l 20 25 Total

Aug. 25 O 0 0 0 0 0 0 0'
Sept. 1 O 0 0 155 0 0 155 25.8
Sept. 5 45 0 0 0 0 0 45 11.2
Sept. 26 640 750 450 150 50 50 2090 99.5
Oct. 4 20 0 0 32 37 0 89 11.1
Oct. 11 16 0 O 0 O 0 16 2.2
Oct. 17 73 65 146 75 60 50 469 18.1
Oct. 23 0 621 610 310 177 264 1982 330.1
Oct. 31 0 0 0 0 80 0 80 10.0
Nov. 7 0 333 333 0 0 0 666 95.].
Nov1 21 0 0 0 0 0 0 0 0
Dec. 6 67 7 73 0 O 0 147 9.8
Dec. 19 0 0 O 0 0 0 0 0
Jan. 16 0 0 0 0 0 0 0 0

Total 861 1776 1612 722 404 364 5739
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foliage. The relation of rain to discharge could then be

established. Ten rain water traps were distributed through

the patch of blighted saplings. The water was collected

immediately after each rain from August 29, 1958 to

September 22, 1958. From September 22, to November 20,

1958, water was collected once a week irrespective of the

time of rain. A sample of 100 cc. from each collection was

examined in a manner similar to that used with oil0 The

results appear in Table 4.

Table 4

Number of spores collected from rain water gathered from
infected branches.

Rainfall Date of
Number of
oresyer cc.

Date
1958 Inches

- Collection
l98

Aug. 21 .01
Aug.29 4.0

Sept. 8 .14 Sept. 8 0.0
Sept. 9 .02 Sept, 9 0.0
Sept. 13 .21 Sept, 13 0.3
Sept, 15 .06 Sept. 15 0.0
Sept. 22 .02 Sept. 22 3,0
Oct. 18 .06 Oct. 18 0.0
Oct. 19 .76
Oct, 21 001

Oct. 25 0.0
Nov0 4 .25
Nova 6 .15

Nov.7 0.0
Nov1 8 .53
Nov. 12 30
Nov. 14 .98
Nov. 18 .09
Nov. 20 .17

Nov. 21 0.0

Total 7.3
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As a check on the spore discharge data obtained from

the large blighted patch a small blighted patch of heavily

infected saplings was chosen for study. Slides and oil

traps were placed at 1, 5, 9, and 13 feet from the ground

on 48 poles arranged 5 feet apart within the blighted

patch. Methods of supporting the traps and their arrange-

ment are shown in Figure 6. Collection of data at this

location was started on October 4, 1958 and discontinued

on January 16, 1959. The slide traps of this experiment

gave results similar to other slide studies, the number of

spores being too small to be significant. Data from oil

traps are summarized in Table 5.

Table 5

Number of spores collected on different dates in oil traps
located 1.n a small, heavily infected blight area.

Collection
Date

1958-1959

Actual Number of Spores
Distance from Ground in Feet
1 5 9 13 Total

Oct.4 100 0 0 0 100
Oct.11 38 0 0 0 38
Oct. 17 70 0 0 47 117
Oct, 23 303 101 101 0 505
Oct. 31 53 0 53 54 160
Nova 7 166 167 166 0 499
Nov.21 0 0 0 0 0
Dec. 6 100 50 0 0 150
Dec.19 0 0 0 0 0
Jan.16 0 0 0 0 0

Total 830 318 320 101 1569
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Fig. 6. A small, heavily infected patch of pine saplings
showing method of supporting traps and their
arrangement.
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Spores Intercepted by Foliage

In addition to slides and liquid traps, green foliage

near infected branches was examined for presence of spores

through the period of maturity o± ascospores, The green

needles were collected at the dates in Table 6 from 10

marked branchiets scattered through the infected patch.

Table 6

Number of spores washed from green foliage with F.A.A.

From each of the ten branchlets at each collection date 300

needles were collected in tubes containing 25 cc. of F.A.A.

