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Abstract:

The study was planned to find the effect of spring burning of big sagebrush - grassland (Artemisia
tridentata Nutt - grassland) on the soils and vegetation of a part of Taylor Fork cattle and horse
allotment, Gallatin National Forest, Montana.

The study area was burned on May 30, 1973. The burn was not thorough due to unfavorable weather
conditions and considerable green growth.

Procedures used to obtain information on the effect of burning on the soil physical properties were:
measuring the soil temperature during the burn, weekly measurements of the soil temperature
following the burn, biweekly measurements of the soil penetration indices, measurements of the
infiltration rates and measurements of the soil moisture contents.

Samples of soil were collected before and after burning for chemical analyses.

Procedures used to obtain information on the effect of burning on vegetation were: weekly
measurements of the basal cover, weekly measurements of the vegetational development, measurement
of the production and estimation of the big sagebrush killed by the burn.

This study produced the following results: The soil physical properties did not show major changes
induced by the burn. The slight changes of the soil physical properties reported are not expected to
trigger immediate changes in the vegetation. The soil chemical analyses reflected that the changes due
to biological reasons were greater than the changes due to burning effect and that the change in soil
nutrients was not very important. Burning resulted in a considerable temporary reduction of the basal
cover of most of the vegetation as a result of direct damage caused by the fire. The damage did not last
for more than three or four weeks for most of the species. Differences in, vegetation and soil
characteristics were more related to the time of measurement than to burning.

Festuca idahoensis was more susceptible to damage by the burn while Agropyron trachvcaulum was
favored by the burn.
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ABSTRACT

The study was planned to find ‘the effect of spring burning of big
sagebrush -~ grassland (Artemisia tridentata Nutt - grassland) on the A
soils and vegetation of a part of Taylor Fork cattle and horse allot-
ment, Gallatin National. Forest, Montana.

The study area was burned on May 30, 1973. The burn was not
thorough due to unfavorable weather conditions and considerable green
growth.

Procedures used to obtain information on the effect of burning on
the soil physical properties were: measuring the soil temperature '
during -the burn, weekly measurements of the soil temperature following
the burn, biweekly measurements of the soil penetration indices, meas=-.
urements of the infiltration rates and measurements of the soil
moisture contents,

Samples of - soil were collected before and after burning for
chemical analyses.

Procedures used to obtain information on the effect of burning on
vegetation were: weekly measurements of the basal cover, weekly
measurements of the vegetational development, measurement of the pro-
duction and estimation of the big eagebrush killed by the burn.

This study produced the following results: The soil physical.
properties did not show major changes induced by the burn. The slight
changes of the soil physical properties reported are not expected to
trigger immediate changes in the vegetation. The soil chemical analyses
reflected that the changes due to biological reasons were greater than
the changes due to burning effect and that the change in soil nutrients
was not very important. Burning resulted in a considérable temporary
reduction of the basal cover of most of the vegetation as a result of
direct damage caused by the fire. The damage did not last for more.
than three or four weeks for most of the species. Differences in
vegetation and soil characteristics were more related to the time of
measurement than to burning.

Festuca idahoensis was more susceptible to damage by the burn
while Agropyron trachycaulum was favored by the burn.




INTRQDUCTIOﬁ

The area under study is a part of Taylor Fork cattle ana horses
allotment, Gallatin National Fores£. It is located on Taylor Fork of
the Gallafin River, immediately éouthwest of~the Taylor Fork and ﬁapiti
Creek junction (Figﬁre 1).

The range is"classified aé good conditioﬁ. It is mainly ﬁanaged:’
as a horse pasture. This\éesture is part.of ahgrazing system. The
pasture was resfea one'yeaf befofe the study and thréughout the study
period.

Spring burning was élanned as a method for controlling big sage-

brush (Artemisia tridentata) and for increasing forage production.

About 140 acres were burned on May 30, 1973, The burn was not
thorough due to unfavérable weather conditions and considerable green
growth.
The study was pianned to find out changes in the vegetational.éomw
position and cover which might bé éaused by the burn. The study was
" planned to provide explanation to sﬁcﬁ.vegetational chénges thrpugh_an
understaﬁding of. the burning effect on the physi¢a} and chemical prop-
erties of the soil, | :
The field work was started ﬁt the end of the spring and terminated

by the end of summef, 1973.
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I Burned Block
II Unburned Block
Scale approx. 3.6 in. = 1 mile

! B iy

‘
|

Taylor Fork, Wrangling pasture cattle and horses allotment =

Figure 1.
Gallatin National Forest, Montana.




REVIEW OF LITERATURE.

The effect of fire on plant communities was ;ecognized very early.
Daubenmire (1968) stated that whenever planfs grow close'enouéh togethér
to carry a conflagration, fire can be a significant component of the
biotic enviromment, Vallentine (i971) pointed out that fire is a
natural factor on'wildland and pp&bably no range site with its associ-
ated vegetatioq has developed without being influenced by fire. The
effect of fire on vegetation, éoillahd micfoclimate is a highly cohtr&-
versial subjecti inlorder to understan& how burning affects vegetation
it is ﬁeégésary to cénsidér not only the direct effect on vegetgtion;'
but also the direct and.indirect effects on the.soil and microciimate,
which will in t@rn affect the vegetation.

Natural fires undoubtedly have been occurring from.the earliest
appearénée of land vegetation., Lightning is a uﬁive;sal natural cause
of vegetation fires from the tundra to tropical rain forests. Authen-
tic accounts show a wide variety of non-anthropeic causes, besides
lightning, operating occasionally. These include volcanicueruptionstl

. ) .
spontaneous combustion and occurrence of sparks when boulders roll down

~a slope (Daubenmire, 1968).

