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work, I shall whistle once. When I want you to stop work I shall whistle
twice." (One whistle.) ‘

My name l1s Harold Offord. I am the Chalrman., Here is the program. It's
up to you! (Ope whistle.) '

H. R. Offord
Conference Chairman
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FOREST DISEASE RESEARCH SERVES THE FOREST MANAGER

Royce Cox

Having the opportunity to participate in this Oonference is & new and welcome
experience for me. I appreciate your invitaetion and hope I can do justice
"to the assignment given me. I hawve been asked not only to serve &s chairman
of this panel, but also to express my views on the theme "Forest Disease .
Research Serves the Forest Manager." Certainly this is a most timely and
provocative theme; one which deserves the "work" atressed in your Conference
heading.

I must confess that my task would have seemed easier if the topiec under
discussion had been presented in the form of a question rather than a positive
statemant. Of course, I wholeheartedly egree with the philoaophy of accentu=
ating the positive, but I hope you will forgive my audacity in pointing to
some weak spots and adding the questions, "Just how well is this job being
done?", and, "How can we improve this service?®

How well is the job being done?

Frankly, it seems to me that the extent to which forest disease research is
serving the forest menager leaves much to be desired. True, we have made
slgnificant progress in some fields, but that progress hasn't been nearly fast
enocugh. We are still groping our way through a maze of complex and unsolved
problems.

That statement will no doubt cause your hackles to bristle a bit and to think--
"This guy sounds like a typical forest manager--impatient and always leoking
for pat answers to difficult problems.® I confess to being impatient; however,
my impatlence stems from strugegling with the problems which confront all
practising foresters. The forest managerts Job 1ls to coordinate into & well-
balanced program all the many conflicting multiple uses of the forest for
production of timber, water;, grazing, wildlife and recreation. To do this
intelligently requires a vast amount of practicel knowledge, much of which
simply ien't yet available, in spite of the progress which has been made.
Developing a permanent, sustalned-yield of timber is relatively simple--the
real challenge is to grow this timber at a cost competitive with other materials
used for the same or similar end produsts. This factor of cost is one which
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A study of the blology of the rust revealed that a series of favorable
events was necessary for the "build-up" of infeotion on oak and -
subsequent infection of pine to ocour.  Initial infection of oak by
aeclospores was conditioned by at least 10 hours of saturated air
accompanied by free water with the temperature between & and 28° C.
Late spring frosts and dry weather during Aeciospore dissemination
limited spread. Secondary spread by urediospores was limited by dry

. weather and the deecreasing susceptibility of ocak leaves with age.

Infection of pine was only possible when viable teliospores were
present on oak. In'central Wisoonsin they were usually present from
the first week in June to the first of July if gecondary spread by
uredlospores did not oeocur, or for about 2 weeks longer if secondary
spread did take place. A period of 13 hours of 100 per eent relative
mmidity following a rainfall was necessary for the production and
germination of basidiospores. '

A review of nursery weather data indicated that in some years
conditions favorable for pine infeetion did not osour and that in
other years they ocourred one or more times during the season. Thia
suggests that the timing of fungieide applications to coineide with
perlods favorable for pine infeotion could be ashieved.
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MICROCLIMATE PHASES OF BLISTER RUST GONTROL

Merle G. Lloyd

Problem of Management

It has not been economically feasible to attempt to grow white pine
on all the white pine lands in the Inland Empire and protect it from
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blister rust. Management is confronted with the problem of‘just where
control should be practised and planting done for best results.

Meteorological Problem Isolated

The infectlion stage of the white pine rust is dependent; in part, upon
favorable meteorological conditions. Other things being equal, duration
of weather favorable for production and dissemination of sporidia and
infection of pine will determine infection patterns. The meteoroclogical
factors involved in pine infection are moisture and favorable tempera-
tures for production of sporidia and pine infection, air movement for
transport of sporidia, and atmospheric turbulence for dispersion of
sporidia. Normeteorological factors such as surface roughness and
topography affect turbulense and direction and speed of wind.