(Formalin-Acetic acid-Alcohol). The tubes were placed in

a mechanical shaker for 24 hours and then centrifuged, The

spores were concentrated in 5 cc, of liquid from which a

sample of 2 cc. was examined as described under methods,

The data (Table 6) indicate a decrease of the number

of spores present on the green foliage from the date the

experimental collections began until they were discontinued

(February 7), Because of the fact that this experiment

covered only a portion of the time of ascospore discharge,

Collection
Date

1958-1959
Number of spores per

300 needles

Average number
of spores per

needle

Oct. 17 4214 14.04
Oct. 24 784 2.61
Nov. 7 784 2.61
Nov. 21 290 .96
Dec. 5 490 1.63
Dec. 19 290 .96
Jan0 16 290 .96
Feb. 7 98 .33
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it is difficult to draw a conclusive picture of the time

of maximum dIscharge.

The spore trapping results in general must be regarded

as less than satisfactory. Spore numbers recorded usually

appear unreasonably small, there is excessive variability

in the data and whatever trends may appear seem difficult

to relate to weather, With hope of avoiding the above

consequences, the matter of spore discharge was examined

by the negative approach of following the progress of

spore depletion from the fruiting bodies.

Pro$ress of Depletion of Fruiting Bodies

To do this, procedures were employed which in the

section on methods are described as the blender and shaker

methods, The objective of both was to find the number of

spores present in fruiting bodies of Elytroderma from the

time the first spores reached maturity until the fruiting

bodies were empty, or almost empty of spores. In the

blender met'hod a sample containing 500 fruiting bodies was

soaked in water to soften the tissue, chopped in the

blender, and examined according to procedures described in

methods. This experiment was repeated three times and the

data obtained (Table 7) were in close agreement indicating

that the sample of 500 fruiting bodies accurately repre-

sented the population of infected needles collected in the

field on any given date.



Table 7
Number of spores obtained from blender and. shaker experi-.
ments,

Collect ion
Date

1958-l959

Number of spores per
500 fruiting bodies,

Apylioation
1 2 3

Blender

Average.
number of
spores per
500
fruiting
bod leB,

28

Average
number of
spores per
1
fruiting
body,

Aug. 29 584800 584700 584900 584800 1169Sept, 3 890620 890600 890700 890640 1781Sept. 15 297100 298000 298660 297920 595
Sept, 22 423000 423500 423580 423360 846
Sept. 26 768520 768240 768200 768320 1536Oct, 4 305800 305600 305880 305760 611
Oct. 11 315400 313200 312200 313600 627Oct. 18 387840 387000 387000 387280 774Oct. 27 194000 193200 196000 194400 388
Oat, 31 275500 275800 276700 276000 552
Nov, 21 95700 95670 95670 95680 191
Dec. 6 59600 59300 59900 59600 119
Feb, 6 59600 59500 59700 59600 119Mar, 1 28200 28280 28240 28240 56
Apr. 10 35180 35240 35300 35240 70
Jun. 30 20000 18000 20320 19440 38

Shaker

Aug. 29 55528 55750 55750 55676 111
Sept, 3 91293 91180 91220 91231 182
Sept. 15 83514 83400 83628 83514 167Sept, 22 83800 83700 83900 83800 168Sept. 26 118060 117960 117860 117960 236Oct, 4 39940 39990 39965 39965 80Oct. 11 57090 57072 57000 57054 114
Oct. 18 43770 43900 43802 43824 88
Oct, 27 9918 9900 9948 9922 20
Oct. 31 49700 49500 49636 49612 99Nov, 21 5500 5506 5530 5512 11
Dec. 6 12460 1480 1470 1470 3Feb. 6 1104 1100 1102 1102 2
Mar. 1 560 545 548 551 1
Apr, 10 1654 1658 1650 1654 3Jun. 30 545 540 568 551 1
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Figure 7 shows that most spores are discharged during

September, October, and November. This observation is in

agreement with Lightie (6). In almost all instances, for

which precipation data are available, the number of spores

expelled from the fruiting bodies is influenced by rain,

or by periods of prolonged high humidity. The ascospores

do not all reach maturity at the same time. During wet

conditions, because of discharge, the number of mature

spores per fruiting body decreases. The fruiting bodies,

particularly during September and October, have asci in

all stages of development. Later in the season (December,

January, February, and March) the fruiting bodies have only

a limited number of spores, and immature asci are not

observed,

The shaker experiment was designed to further check

the course of spore discharge and to chock blender results.