Man-caused fires apparently were common in prehistoric times.
Fire as an aid in hunting, warfare, improving grazing conditions apd
clearing the land for agricultre was used very early in man's history.
Létz_(1930) stated that the‘use of vegetation fire to facilitate h&nt-

ing and encourage new growth was widely practiced by North American
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Indians and that fire was used by the white settlers to clear the land
and_£mprove grazipg conditions. Ahlgren and. Ahlgren (1960) concluded
that fire ﬁas beén a major factor in the ecology of forests and grass;
lands in North America. They pointed out that in many places iarée
and profitable forests have develope& following fire, and in other .
places permanent shrub.or grassland déveloped. |
Daubenmire (1968) in a review of literature of the ecology of fire
in grassland covered much of the information under this topic. Hé
pointéd out that despite belated recognition of the importance of fire
as a factor of plant environment, a considerable body of 1iterature‘on
vegeta;ion bufning‘has accumulated dﬁring the past 25 years. He
;ev;ewed tﬁe ecology of fire comprehensively and drew some‘generaliza-
tions regarding the environmeﬁt alterations, the-effecf on individual
species 6f plants aﬂd the effect on the vegetation‘communigies and
associated animals, Vallentine (1971) hasvreviewed the literature of
fire use as a tool in range improvemen?. He Qiscuésed the role of fire
. on rangeland, bﬁfning practices and safeguards, and burning effects-on
soil and vegetation. Wright (1974) summarized some of the inforﬁaticn
about range burning. He pointed out some of the uses of burning in
the manageﬁent of forests, grasslands and wildlife. He conclﬁded that
there are many déngers in uéing fire, both in its application and in
its results. He suggested that to.minimize harmful effects fire shodla

never be used during extended dry periods and burns should always take
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place when soil is damp o£ wet. He emphasized that the pse? of fire
should be an experienced professionél witﬁ a thorough knowledge of
ecésystems,_weqther and fire behaviér.‘
In this review most of .the information included in the reviews:df.'
the above three authors are not repeated hnlesé'they have direct rela-
tionship to this stﬁdy.

Effect of burning on the mulch and organic matter:

Thg immediate effect of fire is that it deprives the soill of its
protective cover., - Blaisdell (1953) and Sweeny (1956) found thét fire
did not'destroy all the litter. The average loss of iittervwas esti~:
mated to be not'more than 75%,‘dependihg on the amount af organic mat--
ter available for burning and oﬁ the fuel matrix aﬁdﬂits maisture
content. |

Together with the:decre;sé in litter cover, burning always changes

t al. (1939)

the amount of organic matter in the soils. Wahlenberg
found that frequent burning of grass.beneath-pines in the coastal

plains of southeastern North Americé increased organic matter of the
upper 10-15 cm of the soil profile. Shantz (1947) pointed out that the
reported iﬁcreasés-in oréanic matter represents ﬁéinly char;oal frag-
ments,'rather_ﬁhan humus. 'In Nigeria 30 years of annual burning raised
the humus content of the upper 20 cm 17% where light burps were:ﬁade
early in the dry seasoﬁ, but lowered the humus by 12% where firgs were

set later in_the dry season and were much hotter (Moore; 1960). In -
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Kenya grasgsland, Edwérds (1942) reborted an increase in organic matter
after ten years or more progection from fire.

Daubenmire (1968) concluded'tha; grasslaﬁd fires are seldom hot
enough to direcEly oxidize organic matter that lies deeper than a few
millimeters in the soil profile. He added that with the subsequent
increase of diréct insolation that warms the soil and stimulates.ﬁiéro~
bial activity, coupled with at leést a temporary elimination of the
source of humus, it might be anticipated that burning would reduce the:
humus content pf the soil. This is especially true if burning is fre-
quently repeated. On the other hand; the decay of roots of.plants
killed by fire, any replaceﬁent of pérénnials by annuals, or any
increase in primary productivity will tend to have an opposite éffect.‘

Barnette éﬁ éi. (1930) stated that the most direct effect of the
destruction of litter is.a marked increase in lighg‘intensities'which
influence vegetafive growth and flowering of certain plants. Tﬁe~
change in light intensities might also affecﬁ germination_of cértain'
seeds (Stone, 1951). 1In agreement with thié, Hulbert (1969) explained

an increase in yield-of big bluestem (Andropogon gerardi) following

burning as directly related to the removal éf the litter rather than to.‘
heat or to fire-induced nutrieﬁt changes. Weaver and Rowland (1952)
stated thaﬁ lower herbage production and plant heights on unburned
plots were due to gxcessive litter. Ehfen;eich (1959) considered
litter removal as the primary factor for forage increase following fire

in JTowa.
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Effect of burning on thé soii physical properties:

Ié is extremgly unlikely that any fwo'fires occurfiﬁg in the field
would be exactiy the same, aﬁd even within thé-same fire, different
places would be expeéted to exhibit different ranges and durations of
soil temperatures.’ In the burning of grassland communitieé it was
noted that higher temperatures do not persist at one place more than
one minute except in dense tussock (Sweeﬁy, 1956; Lloyd, 1971).

In Derbyshife Dales grassland burning, Lloyd (1971) reported 400°C
(752°F) as the highest soil surface temperature. The highest soil sur-
face temperature reached during éhaparral fires in Californig was
1200°F_with'630°F and 310°F at the % inch ‘and 1% iﬁch depths, réspec-
tively, (Sweeny, 1956). Daubenmire (1968) stated that the ﬁighest
soil surface temperature reported in graséiand dire was 720°C (1328°f)
with the next highest beiﬁg 715°C (1319°F), 669°C (1236.2°F) and 600°C
(1112°F), and concluded that.the émount and rate of heat released as
-vegetation burns depend on weather conditions, topography and the kiﬁd'
and amount of fuel., The drier.the soil the hiéher its surface tempera-
ture when grass burns, but at the same time low moisture content
reduces'the downward conduction of heat.

