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Stress Response As A Basis for Disease Susceptibility
in Ponderosa Pine

INTRODUCTION

Stress in trees is an external condition that causes physio-

logical disfunction or structural impairment resulting in sub-optimal

growth and maintenance of tree organs and tissues. When stress is

prolonged or is significantly damaging it constitutes a disease

(Boyce, 1961). Disease may result from environmental Stress such

as unfavorable climate or nutrient imbalance; however, biological

agents, principally fungi, cause the majority of forest disease.

The disease condition in the host often includes a complex of

environmental and biological stress agents (Houston and Kunta, 1964).

For instance, climatic irregularities may precede invasion by path-

ogenic organisms. The environmentally weakened tree is believed to

be predisposed to successful attack and colonization by forest pests,

and a colonized tree may be more vulnerable to damage from environ-

mental extremes. Also,devastating epidemics are known to occur in

previously vigorous stands under pressure from abundant inoculum.

In addition, such factors as stand dynamics, tree resistance, path-

ogen behavior, and climate contribute to the variability and exten-

siveness of disease.

Trees have evolved many general and speciii.c resistance mech-

anisms to physical injury and to infection. Among these, host reduc-

tion of pathogen penetration, growth, reproduction, and survival

play a significant role. Unfortunately, tree-pest interactions,

particularly the relationship of stress to predisposition to disease, are



still poorly understood and are more often inferred from association

than actually measured.

This study was conducted, in part cooperatively with Lloyd R.

Fuller (Ph.D. Thesis, 1979, O.S.U.) to investigate certain aspects

of tree-pest interactions.

My part of the study investigated the effect of environmental

and biological stresses, as indicated by selected morphological and

physiological responses in the tree, as a basis for evaluating the

probability of further infection or damage. In reacting to stress,.

the tree was believed to present a vulnerable physical and chemical

substrate (habitat) for forest pests. In addition, if tree reaction

to stress was positively correlated with the severity of treatment

then such parameters could be used as "indicators" of stress in-

cluding disease progression and probability of death. Fuller's part

of the study examined the effect of stress treatments on increasing

the probability of tree infection by Armillariella mellea (Vahi.

ex Fr.) Karst.

2



LITERATURE REVIEW

Growth and vigor of potential suscepts

Growth in a healthy tree depends on normal food, water, and

hormone relations (Kozlowski, 1969). This involves processes such

as photosynthesis, transpiration, translocation, cell division and

differentiation, which, in turn, use and produce carbohydrates,

amino acids, phenolics, and other chemical compounds. 'In fact,

all changes in tree growth ... are linked always to internal physio-

chemical processes and conditions." (Kozlowski, 1969, pp. 118.) The

tree responds physically and chemically through these processes to

environmental pressure. In order to characterize the host-pathogen

interaction, these processes and their compounds must be understood

initially and as a result of interaction.

Vigor is enhanced by a favorable genetic heritage, and a

favorable balance of food, light, air, temperature, and space free

of competition, predation, or other stress causing events. In the

natural stand of trees these factors vary for each individual and

thus are defined by seasonal norms for healthy trees or stands.

Seasonaltrends of carbohydrate metabolism and storage have been

identified for both conifer and hardwood species (Krueger and Trappe,

1967; Little, 1970; Parker, 1959; Parkerson and Whitmore, 1972;

Siminovitch, et al., 1953; Wargo, 1971; and Webb, 1977). Seasonal

phloem development has been investigated in pine (Alfieri and Evert,
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1965) and in Pyrus spp. (Evert, 1960). Seasonal phloem moisture

(Vite, 1961) and phioem thickness (Cobb, et al., 1968; Miller, et

al. , 1968) have aiso been investigated as responses to stress. Sea-

sonal variations in terpenes have been investigated in pines by Pearl

(1965). Other aspects of host physiology are reviewed by Kozlowski

(1963, 1964, 1969) and Kozlowski and Keller (1966).

Stress and tree response

Symptoms of stress include apparent morphological and physio-

logical reactions to stressful events. Color changes in foliage,

necrosis, leaf spots, atrophy, hypertrophy, dieback, and abscission

of plant parts are various reactions to disease (Kozlowski, 1969).

Visual symptoms such as chlorosis are in turn related to depression

of photosynthesis, translocation, absorption, or hormonal regulation;

they may precede measurable physiological changes or vice versa. In

either case, the entire tree is eventually affected via a chain

reaction of interdependent events.

Ishizaki, et al. (1974) investigated response to drought and

found a depression of photosynthesis which reduced photosynthate and

consequently changed quantitative and qualitative amino acids, car-

bohydrates, and other cell constituents. Stark, et al (1968) inves-

tigated tree response to photooxidant injury They found the follow-

ing effects: needle chiorosis, mottling, loss, and shortening, reduc-

tion of live crown length, reduction of o.e.p. , resin yield, and
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flow rate, increase in resin crystallization, and decreases in phloem

thickness, moisture and carbohydrate contents, and sapwood moisture

content to be positively correlated with high oxidant levels.. Helms,

et al. (1971) found a decrease in net photosynthesis and transpira-

tion in ponderosa pines infected with Verticicladiella wagnerii.

Compton, et al. (1961) found stress related to resin pressure and

transpiration in needle scorched ponderosa pine. Drought and tem-

perature extremes also cause stress response. Rapid transpiration

and death in conifer needles located in the predominant air stream

are responsible for red belt disease (Roth, 1969).

Stress and carbohydrates

Environmental extremes, fungi, and insects all affect quali-

tative and quantitative storage and metabolism of. carbohydrates.

This is significant in two ways. First, starch comprises

much of the energy reserves for tree maintenance and growth (Kramer

and Kozlowski, 1960). During the onset of growth, seasonally or as

a result of other environmental or biological pressures, starch is

converted to simple sugars for translocation and metabolism. Deple-

tion of starch reserves has significant effects on tree growth and

survival. Second, simple carbohydrates and reducing

sugars, particularly glucose, are easily metabolized by invading

root organisms, and thus may hasten pathogenic colonization by root

rots (Carraway, 1975; Hare, 1966; Redfern, 1968, 1975; Weinhold and
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Garraway, 1966).

Parker and Houston (1971) and Wargo, et al. (1972) have inves-

tigated the response of sugar maple to defoliation. They found

starch levels reduced in roots of trees which refoliated the same

season. In trees repeatedly defoliated, starch reserves decreased

proportionately to degree and frequency of defoliation. Root extrac-

tives were higher in root bark than in root wood of stressed trees.

Death of the defoliated trees was hastened by invasion of root rots

particularly Armillaria mellea. Redfern (1968) obtained similar

results.

Parker and Patton (1975) investigated the response of black oak to

drought and flooding, separately and in combination with defoliation.

Less starch and more amino acids and sugars were found in stressed

trees. Similar reports were made: 1) by Baker (1941) and Campbell

and Sloan (1977) for trees defoliated by gypsy moth. 2) by Tainter

and Gubler (1974) in trees infected with oak wilt, 3) by Staley

(1965) in decline and mortality of scarlet oaks, 4) by Webb (1976,

1977) in tussock moth defoliation of Douglas-fir, 5) by Welch and

Martin (1975) as a result of white pine blister rust, 6) by Cobb,

et al. (1966) in response to root rot and bluestain fungi, 7) by

Hare (1966) and Hassid and Neufeld (1964) in examining the physiology

of resistance, and 8) by Christensen and Hodson (1954) in investi-

gation of artificial senescence.
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Stress and resin characteristics

Environmental and biological events cause qualitative and

quantitative changes in the resin characteristics of conifers. This

is significant because resin exudation and composition of resin are

responsible for both attracting and repelling fungi and insects.

Flow and pressure through the resin canals of a tree follow

diurnal and seasonal patterns and are directly related to water

relations in a tree (Vit, 1961). Oleoresin exudation pressure

(o.e.p.) is highest in the pre-dawn hours when cell turgor is also

high. O.e.p. falls to a low point in the afternoon as the tree tran-

pires, and recovers in the evening and night as water loss is replen-

ished and transpiration is reduced (Vit, 1961).

Different species of trees have characteristic resin composi-

tion and behavior. Hanover (1975) has shown distinct resin charac-

teristics in eastern and western white pines which may indicate

differential susceptibility to fungi and insects. Vite aLId Wood

(1961) have related o.e.p. to vigor in ponderosa pine as it influ-

ences liability to bark beetle attack. Rudinsky (1966) further

noted the variability in o.e.p. between trees of similar vigor.

Resin also varies in its toxicity. Resin stimulates growth

of A. mellea when added to agar media, (but resin saturated tree

roots are physically sealed from acropetal invasion of mycelia

(Shaw, 1974).) Popoff, et al. (1975) found that resin, lignin, and

phenols initially inhibited fungal growth followed by detoxification
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and continued growth. Norkeans (1963) found similar toxic effects

of resin fractions on Fomes annosus growth. The terpene components

of trees, significant for attracting or repelling bark beetles, have

been reviewed by Rudinsky and Ryker (1978). Smith (1975) showed

that trees with high limonene contents in their resin are five times

more resistant to bark beetle attack than similar non-limonene trees.

Cobb, t al. (1967) found volatile resins toxic to Fomes:anCerato-

cystus spp.

Host attraction of bark bettles often precedes secondary bark

beetle attractions (Rudinsky, 1966). The volatile terpenes, notably

limnene, alphapinene, and camphene, are sensed by the flying bark

beetles. The terpene constituents may result in syriergystic effect

for mass attractions to certain trees when mixed with the scent of

pheromones emitted by colonizing females (Rudinsky and Ryker, 1977).

High limonene has also been associated with strong resinosis; thus,

the chemical constituents are synergystic with the effect of physical

resin barriers to mutually resist penetration.

