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RESEARCH SUMMARY

Timber harvesting and residue reduction practices that
alter shade, surface thermal properties, and moisture influ-
ence energy balance and heal transfer on the site, sianifi-
cantly influencing temperatures. Because the problems of
mortality to seedlings due to high temperature and insuffi-
cient moisture are potentially widespread and expensive, it
is crucial to be able to identify problem sites during the
planning process.

Following alternative overstory removal and residue
r at three . ground surface
temperature maximums increased and minimums declined
significantly as the amount of overstory removal increased

Potentially lethal high Pt sres (>133 °F) fre-

temperatures were observed among alternative surface
conditions resuiting from residue treatmen's. In general
maximum and minimum temperatures of burned and litter
surfaces in clearcuts were not different, but mineral soil
surfaces were significantly different from the litter surfaces
under a shelterwood cutting. Temperatures of a chip sur-
face included maximums significantly cooler than that of
burned and litter surfaces. Observed mortality of planted
seedlings on study sites was consistent with the pattern of

y lethal temp res d on the units
Clearcutting significantly increased soil temperatures at
depths to 16 inches comp to the uncut

Humus temperatures in a shelterwood were intermediate
between the clearcut and uncut treatments. Surface con-
dition also sig tly altered P at2to
16 inches deep. Average temperatures under burned, litter,
and chip surfaces were all different, those under burned
surfaces were warmest and those under chips were
coolest. In general, the pattern of treatment differences in
the soil is the same as at the surface. Overstory treatment
did not influerice air temperature

If high temperatures or frosts are expected on a site,
varying the amount of overstory removal or providing
shade by leaving more residues on the surface may re-

duce the for g y. Scarification of
the surface to provide for 2 mineral soil seedbed will also
reduce the p for high P res and, thus, seed-

ling mortality. It 1s important to be aware of the thermal
properties of the surface materials and understand the

quently on all sites, while potentially lethal minimum tem-
peratures (<25 °F) occurred on two sites. Potentially lethal
temperatures occurred more frequently under treatments

q of leaving plant litter, branches, charcoal,
loosened soil. and other matenals on the surface. Where
the potential for frost pockets exists, cutting units should
be laid out so cold drainage is not blocked. Overstory

involving greater overstory removal. Similar r
between tensity and and

can be effl in g the occurrence of
midsummer frosts

The use of trade or firm names in this publication is for
reader information and does not imply endorsement by the
U.S. Department of Agriculture of any product or service.

March 1987
Iintermountain Research Station
324 25th Street
Ogden UT 84401
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Overstory Removal and
Residue Treatments Affect
Soil Surface, Air, and Soil
Temperature: Implications
for Seedling Survival

Roger D. Hungerford
Ronald E. Babbitt

NTRODUCTION

Loggring resalts in microclimate
seedling regeneration and subsequent forest de
The most significast and immediate microclin
are temperature, light, and moisture. Of the many plant
processes that are influenced by temperature, light, and
moisture (Kramer and Kozlowski 19749; Gates 1980), seed
ling establishment is one of the most erucial in the carly
life of a forest stand
Temperatures from 120 to 140 °F (Hare 1961) may be
lethal for first-year conifer seedlings, depending on species
(Baker 1929; Silen 1960) and exposure (Baker 1929
Levitt 1980). Condition of the protoplasm, internal water
relations, and tissue mass also influence mortality (Levitt
19580), Baker (1929) stated that the limit of safety was
122 °F for 2 hours. Maximum surface temperatures on
south-facing and west-facing slopes in western Montana
frequently exceed 138 °F and often 149 °F (Shearer 1967),
with maximums reaching 174 “F (Shearer 19581). Lotan
(1964) found soil surface temperatures often reached 149
to 167 °F on gentle slopes at high-elevation sites in south-
western Montana and eastern ldaho. Surface temperatures
on slash-burned clearcuts in Oregon exceed lethal levels on
69t 97 percent of the south slopes and nearly 50 percent
of the north slopes (Silen 1960; Hallin 1968). The extent
(spatially and temporally) of temperatures exceeding lethal
levels on sites in the Northern Rockies is not known other
than for point-in-time measurements,

High temperatures on exposed soil surfaces cause signif
icant mortality of con scedlings (Baker 1929; Silen
1960; Cochran 1969). Shearer (1967) reported that high
temperature was the major cause of mortality of first-year
western larch (Larir oceidentalis Nutt.) seedlings on
south-facing and wes ring slopes in Montana. In some
cases, however, seedlings of lodgepole pine (Pinus contorta
Dougl.) have survived temperatures of 149 to 167 °F
(Lotan 1964). High heat loads created by opening the
forest also cause drying of the surface through increased
evaporation. As the surface dries, maximum temperatures
increase (van Wik and DeVries 1 Cochran 1969).