Many surns result in a black chafred debris‘covering the soil sur=-

face, causing the burned areas to:have higher soil témpéfatupes than
unburned areas due to increased absorbed ‘solar radiation. Sweeny

(1956) noted that in addition to the incréased absorption of the
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b1ackéngd ;oil surface for solar radiation, tﬁe'femoval of brush cover
by fire incréased,the solar radiation striking the exposed soil‘and so
higher soil femperatures occurred in the burned areas at and just below
the soil gurface. - This caused greater daily and seasonal temperatu;e
fluctuations on burngd areas ;s compared to adjaceﬁt_unburngd areas,

Hopkins et gl.'k1§48) observed that at an air tempeféture-of 85°F
the surface temperature of yel}ow mineral soil rose»to 1259F while the
surface temperature of black charred soil rose to 140°F. Kucera and
Ehrenreich (1962) reborted that temperature was 2.2 t§ 9.89C higher on
burned grassland in centfal Missouri at mid-~afternoon during the'spring
with the différeﬁces declining'as ;he plant cover develops during the
first post-burn season. These temperature differences exert coﬁsider-
able influence on the-gérmination of seeds and the composition of her- -
baceous cover., One of the hypotheses'accounting for the frequenély
observed stimulative effects 6f grassland fireé'i; that the stiﬁulation ‘
is more an indirect result of altered tgmperature_thantof.readily.avail-
able nutrién;s ffeed'in the plant ash (Sweeny, 1956; Daubenmire, i968).

Another i@bortant change caused indirectly by burning is the
change in soil moiqture. It is caused partly through the removal of
the litter and partly through. the change of vegetational cover.
Ehrenreich (1959) stated that mulch intercepts some precipitation,
ténding to increase snow aécumulation, snow melting and infiltration

~rates. He added that mulch removal might increase the evaporation
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rate, especially i; warmed up burﬁed soil. Auten (1934), studying the
effect of forest burning in the Ozarks, estimated the réte of water
absofption as six to eight times more in unburned soil than in burned
soil. Oweﬁsby andiWyrill (1973) sugéested that the decrease in water
use efficiency‘caused by burning is due not only to.the redu;tion of
the infiltration rate but also to increased evaporation as burning
induces higher soil temperatures.

Hanks and Andersqn (1957),‘comparing burned and unburned bluestem
prairie, measured soil moisture just before and after an intense late
September rain of 4.47 inches. They found a moisture increase of 4
inches on the upper 5 feet of soils in'the‘unburned plots while the.
incréase in ‘the burned plots was only 2.5 inches. In support,-Anderéon
(1965) showed that burning significantly reduced-the levei‘of soil
Qoistpre at all depths and that the reduction is greater -following
early burning than lafe burning and is gréater in deeper soil layers
than in more shallow ones.

Another factor to be considered in relation to the effect of bgrn—
ing on soil moisture is water repellency in soils. Salih et al. (1973)
provided ;xperimentalievidence that burning sagebrush produces water‘

_ repellency in soi}s. They found that maximum'tepéllency occurs. at
soil temperatﬁ?es betyeen 1400°F and 1800°F and that.repellency is pro=-
duced as a result of burning of the sagebrush ieaf mulch under the

shrub rather than the burning of the live plant material. They
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suggested ‘that the drier the soil ana mulch, and hence the hotter -the -
'fire,‘the more 1ike1y‘it is that water repellent spété of soil will be
formed.

In some instances higher infiltration rates were'reported én
burned sites than.unburned sites. Torrant (1956), analyzing the effect
of burning in bonderosa pine, éxplainéd that when the pfescfibed burn
caused a light surface burn in which incorpprated humus was not con-
suﬁed to any significant degree and the fast moving fire burned princi-
pally on the fresh litter the soil was not baked or reddened as in
burns in heavier fuels. The increase of macfoscopigﬁpore volume and
percolation rafe_may possibly have resulted from some bgrning of indi-
vidual dead shrﬁbs and grass roots for several inches into the soil.
When such roots were removed, the volume of large vertical water chan-’
nels was increased. Improved soil aégregation caused by iiberation of
basic materials in the ash may also have contributed to the increase in
macroscopic pore volume. Other research work which supported this was
Hone-by Scott and Burgy (1956) and Beaton (1959), The iatter pointed
out that exposure of tﬁe soil surface of burned areas to Wgather,may
lead té marked reduction of infiltration. In his study of a timber -
rangeland in British Columbia he found that a beriod of two years fol;
lowing the burn was necessary for thg reduction of infiltration rate to

occur.
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‘Effect of burning on the soil chemical propertiési

L10yd'(1971) stated that when a plant community is burned,.in addi-
tion to the daﬁage to‘the plants and alteration of the physical environ;
ment there are éonéidefable éhgnges in the chemical status of the.;om- '
munity. He pointé& out that there may be a substantial loss of
nutrients in the smoke or in wind blown ash and there may Ee a release
of reédily soluble nutrients in the deposited ash.. The oxidation of
organic materials and production of ash by fire are accompanied by the
release of bases. Slight increases of pH are frequently observed fol-
lowing fires. |

An increase of pH in the upper 38 mm of the soillwas reported by
Cook (1939) folldwing annual burning of Themeda spp. grassland in South
Africa. The pH of Nigerian savann; soil was raised.by an;ual burningn
from 6.0 to 6,2 if burns are ‘late in dry season and very hot or to 6.3
if the burning was early in the dry season when the temperatures were
not so high (Moore, 1960), Increases of pH frgm 5.8 to’ 6.1 in the
upper 18 mm of the soil were caused by gréssland bﬁrning in Iowa
(Ehrenreich and Aikman, 1963). They found that the inérease of the pH
~tended to be prgportidnal to the amount of litter oxidized. Sémpsqn
(1944) concluded that the differences in the pH between burned and
unburned soils were slight except for small localized areas of ash _
accumulation and that cﬁange in pH was too slight to affect growth