The blender opened the fruiting bodies mechanically, after

which the number of septate spores was determined, The

shaker, on the other hand, was intended to discharge mature

spores with minimum damage to the fruiting bodies The

mechanics of this approach wore described in the section on

methods. The results (Table 7) are shown together with

those from the blender (Fig, 7) to better bring out corn..

parisons between the two approaches,

Data from both experiments followed almost an identi-

cal pattern, The most spores were obtained from fruiting
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bodies of September, October, and November C011ectiOfl8;

decreasing toward the winter months. Only a limited number

of spores were found during spring, and almost none during

summer1 Shaker and blender alike showed an irregular pat-

tern of ascospore discharge during the peak period,

(September, October). This irregular pattern is consid-

ered to be associated with the maturity of spores. The

asel of Elytroderma discharged their spores during wet

periods causing a decline of the number of mature spores

in the fruiting bodies1 During a dry period some immature

asci become fully developed and ready to discharge when

conditions were favorable, This behavior was observed

during September and October when asci in all stages of

maturity were present in fruiting, bodies opened by the

blender method, Data obtained during the winter months,

spring and summer showed a very limited number of spores

when examined by either method and immature asci were not

observed0

Information regarding vertical distribution of spores

in the air at different heights is available from slide

and oil traps as described earlier. The data are sum-

marized in Tables 1, 3, and 5. Most spores were collected

in both slides and oil methods, at 1, 5, 10, and 13 feet

from the ground, and the lowest numbers were collected at

25 and 29 feet from the ground. This distribution corre-

lates rather closely with the vertical distribution of
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infected foliage in the stand studied and suggests that

there is very limited upward movement of the spores.

Horizontal distribution of spores was shown through the

use of the slide method as described previously. These

data are summarized in Table 8. It appears that almost

no spores were collected outside of the infection patch.

Very few were collected in the light infected area. Most

spores were collected in the center of the infection patch,

but even here the numbers were quite low. These results

seem to indicate rather limited lateral movement of the

spores.

Discussion of Sporulation Studies

The spore dissemination studies of Elytroderma

deformans reported here are based on one years observa-

tions. A variety of methods was used, some having been

employed by other workers concerned with the dissemination

of Elytroderma, and some being especially designed for this

work. No method has proven highly satisfactory, a situa-

tion stressing the difficulties connected with this task.

In this paper equal attention was given to both positive

and negative methods of evaluating spore discharge. Slides

were apparently used successfully by Lightle (6), but in

this study all slide methods failed to accumulate a satis-

factory number of spores to clearly show the relationship

between sporulation and weather, or to show the distribu-

tion of the spores in space. The effectiveness of slides



Table 8

The effect of disease intensity on the number of Elytroderma spores in the air over a
patch of blighted pine saplings.

* Total number of spores on the slides of a particular pole at all six levels above the
ground.

Collection
Date

1 8-1 . .

