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INTRODUCTION

The avtificial control ot bark bectles has received the consideration
of foresters for the last quarter centtiry.  During this pertod a
number of methads designed to effect control of these bectles have
been advacated, but only a few of these have proved efficient in actual
practice.

Lntomologists directly concerned with developing this phase of
torrstry were not slow to avail themselves of sugeestions and discoy-
eries along (his line.  Early in the history of forest entomology in
North America, A, D. Hopkins* recomniended the employment of
methods desigued (o kill the broods in the trees where they were
developing. At the same time he formulated principles of artificial
control which became a basis for experimentation that has resulted
in {he most eflivient methods practiced to-day.

Since that time such progress has been made in the development
of control methods that now certain of these may be confidently
relied wpon to reduce infestations. However, no one method has,

“without modifications, proved entively satisfactory as a cure-all in

combating epidemics of the various species of hark beetles or even
of controlling epidemics of a given species in different host trees.
For this reason it has always been necessary to modify even the

I Bendroetonus monticelae Hopk.
PHOPKINS. A, 1}, BARKHEETLES OF TUE GENIS DENDROCTONUR. U 8, Dept. Agr., Bur.
Ent. Bul. 83 (pt. I, 160 pp., illus. 1940,

1
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most relinble of known methods to fit individual conditions. This
need of adaptation is emphasized in the artificial control of the
meuntain pine beetle, Dendrocionus monticolae Hopk., since this
beetle attacks a nuwmber of different species of pine. TFor instance,
two methods have been successfully used in controlling infestations
of the mountnin pine beetle in yellow pine and sugar pine, One
method consists of felling the abtncked tree and burning the bark
of the infested part of the log; the other consists of remwving the
bark from the felled tree, thus exposing the broods of bectles, which
results in their death.

Both of these methods have been practiced to some extent in the
control of infestations of the mountain pine beetle in lodgepole pine.
In such infestations, however, neither of them is entirely satisfactory.
Owing to the denseness of the stands of lodgepoie pine, there is
mueh seorching of adjacent green trees when burning is resorted
to, unless ihe logs are hauled, before burning, to openings in the
forest, This preeaution increases the cost of contrel, which malkes
this methed fesy desivable Tor extensive use.  The peeling method has
been used only in a limited way in infestations of lodgepole pine
because of the diffieully encountered in removing the barlk frow
these trees.  These difficulties w:ve envountered in all attempts to
apply the burning or peeling wmethods to the treatment of broods
of the mountain pine heetle in lodgepole pine and led to the develop-
ment of the selar-heat treatiment and its application for the control
of these infestations.

The purpose of this bulletin is to deseribe the development of
(he selar-heat method of control, to record the salient details of the
experimental field work, and to diseuss the practieal application of
the methol on the Crater Tinke Park control project.

PREVIOUS INVESTIGATIONS

The principle of the solar-heat methwd of bark-beetle control has
Leen Iknown for a number of years. T . Craighead published the
first account of the method as a control factor®  His first observa-
tions were nade in 1017, when the death of hroods of Cyllene caryae
Giahan in hickory logs was accounted for by the sun’s heat. In 1918,
in Virginia, he experimented with various species of scolytid beetles
in pine and found them to he ensily killed by the heat. Subsequent
obsorvations confirmaedl the results of these first experiments and led
{o further investimations into the possibility of uttlizing direet sun-
light as u control agency.

Craighend s first experinents in 1918 in Virginia were followed by
olhors in the West.  In the siauter of 1920 detailed experiments were
enrried out at North Forle, Calif.. by I ML Miller, and at Ashlund.
Oreg., by I, 1% Patterson,

The method developed by these experiments was fivst used as an
auxiliary wmeasure in eontrol vperations against Hendroctonus brevi-
conis Lo, in western vellow pine, At Narth Yorl, in central
California. in 1920 and 1921, and on the Antelope project in northern
Culifornia, i 121, it was used during the summer periods, when five
hmzard was great, instead of the borning method usnally practiced.

ArnAri AL, 1P 1Y BIHECT SUNLLIIET A% & FaCTok 1N st INSECT CONTROT, nt,
Soc, Waosh, Proes 22 106108, Livd),
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It wus first used as a major method of control on the Crater Lake
Park project in combating un epidemic infestation of the mountain
pine beetfe, D. monticolae, in lodgepole pine. In addition fo being
the first large-senle application of the method, this was the first time
it was employed in the control of infestations in lodgepole pine.