The weather varles from day to day, from year to year, and betwsen
localities. Within the range of western white pine, there should be
seasons as well as areas more or less favorable or unfavorable for the
rust. It is conceded that the weather in the Inland Empire is gemerally
favorable for the rust. In spite of this, control people have observed
differences in conditions that extend through even the exceptionally
favorable "wave years." They can account for these differences only

by mieroclimete. They have asked the question, "What are the differences
in microclimate between these areas, and do they account for the differ-
ences in rust behavior?" If these differences can be explained by
mleroclimate, they ask the question, "Can the best areas for planting
white pine and controlling the rust be selected based on microclimate
thereon encountered?" To answer this question information is needed

on width of protective zones and ribes tolerance under the variety of
conditions encountered in the area. Other factors being equal, micro-
climate existing in each area will determine their standards.,

My purpose in the applied climatological approach to the blister rust
problem is to analyze the meteoroclogical conditions associated with

the rust's intensification and spread with a view of modifying the
blister rust control operation to advantage. The meteorclogical
question as isolated from the over-all problem is, "How often do meteor-
- ological sonditions favorable and unfavorable for the rust ocowr under
the variety of topographic and vegetative conditions encountered in

the Inland Empire?" We have some of the information needed to answer
this question. :

Climatic Reguirements for Rust Defined

Climatic requirements for the rust have been defined. Mr. Offord
distributed an outline of requirements for the various stages of the
rust; prepared by the California Station at the 1956 meeting in El
Paso. Although each spore stage of the rust requires favorable
temperatures and moisture conditions, some of them develop over such
a brozd range of temperatures, with such a short period of saturated
air, that favorable conditions can be expected to occur in nature -
each year. We are most interested in those stages where temperature
or lack of moisture may inhibit or limit the rust.

In Wisconsin, Van Arsdel et al. (9) observed that 10 days with
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temperatures 95° F. or higher would inhibit rust development. They
also found that a conditioning period of 2 weeks of ecool weather with
no 3 consecutive days above 82° F. was needed for first production of
fertile telia.

In New York, Hirt (5) observed that sporidia did not form during moist
periods; otherwise of sufficient duration for their formation, when
accompanying temperatures were high.

Boga (2) reports variation in conditions encountered in California
from those reported by Van Arsdel in Wisconsin., During 3 years of
field and laboratory studies; he found that temperature alone as it
occurs under the dry conditions encountered in California (104° F.
at 55 per cent RH) did not inhibit telia. However, he did find that
high humidity and somewhat lower temperaturés (88° F. at 80 per cent
RH) sterilized telia. He is still testing combinations of tempera-
ture and humidity to see what extremes tellospores ecan tolerate.
Basic studies under laboratory conditions, such as these, should be
continued. ’

Variation of Weather over Inland Empire

We have a fund of weather information obtained at long-period weather
stations in and near the white pine belt. Weather date are available
for 48 localities, 22 of whish have long periods of record. This
information can be nsed to determine chances of occurrence of weather
favorable and unfavorabls for rust intensification and spread. The
data will tell us whether the olimate is uniform over the Inland
Empire with variations superimposed due to topography, or whether
there are two or more subdivisions in the general climate., It will
give us an objective measure of just how often conditions favor

rust.

Variastion of Microclimate in Mountainous Terrain

We know a great deal about variation of mieroclimate in mountainous
terrain. There 18 considerable information in the literature on the
subJect and I have made several studies of variation of tempsrature,
humidity, and air movement within small areas of the Inland Empire.
As relationships between topography and vegetative cover and the
climatic elements are established, it will become possible to extend
chances for rust ocourrence at long-period stations to nearby white
pine working units. |

Problem One of Smaell Scale Dispersion

Sporidia of Cronartium ribicols are formed under conditions of high
humidity and proceed to germinate immediately. Bega (1) has shown
that teliospore permination and subsequent casting of sporidia are
not instantaneous phenomenaj rather the rate of sporidia casting
continues at a given high level for a considerable time period.

Hs found a representative télial column started casting sporidia

8% hours after subjection to 100 per cent humidity, and complete
exhaustion of the golumn took 70 hours.
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Van Arsdel (8), on the other hand, has observed what appeared to be
release of gporidia in mess. In a 3-day wet period in northern
Wisconsin, sporidia were released all at once. At Madison, a 2-day
wel peried almost sompleted the cycle but was not quite long enough;
spores remained attached to the basidia. The implication was that
free water might be a deciding factor in the release of sporidia.
More information is needed on thls problem.

Sporldia of blister rust are 8 to 12 miorons in diameter. Thelr
terminal velocities are estimated to be 1 to 2 feet per mimute in
st111 air. Studies by the U. S. Weather Bureau (7) have shown that
particles with fall rates of less than 2 feet per mimite move with
the volume of air in which they are contained. Thelr dispersion,
therefore; reduces to wind transport and eddy diffusion.