The seasonal and diurnal behavior of resinosis response e.g.

rapid, abundant resin flow, and slower resin crystallization of

stressed trees are ineffective to occlude pathogen attack (Cobb, et

al., 1967). Smith (1975) described a combination of resin quality

divided by bettle density arid quality as a formula for describing

the resistance of ponderosa pine. Low o.e.p. trees, less than four

atmospheres, support mass attraction because they can be successfully

colonized (Vit and Wood, 1961). In fact, measuring o.e.p. is
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suggested as an effective method for indicating the probability of

bark beetle attack.

Bark beetle behavior is a result of interaction with the tree.

Beetles disperse at random and in flight sense volatile compounds

attracting them to individuals or groups of trees. If the tree is

vigorous it has strong resinosis with toxic terpenes. If the tree

is weak the resin will be slow, inadequate, and rapidly crystalizing

and the resinous fraction will be less toxic also. In endemic sit-.

uations these susceptible trees will be successfully attacked and

resultant terpene/pheromorie interactions will attract mass invasion.

Under epidemic situations where all trees are attacked under the

pressure of a high population of beetles the more vigorous have a

greater likelihood of survival because of their ability to withstand

attack, while the weaker trees succumb rapidly (Vit and Wood, 1961).

Stress and water relations

Moisture stress is related to general tree vigor (Ishizaki,

et al., 1974). The water potential in a tree is a measure of mois-

ture stress as it relates to susceptibility. Ferrell (1978) found

droughted trees more susceptible to fir-engraver beetles and their

fungal symbiont than were trees with adequate moisture. The corre-

lation of moisture stress to o.e.p., and thus to beetle suscepti-

bility, was discussed by Vita and Wood (1961). Cobb, et al. (1968)



showed phloem moisture content to be lower in stressed trees. Low

moisture may affect larval development (Vite', 19161).

Stress, susceptibility, and disease complexes

The first condition for an epidemic is thought to be, "A large

population, of susceptible trees . . ." (Boyce, 1961). Kozlowski (1969)

adds, "Physiological predisposition of the host often precedes attack

by fungi or insects." Genetic susceptibility is coevolved metabolic

compatibility between the host and the pathogen. Secondary suscepti-

bility and predisposition describe trees that are probable disease

targets because of their age, vigor, or position in the stand

(Kozlowski, 1969). Some diseases hit only very young or very old

trees; obligate parasites often favor vigorous trees, while facult-

ative parasites are more aggressive in weakened trees. Some trees

are predisposed to disease by virtue of their proximity to abundant

inoculum (Strand, 1973). In cases where predisposition is triggered

by a stress-causing event, whole disease complexes may be built

around combinations of climate and pathogenic organisms (Wargo,

1977).

Among primary factors affecting the vigor of a tree and its

predisposition to disease are tne tree species, site quality, soil

moisture, air temperature and seasonal climate InitLal stresses

on a tree may come from a generally poor habitat or from events such

as drought, flooding, logging, animal damage, or storms.
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Offsite plantations are particularly prone to disease; the

site may be inadequate, causing retarded growth, or may allow rapid

tree growth followed by unusual disease incidence or site depletion

(Dahi and Nicoloson, 1969). This often happens when the climate is

damaging to the host or is particularly favorable to the pathogen.

For instance, an attack of needle-cast fungi preceding, and possibly

predisposing, an epidemic attack of canker fungi in an offsite plan-

tation of ponderosa pine was described near Corvallis, Oregon (Roth,

1969). Generally these fungi cause no problem in the dry native

climates of ponderosa pine. Extensive damage to small pines by

Armillariella occurs in wet years after several years of drought;

the Onset of tree growth increases the content of simple sugars in

its tissues while simultaneously reactivating growth of the fungus.

Climate and tree vigor are cited as factors in other disease

complex in Boyce, 1961; Caird and Schoeneweiss, 1975; Carolin and

Daterman, 1974; Cole and Cahill, 1976; Gadgil, 1974; Gibbs, 1967;

Hart, 1949; Kais, 1975; Leapheart and Stage, 1971; Madden, 1968;

Schoeneweiss, 1975; Smith, 1975; and Stage and Long, 1976. External

indicators of stress are reliable enough that Keen (1936, 1942) and

others (Eaton, 1959; Miller and Keen, 1960; Salman and Bougberg,

1942; Vite, 1961; and Vite and Rudinsky, 1962b) have characterized

crown forms based on vigor and growth indicative of degree of sus-

ceptibility to bark beetles. And Stark, et al. (1967) found that

trees with advanced chlorotic decline from photo-oxidant injury are

attacked more often by bark beetles than are healthier trees.



Trees are predisposed to fungi, insects, and climatic injury

by fungi and insects themselves. Roth, et al. (in press) provide

circumstantial evidence that poor Keen class ratings result from

attack from Armillariella root rot. The association of bark beetles

and root rots is notable in conifers (Bega, et al., 1966; Caird,

1935; Cobb, et al., 1966, 1974; Erlich, 1939; Partridge and Miller,

1972; Stark and Cobb, 1969; Stark et al., 1966; Thomas and Wright,

1961). Root infected trees decline in o.e.p. becoming attractive

to beetles and susceptible to mass attack. The beetles cause the

final decline and mortality but often are only the last agent in a

pre-existing complex.

In other cases defoliating insects predispose trees to fungi

that kill them. Campbell and Sloan (1977), Houston and Kuntz (1964),

Staley (1965), and Dunbar and Stevens (1975) in oaks and maples have

shown associations between defoliating and boring insects and

Armillariella.

In summary, trees respond to stress factors in their environ-

ment by changing physiology and appearance. Tree appearance helps

to identify certain physiological responses and signals predisposi-

tion to attack by fungi and insects. Chemical compounds in the

tree may either attract or suppress pathogenic organisms. The trees'

ability to maintain or recover depends in part on their original

health when the stressful event occurred. Various types of environ-

mental and biological stress may form complexes building toward

eventual decline of the tree.
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Armillariella susceptibility on Pring1le Butte

In a companion experiment to the one described following, Fuller

(1969) examined the susceptibility of second growth pines to Armillar-

iella mellea infection and to insect susceptibility. Fuller selected

290 trees in the Pringle Butte areas (to be described) and stressed

them by girdling roots, pruning distal portions of roots, pruning

507. of the rot cross-sectional area, pruning the crown, and felling

the tree; control trees were also selected. Examination in 1976 and

1977 revealed that out of 580 inoculation attempts, artificial

inoculum produced 80 rhizomorphs, 33 root attachments, and 13 infec-

tiOns, and the endemic Armillarjella inoculum produced 169 rhizmorphs,

122 attachinents, and 97 infections, totalling 110 infections in all.

More trees were infected at the root col1ar than on lateral roots

and vigorous trees were infected more often than stressed trees.

Fuller hypothesized that the root rot had greater probability of inter-

cepting the tap root and the growing lateral roots since both large

surface area and mobility enhance their accessibility

In an effort to assess tree resistance Fuller also observed

lesion size. He found no significant difference between treatments

the first year and the second year. Only the felled trees were

extensively colonized Fuller believed that this indicated that

early infection establishment was independent of host vigor The

progression of disease beyond establishment, as it relates to tree

vigor, is yet to be investigated.

13



Fuller also noted mountain pine beetles in 12 treatment trees,

reduced increment growth in crownpruned trees, and reduced carnbial

vitality in the roots which had been girdled.
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PROCEDURES

The study areas

The principal study area is located on Pringle Butte, in the

Deschutes National Forest near La Pine, Oregon. The elevation is

1430 m. The climate is cold and wet in the winter and warm and dry

in the summer. Annual precipitation is 61 cm falling primarily as

snow during the winter. During the growing season, temperatures

range from 1-30 degrees C with average mid-day temperatures of 22

degrees C.

The soil on Pringle Butte consists primarily of pumice deposited

during the eruption of Mt. Mazama. It is an immature soil, well

drained and sandy with mixed particle sizes. The A-horizon averages

1 m in depth and has little profile development. The vegetation

represents a fire climax in ponderosa pine. The habitat type is a

transition between ceanothus, bitterbrush and bitterbrush, man-

zanita as identified by Franklin & Dyrness (1973).

The second study area was located in Klickitat County, South-

central Washington, in the Glenwood management block of the Saint

Regis Paper Company. The elevation is 975 m. This area has comparable

climate to the Pringle Butte area but has lower precipitation and

higher mean temperatures. It is also a fire climax habitat type of

ponderosa pine, bunch grass (Franklin & Dyrness, 1973).
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The Clenwood soil was deposited during the eruption of Mt. Adams.

It is comparable to the LaPine series on Pringle Butte in its origin,

development, and character. The A-horizon differs in having more

particle size range, but is predominantly fine sand with slow perco-

lation.

Pringle Butte sample trees

Mid-slope on Pringle Butte 68 second-growth ponderosa pines

small enough to manipulate and to show stress response without

elaborate treatment. In each stand comparable trees were chosen

with care to avoid trees with mistletoe or trees proximal to root

rot centers. Various treatments (to be described following) were

located in different areas on the slope based on the availability of

trees. West slope root pruning and root girdling were located in a

densely stocked stand with full canopy closure (Table 1). Many trees

had a disproportionate amount of branch and foliage biornass located in

the upper crown which is suggestive of stagnation. lrees were approxi-

mately 13 cm d.b.h., and 18 m in height. Moderate and severe crown

pruning were performed in an open stand which had previously been

thinned to a 2.8 m spacing. Trees were approximately 13 cm d.b.h. and

4 - 8 m in height. All east side trees were located in open, unevenage

stands. Droughted trees were codominant in the canopy, 15 cm d.b.h.

and 8 m in height, while all other east side trees were intermediate

in the canopy, 4.5 - 10 cm d.b.h. and 3 - 5 m inheight. Suitable

control trees were selected in each stand and were paired with treated

trees.