The method has, however, been tested, with varying degrees of
siecess, in other localities in the treatment of other pines infested
with different species of baric beetles.

The method, with modifications. was tried in the Kaibab Forest, in
Arizona, by IF. P, Keen, who was in charge of control work on this
project in 1024 and 1925. The beetle involved was D). ponderosae
Hopk.. and the tree infested was yellow pine, Péms ponderose.
Altogether 602 infested trees were treated in these tests. The apph-
eation of the methad was varied in order to secure results on different
ways of exposure.  The general vesults were unsatisfactory, sinee only
puttinl brood mortulity resulted from even the best exposures ob-
tained. It appears from this experiment that the method is not
effective in the treatment of trees with thick bark.

Another test of the method was carried out in the Bitterroot
Faorest. Mont., during June and July, 1926 and 1927, This experi-
ment, under the supervision of JJ. . Evenden. was conducted 1in
lodgepole pine stands infosted with the mountain pine beetle,
70 monticolue.  About 200 infested trees were used in the tests. and
they wore felled on as many different sites and exposures as the
experimental area afforded.  Subcortieal and air temperatures were
taken daily. Tests were mumde on trees eut the preceding fall, as
well ax upon thoese felled during the spring months, It was found
that air temperatures of §7° F. or higher were essential to obtain
kitling temperatures nnder the bark of logs exposed in direct sun-
light., In these tests killing temperntures were vegistered only four
thmes daring the control peviod. Chiefly becanse of this failure to
attain killing temperatuves. the sofar-heat method was not efficient
for practical control purpoeses in this latitude.  Other adverse factors
were the slope of the site. whieh affected the incidence of the sun’s
rays, particulurly on north expesures; and shade, due to the density
of the timber stands,

Stilt another test of the solur-heat method was made under condi-
tions varying wreatly frowm those of the preceding examples. This
expuoriment was made in the Prescott National Forest, Ariz., in May.
June. and July. 1828, by John (0 MeNelty, The trees used were
Pinus ponderosa, infested with mixed broads of fps ponderosae Sw.,
I, fecontei Sw., and [, infeger Bich, The trees were not infested
when folled but were subsequently attucked by all theee species
Temperature did not greatly affect their attack of these logs. On
logs in divect sunlight the attack was made on the undersides first,
thongh Jater it was extended to all surfaces,  Relatively high daily
air temperatures were recorded. the range being between 80° and 90°
. Bark tempermtures as high ay 118° were registered, the average
maximum being about 11290 Mortality of the broods varied with
the size of log and thickness of bark. On thin-barked logs up to
16 inches in dinmoter, 30 per cent of the insects were killed under a
strip + inches wide on the tops of the Jogs. No movtality resulted
Lrom the exposure of thick-barked logs abont 10 inches in diameter.
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The conclusions reached by McNelty are: “ The maximum kill from
sun curing by turning the logs would be 50 per cent on material
under 8 inches in dimmeter and 20 to 30 per cent on logs up to 10
inches in diamcter.”

The results of this experiment arc consistent with those obtained
by the writer with the solar-heat method in the Crater Lake Park.
Broods ot Ips infesting the same trees infested with the mountain pine
beetle survived the heat treatment when the latter speeies were killed

with short exposures.
THE METHOD

HOW THE INSECTS ARE KILLED

The principle underlying the solar-heat method is extremely
simple and well known, namely, that certain high temperatures are
futal to living organisms. Primarily the method consists of utiliz-
ing the sun’s rays to attain such temperacures as are fatal to the
broods of the beetle.in or under the bark of infested logs. It has
been found that bark temperatures nbove 110° F. are nccessary
to cause death. The moisture content of the inner bark seems to
be important only as a factor slightly conditioning the temperatures
in the bark. Beetle broods respond to this treatment only in thin-
bariced trees. Lodgepole pine and western white pine are examples
of this type. Experiments have shown that the method is not appli-
eable to trees that have thick bark, such as yellow pine and sugar
pine, since the thickness of the bark of these trees acts as an insulator
preventing the surface heat from veaching the beetle broods, which
arce cither inside or under the bark.