Low temperatures also cause significant mortality «©
conifer seedlings during the growing season (Cochran and
Bernsten 19 in and Perry 1983). Topography, mois

nges that influence

ture conditions, and e therma
to the accurrence ists (Cochr
Lethal low temperatures vary by species from 30 t
(Cochran and Bernsten 1 Levitt 1050)
Temperature variation at the surface and in the air |
surrounding seedlings is a fune [ the heat flux d
at the surface and the thermal properties dbed
material. Expected temperature va ribwd
by the amount of heat energy in
and how the heat energy is distribut
components of he mount and distributi
by the equation (Rose 199
G =Kn-H-LE

intions are
tupon the

ut the «

where
6 = the heat ux density at the surface
K wdiation flux density (measure

available at the surface)

" the sensible heat flux density into the at
mosphere, including heat dissipated b
currents

LE = heat used in latent heat of vaporization and used

aporation and transpiration

in ¢

at the surf;
weat capacity (€)
e and lower soil

How 6 influences temperature variation
and in the soil depends on the volumetric
and thermal conductivity (K) of the sur!
horizons. A factor (VKC) called the the contact coeffi-
cient (Cochran 1969) intearates th actors. Temper-
ature variations are inversely proportional to VKO The
nature of the material, moisture content, and amount of
air space (thus, compaction, texture, and soil type) in
fluence these thermal properties. Temperatures are me
extreme on organic surfaces than on mineral soil (Cochran
1969; Fowler 1974). The thermal properties of the seedbed
are eritically important (Cochran 196%9; Fowler 1974), The
equation predicts that those practices providing shade
(decreasing Bn), allowing for inereasing air circulation (in
creasing H), or decreasing surf. evaporation will lower
the temperature variation by reducing the amount of heat
at the surface or by dissipating the heat before it raises
the temperature to lethal levels

Some degree of shading is helpful in reducing seedling
mortality due to high and low temperatures (Shearer 1967;
Ryker and Potter 1970; Strothman 1972; Cochran |

¢ two
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Logging residues and vogetation pr wide shade, which
reduces temperature extremes, thus ine
(Edgren and Stein 1904),

This paper reports postharvest temperaty
surface (surface-air interface), in the air (
the soil (to 16 inches) following several leve

ny survival

andd with expes
and thermal properties
utme

faces, Consiste

t response
s in o
ures represent

looking
types. Measure
diately followir
for seedling m d on high and low temperature
data, is compared with actual seedling survival daga

imime

STUDY AREAS A

We had two study sites in the Flathe
aand one  the Gros Ventre Mour

D METHODS

d Range of Mon
ns of Wyoming
climatic conditions that

These sites reguy ent a range
rin the thern Rocky Mountains, May through
tember precipitation ranges from 25 to 45 pereent of
the annual amount and varies conside v with topoy
raphy. Average teperatures also vary considerably
throughout the region. Ordination of these three sites
along moisture and temperature g ts (fig. 1) is based
on growing season May through or precipitation

ind July temper: s, 3 st series (Pfist
fir (Pscudotsugn me
tuen [Beissn.| Franco) and subalpine fir (Abies
asiocarg [Hook.| Nutt.),

cowo m[ ~ v sy v
c
. 78 “©
s
¥ L
3
" s a“
L c
waRM 5 sol . -
s 3t [ 35 a©
onv wer

Figure 1—Ordination: of study areas—Coram (C)
Lubrecht (L). and Union Pass (U)—along a
moisture (annual) and temperature gradient
based on July average maximum temperature (A)
and July average minimum temperalture (B)

Treatments

ments on the study sites included: (1) a silvicultural
ription requiring story removal that varied from
none through thinnings, etion cuts, and shelterwonds
to clearcutting and (2) a postharvest residue treatment
varying from none to treatments of complete removal,
pulingz, chipping, and burning. Surface conditions of litter,