Outs ide
of Infection

Light Center
Infection of Infection

Light
Infection

Total
Pole Number

2* 4 6 8 10 11 12 1 11+

Aug. 25 O 0 O 0 0 0000 0 0000 0

Sept. 1 o 1 1 0 1 2000 0 1000 6

Sept. 5 O 0 0 0 0 0000 0 0000 0

Sept. 11 O 0 0 0 0 0085 5 1000 19

Sept. 16 0 0 0 1 0 0000 1 0000 2

Sept. 25 0 0 0 0 0 0112 1 0100 6

Oct, 4 0 0 0 0 0 0000 0 1000 1

Oct. 11 0 0 0 1 0 1000 0 0000 2

Oct. 17 0 0 0 0 0 0000 1 1000 2

Oct. 25 0 0 0 2 2 3110 0 0100 10

Oct. 31 O 0 0 0 0 0000 0 0000 0

Nov, 7 O 0 2 1 0' 0200 0 0030 8

Nov. 23 O 1 1 3 0 7420 0 0000 18

Dec. 6 O 0 1 0 1 0001 0 0000 3

Dec. 19 0 0 0 2 1 0000 0 0014 8

Jan. 16 0 0 0 0 0 0000 0 0040 4

Total 02 510 5 138128 7 4384 89
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is limited for various reasons, When unprotected, rain

and wind wash the slides greatly modifying the numbers of

spores collected during the most critical sampling periods,

When protected, the relatively large roof used to exclude

blowing rain, probably also greatly excludes the spores,

Moreover, any protective device creates abnormal air cur-

rents which modify spore interception, These limitations

possibly may be overcome in part when a very heavily

infected area is sampled during epiphytotic conditions

which lead to the presence in the air of very large numbers

of spores, Differences of this sort probably account for

the differences in effectiveness of the slide method as

experienced by LiShtle (6,) and by the writer. Better

results were obtained with oil traps, Because of their

greater size and freedom from protective devices, they

likely intercepted and retained all spores settl1n into

them. Their major disadvantages lie in the difficulty of

handling liquid in the forest; they are not reliable during

winter when snow covers the oil, The results obtained from

oil traps followed the same seasonal pattern obtained by

Lihtle (6,7) with slides,

Spore traps showed that most spores were discharged

during the fall and only a very few during the winter,

spring, and summer, The limited number of spored collected

after the fall period is understandable since data obtained

by the blender and shaker methods showed that the fruiting
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bodies are almost exhausted of spores during the fall,

There is no replacement at this time from immature asci.

The above findings are in agreement with Lightie (6,7) but

not with Weir (11), who considered that optimum spore dis-.

charge was in the spring season, and that mature spores

could be found at any season. Iniinature asci which appear

during September and October gradually reach maturity and

expel their contents by late fall. During winter, spring

and summer immature asci are not present, and there no

longer remains a source of spores for subsequent discharge.

The use of pine foliage as a spore-trapping surface

has the great advantage that the evaluation is made at the

point of presumed infection. Formalin-acetic acid-alcohol

was found a desirable material for fixing the spores and

for their removal from the foliage for counting. Prelimi-

nary studies in this direction indicated that the method

should receive further consideration0 It was here under-

taken at such a late date that detailed results are not

presented, In general, however, a decrease of spore

number on healthy green needles in the infection area from

fall, when most spores were found, to February when almost

no spores were collected, was recorded.

The results of water trapping experiments were diff i-

cult to evaluate because of two major errors; water samples

removed from the total amount of water collected were too

small, in particular during heavy rains, and collections



were not always possible after rains in October and

November. A further problem arose in that spores of

Eltroderma decompose very rapidly in water and. the

partially decomposed spores, after the process of centri-

fuging, cannot be identified0

Satisfactory knowledge of correlation between weather

and ascospore discharge was not achieved, The methods

employed appear to have been too insensitive in evaluation

of spore numbers, cilinatological measurements, and isola-

tion of critical periods, Some indications were obtained,

however, During August the low precipitation and low

number of mature spores present on the fruiting bodies

resulted in a low level of spore collection. Through

September and October discharge occurred from fruiting

bodies during rains, or prolonged periods of high humidity

and the asci progressively reached maturity. Immediately

after each period of discharge, which were suggested as of

relatively short duration, the number of mature spores in

the hysterothecia decreased, However, later following each

period of discharge there occurred during rainless days a

further period of maturation with resulting increase in

dischargeable spores so long as immature asci were present.