"significantly, In.agreement with this Sweeny (1956),found that the
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slight pH increases éftgr fire were:temporary and qisappeared after the
firsF rgins; He found pﬂ ranging from 6.3 to 6.9 on burned areas and
froﬁ:5.9'téi6.7 for soil samples on unburned areas. He concluded that
there was no evidence to assume that the élight change in‘soil pH as
- result of fire was any-significant'factor ip determining mgrked chanégs'
in population densities of herbaceous céver. .ﬁaubenmire (1968) agreed’
witﬁ this and commepéed that the degree of change within fhé'pH”range
characteristics of grassland burning is probably of little significance
vand usually persists only a year or two.:'

One of the direcf.effects of_burniﬁg is its effect on nitrogen}
Nitrogen in the litter is generally unavailable for plant use and may
remain so until the litter is decomposed by soii_micrOﬁorganis;s.
Burning hastens litter decomposition, but forms nitrogenous compounds
which might be lost by volatilization. Total nitrogen in the eéosystem
is expected to decrease as a result of burning. On the other hand,
total niérogen in the mineral soil might increase as a combined rgéult
of burning litte; and standing vegetation and'leaching'of'nifrogen
containing compounds. Norman et al.- (1960) found that in the Northern
Territories of Australia frequent burﬁing of nagiGe pastures was not
likely to constitute a severe drain oﬁ the total nitrogen reserves of
the soil. He qstimated these reserves to be around 3000 1bs. per acre?

within the root zone of the ground flora. He estimated the loss of

nitrogen to the atmosphere due to burning to be in the order of 4 1lbs.
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per acre where the average dry mattervloss was-ébout 1200 1bs. per’
écfe; :ﬁe fu?ther estimated the return of nitrogen from rain water to
be around ‘2 1lbs, per acre.

Wahlenberg gléglr (1939) stated thét in the longléaf pine laﬁds,
an increase in the soil pH as a result of fire favored. the mﬁltiplica-
tién-of bacteria, including nitrifying bacteria and nitroéen'fixing
bacteria, resulting in an.increase in available soil nitrogen.

Christensen (1973), studying nitrate concentration following burning

chaparral in California, found that higher nitrate concentrations were

due to the addition of ammonium and organic ﬁatter in the ash., He also
pointed out the importance of time of the year and the frequency with
which soil samples were taken in.such a study. ﬂe fiﬁally indicated
that foliar leaching needed to be assgssed to get an accurate account
of the nitrates aﬁde& through burning.

The destruction of vegetation and litter by fire change; the com-
pounds of calcium, potassium, magnesium and phosphorusnto more soluble

forms, thus increasing these organic nutrients in the soil. These

" increases might be only temporary because of leaching and because the

amounts of these elements. returned from burned ash is proportional to

the mass of fuel consumed during the burn. Some of the ash is usually -

lost by wind and water before a new vegetative cover develops. The

amount of ash lost from burned sites varies with the area of the burn,

the angle of slope, the intensity of the first winds and rains and




14
their continuity in respect to either the absence or ‘the varying density
of renewed vegetative cover at or near soil levél. The fate of piant
nutrients in ash remaining on the soil surface is influenced by the
: solubility.of salts and distribution and intensity of precipitation
following the fire  (Daubenmire, 1947;‘Philips, 1965; Lloyd, 1971).

Moore (1960) found that in the Nigerién savanna, mild fires coming
at the start of the dry season increased cation éxchénge ;apéci;y,
av;ilable phosphorus, exchangeablé calcium, magnesium and potassium
and base saturation percent. In contrast to that, hot fires coming
late in the dry season reduced the cation exchange capacity, exchange=-
able calcium and potassium with available phosphorus remaining unaffec-
ted and percent base saturation'slightiy increased. Ehrenreich and
Aikman (1963) sta;ed that althoﬁgh grassland fire in Iowa releaséd _
sufficient basesito raise the pH of the soil appreciably, no increase
in exchangeable potassium could be measured. In a Bouteloua spp.
grassland in southéastern Arizona, fire decregsed potassium consis-
tently-in the upﬁer 25 mm of the soil profile (Reynolds'and Bohning,
1956).

In Kansas rahgelands, Owensby and Wyrill (1973) stressed the
importance of time of burning on the change of chémical properties.
They reported that winter burning caused the most changes, with highér
pH, organic matter, calcium, magnesium and potassium, and lowér nitro=-

gen than with other treatments. They reported that late Spriﬁg burning
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had the least effect. The strong influence of earlier burning on pH aﬁd.'
éerﬁain mineral salts was attributed to reducea iﬁfiltration by rain-
drop‘action,on‘the bare soil, wﬁich'redﬁced salt leaching from thg
soil,

| Nye (1959) workiﬁg in west African savanna, presented an interest-
‘ing quantitative comparison between average amounts of nutrients
relegsed in burning the herb layer of savanna with thé amount reéleased
by burning forests:

Elements Amounts released in savanna amounts released in
‘ ' forest burning

Phosphorus 8.4 Kg/hectare - 16 X as much
Potassium 49,2 Kg/hectare ‘ 18 X as much
Calcium. 37.2 Kg/hectare 73 X as much
Magnesium 27.6 Kg/hectare ‘ 13 X as much

In an overall evaluation of the effect of Burning on the fertility
of soil, Daubenmire (1968) stated that fire results in an abrupt
release of elements that normally would have become avaiiable.gfadually
in consequence of the slow decay of litter. However, this feftility
is made available at the soil surface-where it is subjected to hori-
zontal dispiacement by wind .or water,‘or perhaps is lost by lgachiﬁg
through the soil profile too quickly for it to be adsorbed or taken ub
by soil organisms. Lloyd (1971) concludbq that the effect_of‘fire in

terms of plant nutrition were unimportant in the ecology of grassland
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communities relative to damage caused to the plants and alteration in

the physical environment. °

Effect of hurning,on plant comnunities:

Fire is one of the bdsic natural forces that has influenced plant
communities over evolutionary periods of time. Certain plant communi-
ties require periodic fire to maintain the1r position in the ecosystem.
Clements (1905) stated that local fires 1nitiated a succession in which
the plants occurring on the burn were largely derived from those parts
of the original formation which had not burned. He aiso proposed that,

if the original formation was mostly or completely destroyed, the first

. stages of the new vegetation would be made up by "invaders" from adja-

cent fornations. Jarret and Petric (1929) believed that soil will
never be sterilized by fire. Some seeds and rhizomes always will be -
present after the fire and recolonization is mostly from SUrviving‘
species in the burned areas rather than from migration.