Iting from residue
This study is superim
specifie

1 follows

arger
ised for each st

posed

treatme

Lubrecht Experimental Forest - This site (s about
35 miles northeast of Missoula, MT. at an elevation of
1.000 ft. The terrain is gently rolling (slopes 0 to 5 per
cent), with west to northwest aspects. Climatic data, taken
at the forest headqgua; % (Montana Forest and
Conservation Experiment Station 1982), indicate an aver
« annual precipitation of 18 inches, Maximum Jduly air
+ 81.6 °F, and minimum July air
g F
cover prior to treatment w
wsfir forest. Western s

ers sinee

1 mixed size and age
ch and ponderosa pine
ant components of

class Doug
(Finus pon

the stand

the stands
dotsuger menzwsed Vacernium caespitosum (F

Laogrgringe 77 with ground skidding equip.
The following overstory treatments were compared
o the uncut stand

s done in 14

me f

1. Clearcut. All merchantable trees were removed on a
15aere clearcut and the rest of the material was felled,
ving 29 tons per i [ residue

2 Understory removal. Treatrient removed about
10 percent of the mercantable volume by cutting the
ter material and leaving the better suw-
timber and large pole stems as an overstory. About I8
left on the surface. The
werstory transmitted about 50 percent of full

smaller dinme

tons per acre of residue w
residual

<unlight

. Shelterwood. Abo alf of the
was removed, leaving an overstory «
pole stems. Dense elumps
tively thinned. The residual overstory t
6 percent of sunlight. This was a ¢
in this type of stand in 1977

+. Uncut. An adjacent uncut area was used as the
control

erchantable volume
small sawtimber and
of saplings and poles were selec
ansmitted about
mmon treatment

Residue reduction treatments on the study units in
cluded the following
LT

inch

simulnte close utihzation, all residues dovn to 1
diameter were removed. The sma! naterial was
bunched by hand prior to skidding. The surface was quite
uniform looking after treatment (fig. 2B). Except for skid
trails, the understory vegetation was ntially undis
turbed. The surface condition used for tempe d
surement was a litter surfy made up of small twigs,
and needle litter, and duff. About 10 percent of the sur
face was exposed min soil

2. A pile-and-burn treatment in the shelterwood over
story treatment left most of the surface (except under the
piles) in the litter and mineral soil surface conditions with
an appearance like the close utilization treatment. The
Iitter and mineral soil surface conditions were used for
e lll'l'LI“lrl‘ measurement.,

3. Broadeast burning in the clearcut resulted in a 64
percent reduction of slash (Steele 1980) creating a com
sonie mineral soil exposed




(fig. 2A). The surface condition on this treatment used for
temperuture measurements consisted of blackened litter,
ash, and small char i with large, partially
burned residues were avoided.
Surface conditions evaluated on each of the overstory
and residue reduction treatments are shown in the follow

ing tabulation:
Overstory Surface
Resid 4 diti
tr r
1 d 1 4
e tr
1. Clearcut Broadcast burn, Burned,
close utilization litter
2. Understory Close utilization Litter
removal
3. Shelterwood Pile and burn Litter
mineral
4. Uncut - Litter

Small containerized seedlings of ponderosa pine,
Douglas-fir, and western larch were planted each year
following treatment (1979 to 1982). In the spring of each
year, 23 seedlings were planted in each residue subtreat
ment within each overstory treatment. A 2- by 2-ft 2.ca
arified around each seedling at the time of planting.

Figure 2. vest residue for
face conditions used for tamperature measurement. (A) broadcast
burning provided ihe burned surface, (B) close utikzation provided
the itter surface; (C) residues chipped and spread back on the site
provided the chip surface of Union Pass.

of West Glacier, MT, at an elevation of
ments are on east
percent. The climatic information for the ar.
and Schlieter 1984) indicates an average annual precipita-
tion of 33 inches at the treatment units. Maximum July air
temperature:
peratures avel

Menziesia

wing wa
varder, Prebunched residues were also removed with the
skvline yarder. Mechanicai
limited to the skyline corridors.

g diffarent sur

Coram Experimental Forest—This site is 5 miles south
000 ft. All treat
ing aspects with slopes from 40 to 60
a (Hungerford

average 74 °F, and minimum July air tem
e 47 °F.
Tree cover prior to treatment was