During November and the following months f or the reasons

described earlier, only a few spores were collected irres-

pective of the precipitation pattern.



37

Vertically most spores were collected from one foot

to thirteen feet from the around, Horizontally almost no

spores were collected beyond the limits of the infected

patch. These findings indicate that ascospOres are not

carried far from the point of discharge in either a hori-

zontal or vertical direction, This condition probably is

explained by the mass of the spore which is several times

increased by the heavy gelatinous sheath surrounding the

spore.



PATHOLOGI CAL ANATOMY

At the time of initiation of these studies authorities

differed regarding the distribution of lytroderma mycelium

in pine tissue, especially in the stem and vascular system

in general. The work here reported was begun in conjunc-

tion with the formal miorotechnique class taken by the

author at Oregon $tate College, Infected needles were

chosen for laboratory practice materials and later, when

It became apparent that mycelium was clearly present In

the phloem of infected needles, the work was enlarged to

a more definite program, At first only infected needles

were examined, Later, green needles, buds and twigs from

healthy and diseased trees were prepared for microscopic

study in order to learn of the distribution of fungus in

the host, Concurrently with these studies Roth (8) exper-

imentally demonstrated perennial infection and Waters (10),

without the knowledge of the author at the time the work

was in progress, reported that Elytroderma mycellum was

present in the primary phloem of needles, stems and buds,

Materials and Methods

Needles for these studies were collected from sup-

pressed saplings of ponderosa pine transplanted to Corvalli;

Oregon from the Pringle Falls xperimenta1 Forest, near

Bend, Oregon. All needles used were collected at two-week

intervals from January 28, to May 27, 1958, Twigs and

38
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dormant buds were collected on April 29, 1958 at Pringle

Falls, From the above materials the following tissues

were prepared for study:

1, Red needles from twigs that had shown blight

symptoms for at least two seasons,

Red needles from twigs showing blight symp-

toms for the first time,

Green needles from diseased shoots.

Stem sections and buds from branches that had

borne blighted needles during at least two seasons,

Stem sections and buds from branches showing

blight for the first time.

Stem sections and buds from healthy appear-

ing branches having adjacent diseased shoots,

7 Stem sections and buds from healthy trees0

In the first phase of this study both Infected and

healthy needles were examined, The samples consisted of

30 needles collected from 3 appropriate branches for each

group as listed above, 1 through 3, Each needle was

divided into base, middle, and tip and one-half centimeter

segments from each part were killed and fixed by Randolph's

method and embedded in paraffin (Johansen, 5, p, 45-46).
The embedded needles were softened with Gifford's solution

and sectioned with the rotary microtome, Sections were

stained by the following methods:



'40

"Cartwright" for fungi. in wood.

Stoughton's tionin and orange G.

hlorozol black E.

Safanin and anilin blue in clove oil,

5, Feulgen nuclear reaction (Johansen, 5, p. 95-

97),

The best differential staining was obtained with the

Feulgen nuclear reaction and this method was used in all

materials mentioned, In addition to permanent slides,

later in the study some free hand sections were made, One-

year-old infected needles and, current year needles collected

July 23, 1959 from experimental trees in Corvallis, Oregon

were used for the free hand sectioning.

Fungus tissue was located in all portions of the

infected needles studied and attention was transferred to

buds and twigs, Individual buds were divided into distal

and proximal halves, The surface of each bud was freed

from scales to facilitate softening and cutting,

From the twigs, several 1/2 cm, cylinders were removed

from each of the last 4 season growth, Then from each

cylinder the bark was removed and processed by

method and embedded in paraffin, The embedded tissue was

softened with Gifford's solution, sectioned and stained with

the Feulgen nuclear reaction,
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Results

The needle of ponderosa pine is triangular in trans...

verse section (Fig. 8). The central part is occupied by

two collateral vascular bundles surrounded by transfusion

tissue which in turn is surrounded by a thick-walled endo-

dermis. Outside the endodérmis is the mesophyll traversed

by two resin canals at the outer angles of the needle. The

mesophyll is surrounded by the fiber-like cells of the

hypodermis and heavily cut icularized epidermis. Numerous

stomata occur on all sides. The two vascular bundles are

composed of vascular cambium and primary and secondary

xylem and phloern.