TABLE I. Treatments applied to sample trees on Pringle Butte, and
tree locations.

* Treatment trees were paired with controls in the same stand as a
basis of comparison for further analysis.

Clenwood sample trees

The Clenwood block has extensive areas of coalescing Armillariella

infection centers where the study trees were located. The 'active'

infection centers are characterized by a procession from the center

out of stumps, stubs, snags, dead and declining trees. Trees on

interface of the infection center have red to greenish-beigh

needles and the mature trees often have thin crowns. (The young trees

often die too rapidly to show symptoms of slow decline such as

progressive loss of foliage or healthy color.) Trees proximal to

the actively dying interface have symptoms of decline including slight

17

Covered trees (drought), east 4

Controls for above * 24

Crown pruning, moderate, east

Root girdling, east

Stem girdling

Controls for above

Total =

Treatment # of Trees

Crown pruning, moderate, west

Root pruning

Root girdling, west 5

Crown pruning, severe, west



chiorosis and thin foliage. Trees located distal to the pocket gen-

erally do not appear stressed. 'Quiescent" pockets have the same

progression of mortality but do not at the time of a single obser-

vation have actively declining trees on the interface of the infec-

tion center although it may contain trees symptomatic of stress.

(Table 2, Figures 1 and 2)

Shaw (1974) showed root rot in this area to slowly increase

frequency of infection on roots of trees located on the interface

of the pocket. The tree responds by occluding the infected roots

with resin saturation proximal to the infection site, and thus grad-

ually decreases its functional root area. The quiescent phase at the

interface of the infection center is assumed to be a period where

root colonization is insufficiently stressful to cause noticeable

crown decline. The above ground evidence of the root rot advance

appears as waves of progressive mortality.

In my experiment I wanted to monitor the o.e.p. of trees in

both types of areas and quantitatively to relate the visual symptoms,

o.e.p. behavior, and eventual mortality of the tree to each other.

In this way disease progression could be described based on either

symptoms or o.e.p. measurements and the trees could be ranked accord-

ing to the probability of death from root rot. The same procedure

should also be applicable to risk ranking for bark beetle attack.

Trees were selected around the interfaces of root rot pockets

in 1 quiescent and 2 active areas. In active pockets trees were

paired by appearance and location; the first member of the pair

18



TABLE II. Location of the paired sample trees with respect to disease
habitat. (Individual descriptions given in appendix.)

was more symptomatic of decline and close to the pocket and the

second was more vigorous and further from the interface. In the

quiescent center a 1tree wide arc was extended around the interface.

(See maps of areas in Appendix A and Figures 1 and 2).

(no pairs)

III Active 301 - 302

19

Area # Type of Pocket Pair Partners

Active 101-. 102

103 - 104

105 - 106

107

108 - 109

110 - 111

- II Quiescent 201 210

303

305

- 304

- 306

307 - 308

309 - 310

311 - 312

313 - 314



FIGURE I. Interface of a presently quiescent Armillariella
infection center in Area II. Sample tree 210 is
located in the center of the photo.

FIGURE II. Interface of an active infection center in Area III.
Note the progression of stumps, snag, and foliar
decline of living trees.
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Stress Treatments

I was particularly interested in appearance, growth, water

relations, resin characteristics, and carbohydrate reserves as indi-

cators of stress. In order to measure these responses I simulated

environmental and biological stress to the trees by pruning crowns

and roots, girdling roots and stems, and by cbvering roots to in-

crease runoff and decrease sub-surface flow to increase moisture

stress. The Clenwood trees were naturally stressed by Armillariella

mellea infection. (See Appendix B for description of disease cate-

gories and lists of trees in each).

1975 Treatments

Treatments in 1975 included moderate crown pruning, root prun-

ing and girdling, and covering roots (Table 3). Moderate crown

pruning consisted of simulated defoliation by moderately pruning the

branches next to the bole from the bottom up, over the lower 54°I of

the live crown length, including 667. of the live crown biomass (esti

mated by calculating the area of a geometric "crown form"). (Also,

Koonce has manuscript in prep.). Root pruning simulated intensive

colonization and occlusion of roots by root rot invasion and resin-

osis response. Roots were carefully excavated (Figure 3) and severed

within 10 cm of the root bole, proceeding basipetally, until 50% of

the cross sectional area was removed. Root girdling simulated

occulusion of two roots in each tree and consisted of cutting a 1.25

21



TABLE III; Sampling dates for the various parameters of Stress on
trees at Pringle Butte and Clenwood.

Parameter Sampling Date

Growth characteristics 9/19 - 21/1977

Carbohydrate and water 7//1975

contents, west 7/29/1975

8/24/1975

9/10/1975

Carbohydrate and water 7/19/1976

contents, east 7/28/1976

9/1/1976

Moisture stress 6/28 - 29/1976

8/15/1976

9/2/1976

10/23/1976

7/6-7/197 7

o.e.p.. 8/26 - 27/1976
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FIGURE III. Tree roots exposed for root FIGURE IV. Severely pruned trees one year after
pruning on the west slope of treatment on the west-side of
Pringle Butte. Pringle Butte. Note the exceptionally

large needle size.



cm strip of bark, phloem, and cambium from the circumference of the

roots between 7.5 and 9.0 cm from the tap root. Covering roots

simulated drought conditions. We dug trenches 1 m deep to the B

soil horizon, 3 m upslope from each tree, and around the perimeter

of the four trees. The trench then was faced with 1 m of the edge

of a plastic tarp, and refilled. The protruding plastic was then

spread down slope covering the ground for 3 m around the stems of

the droughted trees. (The A-horizon was previously established as

the lower limit of the rooting zone, most roots being near the sur-

face).

1976 Treatments

In 1976, 30 more trees were selected to repeat the study trying

to maximize experimental sensitivity and reduce the variability

between them. This was done by choosing smaller trees and, in some

cases, by administering more radical treatment. Severe crown prun-

ing simulated severe defoliation and was similar to moderate crown

pruning above, with the exception that approximately 907 of the

crown biomass was removed (Figure 4). Moderate crown pruning and

root girdling were conducted as above except that the location was

different and the trees were smaller. Stem girdling simulated animal

or insect damage by removing 5 cm strips of bark, phloem, and cambiurn

around the circumference of each sample tree. All tree wounds made

in treating or sampling trees were sealed with a wound dressing to

discourage attraction of root-feeding organisms. (Crown pruning

wounds were not sealed).
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Sample collection

Crown color and appearance were described and recorded for all

trees upon tree selection. In Glenwood, color photographs were

also taken to determine whether or not symptomatic crowns

could be quantitatively described by comparison with color charts

and these values related to o.e.p. and mortality.

Growth response was measured in needle length and retention,

leader growth, and diameter response to stem girdling. I measured

needle length by sawing two randomly selected branches from each

sample tree and removing all needles and grouping them according to

year of initiation. From each group 20 needles were selected at

random and their lengths were measured in millimeters from the base

of the needle sheaths to the tips. Needle retention was recorded 'in

number of years for each tree. The leader growth was measured in

millimeters on the upper bole for five successive years.

0.e.p. was obtained by removing the outer bark and drilling

a hole into the sapwood, deep enough to accomodate the threaded

mount of a pressure gauge and to leave a 1 cm space beyond the

mounting for a reservoirafter a 200 psi hydrostatic gauge was screwed

in to meet the phloem (Figure 5). Trees were drilled at dusk and

pressures were recorded the following dawn and then through the day

until early evening. (Measurement procedures followed Rudinsky's

and Cobbs as related in personal communications with each). To

prevent, as far as possible, the considerable crystallization which

clogs gauges and reduces accuracy of pressure readings, the gauges
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FIGURE V Oleoresin pressure measurement with hydrostatic pressure
gauge in tree 105 at Glenwood.
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were filled with acetone before insertion into the tree. Further

clogging 6fthe gauges after use was prevented by boiling in hot

water or soaking overnight in paint thinner. The gauges were found,

under test, to be within 1/3 atm. accurate pressure, but they needed

to be tapped soundly several times to free the needle from sticking

and under-estimating the pressure.

Resin exUdation gauges, constructed from glass tubing (accord-

ing to Cobb, et al., 1968) were inserted into the trees and examined

for rates of flow and crystallization. Unfortunately crystallization

in the tubes was so fast that they generally clogged before any

information could be obtained. Consequently these parameters were

monitered visually while measuring o.e.p. and their behavior recorded

coincident with removing the gauges.

Moisture stress was measured with a PMS (trademark) pressure

chamber. In treated trees and nearby controls branch tips including

needles were cut from the lower crowns, inserted in the pressure

chamber, and measured for negative water potential. Water content

was measured in root samples weighed in the laboratory within eight

hours of extraction, dried at 70 degrees C for 48 hours, and reweighed.

Water content was calculated as a percent of dry weight.

Samples for carbohydrate analysis were taken by extracting thin

bands (500 mg dry weight) of phloem and sapwood tissue from

lateral roots of east slope moderately crown pruned and stem girdled

trees and from above and below the root girdle in trees so treated, and

west slope moderately crown pruned and root pruned trees were sampled on
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the tap root, due to insufficient lateral root surface area. Sam-

ples, with bark discarded, were kept free of soil and duff and put

quickly in one ounce bottles and sealed. Bottles were kept in a

portable cooler until they could be taken to the laboratory at the

end of the day. After sampling the roots, soil and duff were restored

around the tree to maintain natural conditions as closely as possible.