TECHNIC OF APPLICATION

Since the death of the insects is contingent upon high barl tem-
pevatures, it 1s necessary to expose the infested logs in such o way
that the desived temperatures will be attained. During the experi-
mental applivation of this medhod in the Crater Take Park control
work. and in the tests made since, .various wavs of preparing and
exposing the logs were tried, and a technic of handling that gave
umform and stuecessful results was developed.

The infested trees ave folled sa that their trunks lie in a north-
ancl-south divection. It is necessary ro have the logs in this position
in order to expose their tops and both sides to direct sunlight during
the couvse of the day, After they have been felled, the limbs along
the infested length are removed, in ovder Lo expose fully the infested
barl, and the uninfested tops are cut off.  After this treatment the
logs ave left exposed to the sun for a period of from two to five days.
They are then turned over in order to expose the opposite side. [In
the ense of the larger trees {(above 20 inches In diameter} ov trees
felled in low brush, on uneven ground. or in situations where it is
impossible to place them in a north-and-south direction, it is some-
times necessary, in order that the sun’s rays may reach all the barle
surface, to turn the logs twice, one-third round. or about 120°,
pach time. Intervals of at least two days of sunshine must elupse
hetween turnings in order to obtain satisfactory vesults. It is neces-
sary, of course. to so place the Jogs that unobstructed sunlight will
reach them,
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EXPERIMENTAL PROCEDURE

The studies reported in this bulletin were conducted in arveas
infested by the mountain pine beetle in the Crater Lake National
Park, Oreg., during the spring and summer seasons of 1923, 1926,
and 1927, They were carried oub during the thne that control
operations against this beetle were in progress.  Since several thou-
sand infested lodgepole pines were treated by the solar-heat method
during this time, the umount of material available wus more than
sufficient to determing the aceuracy of the experimental data.

The primary objects of these studies were (1) fo determine the
minimum bark temperatures required to kill the broods of the beetle,
and (2) to develop a practical and efficient way of handling the
infested material. The following were the principal points about
which the investigation centered: (1) The difference, in degrecs,
between effective bark temperature and the temperature of the su-
rounding air: (2) the length of exposure at different bark tempera-
tures necessuly to cause death; {3) the period of the day when
killing temperatures occur; (4) the evelation of killing temperatures
to humidity; (5} the surface of the log, expressed in degrees of are,
- attaining killing temperature with exposures for various periods;
{6) the best position of the log relative to the angle of the sun’s
riays; and (7} the season of the year during which the method is
effective,

Chemical thermometers were used to obtain the temperature data.
This type wus tound most satisfactory, as the bulb was easily inserted
belween the bark and the wood and there was no metal fo affect
the temperature readlings. In each test three or more thermometers
were used. Two were inserted under the bark on the top or sides
of the log in such positions that one registered the inner-bark tem-
peratures in the part exposed to direct sunlight and the osher gave
the temperatures in the shaded part of the log. .Another ther-
mometer of the same type was hung at breast height on the north stde
of a near-by standing tree to register the air tempevature. A thermo-
graph was used in some of the tests made in 1927 to record the air
temperatures, although most of the data are plotted from readings
of the chemical thermometers.

The data on the other points investigated were obtained by ex-
posing the logs in diflerent [lmsitions throughout the fleld seasons
and by vavintions in the length of exposures.

EXPERIMENTAL DATA

The bark temperatures and concurrent air temperatures recorded in
the separate tests of the experiments are shown in Tubles 1 to 6 and in
Figures 1 to 6, the tables giving the data in tabulated form, and the
figures presenting the same data graphieally.
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DISCUSSION OF THE DATA

The results obtained in these experiments show that a bark temper-
ature of 120° F. is fatal to broods of the mountain pine beetle with
8 minimum exposure of 20 minutes. (Figs. 7 and 8.) Longer

Frgrns T —DBrood of the mountatn pina beetle whicl: had been protected from the sun's
rays by a coverlng of brush placed over the Jog at this peint; the larvae and papne
in tiils purt were uninjured

exposure at lower temperatures will also cause death, though the
broods of the beetle will safely endure bark temperatures of less
than 100°. The range of critical temperatures is between 110° and
120°, Bark temperatures at any point in this range resulted in
death after an exposure of sufficient length. Approximately 5 to 6
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per cent of the brood was killed at 110° with shoré exposures, and
mortality increased as the temperature rose above this point, reaching
the maximum at 120°, which was found to be 100 per cent fatal.