In this study Elytroderma mycelium has been identified

in needles, buds and twigs. (Fig. 8,9,10,12,13). Hyphal

morphology varies somewhat as it occurs in different tis-

sues. In the resin canals the hyphae are moderately uni-

form in diameter (3,m -5,Lt ) septation and branching habit.

In the phloem, on the other hand, diameter and septation

vary widely and numerous short branches form along the

cells giving the hyphaé a warted and lobate appearance

(Fig. 9,10). Septa are well defined and hyphae regularly

are surrounded by a gelatinous sheath varying in thickness

but in general appearance similar to the thick gelatinous

sheath that surrounds the ascospores (Fig. 9,10,11).

In the phloem of newly symptomatic needles where the

fungus and its effects are readily observed, cavities



Fig, 8. Transverse section through needle of ponderosa
pine collected on February 17, 1958, A, General
view showing the various tissues: (e) epidermis;
(h) hypodermis; (m) mesophyll; (en) endodermis;
(t) transfusion tissue; (x) xylem; (p) phloem
with fungus hyphae, B. Vascular bundle of the
same section showing a cavity in the phloem con-
taming mycelium, (Fig. A xlOO, B x500),
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Fig. 8



Fig. 9, Longitudinal sections through ponderosa pine
needles infected with Eltroderma deformans
A, General view: (e) epid.ermis; (h) hypo-.
dermis; (m) mesophyll; (en) endodermis; (t)
transfusion tissue; (p) phloem cavity con-.
taming fungus hyphae, B, Detail of central
cylinder, Note the presence of hyphae in the
phloem region of the vascular bundle, C,
Detail of characteristic habit of growth of
the fungus in the pbloem region, (Fig. A
xlOO, Bx250, Cx500).
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Fig. 9



Fig. 10. Longitudinal section through a needle of Pinus
ponderosa infected with 1ytroderma deformans.
Iote hyphae in the vascular bundle, and the
heavy gelatinous sheaths surrounding the hyphae.
(x 1000)

Fig. 11. Drawing of the mycelium dissected from green
needles of Pinus ponderosa infected with
1ytroderrna deformans. Note gelatinous sheath,
septa, and general pattern of mycelium.
(Drawing by Betty Sikorowski),
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Fig. 12. Transverse section through the base of a bud of
ponderosa pine. A. General view of the cylin-
der of vascular bundles. Three infected areas
of phloem are Indicated by the pointers, 17 in
all were counted on the section. B. and C.
Enlarged vascular bundle of the same section
showing mycelium in a cavity in the phloem indi-
cated by pointers. (Fig, A x 50, B x 300,
C x 1000).
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Fig, 12
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Fig. 13. Transverse section of bark from a 2-year old
internode of a ponderosa pine infected with
Elytroderina. A. General view shown patches
of infected phloem indicated by pointers.
B. Enlarged portion of the same section show-
ing hyphae in the cavities of the infected
phloom. (Fig. x 50, B x 500).
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replace the primary phloem. Later, the cavities are