From studies made in chemical warfare, atomic ensrgy, and air
pollution, we can determine concentrations of asporidia at given
distances from a ribes bush producing sporidia at a given rate. The
problem 1s one of small socale dlspersion from & contimous point -
source. Current knowledge in the field has been recently surveyed
by Cramer (4). ‘ :

Equations developed by Sutton (6) give theoretical concentrations
downwind from a source at the genter of a "time-mean" plume that re-
sults from the complex lateral and vertical meanderings of the
"instantaneous® plume. The "time-mean® plume may be oompared to a
time-exposure photograph of the plume from a contimucus source taken
with a pin-hole camera. Maximum concentrations at a given distance
downwind are inversely proportional to the wind speed and directly
proportional to the rate spores are emitted. Maximum concentrations
diminish almost as the square. of the distance.

Cramer (3) has substituted direct meteorological indicators (standard
deviations of the azimuth and elevation angle of the wind direction)
for generalized diffusion coefficients obtained from the vertlcal
profile of mean wind speed of Sutton's equation. Satisfactory
estimates of distribution of spores from a point source near the
ground oan be made from his tables and graphs if spore production,
mean wind speed, frequency distribution of azimuth of wind, and thermal
stratification are known. Plume width tends to decrease linearly with
increasing distance. The downwind axls of the plume is-approximately
along the direction of the mean wind. We need information on wind
speed and direction, on fluotuation of wind direction, and on thermal
stratification under moist conditions in mountainous terrain to apply
this information to the blister rust problem.

My Movement in Mountainous Terrain

Considerable information is available on ailr movement in mountainous
terrain. Studles have been made on wind behavior on elevated terrain.

The deformation end intensification of wind by topography has been
Investigated. Slope and valley winds have been intensively studied as
has vertical variation of wind above the surface and through various
types of forest cover. Work is needed on air flow in the Inland Empire
during moist periods and in areas where long-distance spread is suspected.
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Such studies were started thie summer and will be continued next fall
during favorable moist periods. Resultes of this study will make possible
a closer definition of width of protective zones. They may explain the .
suspected long-distance spread in some problem areas.

Summary

Management has asked, "What is the difference in microclimete between
areas with low ribes' population and heavy infection and areas with
high ribes population and light infection?" Answers to this question
will meke it possible to designate and delineate areas where conditions
for the rust may be so favorable that even a few remaining ribes eould
cause a rust buildup that could not be tolerated.

Management also wants to know what air flow conditions prevall in
areas where long~distance spread may be involved. If basic criteria
for long-distance spread can be established and recognized when
observed on working units, then they can be ‘considered in planning
eradication work.

When these questions have been answered, standards for ribes tolerance
and for width of protective zones ocan be established on each blister -
rust working unit. Areas for protection and performing local ribes
eradication can be selected which will not require protective zones

of proportions beyond which it is not economiocally feasible to
eradicate ribes. Areas where looal intensification from a few re-
maining ribes might be expected can be avoided.
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- GUIDELINES FOR ESTIMATING THE SURVIVAL OF
FIRE~-DAMAGED TREES

“WLLTLS Wt Wiigeio

Forest fires are a recurrent problem in California. Up to the latter
part of September of the current year over 91,000 acres of timbered

- lands had been burned over this season and since that time approximately
47,000 acres have been added to the total. Salvaged logs from the
larger of the resultant burns will tax the avallable mill facilities.
Some loss from stains and decay will undoubtedly be incurred before
salvage can be completed. The supply of seed, planting stock, and
funds for the regeneration of the burned-over lands will be wholly
Inadequate to accomplish the job needed. Yield schedules for the
distriets in which the large fires occurred will be thrown completely
ont of line,

Under these aconditions it is important to save as many as possible of
the trees that may be expected to recover. Equally important is the
saving of a cone orop now present in the first-year stage on many of’
the Injured ponderosa pines, some of which may not remain alive throngh
the year following seed dispersal., The seed will come at a atrategic
time next fall and i1t will all be needed.

Our observational studies on the survival of trees after fire began
in 1939, following a request from the Forest Service for an opinion
on survival on a burn in recently logged ponderosa pine. A good
reserve of thrifty trees had been left in the logging and the Forest
Service wanted to save all of these that would live through. On
examination of the area we were impressed by our lack of knowledge
and experilense in interpreting what we saw. The subsequent series of
studies, in which sample damaged treee were followed until mortality
on the areas had returned to normal, have been sompleted on 30 burns
in the pine region of California. These have been distributed not’
only geographically but also by date of oscurrence over the season.
At first they were confined to ponderosa and Jeffrey plnes, the
spocies most in question with respect to survival, but were later
extended to other conifers,

Baslc considerations affecting survival: A number of reports on tree
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