(Fig. 3.)

Fiaura 8.—Brood of the mountein pine beetls under p section of the bark which had
been exposed to the direct rays of the sun for one day. The maximum {emperature
registerdd under the bark of this section was 128° B, The larvae and pupie show as
shrunken bodies in the pupal cells

Bark temperatures of logs exposed to sunlight were from 30° to
50° higher than the surrounding air temperatures, the main differ-
ence being about 40°. Bark temperatures as high as 140° F. were
registered when the air temperature was 89°, a difference of 51°,
With an air temperature of 80° the concurrent temperature in the
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inner barl on prostrate logs in direct sunlight was often 120° or
higher, Temperatures of tﬁe inner bark in shaded positions did not
vary greatly from the air temperatures and were not fatal to the
broods.

Thers is a greater correlation between the angle of incidence of
the sun’s rays and bark temperatures than between air temperatures
and bark temperatures. Thus it will be seen that the data in Table 1
and Figure 1 show a higher relative bark temperature on the east
side of an exposed log than on its top or west side during the hours
from 8 a. m, to 11 a. m,, and, conversely, higher bark temperatures
are recorded on the top and west side of a log during the hours from
11 a. m, to 2 p. m, and from 2 p. m, to 5 p. m., respectively; while
at any given time during the daily period of exposure the concurrent
air temperature is the same near all surfaces of the log. Air temper-
ature, however, is perhaps a better criterion for presupposing lethal
bark temperatures, since it can be ascertained by simple tests, and it
is therefore more counvenient in practical application. Air temper-
atures of 80° to 85° F. and above insure lethal temperatures in barlk
exposed to the sun’s rays.

The length of exposure necessary to kill the broods in the upper
ranges of bark temperatures is surprisingly short. The minimum du-
ration of exposure required to effect mortality at 120° or higher was
from 20 to 80 minutes. Longer exposure was necessary at lower tem-
peratures, two to three hours being required with a bark temperature
of 110°.  Anesthesia set in at 110° and this condifion resulted in
degth when prelonged.

The bark of the trees on which the tests were msde varied in thick-
ness with the size of the trunk. At the base the thickness ranged
from one-fourth to three-fourths of an inch, with an average of one-
half inch. Thirty feet from the ground the range was from one-
eighth to three-fourths, with an average of three-eighths inch. At
the top, where the top was reduced to about 4 inches in diameter,
the bark averaged one-sixteenth of an inch thick.

Broods of D, monticolge under white pine bark up to 114 inches
thick die with an exposure of six hours at the critical temperature.

The susceptibility of the various developmental stages of t%e insect
was practically the same. The old adults and new adults succumbed
first, followed in order by the pupae and larvae. Individuals in 2l
stages, however, became inactive at about 110° F., the slight differ-
ence in rate of mortality being correlated with duration of exposure
rather than with difference in temperature. Incubation of the eggs
was not prevented, though the newly hatched larvae were very
susceptible to high temperatures.

The experiments showed that killing temperatures were registered
in the inner bark from 10 a. m. to 4 p. m. {(Fig. 1.) The duration
of this period varied slightly, however, with the season, and is rela-
tive to the angle of the sun’s rays. The maximum duration of this
period occurs in June and July in the latitude in which these
experiments were made. (Fig. 9.) .

The moisture content or humidity of the inner bark does not
play an important rdle in the death of the insects. Broods in logs
having a very moist inner bark died at the same temperatures as
other broods in logs on which the bark was very dry. Humidity-
does, however, have a direct bearing on bark temperatures, since it
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facilitates the penetration of heat, and therefore the killing point
is reached sooner in moist bark. Equally high temperatures are
registered in dry bavk, though a slightly longer exposure is required.
Death of the broods resulés when killing temperatures ave reached
regardless of humidity in the bark.