expanded deeper into the secondary phloein, sometimes nearly

eliminating this tissue and part of the transfusion tissue

in its vicinity, The cavities regularly contain the fungus

which sometimes is so abundant that it completely fills the

opening, During the formation of the imperfect stage,

hyphae were also present in endodermis, mesophyll, and in

hypodermis in the vicinity of the fruiting bodies, The

epidermis and xylem regions were not penetrated by the

hyphae. The epidermis was pushed up mechanically by the

imperfect stage, but hyphae were absent. The xylem was in

many instances to a large extent surrounded byhyphae, but

their presence in the xylem was never observed,

The arrangement of mycelium in relation to the host

tissue is difficult to establish with certainty. The

mycelium is usually associated with disorganized and

partially or fully digested cells, In phloem the hyphae

are more compact and irregular in shape, particularly in

the early stage. During the later stage the cavity in

the phloem enlarges and may involve part of the trans-

fusion tissue, During the formation of the imperfect

stage, hyphae are scattered throughout the mesophyll

region in an irregular pattern, At this stage it was also

observed that mycelium penetrated the hypodermis in, or in

the vicinity of, the fruiting body. The mycelium present

in the mesophyll is more regular in form and septation and
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gelatinous sheaths are well represented, Growth occurs

both within and between the host cells.

Myceliurn is most easily detected in longitudinal

sections through the phloem region of the vascular bundle

where the hyphae are clearly visible (Fig. 9), In cross

sections, owing to the irregularity of mycelium, only

fractions of hyphae are visible (Fig. 8), These portions

of hyphae surrounded by gelatinous sheaths were illustrated

by Lightie (6, p. 32) but were interpreted as degenerated

phloem,

The hyphae of the fungus were present throughout the

phloem region of the vascular bundles, transfusion tiasue,

endodermj.s and mesophyll in all portions of the following

groups of needles during the formation of the imperfect

stage: in red needles from twigs that had shown blighted

symptoms during at least two seasons, red needles from

twigs showing blighted symptoms for the first time and in

the phloem region of vascular bundles of green needles

from diseased shoots. After the fungus was located in all

infected needles its presence or absence in buds was the

next objective.

cross sections were taken at the base of each bud,

above the level of the bud scales, so that the vascular

tissue in the young stem could be examined.

Of the 20 buds examined, fungus was found to be pre-

sent in the phiosm region of almost all of the vascular
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bundles (Fig, 12). The relation of infected buds to the

newly formed needles indicates that the fungus which is

present in current growth needles (examined in June 23,

1959) could only be derived from hyphae in the phJ.oem of

the young stem, Therefore, Elytroderma is systemic as

shown experimentally by Roth (8).

Buds from branches that had borne blighted needles

during at least two seasons, and also buds from branches

showing blight for the first time, showed the presence of

fungus in the phloem of the vascular bundles before the

buds opened.

Healthy buds from branches having adjacent diseased

shoots, and healthy buds from healthy trees did not show

any evidence of fungus invasion in this study based on

one collection. It appeared from this study that the buds

were infected sometime during the formative period, or

during dormacy,

With respect to the twigs all those showing symptoms

for the first time and those diseased for two years or more

showed the typical disorganized phloem replaced completely

or partially, by fungus tissue (Fig, 13). In this study

only four-year old stems were examined and myceliuni was

found throughout the entire length of branches that had

borne blighted needles during at least two seasons and also

those showing blight for the first time.
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Discussion

The most apparent symptom of pine needle blight is a

reddening of the foliage which develops rather suddenly in

the one-ye.r-old needles during early spring, and fades as

summer advances.

In transverse sections of tissues collected during

this period, oval to spherical, but sometimes irregular

cavities occur in the phloem and are the most conspicuous

anatomical evidence of infection, The cavities vary in

size, and may result from the destruction of only a few

phloem elements, or may replace most of this tissue.

Bark, bud, and leaf tissues from infected twigs show simi-

lar effects.

Cell walls within the cavities are nearly or entirely

digested, whereas those at the margins appear to remain

more or less intact becoming compressed against adjacent

cells so that the cavity appears to have a rather even

thick wall.

The cavities are more or less filled with circular to

allantoid-appearing cytoplamic bodies, units, masses, sur-

rounded by pale translucent areas. These structures are

transverse and oblique sections of Elytroderma hyphae as is

readily apparent from examination of longitudinal sections.