Ahlgren (1959), studying the effect of fire on reproduction and

'growth of vegetation in northeastern Minnesota, classified herbs and

shrubs into three groups based on their occurrence on burned areas.
His classification was as follows:

1 - Those which occurred only on unburned areas,

2 - Those appearing only on burned-over lands.

3 = Those which were on both.
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He stated that species of the first group were minor associates
occurring Sporadicaiiy in the a%ea. All were véggtatively.reproducing
perenniéls and Qete chafacteristiéally shade plants. They did not

appear after fire either because -their reproductive parts were destroyed

or because they were unable to grow and compete with more light-tolerant =

species. lThe second group was mostly of seed-reproducing annuals and
few veget#tively-reproducing species. These showéd tolér;nce'for'botﬁ
light and shade. |
" The appearance of numerous herbaceous plants is a common occur-

rence-félléwing fires. In many cases annuals and other herbaceous
species which were not generally a conspiéuous part of the flora become
prominent and abundant after fires. This has been explained to be the
resulf of the changeé of growing cpnditions which favor these species |
and make them more caﬁable of competing (Adamsqn, 1927; Pritchard,
1951; Went et gl.,.1952; Cooper, 1961).

The occurrence of grassland all over the world pointé to fire as
the primary factor that maintains grassland and savanna (Sauer, 1950).
This relationship is 1érge1y attributed to fire-caused eliminati;n or
reduction of woody spécies that do not sprout. from their foots (Cook,
1939; Scott, 1951).

Fire as a tool for range and pasture improvement:

Burning in grassland is applied to achieve different objecti&es.-

It is used to eliminate or suppress undesirable shrub species, to
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prevent thg ?nvasion of inferior species and to increase production and
henée grazing capacities. Many other goals cén be achieved f£om welij
planned burning. Iﬂcluded in these goals are improved nutriti;nal
values of vegetation, increased palatability; increased utilization,
impro&ed wild}ife habitat, providing a mineral seedbed, and controi of.
various diseases - (Vallentine, 1971; Wright, 1974).

In planning a grassland.burn'all the components of the ecosystem
should be carefully:studied and the effects on them of‘burning shéuld
be consiﬂered. Thé complexity of the whole process makes it difficult
to reach the right decision. 'Wright (1974) indicated that although
much is known about the effect of fire on western rangelands. and its
value as a tool for range improvement the information to conduct a
speéific prescribed burning is generally iﬁadequate or non-existent.

He added that the use of fire is frightening to many range managers and
many desirable prescribed burns are not applied.

Specific information on the effects of burning on in&ividual
species of grasses, forbs and shrubs is still inédequate. Mutch (1970). .
made an interesting hypothesis that piant’specieé,which have su:vived‘:
fire for thousénds of years mnot only have selected survival mechanisms,
but also have inherited flammable properties that can ;ontribute_po the
perpetuation oé fire depeﬁdant plant commuﬁities. He derived this
hypothesis experimgntally following laboratory combustién tests with

litter of eucalyptus, pohderosa pine and tropical hardwood leaves.
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Blaisdell (1%53) in a'study in the upper Snake River plains,

.-stated that all pqants were damaged by fire, but if given complete
1 .

protection from grazing for one season, most recovered. He found that

Idaho fescue (Festuca idahoensis) was slower to recover than the other

species. He added that rapidity of recovery was much greater émong
shrubs with sprouting habifs and among rhizomatoﬁs herbs. It is
generally accepted that the effect of burning on fdrage plants varies
according to species, location,‘cénditioﬁ of range, season of burning,
stage of growth and many other characteristics of the range ;s well as |
the characteristics of the burn. (McMurphy and Anderson, 1965; Hadley
and Kieckhefer, 1963). |

Burning the semi-desert grasses and shrubs was found to double the
‘ production of annual grasses in Arizona in wet yeérs with little or no
increase in drylyéarg (Cable, 1967). This increase of grass prodﬁction
.was explained as a.résult of the reduction of burroweed (Haplopappus
tenuisectus). The amount of rainfall is a significant factor in dbtain-_
ing increased érass‘production onnburned sites. In Ioﬁa, big bluesteﬁ,

little bluestem (Séhizachyrium scoparium) and yellow indiangrass

(Sorghastrum nutans) yielded nearly twice as much herbage and several
. ; . T

times as many seed?talks on burned as on unburned pasture (Ehrenreich

and Aikman, 1957). 1In a similar study Dix and Butler (1954) reported

increases in heights and number of flower stalks in most prairie

species the first growing season following fire in Wisconsin. Curtis
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and Pg:tsp& (1948) reported a six-fold increase in number and 60%
increase in height of seedstalks on big bluestem, Aikman (1955) repor-
ted an avgrage five-fold increase in numbef and 207 increase in height
of Qeedsta;ks of dominant and principal subdominant vegetation type
grasses as a result of burning in Towa. In east central Illinois, Old.
(1969) found that spring burning in tallgrass.préirie causea a two- t&
three-fold increasé'in herbage pfoduction and a ten-fold increase in
seedstalk production. An annual spring Bﬁrn in central Missouri induced
a marked iﬁcrease in dry matter p;éduction an& miﬁeral composition of
prairie.vegefation. The numbers-of flower stalks wére also more in the
burned than the unburned plots (Kucera and Ehrenreich, -1962). Simi-
larly, a spring burn of brush prairie savanna in northeastern Wisconsin
was'reported by Vogl (1965) to produce more than 1000 lbs/acre increase
in green herbage, a ;hree-fold increase in grass and forb yield,
Hadley and Kieckhefer (1963), studying the effect of burning on
Indiangrass and big bluestem, found that living shoot biomass was
greater after spring.burning than after protection.  They suggested
this was due.to excessive accumulation éf litter in protected areas
éaﬁsing a aroplin'pfoduction.