A study of the moisture content of the beetles themselves was not
attempted, although the fact that some beetles resisted critical tem-
peratures for a period, but eventually succumbed, indicates that it
15 1 tncelor of importance,

The are of the circumference of the log on which killing tempera-
tures are registered during each exposure is dependent upon the
position of the log relative to the axis of the earth. A greater arc is
subjected to divect sunlight, and resultant lethal temperatures, when

SAARSIT OF SUN

Freres h—Dagram Hinstrating ranges of mortality from solar heat under the baric
of the upper haif of & Jog during the transit of the sun through the daily are (June
aml JJulyl when the log is iying in a portl-nod-south diveetion. When the logs
are rolied for the second exposuve the part that was not thos exposed tnkes exactly
Lhe poxitlon oceenpled lwere by the exposed portion

the log is approximately parallel with the earth’s axis and at right
angles to the apparent daily transit of the sun. (Fig. 9.) When
the log is in this position almost the entire upper half of the circum-
ference is exposed to the direct rays of the sun during the daily
period when killing temperatures are registered. Under these con-
ditions the range of mortality covers an arc of one-half the circum-
ference of the log. This range is not limited to the portion of the
circumference on which the sun’s rays fall perpendicularly during
the period of killing temperatures, but extends down the sides of the
log” beyond this arc. as shown in Figure 9, to where the sunlight
strikes at an angle several degrees from the perpendicular. The
heat 1reflected from the ground serves to carry this killing range
somewhat farther around the log, and its effect is an overlapping
of the ranges of mortality during the second exposure. Though
the secant ot the mortality arc on the log is not parallel with the

i
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ground surface (fig. 9). this can be disregarded when the log is
bnrned tor the second exposure. since the log is turped one-hadf
over, which brings the unexposed aurface into the position formerly
gecupicd by the exposed part.

To abtain the killing temperatures in the inner bark on the maxi-
mum log surfuce for cach exposure it is necessary to place the log in
a position which will permit direct aunlight to reach the greatest
aren of hark surface between 10 a. m. and 4 p. m. It has been found
by experimentation and in actual practice that the best position of
the felied logs is approximately north and south. In this position
the enst side of the log is exposed to the direct rays of the sun during
the period before midday, the top during midday, and the west side
durin the post-midday. The sun’s rays also fall more nearly
perpendicular to the surface of the log when it is so_placed. Itisa
well-known fact that air temperatures are much higher very near
the ground than a foot or more above the ground surface. Because
the same conditions affect bark temperatures. the logs should be
dropped directly on the ground rather than left bedded on prostrate
logs or other débris, since more heat radiation from the earth reaches
the logs when they lie on the around.

A modification of the above procedure would perhaps be necessary
in the treatment of trees on steep north slopes where the angle of
‘neidence of the sun's rays would Le more oblique, owing o the
inclined position of the log. In these situstions the placing of the
logs in an cast-and-west direction wonld be better. thongh this would
entail turning them twice in order to secure complete exposure
to the direct rays of the sun.  As there were no north exposures on
the experimental contvel area, this detail could not be studied.

Temperature tests made on infested standing trees gave some
interesting results. (Fig. 6.) The temperatures of the inner bark
on the south side and the north side of the trunk, and the south side
of the base or stump, of these trees were recorded. The bark tem-
peratures on the top of « neighboring felled log. and the alr teni-
peratures were recorded at the sume time. The bark temperatures
on the south side of the standing trees varied only a few degrees from
the air temperatures. The hark temperature on the north side was
considernbly lower, the difference being 17° at the peak of the curve.
‘The highest bark temperature of the stump_was 4° lower than that of
the trunl {south side) at breastheight. While these temperatures
remuined below 80° I, bark temperatures on the felled log reached
a peak of 123°. These tests show the difference Letween barle tem-
peratures of standing and of felled trees. and they explain why
mortality does not ocenr in broods developing in stunding {rees.

Tt has been determined, at least for the climate in which this work
was done. that an air temperature of 80° ¥. indicates lethal tem-
peratures in the inner bark of portions of felled logs exposed to
divect sunlight. Since this relation is fairly constant, air tempera-
ture becomes an indicator of the efficacy of the solar-heat method of
control at any given time. It can be safely assumed that the method
will be effective during any part of the year when air temperatures
ave 80° or higher. It was employed with entire success during May,
June, July, September, and early Qcteber of 1925. 1926, and 1927, on
the Crater Lake Park control project. No control work was done in
August, as the beetles are flying at that time.
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PRACTICAL APPLICATION IN THE CRATER LAKE PARK PROJECT