In transverse section, however, they might be mistaken for

the disintegrating phloem elements themselves, This

illusion is especially strenghtened by the gelatinous
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sheath surrounding the hyphae. In the phloeni, hyphal

development is irregular and lobate with many short lateral

branches. Perhaps this distortion results from pressures

between host cells during the invasion stage. It is not

possible from the writers slides to determine whether or

not the fungus at first is intracellular or intercellular

in the phloem In the mesophyl]. growth is common in both

locations, and long even hyphao are usual in the rosin

canals.

It should be emphasized here that the hyphae of

Elytroderma are large (3-6fr ) and are surrounded by a

usually thick gelatinous sheath. They are not to be con-

fused with secondary fungi which seem to regularly invade

the infected needles by the time Elytroderma sporulates.

On the basis of field observations, Weir (11)

reported infection of the twigs. This opinion was con-

tradicted by Lightie (6) who in anatomical studies failed

to detect the fungus inside the endodernial cylinder of

needles or anywhere in the stem tissue.

The writers findings extend Lightle's initial obser-

vation of' the fungus in the mesophyll to the vascular

region both within the needle and in stems up to four

years old. They provide visual proof of systemic infection

by the fungus as first suggested by Weir (11), and experi-

mentally demonstrated by Roth (8). They concur throughout
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with Waters (10) who independently has obtained the same

results.

This study represents only a fragment of that portion

of the life cycle occurring within the host, and is in

need of extension. However, the work shows that the fungus

is systemic, in part at least, within its host and that

growth out into the needles is accomplished via the vascu-

lar system. The fungus persists within the phloem of the

main axis, and each year extends to the phloem of the

needle primordia, Here, as needle elongation occurs, it

grows into the phloem. Observation of newly formed needles

showed the fungus to be limited to the vascular area.

The sudden appearance of the red color in one-year-

old (only) pine foliage has been a matter f or some wonders

It is interesting to speculate as to whether or not this

sudden color change is coincident with growth of the

fungus from the vascular region into the mesophyll.



IBLIOGRAPHY

Cartwright, K, St. G, and W. P. K. Findlay. Decay of
timber and its prejvention, London, His Majesty's
Stationary Office, 1946, 294 p. (Princes Risborough,
England, Forest Products Research Laboratory.)

hilds, T. W, Needle blight of ponderosa pine.
Pacific Northwest Forest and Range Experiment Station,
Research Note 114:1-5, 1955,

3. Darker, Grant Dooks, The Hypodermataceae of Conifers,
Contributions from the Arnold Arboretum of Harvard
University. 1:63-65, 1932.

4, Hunt, John and T, W, Childs, Ponderosa pine needle
blight in eastern Oregon during 1955 and 1956. Unpub-
lished office report, Pacific Northwest Forest and
Range Experiment Station, 1957. 16 p. (mimeo.)

Johansen, Donald Alexander, Plant miorotechnique,
New York, McGraw-Hill Book Co., Inc., 1940. 523 p.

Lightle, Paul C. The pathology of 1ytroderma
deformans on ponderoga pine, Ph.D. thesis, Berkeley,
University of California, 1954. 57 numb, leaves.

Lightie, Paul C, The pathology of Elytroderma
deformans on ponderosa pine. Phytopathology 44:557-
569. 1954.

Roth, Lewis F, Perennial infection on ponderosa pine
by Elytroderma deformans, Forest Science 5:182-191,
1959,

Roth, Lewis F. Unpublished research on dissemination
of spores of ElZtroderma deformans (Weir) Darker,
Corvallis, Oregon Agricultural Experiment Station,
Department of Botany and Plant Pathology, 1956.

10. Waters, Charles W. The role of the primary phloem in
the spread of Elytroderma deformans (Weir) Darker in
ponderoga pine, In: Botanical Society of America.
Pacific Section, Abstracts of Papers Presented at
Session of June 17, 1958, Logan, Utah, p. 1.
(Mimeographed),

57



58

11. Weir, J. R. Hypoderma deformans an tmdescribed needle
fungus of western yellow pine, Journal of Agricul-
tural Research 6:277-288, 1916.