Burning does not élways have a favorable effect on .grasses. In
certain conditions it might have éﬂ'édverse effect. In Wisconsin
prairie, Curtié and'Paftsch (1948) found that six years. of spring

burning reduced blﬁegrass (Poa spp) to one-fifth of their original -
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cover. Aldous (1934) reported injury to Kentucky bluegrass (Poa

pratensis) from spring burning. Robocker and Miller (1955) reported

that eafiy'spfing burning was harmful to basin wildrye (Elymus cinereus)
and concluded that the cool season grasses started growth early and
suffered heat damage-because of fire, whereas the warm season grasses
still in dormancy suffered little or no damagé. Reduction in yield as
" a result of early spring burning was noted by Launchbaugh (1964). He

estimated the reduction of buffalograss - blue grama (Buchloe’

dactyloides - Bouteloua gracilis) mixture by the second seasén wgs about
65% while in wheatgrass (Agropyron spp.) ranges reductioﬁ was 82%. -How-
ever, by the third season no differences in production'wefe noticed
between the burned and unburned plots. The reduc;ion of yield the
second seaéon after burning was explained as a result of the direct
effect of fire, which was clearly reflected in lesser heights and vigor
in the burned plots.

The season of burning is recognized as the major factor influen-
cing the expected results. This is especially significant in comparing
the effects of planned bgrning and natural burning. While ngtural and
accidental burns have their highest freqtency during the driest part of
the year, planned burning is often done at other seaéons as a means of
maximizing desirable firé influences (Komerapk, 1965; Wright; 1974).

Grelan and Epps (1967) reported ; greater'pfddﬁction of total

grasses on spring-burned than on winter-burned southern bluestem
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rangés. In Fliﬁt Hills bluestem ranges Anderson (1964) reporéed tﬁag
the late spring burn produce& tﬁe highest increasé in forage pfoduction
compared to burning early in spring and winter. He at?ributed thaf to-
the highest soil moisture level during that period.

Hopkins

—

t al, (1948) reported spring burning in west éentral
Kansas prairie was more harmful than fall bu?ning and caused cover
reduction where light érééing was practiced. They explained that light -
grazing resulted in mulch accumulation and hence mofe destructive fires.

The role of fire is génerally recognized in preventing the infés—
tation of g?assland b§ shrubb& species. Thick stands of sbme.shrub
species.are of little use to livestock and a cover oflscrubby t;eés
and brush on land does not provide as good a protéctive cover fof
erosion as do grasses. Woody vegetation has been found to require two
to four times more water to produce a pound of dry leaves than does
grass and in areas where dense stands of useless woody vegetation are
established, more water is lost in transpiration. than in runoff down
the streams and rivers (Allard, 1948; Elwell and Cox, 1950; Philips,
1965).

Box (1967), working in Texas, stated that fi;e contrél was an
important factqf in the increase of shrubby speciés such as mesquite,
oak and juniper. In agreement with this, Daubenmire (1947) stated that
originally the vegetation of the sagebrush-gréss'sémidesert of western

‘North America consisted of a dense cover of perennial grasses among
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which were scattered moderate sized shrubs, chiefly Artemisia tridentata.
When this vegetation is subjected to heavy grazing the perennial graéses
are.reduced to scattered stands of weakened plants, Whereas the rela-
tively unpalatable sagebrush increéses iﬁ,size and nﬁmbers to an extent
that is highly objectionable from the grazier's standpoint. He also
stated that fire; in contrast to grazing, kills the shrubs but does not
injure the grasses when these are aestivating. He concluded that on
areas where tﬁe grasses have not been too severely deplgted, range
improvement has been achieved by burning to kill the shrubs, then defer;
ring.grazing for a few years until the grasses have multiplied to form

a complete cover.




DESCRIPTION OF STUDY AREA

The study area is about 214 acres of which 157 acres are sagebrush

~grassland éype. The dominant shrubs are big sagebrush (Artemisia

tridentata), silver sageBrush (Artemisia‘ cana) and shrubby cinquefoil

(Potentilla fruticosa). The dominant grasses in this type are onespike

danthonia (Danthonia unispicata), mountain brome (Bromus marginatus),

Idaho fescue (Festuca idahoensis), slender wheatgrass (Agropyron tra-

chxcaulum), alpine bluegrass (Poa alpina) and green needlegrass (Stipa
_viridula). Sedges (Carex spp.) are also dominant in some lpcélities.A

Many forbs occur in this type of which the following ére more common:

avens ‘- (Geum trifldrum), northwest cinquefoil (Potentilla gracilis),

common dandelion (Taraxacum officinale), sticky geranium (Geranium

viscossissimum), crag_astef (Aster scopulorum), velvet lupine’ (Lupinus

leucophyllus), rose pussytoes (Antennaria rosea), Vifginia étrawberfy '

(Fragaria virginiana), falée dandelion (Agoseris glauca), common yarrow

. (Achillea millefolium), tufted phlox (Phlox caespitosa) and forget-me-

not (Myosotis sylvaticé).
The rest of the study area is covered by the sedge-willow type

(Salix~-Carex) and lodgepole pine type (Pinus contorta). These types

were not burned.

The reégaréh was .done in the éagebrushégfa;sland type. - Two exper-"
iméntal sites wére chosen. The lower site (Sité 1) is at 6900 ft.
elevation while the upper site (Site 2) is at 7200 ft (Figure 1). Both
si£es were divided into two blocks having one burnedlgnd éhe other

protected from burning (Figures 2 and 3). Site 1 is gently sloping,
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Figure 2. Site 1, Wrangling pasture, Taylor Fork Cattle and
horse allotment - Gallatin National Forest.
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Figure 3. Site 2, Wrangling pasture, Taylor Fork cattle and
horse allotment - Gallatin National Forest.
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towards'tﬁe east wﬁiie site 2 is sloping towards the northeast. Site 1
is more exposed'than'site 2 which is surrounded by timber and tépogra-
phical barriers., This might explain the fact that the snow melted from
site 2 almost two weeks later than from site 1.