(For description of starch analysis procedure see appendix C).
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RESULTS

Crown color and appearance

Root pruned trees and their controls, severely crownpruned

trees, and stem girdled trees on Pringle Butte were symptomatic of

treatment. The root pruned and control trees both showed sparse

crown, small needles, and marked yellowing of foliage as a result

of competition and stagnation. Severely crown pruned trees had

notable flushes of lush foliage in the years fbl Lowing treatment

(Figure 4). Stem girdled trees exhibited gradual decline, the

needles becoming light, faded green, and sparse.

Glenwood trees were selected and paired according to visual

symptoms in the field, and regrouped according to visual symptoms

and o.e.p.'s into three disease severity classes: healthy, infected

and advanced disease. Advanced classes of disease exhibited symptoms

of rapid decline leading to, or concurrent with, mortality. Such

trees were sparse and strikingly chiorotic, ranging from faded green

or yellow to light beige or red. Although foliage color was not

indicative of advanced decline and mortality, the exact color of

foliage could not be reliably paired with o.e.p. or the exact time

of death because of variability in rates of decline based on tree

size arid inoculum potential. As a consequence o.e.p. was generally

given precedence over crown color in assigning trees to categories

for further analysis. (Individual tree descriptions are given in
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FIGURE VI. Trees 101 and 102 (right to. left FIGURE VII. Trees 107 - 111 (left
foreground) showing symptoms of excluding snag).
advanced decline.



TABLE IV. Comparisons of westslope, Pringle Butte needle lengths between and among root pruning
and control treatments for 1973 - 1974 pre-treatment and 1977 post treatment means.
Trees were treated in 1975. Significance (*) was evaluated at the 95% confidence level.

Average needle length
(mm)

Number of trees

Degrees of freedom

t-stat ist ic

Degrees of freedom

t-statistic

Root pruning Control

1973-74 vs. 1977 L973-74 vs. 1977

120.9 32.2 123.7 53.0

5 5 5

8 8

18.475* 10.252*

Root pruning vs. Control

1973-1974 1977

8 8

0.437 3.820*



TABLE V. Comparisons of westslope, Pringle Butte needle lengths between and among severe defoliation
and control treatments for 1973 - 1974 pre-treatment and 1977 post treatment means. Trees
were treated in 1976. Significance (*) was evaluated at the 95°!. confidence level.

Average needle length
(mm)

Number of trees

Degrees of freedom

t -St atistic

Degrees of freedom

t-statistic

Severe defoliation Control

1973-74 vs. 1977 1973-74 vs. 1977

8

8.034* 2.270

Severe Crown Pruning vs. Control

1973-74 1977

8 8

0.437 3.820*

117.9 175.0 136.4 110.2

5 5 5 5



TABLE VI. Comparisons of eastslope Pringle needle lengths between and among drought and control
treatments for 1973 - 1974 pre-treatment and 1977 post treatment means. Trees were
treated in 1975. Significance (*) was evaluated at the 95% confidence level.

Drought Control

1973-74 vs. 1977 1973-74 vs. 1977

Average needle length 135.4 112.3 153.3 103.5
(mm)

Number of trees 4 4 4 4

Degrees of freedom 6 6

t-statistic 1.613 1.023

Droughted vs. Control

1973-74 1977

Degrees of freedom 6 6

t-statistic 1.998 .567



Appendix D. Correlation of o.e.p. and root rot infection is analysed

below).

Trees in the infected category varied widely depending on the

extent of decline in individual trees; they ranged from almost healthy

to almost dead. Such trees showed symptoms of beginning decline

such as off-color foliage or decreased abundance when compared to

neighboring trees. By the time trees were markedly symptomatic they

were bordering on advanced decline. The healthy category included

trees which had abundant green foliage. Although these trees may

have been infected they were not symptomatic and were not expected

to die for some years.

Figure 6 shows trees 101 and 102, pair partners in advanced

stages of decline. Figure 7 shows trees 107 - 11. 107 has a

healthy, full crown; 108, behind 107 is red and dead; 110, to the

right of the snag, is showing needle loss and chlorosis; 111 is

barely symptomatic.

Trees were analysed both as pair partners and in three stress

classes. In such cases, although the pair partners might occur in

the same stress class the 'tweak partner! would appear more sympto-

matic than the "strong partner". The behavior of trees in stress

classes mimicked the behavior of the pair partners. For example,

the infected classwas a "weak partner" when compared to the healthy

class and a "strong pair partner" to the advanced class. Although

foliage color was indicative of advanced decline and death, individ-

ual colors could not be reliably paired with o.e.p. or the exact
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timing of death due to variability in rates of the decline.

Needle length and retention

Needle length data is summarized in appendix E and Tables 4 - 6.

The Appendix lists the mean needle lengths in millimeters, and the

c officient of variation for each of the five sample trees over a

five year period and for the 1973-74 data combined. The 1977 post-

treatment measurements are then expressed as a percentage of the

1973-74 mean needle lengths. Tables 4 - 6 show the 1973-1974 and

1977 means and the t-statistics comparing means within and among

treatments for the various years.

Root pruning decreased mean needle length 74% within two years

(post-treatment) when compared to the pre-treatment mean; control

trees decreased 58% in the same area. T-tests indicated that the

change from pre- to post-treatment means was highly significant in

both cases. The 1973-74 root pruned (untreated) and control trees

did not differ significantly. But in 1977 the 16% needle length

decrease in the root pruned trees was significantly different from

the decrease in the control trees in the same stand.

Severe crown pruning, increased average needle length over the

1973-74 pre-treatment mean one year after treatment. The correspond-

ing control decreased average needle length 19%. The difference

between pre- and post-treatment means was significant (P = .95) for

pruned trees while the change in control trees was not. The
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difference between pruned trees and controls was significant in

1973-74 and in 1977. Covered trees (drought) decreased average needle

length 20% two years after treatment while control trees decreased

33%. Neither of the treatments differed significantly at the 95%

confidence level either within or between treatments when pre- and

post-treatments means were compared.

Needle retention is summarized in Table 7. The stressed trees

do show a decrease in mean needle retention for treatments; root

pruning, crown pruning, and stem girdling; but only the root girdling

treatment showed a significant difference in a t-test of means.

Leader growth and girdle swell

Leader growth data is summarized in Appendix F and Table 8.

The appndi.x1ists the mean length in millimeters and the coefficient

of variation for leader growth of five trees for four years and for

the 1974-75 pre-treatment average. The 1977, one-year post-treat-

ment means are expressed as a percentage of the 1974-75 means.

Figures 8 and 9 show the 1974-75 and the 1977 means and the t

statistics comparing means within and among treatments for the various

years (95% confidence level).

In 1977 crown pruning decreased leader growth 3% as compared

to the 1974-75 growth. It did not differ significantly from the

pre-treatment mean or from the control trees either in 1974-75 or

1977. The girdling decreased mean leader growth 44% from
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pre-treatment means. This was significant within the treatment.

When the 1977 averages were compared for stem girdled and control

trees, however, the difference did not prove to be significant despite

a marked decrease in the leader growth of stem girdled trees. Natural

divergence of treated and control trees may have caused this.

The stern girdled trees showed a marked increase in diameter

above the area of girdling on the bole (Figure 8, Appendix G). The

average diameter above the girdle was 13.92 cm and 13.21 cm below

the girdle. T-tests of the difference between the two means did not

prove to be significant.

Resin behavior: description of Arrnillariella rnellea interfaces

The distribution of numbered trees in each stress category for

each Armillariella mellea infection center interface is given in

Appendix B and Table 9. Area I was an active pocket, symptoms of

stress were most visible and there was the highest percentage of

mortality of the three tested areas. Pair 108 - 109 probably died in

1975; pair 101 - 102 died just previous to sampling, in spring 1976,

and still had green foliage athough no o.e.p. could be measured.

Pair partners 103 and 105 trailed 104 and 106 closely but had reliably

lower o.e.p.'s. Trees 110 and ill were less divergent but were

radically lower in o.e.p. than their healthy neighbor 107.

Area II was symptomatically a quiescent pocket but it behaved

like the active pockets when o.e.p.'s were compare that is, o.e.p.'s
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could be used to classify the trees in pairs and in the three stress

categories. The weaker trees had lower o.e.p.ts, less resin flow,

and faster crystallization rates as evidenced by clogging of gauges

and lack of resin flow in some sample gauge holes. (See Figures 9

and 10).

Area III had the highest percentage of intermediately stressed

trees; there was rapid decline and one death in this class. This

was also the largest and most heterogeneous area with respect to

size, location, and stand history. Pair partner separation by o.e.p.

was reliable and followed the pattern of Area I. There was some

uncertainty* concerning the timing of eventual death introduced by the

harvest of trees 311, 312, and 313, however, two of these trees were

in the advance class and one was symptomatic so it was likely that

all three would have been dead by 1978.

Daily o.e.p. behavior

The daily o.e.p. behavior was averaged for each severity class

in the three Arrnillariella mellea interface areas and plotted for three

different dates (see Figures 11-13). 0.e.p.'s for the trees in the

advanced stress classes were generally zero if the crowns were

markedly symptomatic (Figures 5 and 6). Trees where o.e.p.s fluct-

uated around two atmospheres or less decline rapidly and died the

same season. Trees with o.e.p.s falling below 2 atm. during midday

which also recovered during the night to approximately 4 atm. died
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TABLE VII. Ttesr. of needle retention means between stressed and healthy trees. Significance (*)
was evaluated at the 957 confidence level.

Treatment x (years) n (trees) d.f.