The crucial test of any method of insect control comes with its
practical application in the field where natural conditions prevail,
Lhe solar-heat method was given a thorough trial en the Crater Lake
Park project during the yeurs 1925, 1926, and 1927. lts eftectiveness
was d(emonstrated in the successtul treatment of over 9,000 todgepole
pines infested with broods of the mountain pine beetle,

FHYSICAL CONDITIONS ON THE PROJECT AREA

The Crater Lake Nativnal Park is situated on the crest of the
Cascade Mountaing in southern Oregon, in latitude 48° north. The
control area is located in the southern half of the parkc in elevations
ranging from 5300 to 6300 feet. The topography of this area
ranges from rugged canyon walls to flat platesus or benehes. The
slopes are muinly southern. with east and west exposures. The
infested areas oceurred almost enlirely in the pure lodgepole pine
type of stand.

The meteorological conditions are typical of the high mountainous
section of the North Pacific States. iaily temperatures during the
period of control operations ranged from 32° F. at night to a maxi-
mum of 90° at midday. Electrical storms, followed by rain, were
trequent throughout the seasons. These storm periods, however, did
not seriously interfere with the solar-heat treatment of the infested
logs, since the percentage of clear days was comparatively high, In
general, the conditions on this project were favorable for the sfective
employment of the solar-heat method, and accordingly the method
shounld be equally successful on all other areas where the meteorolog-
ical conditions ave similar.

APFLICATION OF THE METHOD

The use of the solar-heat method on the Crater Lake Park project
did not involve any material changes in artificial-control technic
prior to the actual treatment of the logs. The infested areas were
surveyed in the usual way, and the trees to be treated were marked b
established methods. However. from this point on to the last detail
of the actual treatment of the logs an entirely new procedure was
followed.

The trees were felled so as to lie north and south, in order to
expose the greatest arc of their circumference to direct sunlight.
Care was excrcised in felling the logs to get them in such position
that they were shaded as little as possible by adjacent standing trees,
Whenever feasible, the bole was placed in contact with the ground to
obtain for it the highest temperatures. The limbs along the infested
length of the log were then removed and the top cut off. (Fig.10.)
The limbs and tops were either piled or scattered ; the former method
was used on camp sites, along roads, and in other places where a
thorough clean-up was desired. and the latter procedure was followed
in more remote situations.  After the logs had been prepared in this
way, they were left to the action of direct sunlight from two to five
days. They were then turned half over to expose the other side.
{Fig. 11.) This completed the treatment.
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Warne 10.—>Method of preparing lodgepole pizes Infested with the mountnin pine
beetle for trentment by selar heat. The trees are feiled to ile in & north-and-seuth
direetinh I crder to soegre the maximulu exposure on the surfnce of the bark during
the duily period of kiliing temperututes. The logs mre thewr limbed and topped, and
the ;)ri;?h ig piled, or scuttored, well away frowm the logs to allow direct sunlight to
rench them

Fiorpk 11,-- A group of Jors that have bren treabed by the solarheat method, The
jogs are shown In e finnd positlon nfter they have been rolled haif over nod
cxposed for the second time,  The photogenph gives o gesernd view of n trestes]

aren, showing the average spacing ol infested (recs anil surrounding conditlons
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Each treating crew consisted of three men. Two men felled and
topped the trees, while the third man cut off the limbs, and piled them
when necessary. Each crew felled and prepared an average of 40
trees per day. The same crew returned and rolled in one day all the
logs prepured in one week. Each log was cut so that the prepared
section contained the entire broed of the insect; consequently the
lugs ranged in length from 20 to 60 feet, and in some cases included
the entirs bole of the tree. {(‘ant huoks and peaveys were used in
turning the logs.  Three men experienced no difficuity in turning all
Lt the very largest and longest logs. When such were encountered,
they were cut into two or more sections.  After each log was turned
for the linal exposure, a distinguishing ax mark was made against the
kerf on the butt enl to dennte that the log had been turned.  One man
of each turning erew cheeked off from the treating recend the serial
number of each tree as it was turned, and thus all missed logs were
tdentified and lovated for subxequent turning.