The soils of site 1 are well drained. Profile has aréund 7 inches
of very dark brown loam surface layer, a yellowish brown, blocky struce-
tured, light clay loam subsoil. The soils of site 2 are exces;ively |
drained. Profile has a thin, dark grayish brown gravelly loam surface
layer, a weak blocky structured, grayish brown, gravelly loam subsoil |
and calcareous gravelly substratum. Fractured ha;d bedrock occurs
within 10 inches of the surface, | '

The vegetation on the two sites show some differences. Danthonia

unispicata is the dominant grass on si;e 1 while ﬁromus marginatus is -
the dominant_grass on site 2. Most of the forb; occurred on both sites
but with different ;elativé abﬁndance. Howeﬁer, few species of grasses .
and forbs occurred in one of the two sites without occurring in the
other (Appendi# tables' 1 and 2).

Weather,recordé for the study area are not available. The ﬁearest
weather station is‘Gallatin Gateway 26 miles SSW (Beaver Cr.). Pre-’
cipitation and temperature information from this station for the period
of May to'Septembeé are presénted in Table 1. Similar information ffom_
the West Yellowstone Station, which is abﬁut 26 miles southwest of the |
study area are also presented. These data should provide approximate

information of the weather in the study area dufing the study period.




Table 1. Monthly averages of precipitation and temperature at Gallatin Gateway, 26 miles SSW
and West Yellowstone, 1973.1/

Precipitation in inches

Station May June July August September
Total
Gallatin PPt 2.06 2.96 1.00 1.83 2512
Gateway = W | semeccsscmsnsssd s nn e a R AR R n s A e e n eSS e a2 0 0 8 5 e e o
26 SSW Departure
from normal -1.09 0.86 -0.66 1.24 1.34
Total
West ppt 1.89 2.95 1.54 2.06 2.65
Yellowstone  ==e-eccccccccccccccccccecreccccecn e n e e e r e e e e e e c s r e e ccercccann
Departure
from normal -0.25 0.51 0.28 0.88 1.48

Temperatures in °F
Station May June July August September

Average
Maximum 59.6 68.3 79.6 78.8 65.2
Gallatin Average
Gateway Minimum 26.6 35:1 379 38.6 31:5
26 SSW =  eecccccccccncceccccn s e e e e e e e e e e e e e e ceecsseesescecccecccc———
Departure ;
from normal2/ 0.2 1.1 0.8 21 -2.0
Average
Maximum 60.0 66.8 17.9 16.1 60.8
West Average
Yellowstone Minimum 262 3555 41,5 &1 32.5
Departure
from normal -1.1 -0.3 0.1 1.6 -1.6

1/ U.S. Department of Commence, Weather Bureau, 1973.
g/ Departure from monthly average temperatures.
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EXPERIMENTAL PROCEDURES

Soil physical properties

Mulch collection: Ten 1 sq. dm plots were located at random in
ach site and were used for the collection of mulch.' Mglch saﬁples
were collected before burning. The dry detached and égsily detachable
vegetational maéefial was collected in paper sacks. Sampies Qere oven
dried at éO°C for 24 hours and weights recorded.

Burn classesldetérminationsf fhe'mgthod devised to estimate the‘~
amount of bgrn occurring on the two different sites was based on the
amount of the mulch turned to ash. Three different classes were fecog-
nized:

Class 1: Very slightly burned where less than 257 of the mulch
was changed to ash

Class 2: Slightly to moderately burned from-25% to 75% of the
mulch was changed to ash.

‘Class 3: Areas severely burned where more than 75% of the mulch
was changed to ash,

Two 15-meter transects were randomly loéated in each site. The
different classes wer;\estimated and the amount of each burn class was
measured along a stretched tape.

Soil temperature during the burning: "Tempil sticks"l/ were used

to determine the temperature reached during the burn. One set of tem-

pil sticks was placed on the ground surface while another set was

buried at a depth of 1 cm.

1/ Tempil sticks are a product of Tempil division, Hamilton Blvd.,
South Plainfield, N.J. 07080,
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Tempil sticks are hard waxes mixed with different chemicals haviné
different melting points. The sef of tempil sticks used for the sﬁr-
face temperatures had the following melting points: 800°F, 700°F,
600°F, 500°F, "400°F, 350°F, 500°F and 250°F while those placed at the
depth of 1 cm héd ‘the following melting points: 350°F, 300°F, 250°F,'
200°F, 175°F and 150°F.

| The tempil stick waxes were brokenAin small crumbles and folded
carefully in aluminum foils made in rectangular shapes about 1.X 5
inéhes, allowing very narrow openings on the sides fPr the gases
liberated during the melting process to pass oﬁt; The foils were
placed carefully and arranged accoédiné to their melting points so that
‘they could be easily recognized.

Foﬁr replicates'were placed in each site before burning.

Soil temperatures following the burning: The temperature of the
top centimeter was.measured using an oréinary centigrade thermometer.
The temperature of the top four centimeters was measured by a special
soil thermometer witﬁ a metallic probe which was inserted in the soil
to the depth of four centimeters. This gives an average of the temper-
ature for the four centimeters depth.