Root pruning 6.3 5

8 2.406*
Control 7.7 5

Drought 6 4

6 0
Control 6 4

Crown pruning 5 5

1.206
Control 5.8

8 1.549

Stem girdle 4.6 5



TABLE VIII. Comparisons of eastslope, Pringle Butte leader growth between and among crown pruning,
stem girdling, and control treatments for 1974 - 1975 pre-treatment and 1977 post

Crown pruning vs. Control Stem girdling vs. Control

treatment means. Trees were treated in 1976.
957 confidence level.

Significicance (*) was evaluated at the

Crown pruning Stem girdling Control

1974-75 vs. 1977 1974-75 vs. 1977 1974-75 vs. 1977

Average leader growth
(mm)

251.5 144.6 298.0 162.0 262.9 277.4

Number of trees

Degrees of freedom

5

8

5 C,

8

5

8

5

T-statistic .462 28.595* .325

1974-75 1977 1974-75 1977

Degrees of freedom 8 8 8 8

t-statistic .416 .918 1.334 2.229
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FIGURE VIII. Swelling above girdle in an eastslope, Pririgle Butte
tree.
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TABLE IX. Numbers and percentages of trees in each of the three stress categories for each of the
three Armillariella interface areas.

Location: Area I Area II Area III

#

Stress class:

Healthy 5 45 3 30 4 14

Infected 2 18 5 50 8 57

Advanced 4 36 2 20 2 14

Total 11 100 10 100 14 100

Dead trees 4 36 20 3 21



FIGURE IX. OIeorein exudation pressure behavior of the tree pair 2O3-2O/ in Area II - a
quiescent interface of a Armillariella mellea infection center. (see
Appendicies I) and U).
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FIGURE X. Oleoresin exudation pressure behavior of tree pair 205-206 in Area II - a quiescent
interface of an Arisillariella inellea Infection center. (See Appendicies D and ii.)
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TABLE X. Average values for oleoresin exudation pressures in trees
within and among three Arniillariella root rot interface
areas. Combined averages are represented in Figure 14 on
previous page.

Average o.e.p.'s (atm)

49

Location:

Stress class:

Area I - Area II Area III Combined

Advanced Mm. o 0 0 0

Max. 0.3 1.7 0.5 0.5

Infected Mm. 1.4 1.7 1.2 1.4

Max. 7.2 6.3 7.0 6.8

Healthy Mm. 3.7 2.8 2.6 3.0

Max. 9.6 9.0 8.8 9.1



TABLE XI. T-test of minimum and maximum values of oleoresin exudation pressure between stress classes in
an Hactive interface of an Armillariella infection center, Area I. Significance (*) was

evaluated at the 95 confidence level.

Advanced vs. Infected

Minimum o.e.p.

Advanced vs. Healthy Infected vs.. Healthy

Average o.e.p.
(atm)

0 1.4 0 3.7 1.4 3.7

Number of trees 4 4 4 3 4 3

Degrees of freedom 6 5 5

t-statistic 49.190* 7.590* 4.111*

Maximum o.e.p.

Advanced vs. Infected Advanced vs. Healthy Infected vs. Healthy

Average o.e.p.
(atm)

0.3 7.2 0.3 9.6 7.2 9.6

Number of trees 4 4 4 3 4 3

Degrees of freedom 6 5 5

t-statistic 10.090* 48,810* 2.970*



TABLE XII. T-test of minimum and maximum values of oleoresin exudation pressure between stress classes
in a "quiescent" interface of an Armillariella infection center, Area II. Significance (*)
was evaluated at the 957 confidence level.

Advanced vs. Infected

Minimum o.e.p.

Advanced vs. Healthy Infected vs. Healthy

Average o.e.p.
(atm)

0 1.7 0 2.8 1.7 2.8

Number of trees 2 5 2 3 5

Degrees of freedom 5 3 6

t-statistic 29. 760* 4.099* 2.770*

Maximum o.e.p.

Advanced vs. Infected Advanced vs. Healthy Infected vs. Healthy

Average o.e.p.
(atm)

1.7 6.3 1.7 9.0 6.3 9.0

Number of trees 2 2 2 3 5 3

Degrees of freedom 5 3 6

t-statistic 3.690* 5.690* 3.820*



Advanced vs. Infected

Minimum o.e.p.

Advanced vs. Healthy Infected vs. Healthy

Average o.e.p.
(atm)

0 1.2 0 2.6 1.2 . 2.6

Number of trees 2 2 4 8 4

Degrees of freedom 8 4 10

tstatistic 2.399* 14.263* 3.706*

Maximum o.e.p.

Advanced vs. Infected Advanced vs. Ha1thy Infected vs. Healthy

TABLE XIII. Ttest of minimum and maximum values of oleoresin exudation pressure between stress classes
in an "active" interface of an Arinillariella infection center, Area III. Significance (*)
was evaluated at the 95% confidence level.

Average o..e.p. 0.5 7.0 0.5 8.8 7.0 8.8
(atm).

Number of trees 2 8 2 4 4

Degrees of freedom 10

t-statistic 8.589* 8.679* 2.884*
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within a year. Intermediate trees were characterized by declining

o.e.p.'s beginning with approximately 6 atm and dropping to 2 atm at

mid-day. This represents a period of gradual decline, characteristic

of the quiescent phase. The trees are irregularly symptomatic and have

a wide range of o.e.p. behavior.

The healthy class has the least variability. The trees are green

and full. The o.e.p.'s are in the range of 7-9 atm in the early morn-

ing, drop to around 4 atm by mid-day, and are quick to rise in the early

evening.

Maximum and minimum o.e.p. values

The distribution of high and low values o o.e.p. over the sampl-

ing period shows the same pattern as the relative distribution of daily

o.e.p. behavior among stress classes (Figure 14). The advanced class

hovers around the low values and are rapidly killed. The infected

class is similar in slope to the healthy class but lower in absolute

value. T-tests of the minimum and maximum means between each stress

class in each area showed highly significant differences (Tables 10-13).

Moisture stress and water content

Moisture stress data are summarized in Appendix J. It lists the

average values, number of trees, coeficient of variation, and t-tests

of means for root pruned and severely crown pruned trees on west slope



Pringle Butte and all east slope trees. The east slope trees were

monitored through the 1976 summer and all the above trees were spot

checked in 1977.

East slope trees did not differ significantly from the control

trees in 1976. The moderately pruned trees showed significantly lower

moisture stress at mid-day, July 1977, than control trees; the severely

pruned trees showed significantly less stress in early morning read-

ings in September 1977. The root pruned trees, as expected, had the

highest moisture stress. Their negative water potentials measured

almost two times the morning and evening readings taken for control

trees. Covered trees did not show any evidence of moisture Stress.

Water content data for east slope trees are given for July and

September 1976 in Appendix K. Variability among samples was high and

no pattern could be detected between or within treatments. There is

a tendency for sapwood water contents to lag behind the phloem values;

however, roots were found occasionally which were supersaturated with-

out apparent cause.

Starch content

Starch contents for 1975, from alcohol storedsarnples,

revealed a high degree of variability ranging from zero to 2% starch.

The values for sapwood tissue were approximately 10% of the values

for phloem tissue. The 1976 dry storage samples showed zero values

for starch in all treatments.
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Susceptibility

Evaluation of the Glenwood trees revealed bark beetle attack in

seven trees, 1007. of the declining and dead trees.

55



DISCUSSION

Growth and vigor

There was a representative distribution of naturally occurring

trees from low to high vigor on Pringle Butte and at Glenwood. The

root pruned, root girdled, and accompanying control trees were stressed

significantly even before treatment. The young trees in all other

treatments were quite vigorous before treatment. However, the

Armillariella mellea infected trees in Glenwood also represented a

stress cont.inumwhich was divided into three categories. This is

important because pre-treatment vigor was found to influence results

more than intensity of treatment, particularly because of the short

period over which responses were evaluated.
S

Vigor may negatively or positively predispose trees to injury

by various pathogens or insects. As such it provides usable means of

selecting timber for thinning, and rotation or sanitation harvest.

Presently by the appearance of foliage alone (Keen and others) trees

highly liable to attack by beetles are reliably predicted. The same

methods could be used for trees in advanced decline from Armillariella

mellea infection. This is particularly relevant since the poor

(beetle susceptible) rankings are associated with trees infected with

root rot and such a method is used in recognizing and reducing

Armillariella mellea in thinning cuts. (Roth, 1969).



Stress and tree response

Stress in the tree's environment is indicated by tree response.

Tree response was measured in visual, morphological, and physiological

parameters which differ in their sensitivity to various changes in

the trees' condition. For instance, growth rate was a general mea-

sure of stress. In addition, Armillariella mellea trees had declining

resin pressure; root pruned and stagnated trees showed moisture stress,

while crown pruned trees having favorable water relations despite

lack of precipitation, compensated by producing additional photo-

synthetic and transpirational area. This response indicated the

tree's ability to eventually recover. In addition, the degree of

response is correlated with the type and severity of stress imposed. For

instance, root girdling and moderate crown pruning had little affect

on the trees while prolonged natural stress such as stagnation was

significant in all parameters measured.

Stress and carbohydrates

The analysis of carbohydrates clearly suffered from procedural

problems. It is possible that low values and high variability in

starch values, evidenced the first summer, were due to several factors.

Small or significantly stressed trees may have low starch values to

begin with; the mid-summer starch reserves may be low following
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early summer growth; or warm temperatures may have allowed starch

degradation in ethanol. Webb (personal communication) believes sig-.

nificant starch degradation takes place in warm temperatures and that

immediate freeze-drying and sub-zero storage are necessary. If this

is the case the drying and storage procedures used the second summer

also would be expected to yield zero values.