COMPARISON OF THE SOLAR-HEAT TREATMENT WITH THE
BURNING METHOD

In the first control work on this project. early in 1925. the burning
method of treabment was employed. It was soon apparent that this -
method was not at all suitable for use in this type of nfested timber
hecause the stands were fuirly dense and therefore much scorching
of green trees resulted. Enough trees were burned. however, to
estublish a basis for comparing the effectiveness and cost of this
method with the solav-heat treatment which was subsequently em-
ploved. These data, secured on a project where both methods were
used, are of great vatue in comparing rvesults and coste.  In addition
to this basic information. similar data on the burning method ave
available from other projects in lodgepole pine infested by the same
beetle.

These data show that the two methods were equally effective in
killing the beetle broods.  The average cost of the burning treatment
was 52 per tree. and of the solar-heat treatment, $1.92 per tree, &
diflerence of T8 cents per tree in favor of the solar-heat treatment.
An anilysis of these costs. however, reveals factors peculiar to each
wethod which account for this difference. For instance, it is almost
always necessary 1o buck the logs in piles to obtain thorough treaf-
aent by burning,  Also. when working in erowded stands, it is
aecessary to haal the logs to openings for burning in order to avoid
seorching the adjacent green trees, This additional work results in
merease. unit cost when the burning method is used. On the other
hand, the cost of the solar-heat treatment is increased and ApPProxi-
mates that of the burning method when it is necessary completely to
di=pose of the slush.

The advantages and disadvantages of the solar-heat method, as
compared with the burning method. mav be summnarvized in the
following way: - )

When slash is seattered or piled, the cost is lower, the same super-
vision is reguired, and the effeetiveness is equal.

When logs are decked after euring and slush is burned. the eost
in hiI_f_,rhcr.'. clozer supervision is requived. and the effectiveness is
eepital
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Other things being equal, the absence of scorching of green slocls
leaves the forest in better condition.

When the wenther is cloudy or the air temperatures are less than
80° T, the solar-heat treatment is not effective.

SUMMARY

The solar-heat methad uf bark-beetle control consists primarily
in ntilizing direct sunlight to kill broods of beetles in the inner bark
of thin-bark trees. thus eliminating the necessity for pecling them.

It is patticutarly effective in treating broods of the mountain pine
Lootle, Dendroctonus monticolze, in lodgepole pine logs. It has also
been used. with modifientions. in treating other pines infested with
ather species of bark beetles.

Temperature is the major fuctor. Burk temperatures under 1107
I*. are not effective.  Bark temperatures of 120° ot higher will kill
the insects with a minimum exposure of 20 minutes. The tempera-
fures between 110° and 1202 ave eritical, and any temperatire within
this range will kill the broods if maintained two or three hours.
Anesthesia oceurs at about 110°.

Bark temperatures as high as 140° were registered when the air
temperature was 89°. The mean difference between air temperatures
and the coneurrent barl temperatures is 40°.

Killing temperatures are registered in the bark of logs exposed to
direct sunlight and lving north and south, during the hours from
10 a. m. to 4 p. m., when the air temperature is 80° F. or higher.

The offectiveness of the method has been demonstrated by the
aiecossful treatment of over 9.000 lodgepole pines infested with
hroods of the mountain pine beotle in Crater Lake National Parlk,
Oreg.  The meteorological data given apply specifically to elevations
ranging between 3500 nnd 6.800 feet, at 43° north latitude.

The essential points in the application of the method are as fol-
Inws: Logs should lie north and south and in contact with the ground.
They nmst he limbed and topped and the brush piled or scatfered
away from the logs. The logs must be fully exposed to the direct
rays of the sun during midday for a period of from two to [ive
duvs. After the first exposure they must be turned one-half over
in order to oxpose the other side. On north slopes it may Dbe
necessary to place the logs cast and west and turn them twice, 1207
rach time,

As compared with the bnrning treatment, the solar-heat method
ix cheaper, unless the slash is thoroughly cleaned up, when the ens?
is the smine or slightly higher. When the limbs only are burned
the two methods are on par as fo cost.

The main advantages of the solar-heat treatment are that no
~tanding trees are seorched and no conditions attractive to insects
are set up by the work, as ix the cage when the jogs are burned.  fts
principal disadvantage is that ovdinarily move slash is left in the
torest, unless it is burned later at additional expense.  Both methods
ure effective in killing the beetle broods.
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