20-year-old

Douglas-fir/western larch fore. .. The predominant species
were Doug
Engelmann spruce (Picea engelmannii Parry) were com
mon, with some western hemlock (Tsuga heterophylla

[Raf.] Sarg.), wes
and paper birch (Betula papyrifera Marsh.) present. Habi
tat type (Pfister and others 1977) is Abies lasiocarpa/Clin
tonia uniflora (ABL.
Xerophyllum tenar ph

-fir and western larch. Subalpine fir 2nd

ern white pine (Pinus monticola Dougl.),

/CLL

), Clintonia uniflora phase or
the upper elevations the
erruginea phase was evident

Overstory treatments on this study site were:

1. Clearcut. Clearcuts ranged from 2 to 17 acres. Log-
completed during 1974 using a running skyline

arific; essentially

BEST COPY AVAILABLE

Uncut. Ay

1. Broadeast

fuction (Artley e 8 High '
the duff layer was responsible for not reaching preserip
tion levels of 30 percent m X} Th {
condit 1 usedd for temper me 1l '
blacker tter, ash and (4 i piecy A
e ally burr re vere fedd. B
done v September 14
2 v simulate close utilizatiorn esmdues down t
1 .
| '
i 1
Overstory Surfac
treatments Residue reduction  conditions
evaluated treatments evaluated
Clear Broad r Burne
| 'neut Litts
v for 4 ving both treatme r
0) seed rand Fngelmann spruee
ere spring p al and g h e
vere made periodically
Union Pass—Th te 10 miles southwest of Dubwa
WY, on the | t n o elevation
of 9,200 1t nt W east

temperatures are

Tree cover prior t !
pine (160 years old) v man
price
James) o (Steele and others 1983) 1hie

wrium (ABLAVASC). Under

rrstory treatments on this study site were

1. Clearcut. Clearcutting was done
skidding

feller buncher

2 Uncut. An
control

wljacent uncut are.

Residue reduction trea ts within the clearcut in
cluded the following
Broadeast burning, done 2 vears after logging (spring

| exposed and

to 0.71 inch (Benson

I'he surface conditic ture mea

1 of blac

rteny

ash, and small

urerent consi

mineral
1t Union

ntally
1o the

Overstory

trea

tments

evaluated

mu;

measured at

ion Pa
s and 4.5 ft above

"

air te

Surface
conditions
evaluated

Residue reduction
treatments

Rroadenst |

Mea

v 0,04 ta 0,08 inck

nsors were in

were placed

tructed shielded tubes. Soil temperatures
1.2 inches below the surface
aibrecht and Coram, Temperatures i

hes deep were mes

Pass were pu

wal

which was then backfilled
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Table 1—Temperature measurements taken by study site, ove
Study site
Lubrechi Coram

Measurement

location Surface  Air  Soil

Surface  Air  Soil

Overstory treatment

Uncut x . . x x x
Clearcut x x x x x «
Shelterwood x x
Understory removal  x
Surface condition

soil x

Table 2

Union Pa: x <
N 094-inch dinmete .
W
i v st Shielded 30-gaugpe )

the thermistor ran ¢ L ju
tion box. Multiconductor cables (18.ga
were connected from ction box to a re ran
data acquisition Each data acquisit

hundled from 14

treatments, Continuou nitorir e wliation L
done the clearcut and u tre mer it ( for
1 venrs and at Lubrecht for 3 years. Net radiation men
irements were also made over ea f the surface tr

it noon on & clear day at Lut

dition, resulting

ir, and soil temperatures

it onde

Surface

Union Pass

wded iy

ind HE

Air

Soil

temps

udes maximurr

ind CE's. Temperatures in the root zo

REST COPY AVAILABLE

ind root devel
Test

peraty

w significant tre

were made using one

detern were di
atures (by month). Also, t

| temperat
| peritu

atment rent for

minimu
ment diff

v 18ing

Ximuite f-te
level. Differences in the over

treatments were compared

on the litter surface cor

ences botween the sur

L come erstory remoy

cut), Mineral soil ar

however, were

OVERSTORY REMOVAL AND
TEMPERATURE

tempernture «

Surface Temperature

Lubrecht— The amount r
cant 1" jenced maximun urfoce t
monthly maximun face tember
Iy warmer where all of the canopy wa
(table ! m Ma h October of the fir
tter b N, temprerature n the clear
were siginihicantly warme than those on the