The effectiveness of stem girdling in reducing starch storage

in roots is evidenced in the swollen stem above the girdle. Basi-

petally translocated photosynthate becomes trapped above the severed

phloemand engorges the tissues in the area causing enhanced growth

above and eventual starvation below the girdle. But, despite the

Loss of translocation to the roots, the tree still was able to grow,

photosynthesize and transpire. Growth was significantly reduced but

moisture stress was not evident nor was a change of water content in

the roots.

Moisture stress and water relations

Trees of small diameter with crowns close to the ground are

easily sampled and well adapted to moisture stress measurement. For

general forest hazard sampling, however, pressure chambers are prob-

ably too awkward, expensive, and technically sophisticated to have

widespread use. Although moisture stress differences were found for

extremes of treatment, such as severe crown and root pruning, it was

not as sensitive an indicator as growth, i.e. needle and leader
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lengths.

Water content of different roots proved to be highly variable

among and within trees. Error is introduced in the different evapo-

ration rates of large and small samples owing to surface area; in

addition, roots are known to increase in water content towards the

center of the root. It's also possible that the water content of a

root is a function of its size, age, and feeder root development.

Ironically, the "droughted" (covered) trees did not differ

significantly from either of the vigorous control groups in any of

the various tests. In fact, the covered trees suffered even less

needle shortening than controls. It's possible that condensation

beneath the plastic or seepage caused some problems here.

Stress and resin characteristics

O..e.p. proved to be a good indicator of stress, and for predic-

ting Armillariella mellea and beetle induced mortality. It proves

to be sensitive to moderate stages of decline when neither appearance

nor moisture stress were abnormal. Many of the trees in the inter-

mediate stress category were not symptomatic but had o.e.p.'s less

than 4 atm which Vite (1961) has reported as indicating stress and

beetle susceptibility. In addition, the results suggest almost

immediate mass attack at pressures around 1 atm. Mass attack was

evidenced in weakened trees in both Glenwood and on Pringle Eutte.

The results for rates of resin flow and crystallization also indicate

stress, in support of the o.e.p. analysis. It would be interesting
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to examine the effect of declining o.e.p. on the tree's ability to

occlude root infections.

In the Clenwood area trees showed diurnal o.e.p. behavior to

vary with stress. Especially interesting was the characteristic lag

in pressure in the more severely infected pair partners, and the

ability to monitor the severity of Armillariella inellea infection by

measuring their o.e.p.. O.e.p. in young stands or stagnated trees

of small diameter were not suitable for o.e.p. , however. Further, the

method is more reliable and sensitive than visual estimates but is not

particularly suitable for frequent or prolonged sampling.

Stress and Susceptibility

In the case of beetles a stress-decline-attack disease complex

is represented. The "natural" stress of Armillariella mellea infec-

tion led to decline of o.e.p. until the tree became attractive to

beetles. On the other hand artificially stressed trees were not

found to be differentially susceptible to Armillariella mellea infec-

tion. In this case other factors are operating. Fuller (1979) discusses

the greater chance of infection on the tap root due to its surface

area oriented at right angles to fungus growth. In addition, movement

through soil by growing feeder roots will have a greater likelihood

of interception than roots which are stationary. Both surface area

and movement are maximized in vigorous trees. Lesion size was uniform

across treatments suggesting infectivity independent of vigor class.

60



Fuller found root resistance to infection maintained even one year

after felling the tree. Presumably this resistance is due in part to

resin occlusion although o.e.p. is thought to be zero. The aspect of

stump resistance deserves more attention.

Fuller observed the initial rate of infection, but the differ-

ential disease development may only be guessed at. Rudinsky found

vigorous trees to withstand even heavy beetle attack. It would follow

in the case of Armillariella mellea that because less vigorous trees,

once successfully attacked, would have fewer feeder roots to sustain

them, arid lower o.e.p.'s, fewer infections would be needed to over-

come these trees. However, the extent to which surface area contri-

butes to repeated inoculation is still unknown since large trees are

known to sustain considerable root rot and still live. Comparative

rates of decline in-vigorous and stressed sample trees would be inter-

esting. Also, Arrnillariella mellea is known to be an aggressive

pathogen in healthy trees and, as such, the effect of stress may

appear less significant than if a less aggressive parasite were con-

sidered. Finally, the effects of drought may have had confounding

effects by stressing control trees. In either case, it is interesting

to note effective tree resistance across a wide variety of stressful

conditions.
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CONCLUS IONS

The effects of natural Armillariella mellea infection, drought

and stagnation were measured. Also, trees were stressed by pruning

and stem girdling treatments, and these effects were measured.

Moderately crown pruned and root girdled trees did not differ signifi-

cantly from controls. Stressed trees had decreased apical growth,

needle length and retention, and o.e.p., and increased moisture stress

and chlorosis. Growth was a good indicator of Stress in young trees.

Trees survived crown pruning and responded by excessive needle elon-

gation and were found to have lower moisture stress.

Trees around the periphery of root rot centers were classified

as apparently healthy, or declining from root rot infection on the

basis of appearance and o.e.p.. Healthy trees had full green crowns

and o.e.p.'s averaged 6 atm; infected trees were declining in crown

fullness andcolor, and o.e.p. 's averaged 4 atm and falling; advanced

disease was characterized by severe cholorosis and o.e.p.'s declining

from 2 atm, and bark beetle attractiveness. O.e.p. decline resulting

from Armillariella mellea progression indicates the relationship

between root rot and attractiveness to bark beetles.

Thus, morphological and physiological effects of stress were

measured and were shown to correlate positively with degree of stress

imposed. Accordingly they were appropriate indicators af.suscepti-

bility.
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APPENDICES

A - - - Maps of Glenwood

B - - - Description of trees within stress classes for Glenwood
Areas I, II, and III

C - - Starch analysis procedure

Individual appearance and oleoresin exudation pressure
of each tree for Glenwood Areas I, II, and III

Needle length data from Pringle Butte trees

F - - - Leader growth data from Pringle Butte trees

G - - - Girdle swell data from Pringle Butte trees

H - - - Values for figures 9 - 13

I - - - Maximum/minimum values of oleoresin exudation pressure
from Glenwood trees in Areas I, II, and III

J - - - Moisture stress data from Pringle Butte trees

K - - - Water content data from Pringle Butte trees
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Numbered sample trees are shown in representative locations around the interface of an active
Armillariella mellea infection center in Area I. Proximal stumps, snags, and living trees
indicate progressive mortality around sample trees.

S

Key

Symbol * stumps
* snags
* living trees

(10_sample trees
direction of infection center advance

1 cm = 3.0 m

*
* S**

* 10
8

** * *

* **

APPENDIX A

*

6

*
5

43'
* 2



Numbered sample trees are shown in representative locations around the interface of an quiescent
rmillariella mellea infection center in Area II. Proximal stumps, snags, and living trees

indicate progressive mortality around sample trees.
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Numbered sample trees are shown in representative locations around the interface of an active
Armillariella meliea infection center in Area III. Proximal stumps, snags, and living trees
indicate progressive mortality around sample trees.
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* Based on excavations by Shaw (1974).
Two trees were harvested before they were sampled for beetle invasion.

APPENDIX B (continued)

Area II trees

Mortality

Beetles
Present

Area III trees

Mortality

Advance d Infected Healthy

201,

2

2

312,

2

l**

'204

313

202,

0

0
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310,

1

0**
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Location

o.e.p.

Root rot
condition*

Individual Areas:

Area I trees

Mortality

Beet les
Present

yellow-green to red need-
les.

Proximal to stumps and
snags.

0 - 2 atm.

Killing tree.

101, 102, 108, 109

4

4

APPENDIX B

Descriptions of the tree members in each of the three stress categories for Areas I, II, and III -
perimeters of advancing Armillariella mellea infection centers.

Close to trees in ad-
vanced decline and
along the perimeters
of quiescent pockets.

I - 6 atm.

Population buildup.

105, 110

0

0

Between and in front of
advancing root rot
centers. Trees most
distal to pocket.

3 - 9 atm.

Infections few or
inconsequential.

103, 104, 106, 107, 111

0

0

Stress Advanced Infected Healthy
Category:

Symptoms

All areas:

Appearance Trees are in a state of Trees have thin, off- Trees have vigorous
rapid decline as evi-
denced by thin crowns and

color crowns, and are
loosing vigor.

crowns with green,
abundant foliage.



APPENDIX C

Starch Analysis Procedure

Step one: Removal of free sugars, glycosides and lower molecular

polyphenols.

50 to 100 mg of plant tissue is placed in a glass fiber thimble

(made from Whatman CF/A 9 cm discs) and extracted 4 hr in a micro

soxhiet apparatus with 807 ethanol. (May be able to extract 500 mg

in 4 hours) The thimbles are then removed and dried under vacuum,

over P205 (Phosphorus pentoxide) at room temperature overnight. It

is essential that all traces of ethanol be removed from the sample

at this point as ethanol will inhibit amyloglucosidase activity.

Step two: Extraction of the starch.

The dried (free of ethanol) samples are transferred quantita-

tively from the glass fiber thimbles with a micro spatula to a 40 ml

centrifuge tube. Ten ml of 0.5N sodium hydroxide solution is added

and the sample is let stand for 30 mm. with occasional swirling or

other agitation.

All of the particles in the sample usually wet and swell with-

in a few minutes. Particular attention must be paid that all of the

particles that may be adhering to the glas sides are washed down
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and wetted when adding the sodium hydroxide solution.

After extraction with sodium hydroxide solution, the samples

are neutralized by addition of 10 ml of 0.5N acetic acid and centri-

fuged. The supernatent (which is now a 0.25N sodium acetate solution)

Contains the extracted -glucans as well as other soluble poly-

saccharides at this point.