Table 3

the overstory

used tor all treatments V.

rs are signific

Overstory
treatment
Uncut
Understory remova

Shelterwood

Clearcut

Uncut
Understory remova
She wooa
Clearcut

raximum and

varance. Analy

treatments

May

at th

90a
100t
106b
126¢

75a

126¢

ge maximum surface temperature

peratures in Ju
arcut (cc), she'rerwood (

(ur). and uncut tn

utter 7

ly 1980 ai

horz:

tal

T T
B 20 23 S0
JULY DAY

» G—Maximum gaily ground surface

Lubrecht to: the

n

rough the

graph is 133 °F. a seediing survival throshold

(°F) by m

! study s

Data from

onth (months are not ¢

1978

1979

+ 0.05 level

July

102a

106a

78. 1979, an

ter sur

3 1380 for

‘.,

were

red) having different

Oct
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Table 5 Hol events ¢
sites Data represe
Data for the

data from th

Tabie 4—Average mimmum surface temperatures (°F) by month for 1978, 1979, ana 1980 for
t":ie overstory removal treatments at the Lubrecht study site Data from the litter
wrface were used for all treatments. Values for a month (months are not compared)
having different letters are significantly different at the 0.0% level

Overstoy
treatmen May June July Aug. Sept Oct Overstory
Study site treatment 1 2 3 4 5 6 7
1978 "
entag: ble day
Uncut 34p 3% 43p 37 Lubrecht Uncut
Understory remov. 355 a8b a1y I6b s Undurdiory s
piterwood 360 400 4ap 38 bt e is ;
Clearcut 26a 30a 3sa 28a e e 0
Clearcut 28 3 23
1979
Coram Uncut ’
Uncut 34b 37 arc Clearcut 36 7 3 29 29 G
Understcry removal 340 36b 33t Union Pass
3ap 360 360 i A
25a 29a 25a
‘980
Uncut a4p 38b 308
Understory removal are 39 28b .
Shelterwood 47 391 31t ¢ n the Lubre ‘
Clearcut 40a 23a . S, oo i
treatment b €
o .’ not:to Dy it
OF Zreater Were I ms, m April (12 days after \‘,v the t
) into Octol n the understory and nigeh nun

rarely exceeded 122 °F. Figure 3 is
st summer

un Atme

repre

sentative of the patterns observed for m

months ¢

v removal also significantly af

+ degree
fected minimuns surface temperature (table 4). Removal
up t et of the oy
moval and shelterwood) did not
tures to fall lower than in the
removal of rstory caused mi
tures to be significantly lower than on the shelterwood
wr all months

rstory (understory re

about 5(

s minimum tempera
t stand. However,
imum tempera

MINIMUM DAILY TEMP (DEGREES F)

understory removal, or uncut treatments
Minimum temperatures on the « learcut Am 5 z 3 % ps

as 18 “F in June, F in July, and 21 °F in August AUGUST DAY

v every night was below F

32 °F were not Figure 4—Minimum daily ground surface

104

low
By September ne
with a low of 10 °F

ures beloy

Tempe 32
hserved on the shelterwood or uncut treat ments, and temperatures in August 1980 at Lubrecht for the ° o 5 A
only oceasionally on the understory removal treatment uncut. understory removal (ur). and clearcut fcc) MIN 23 F 36 F 36 F 34 F
in June, July, o August (fig. 4). treatments. Temperatures in the shelterwood
The same pattern seemed to exist in 1979, but in UW) WM U £4¢16 (88 o uncisrox/ TRmOvS: CLEARCUT SHELTERWOOD uncut UNDERSTORY
H The surface condition was htter REMOVAL

ment failure precluded records in July and August

summer of 1980 was warmer; no temperature below F
was recorded in July On the surface of the clearcut, cold ¢ v
Hot event days, when the temperature exceeded the e temperature dropped to the lethal threshold of F
al threshold, irred on the clearcut and shelterwood or below—occurred on 16 percent of the s in May
im May through Octo on 14 to 37 percent through September the fir vears after treatment. Dur
During

g the third year none occurred on the clean

of the day an HE was greater
on the clearcut. but the difference is not significant. No
HE": o removal try

only th

). The probability of
3 years f
uncut and understory removal treatments
shelterwood tres t. Most of the CE’s oceurred in

v and September ( » SO percent), but a significant
¥ ¥

Daity maximum and minimum surface
Lubrecht. August 29. 197

pmperatures (

Figure 5

curred on
v

tment, only one CE ¢

llowing t

and none

ment, and

on the underst
measured
3 results suggrest the
mortality due to high temperatures is quite high on the number occurred in June, July, and August. Like the

I nd she 1l for seedling mor

ent in the uncut stand and on the understory ren clearcut

control aver the 3
the potential for seedling

uncu mer

it almost nonexist HE’s, the results show that a poted

vood treatments

reut

ts on

al tality due to low temperatures exi

itment

treatments

8

¢
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Figure 9—Average soil temperatures at depths of
2 inches (A). 8 inches (B), and 16 inches (C) for
burned, litter. and chip surface conditions in
clearcut and uncut treatment units. Data are
from Union Pass in July 1979,

)
vell by the effeets of Bu as influenced by overstory re
v 1. Althou n and
ted temperature changes, this factor wi
wes in Ry at the surface of the

<. Th fects will be ussed in more detail

v results

for soil temperature seem to be expls

¢ conditions

URFACE CONDITION AND
TEMPERATURE

m residue tre

mineral soil, and chips. Tt

1 surface, ar, and rmperatures s

r the different

temperatus

treatments

The

the same

nt ssed in th

atures on both the

burned faces in the clearcut w
har F during midsummer (fig. 10). For t
! vears after NN, average maximum (mon

o on the litter surface. For §
May through O«

After 2 years

percent of the m

these differences were signifi

and it
rh

vy stand of bull thist

i treatment provided en

thistledown on the

surface
its oceurred on the burned and litter surfaces

t of the days from May through Octo
shserved for more thy

ach year after burn ng on both litter and burn
though instrument diff
mperatures could not be measured

v significantly different

rulties resulted in

atment

r the thistle crop developed on the burned tr
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May through S
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Climatic conditions and

mperi

res of exposed mineral soil were significantly lower
o 34 “F - than temperatures of the litter for 75 percent
the months over the 3 years. Average maximum tempera-
tures on the mineral soil surface never exceeded 100 °F,
Difference between the litter and mineral surfaces was
least in May and October and greatest in July (fig. 10),
Hot events on the litter occurred from 14 to 25 percent of
the days, but no HE's occurred on the mineral soil surface
during the measurement period. Average minimum tem-
peratures were 1 to 4.5 °F colder on the litter surface
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Table 6 Hot ¢ entage of by surtace
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of May through October
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Residue treatment 1 2 3

Percentage of possible day

Burned surface (clearcut) 23

Litter surface (ciearcut) 27 19 17

Litter surface (shelterwood) 14 16 25

Mineral soil (shelterwood) 0 ) 0
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chip surfaces. Data are from Union Pass i July
1979 Burned. htter. ang chip surfaces are in the
clearcut. Horizontal line for maximum tempera
tures (A) is at 133 °F. a seeding survival

threshold

Figure 12—Minimum temperatures at
Union Pass on July 10. 1979. The lower
row of numbers represents surface
temperatures. the upper row represents
tempuratures at 2 inches above the
surface
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Tabie 7-—-Average values of albedo or reflectivity and the thermal
contact coefficient (KC) for typical surfaces Values
are from Fowler (1974)

Surface Albedo /kc'
Percent calcm * sec C
Burned 2 00018
Litter
(dry needies) 6-10 0013
Bark (dry) 20 0031
Chips 36 0026
Soil 20-35 o111
Air 0001
Water 0361
'K = thermal conductivity. C = volumetric heat capaciy
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Pass at noon on July 12. 1979 The aif.
fererices between burned and hiter sur
faces and between mineral sov and chip
surfaces probably are not significant
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Summary

In general, probability of seedling survival increased
whenever the frequency of HE s and CE's decreased. It
appears likely that CE’s enused fre
which contributed to seedling mortality. For HE's,
damage may have been a direct heat injury that caused
. but it is just as likely that the high temperatur
{ dessication of the soil, creating sture stress

zingg of plant tissue

Table 9—Plantation survival data after 5 years (1982) for loage-
pole pine at Union Pass. WY, on a clearcut with three
residue treatments Hot and cold events are given for