Step three: Hydrolysis of the l,4,-1,6 glucan linkages with amylo-

glucosidase/ -amylase.

Two ml of the above 0.25N sodium acetate solution containing

the extracted glucans is mixed with 2 ml of amyloglucosidase/

-amylase solution (made up in 0.1N sodium acetate buffer). The

reaction mixture is incubated at 30°C, for 2 hours with occasional

agitation to insure complete mixing.

An additional 2 ml of the sodium acetate solution (containing

extracted glucaris) is incubated following addition of 2 ml of 0.lN

sodium acetate buffer without the hydrolyzing enzymes.

Step four: Determination of glucose liberated.

Add 30 mg of charcoal to the above enzyme hydrolsys reaction

mixture and to the unhydrolyzed mixture, agitate and let stand for

15 mm. Centrifuge the charcoal treated mixture and remove a 1 ml

aliquot, add 2 ml of glucose oxidase.reagent, and incubate at 3000
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for 1 hour. Add 4 ml of 5N HCL to terminate the reaction at that

time. Read the absorance at 540 nm. A blank is made for each

sample to compensate for an unexplained color reaction which appears

to take place between the glucose oxidase reagent and undefined

components in the tissue extract (0.25N acetate solution). This

is done as follows: 2 ml of 0.25N acetate extract (containing the

starch), 2 ml of 0.lN acetate buffer and 30 mg of charcoal are mixed

and let stand for 15 mm. The mixture is then centrifuged and 1 ml

of this solution is mixed with 2 ml of glucose oxidase solution,

incubated for 1 hour and 4 ml of SN HC1 added and read at 540 nm as

with the starch derived glucose samples. The hydrolyzed sample and

unhydrolyzed blanks are reacted with glucose oxidase reagent at the

same time (run as a set) and the unhydrolyzed blands are substracted

from the hydrolyzed (glucose containing) samples. A normal blank

(all reagents except starch extract is replaced with 10 ml of

0.5N NaOH + 10 ml of 0.5N HoAc) is also carried through.
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APPENDIX D

Individual tree appearance, oleoresin exudation pressure behavior, and stress class assignment for
sample trees on the perimeter of "active" (Areas I and III) and "quiescent" Armillariella infection
centers.

Tree # Appearance by summer 1977 o.e.p. behavior (beetles) Stress class

101 Thin crown, red needles,
advanced decline; died 1976.

Zero throughout, no resin
exudation. Beetle attack.

Advanced

102 Declining crown, chiorotic,
loosing needles; died 1976.

1 atm. max., fallingto 0.
Beetle attack.

Advanced

103 Slightly chlorotic. 3.7 - 9.2 atm. Resin still
strong.

Intermediate/
Healthy

104 Vigorous. 4.8 - 10.1 atm. Healthy

105 Chlorot ic. 1.4 6.8 atm. declining
to 0 4.4 atm.

Intermediate

106 Vigorous. 2.0 - 7.5 atm. Healthy!
Intermediate

107 Vigorous, heavy needlecast 2.7 - 9.5 atm. Healthy
1977.

108 Advanced decline, sparse,
red needles. Died 1976.

Zero throughout. Beetle
attack.

Advanced

109 Advanced decline, sparse,
red needles. Died 1976.

Zero throughout. Beetle
attack.

Advanced

110 Slightly yellow, sparse
crown.

1.5 - 8.5 atm. Intermediate



APPENDIX D (continued)

Tree # Appearance by summer 1977 o.e.p. behavior (beetles) Stress class

111 Green, full crown. 1.6 7.5 atm. Healthy!
Intermediate

201 Thin crown; died 1976. Zero throughout. Beetle
attack.

Advanced

202 Green, full crown. 1.8 - 5.6 atm. Healthy!
Intermediate

203 Spare crown 1.8 7.1 atm. declining Intermediate

204 Green crown, not noticeably 2.0 - 3.4 atm. falling to Healthy!
symptomatic. Died l97. 0 in 1977. Advanced

205 Green, full crown. 2.2 - 8.8 atm., generally
between 3.4 and 6.8

Healthy

206 Green crown. 1.7 - 5.4 atm. falling to Healthy!
0 in .l97 recovering to Intermediate
1.7 - 4.1 in 1977.

207 Sparse, chlorotic crown 1.7 - 6.5 atm. Intermediate

208 Thin crown. 1.6 - 7.6 atm. Intermediate

209 Green, full crown. 3.8 - 8.8 atm. Healthy

210 Green, full crown. 2.2 - 9.3 atm. Healthy



APPENDIX D (continued)

# 1977 behavior (beetles) StressAppearance by summer o.e.p.

short needles.
301 Cholortoic, sparse crown, 2.0 - 8.2 atm. Intermediate

302 Green crown, vigorous. 2.7 - 7.5 atm. Healthy

303 Short needles, chlorotic. 2.4 - 9.9 atm. Intermediate!
Healthy

304 Heavy needlecast 1977. 2.9 - 9.9 atm. Healthy

305 Sparse crown, short 0 - 5.4 atm. Intermediate

306 Green, full crown. 1.2 - 7.9 atm. Healthy!
Intermediate

307 Thin, green crown. 1.0 - 6.1 atm. Intermediate

308 Green, full crown. 2.2 - 7.2 atm. Healthy!
Intermediate

309 Sparse, chlorotic crown. 1.6 6.1 atm. Rapid Intermediate
crystallization.

310 Green crown. 0.9 - 7.8 atm. Healthy!
Intermediate

1977. crystalizatiori.
311 Declining crown; harvested 0.9 - 7.1 atm. Rapid Intermediate

312 Advanced decline; harvested 0.9 - 1.0 atm. falling to Advanced
1977. 0 in 1977.



Tree #

313

314

Appearance by summer 1977

APPENDIX D (continued)

o.e.p. behavior (beetles) Stress class

Sparse, chiorotic crown. Zero throughout. Beetle Advanced
Died 1976. attack.

Green, full crown. 2.4 - 8.2 atm. Healthy



APPENDIX E

Statistics for needle length data. Root pruning and drought treatments were made in 1975 and
severe pruning was done in 1976.

Treatment Year n (trees) (mm) c s/ Ex2

Root pruning, west 1973

1974

1975

1976

1977

1973/4

5 106 0.06

5 136 0.09

5 114 0.21

5 74 0.09

5 32 0.34

5 121 0.06

Control 1973 5 105 0.15

1974 5 142 0.09

1975 5 133 0.17

1976 5 120 0.16

1977 5 53 0.17

1973/4 5 124 0.11

Severe pruning, west 1973 5 113 0.16

1974 5 125 0.12

1975 5 125 0.10

1976 5 124 0.16

1977 5 175 0.08

1973/4 5 118 0.13

275

186

318

633

724

286



Treatment

Control

Drought, east

Control

APPENDIX E. (continued)

Year n (trees) (mm) c s/

1973 5 137 0.09

1974 5 136 0.12

1975 5 137 0.08

1976 5 137 0.11

1977 5 110 0.20

1973/4 5 136 0.10

1973 4 132 0.10

1974 4 139 0.07

1975 4 133 0.09

1976 4 141 0.16

1977 4 112 0.24

1973/4 4 135 0.07

1973 4 150 0.08

1974 4 156 0.12

1975 4 152 0.11

1976 4 141 0.17

1977 4 104 0.15

1973/4 4 153 0.09

2
Ex

1987

677

2169

302

689

656



Moderate crown
pruning, east

Control

APPENDIX F

Statistics for leader growth data. Treatments were made in 1976.

Treatment Year n (trees) (mm) c = s/ Ex2

1974 5 228 0.21

1975 5 275 0.20

1976 5 297 0.18

1977 5 245 0.06

1974/5 5 252 0.18

1974 5 222 0.25

1975 5 304 0.12

1976 5 344 0.11

1977 5 277 0.21

1974/5 5 263 0.16

782

8216

Stem girdling, east 1974 282 0.19

1975 5 296 0.16

1976 254 0.20

1977 162 0.07 533

1974/5 5 289 0.17 9377

12863

6789



APPENDIX C

Statistics for girdle swell data. Trees were girdled in 1976.

Girdle diameter (cm): Above Below

(cm) 13.9 13.2

n (trees) 5 5

c = s/ 0.08 0.10

Ex2 5 7

d.f. 8

t= .904

15.7 15.0

13.7 12.7

13.5 13.2

12.7 11.4

14.0 13.7



APPENDIX H

Values for oleoresin exudation pressure in August 1976, as represented in Figures 9 and 10, for a
"quiescent" interface of an advancing Armillariella infection center.

Tree number:

Date and time:

203 204 205 206

8/26/1976 o.e.p. (atm)

9:00 am 7.1 2.3 7.3 2.4

12:00 am 3.9 2.2 3.7 2.2

3:00 pm 2.5 1.7 3.7 1.7

6:00 pm 2.9 2.5 5.2 2.1

10:00 pm 5.6 3.3 7.6 2.9

8/27/ 1976

7:00 am 8.5 6.8 9.5 5.4



APPENDIX H (continued)

Average values of oleoresin exudation pressure (atm.) for trees in Stress classes in the test
by Figures 11 - 13.