July 1979
Clearcut
Broadcyit Close
burn' utilization Chips
Sipecies
ipercentage survival)
Lodgepole pine 96 46 26
Temperature
(percentage days)
Hot events 62 w 10
Cold events 0 10 43
"Temperatures were measuted on the burr ascast
butn. itter surtace ¢

nps

Higher radiat
on the seedlings in the elearcut and above sonw

ns that led to seedling mortah

such as the chips, caused the eley

temper:
icits (inere
stress in the seedlings
Imposing treatment practices to reduce temper:
Treatments that have
temperature variation (exposing

ures and also gre;
pressure y

variation must be used with cau
been shown to reduc
mineral soil) increase evaporation and can create a
moisture deficiency problem. On sites where high temper
ature 18 not a problem but moisture is, leaving a mulch
(litter) or providing one may reduce moisture losses
(Cochran 1969). Another major factor is the condition of
planting stock. At Lubrecht, condition of the containerized
seedlings was quite variable (Shearer 1985) Seedlings that
are already stressed may be more likely to succumb when
planted in more stressful situations, Thus, these resuits do
not provide proof of the relationship between temperature
and mortality. But they do provide stroag evidence that
the effects of - atment on site energy balance and ther
mal properties should be evaluated in relationship to the
potential for seedling survival

CONCLUSIONS AND IMPLICATION
FOR MANAGERS

Several points from this and other studies hay
ing on surface temperature modification and su
regeneration of stands.

3

It is crucial to be able to identify potential mortality
problems due to temperature and moisture at the time

ul preseript

s are prepared. If problems are ex

s can be taken to avord problems by altering

uent re ition practices.

rrent reforestation guides in
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7. Frost-pocket problems can be aggravated by ov
story and residue treatment. The ability to identify ¢
tial frost pockets while developing the silvicultural pre
seription is important. Subalpine fir in drainages or flat
spitosum in the understory are
often good indicators of potential frost pockets

8. Shade from partial overstories, residue, or understory
vegetation can provide varving deg
seedlings in frost pockets, Only the most frost-resistant
species should be used in frost-pocket areas

s or Vaecinium

protection for
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9. Clearcuts and other cutting units should be laid out
to provide for adequate air drainage through a cutting
unit, if it is not the lowest depression. This will mini
cutting-related frost kets, Smaller cutting units
selections) will reduce radiational cooling and frost proby
lems on sites that may have potential problems. To
fective, widths of strips or patches should be less the
tree (border tree) heights wide
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INTERMOUNTAIN RESEARCH STATION

The Intermountain Research Station provides scientific knowledge
and technology to improve management, protection, and use of the
forests and rangelands of the Intermountain West. Research is de-
signed to meet the needs of National Forest managers, Federal and
State agencies, industry, academic institutions, public and private or-
ganizations, and individuals. Resulls of research are made available
through publications, symposia. workshops, training sessions, and
personal contacts.

The Intermountain Research Station territory includes Montana,
Idaho, Utah, Nevada, and western Wyoming. Eighty-five percent of
the lands in the Station area, about 231 million acres, are classitied
as forest or rangeland. They include grasslands, deserts, shrub-
lands, alpine areas, and forests. They provide fiber for forest indus-
tnes, minerals and fossil fuels for energy and industrial development
water for domestic and industnal consumption, forage for livestock
and wildlife, and recreation opportunities for millions of visitors.

Several Station units conduct research in additional western States
or have missions that are national or international in scope

Station laboratories are located in:

Boise, Idaho

Bozeman, Montana (in cooperation with Montaria State University)
Logan, Utah (in cooperation with Utah State University)

Missoula, Montana (in cooperation with the University of Montana)
Moscow, idaho (in cooperation with the University of Idaho)
Ogden, Utah

Provo, Utah (in cooperation with Brigham Young University)

Reno, Nevada (in cooperation with the University of Nevada,

Z/ BEST COPY AVAILABLE



	Overstory Removal and Residue Treatments Affect Soil Surface, Air, and Soil Temperature: Implications for Seedling Survival
	Recommended Citation

	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012