Stress class: Advanced Infected Healthy

Area: I II III I II III I II III

Date and time: 8/27/1976

7:00 am 0.26 3.4 1.4 4.5 5.9 3.9 8.6 9.1 7.7

8/26/1976

9:00 am 0 1.2 6.3 4.8 7.5 7.3

12:00 am 0 1.2 3.1 2.9 4.4 4.0

2:00 pm 0 2.7 4.1

3:00 pm 0 1.2 2.2 2.0 3.7 3.8

6:00 pm 0 1.3 1.7 2.1 2.2 2.5 4.2 4.8 4.6

10:00 pm 0 1.6 3.0 3.3 7.0 7.4

9/10/1976

6:30 am 0 1.5 0 6.9 4.9 5.2 9.2 8.6 7.6

10:00 am 0 1.7 0.5 6.2 4.3 2.6 8.2 7.0 4.4

1:30 pm 0 1.3 1.0 3.1 2.3 1.4 4.9 3.9 2.8

4:30 pm 0 1.1 1.7 2.2 1.3 1.2 3.9 2.8 2.8

6:30 pm 0 0.9 1.6 1.9 1.2 1.8 4.1 3.5 3.8



APPENDIX H (continued)

Stress class: Advanced Infected Healthy

Area: I II III I II III I II III

Date and time: 7/8/1977

5:00 am 0 0 0 6.5 5.0 4.7 8.7 8.4 7.2

10:00 am 0 0 0 3.5 3.1 3.9 5.4 4.4 5.9

12:00 am 0 0 0 2.4 1.9 3.4 4.4 3.7 4.8

2:00 pm 0 0 0 2.1 2.3 3.5 44 4.0 4.8

4:00 pm 0 0 0 2.6 2.9 5.0 4.9 4.9 6.7



APPENDIX I

Maximum and minimum values of oleoresin exudation pressure for trees in stress in Area I - the
perimeter of an "active" Armillariella infection center.

Stress class:

o.e.p. (atm): Trtmt

Advanced

Mm Max Trtmt

Infected

Mm Max Trtmt

Healthy

Mm Max

101 0 0 105 1.4 5.4 103 3.7 9.2

102 0 0 106 2.0 7.5 104 4.8 10.1

108 0 0 110 1.5 8.5 107 2.7 9.5

109 0 0 110 1.6 7.5

(atm 0 1.0 1.6 7.2 3.7 9.6

n(trees) 4 4 4 4 3 3

c sIx 0 2.00 0.15 0.18 0.27 0.05

0 11.5 3.0 72.7 30.6 6.9



APPENDIX I (continued)

Maximum and minimum values of oleoresin exudation pressure for trees in each stress class in
Area II - the perimeter of a 'quiescent" Armillariella infection center.

Stress class:

o.e.p. (atm): Trtmt

Advanced

Mm Max Trtmt

Infected

Mm Max Trtmt

Healthy

Mm Max

201 0 0 202 1.8 5.6 205 2.2 8.8

204 0 3.4 203 1.8 7.1 209 3.8 8.8

206 1.7 4.8 210 2.2 9.3

207 1.7 6.5

208 1.6 7.6

(atm) 0 1.7 1.7 6.3 2.8 9.0

n(trees) 2 2 5 5 3 3

c = s/ 0 1.41 O.O5. 0.18 0.33 o.o3

Ex2 0 85 0.4 78 24 1.6



APPENDIX I (continued)

Maximum and minimum values of oleoresin exudation pressure for trees in each stress class in
Area III - the perimeter of an "active' Armillariella infection center.

Stress class:

o.e.p. (atm): Trtmt

Advanced

Mm Max Trtmt

Infected

Mm Max Trtmt

Healthy

Mm Max

312 0 1.0 301 2.0 8.2 302 2.7 7.5

313 0 0 305 0 5.4 303 2.4 9.9

306 1.2 7.9 304 2.9 9.9

307 1.0 6.1 314 2.4 8.2

308 2.2 7.2

309 1.6 6.1

310 0.9 7.8

311 0.9 7.1

(atm) 0 0.5 1.2 7.0 2.6 8.8

n(trees) 2 2 8 8 4 4

c = s/ 0 140 0.56 0.14 0.09 0.14

Ex2 0 7.7 50 99 2.6 65



APPENDIX J
Page

Statistics for moisture stress data for Pringle Butte east - and westside trees. All east slope 94
trees were sampled in 1976. Other treatments were spot checked in 1977. Significance (*) was
evaluated at the 957 confidence level between treatments and their controls.

Moisture stress statistics for root girdling data from Pringle Butte east slope trees. Signif- 95

cance (*) was evaluated at the 95% confidence level between treatments and their controls.

Moisture stress statistics for stem girdling trees from east Pringle Butte. Significance (*) 96

was evaluated at the 957 confidence level between treatments and their controls.

Moisture stress statistics for control trees, east (except drought) from east Pringle Butte.
Significance (*) was evaluated at the 957 confidence level between treatments and their controls. 97

Moisture stress statistics for data from Pringle Butte trees. Drought and root pruning treat- 98

ments were made in 1975, severe crown pruning was done in 1976. Significance (*) was evaluated
at the 95% level between treatments and their controls.



Moderate Crown pruning,
east

APPENDIX J (continued)

x 24 15 13 13 12 17 23 14

n(trees) 3 5 5 5 5 5 4 4

c = s/ 0.18 0.35 0.62 0.13 0.28 0.13 0.11 0.19

Ex2 549 1527 3859 165 671 266 274 316

d.f. 4 8 8 8 8 8 7 7

t = .372 .899 1.580 .997 2.308 0 1.233 .118

10/23/1976 7/6 7/1977

41

oo
-

00 0
c"

.-4

0.
0
C

x 13 17 17 12

n (trees) 5 5 2 2

c = s/ 0.09 0.17 0.02 0.12

Ex2 71 520 0.9 31

d.f. 8 8 2 2

t = 2.794 1.383 3.922 1.178

Date: 6/28/1976 8/15/1976 9/2/1967

0..

Time 0 0 0 0 0 0 0 0 0
- '.0 0" c'4 '0 CO

Treatment:



APPENDIX J (continued)

Date: 6/28/1976 8/15/1976 9/2/1976

Time:

Treatment:

Root girdling,
east

Date:

0-. 0.
o 0 0 0 0 0 0 0 0o C 0 9 9 9 9 9r '0 0' cJ '0 CC

9 15 13 20 25 20 16

n(trees) 4 5 5 5 5 1 3

c = sIx 0.23 0.07 0.37. 0.11 0.13 0 0.21

Ex2 213 68 1299 259 620 0 314

d.f. 7 8 8 8 8 2 6

t = 1.213 2.922 2.006 3.315 2.212 2.549 .660

10/23/1976 716 - 7/1977

0. 0.
o 0 0 0o 0

Time:

16 19 18 14

n (trees) 5 5 1 1

c s/ 0.19 0.05 0 0 d.f. 8 8 1 1

Ex2 566 4301 0 0 .036 .171 0 0



Date:

Time:

APPENDIX J (continued)

10/23/1976 7/6 - 1977

0. 0.
0 0 0 0

c)

Date: 6/28/1976 8/15/1976 9/2/ 1976

0.
o
o

0
fli

0
C

0 0
Cj

0 0
0.
0

0.
0

Time:

Treatment:

Root girdling,
east

(atm) 24 15 8 13 13 17 23 19 15

n(trees) 3 5 5 5 5 5 4 1 3

c = s/x 0.07 0.13 0.79 0.15 0.36 0.13 0.11 0 0.14

Ex2 71 74 40 66 63 86 93 0 46

d.f. 4 8 8 8 8 8 7 2 6

t = .859 1.654 .423 .542 2.059 .509 1.233 .436 .550

x 12 17 18 12

n (trees) 5 5 2 2

c = s/ 0.18 0.11 0.07 0.04 d. f. 8 8 2 2

Ex2 61 77 36 23 t = 2.690 1.697 1.980 1.581



Date:

APPENDIX J (continued)

19/23/1976 7/6 - 7/1977

Date:

Time:

6/28/1976 8/15/1976 9/2/1976

o
o
-

0
N-

0
c

00
-

0
'0

0
2
O

0
9
C-4

0
9

0
2
CO

Treatment:

Root girdling,
east

25 17 7 14 8 17 21 23 15

n(trees) 3 5 5 5 5 5 5 3 5

c = s/ 0.08 0.13 0.65 0.08 0.18 0.06 0.16 0.30 0.17

Ex2 113 305 1056 66 129 51 628 2262 369

Time:

x 16 20 20 13

n (trees) 5 5 2 2

C = 0.17 0.12 0.06 0.11
2

Ex 456 350 21 31

cj 0.. 0..

oo 00 Q 0
.4-



Treatment:

Date:

APPENDIX J (continued

Severe crown pruning, west

9/13 - 15/1977

00

Time:

Ca

0

c-'J

0
Ca

0
Ca

0
'0

0
N.

0m

x (atm) 18 12 19 15 32 30

n (trees) 5 5 5 5 5 5

C = S/ 0.06 0.12 0.09 0.07 0.29 0.13

2
Ex 66 128 189 69 5067 841

d.f. 8 8 8 8

.876 3.162 4.167 5.741

Treatment: Drought, east - Control, east

Date: 9/15/1977

'-4

Time:

x (atm) 26 24

n (trees) 4 4

c = s/ 0.05 0.06 d.f. 6

Ex2 90 95 t = 1.113

Control, west Root pruning, west

9/13 - 1511977 9/15/1977



APPENDIX K

Water content data from east Pringle Butte.

101

Date:

n (trees) (%) c = s/xT (%) c = sJx
Treatment:

Moderate Grown pruning,
east

phloem

5

130 0.62 168 0.64

sapwood 104 0.41 133 0.51

Root girdling, east 5

phloem
above

sapwood

197

211

1.24

2.34

168

441

0.22

7.30

phloem
below

sapwood

117

162

0.46

0.61

172

130

0.29

0.30

Stem girdle 5

phloem 138 0.16 269 2.90

sapwood 105 0.27 179 0.40

Control 5

phloem 135 0.14 196 0.30

sapwood 99 0.46 115 0.41