Ten measurements of temperature on each block were taken weekly-at
every second step along a line located at random. These measurements
were taken at-t&o_differént times, early in the morning (about 6:00

AM.) and in the afternoon (about 3:00 P.M.).
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Soil pénetration indices: A 1 cm diameter shaft was forced verti- -
cally into the bare mineral soil surface, to a depth of 1 cm and at the
rate of about 1 cm/sec. The results are reported as maximum force
(tons/ftz) required during penetration., Twenty measurements were taken
inveach block at 20 randomly distributed points. .Measurements Qere
taken biweekly,

Infiltration rates: Two concentric rings ﬁere uséd° The diameter
of the outer ring was 10 inches and the i;ner one was 6 inches and both
were one foot high. Both were firmly fixed into. the grﬁund to eliminate
lateral 1oss‘of.water through the soil surface. Water was applied
simultaneously in both rings and kept at the same level. The time
required to compiete the absorption of a certain level of water was
observed. Only the data from the innervting were taken to inaicate
infiltration. |

Several measurements were takeﬁ on each site. Burned spots were
selected to measure infiltration on the burned blocks.

' Soil moisture contents: Soil samples were collected by a one-foot
‘long sampling tube. Samples were collected from the top 20 cm of the
soil from ten pointg#ilong a line transect located randomly at each
block. The sample taken at each point was put in a tin can and closed
tightly. The soil samples were taken to the lab about three hours after
collection. They were weighed, put into the oven with cans open for 24

hours—at 105°C and then reweighed.
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Soil chemical propérties

Soil sampling method: On each block, a circle with 3.9 meter
radius was used to collect soil samples. The center of the circle,
which is approximétely'the center of the block, was marked by a metal
post. A string of the same length as the radius of the circle“(3;9 m, )
was tied to the metal post and its othef end was used to mark the cir-
cumference of the circle. Cores of soil were collected every two séeps
aloné the circumferencé of the circle. The cores were divided'ihto 0
to 2 cm, 8 to 10 cm and 18 to 20 cm depths. About 15 cores wefe taken
around the circumferenée with the soil from each deptﬁ being compositgd,
thus providing a composite sample for each depth in one traverse of the-
circle, Three traverses were made to provide three replications before
and after burning. The before-burning samples were collected in ﬁid-
May while the after-burning samples were collecfed in mid-June.

In addition to the above samples, 20 soil sample éqres were cplléc«
ted from completely burned areas within each of the burned blocks. The
soil samples from 0-2 cm and 8-10 cm were separated from each core.

The cores were composited for each depth. In the same manner 20 soil
cores were collected from the areas not affected by fire wi#hin the
burned plotsf One sample of the ash.;aterials (above the soil) was

collected from the burned areas in each block. Thesé samples were not

replicated.
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The soil samples were collected in plastic bags ﬁhich were put.
- into a freezer within three hours of the collection and until they were
delivered to the lab, The chemical analysis was &one by the Moﬂtaﬁa
State University Soil Testing laboratory.

The samples were thoroughly mixed, oveﬁ dried and éieved{

The pH was determined by a‘pH meter. |

Oxidizable organic matter was détermined,by adding 10 ml, 1N.
potassium dichromate to 1 g. dry s§i1 followed by addiﬁg 20 ﬁl. of coﬁc.
H2S04 (Graham, 1948). After 30 minutes, 100 ml. of distillgd water was
added to the solution Which on cooling was filtered and read on a
spectrophotometer at 600 mu. wave length.

_Exchangeable potassium, calcium and magnesium were. determined by
adding 50 ml. of 1N. ammonium acetate to 2 g. of air dry‘SOil, shaking
for 10 minutes and then filtering. The filtrates were énalyzed on an
atomic‘absorption spectréphotometer.

Available phosphorus was determined by adding 50 ml. of acid
ammonium flouride mixture solution (NH4F.HCl) to 1 g. of air dry soil
(Bray and Kurtz, 1954). The mixture was shakén fér 5 minﬁtes and
filtered., To 5 ml. of the filtrate 12.5 ml. of distilled watér,-s ml.
ammonium molybdenite and 2.5 ml, stannous cﬁldride we%e added. The
solution was allowed to react for 5 minutes then analyzed in a colori=

meter at 600 mu. wave length.
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For nitrate énaiyses, 10 g. of dry soil were added to 50 ﬁlw ex-
tracting solution (26 g. CaS04- 1L. 0.60N Agy80,, diluted'to 10;1. with
distilled water). This was shaken for 10 minutes; 0.4 g. Ca(OH)y was
added and shaken fdr 5 minutes; 1 g. MgCO3 was added and then filtered.
Ten ml. 'of the filtrate was evaporated to dryness on a hot plate and
allowed to cool; 3 ml, of phenol disulfonic acid was ad&ed and. allowed
to reaét for 10 minutes; 15 ml. of deionized water Qas added with stir- -
ring and allowed to'cool; 6N NH4OH was added until thg éolution became
alkaline (yellow color) then 3 ml. was added. The solution was trans-
fered to 100 ml. volumetric flask and deionized wéter was added.\ Trans-
‘miésion Qas‘read at 420 mu.

Vegetational analyses

Basal cover: Basal vegetational cover was estimated weekly on the
-four experiméntal blocks. Two 15 meter.transects were used in each |
block. The starting point of each transect was determined randoﬁly by
throwing a frame and starting from where it fell stretching a 15 meter.
tape. Ten 4 X 5 dm. plots were'located along the stretched tape at
1.5 m. intervals. Basai covers of_the different species within the
4 X 5 dm. plots were_estimatéd using one sq. dm. and'4 sq. dm. plots
to make the estimations. ‘

The 4 X 5 dm. plots were chosen instead of the 2 X 5 dm. plots

because it was found that by increasing the area of the plot lesser
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numbers wéuld be needed to provide a better vegetational analysis
(Payne, 1972). E |

In estimating the canopy-cover of the shrubs the dead shrubs or
parts of shrubs w{thin plots were estimated separately from,the'living
shrubs. Also, on!the burned block the'ash was estimated'sebarately from
the litter.

The vegetational measurements were started in mid-JQné and termi-
nated on the first week of September.

Vegetational development; The abbve process of establishing tran-
sects was followed for vegetational developmént measurements. Ten
plots were located weekly on every experimental block. The-dominant
species within each'plot were measured. The culm heights of grasses
and sedges ané leaf length of forbs were measured and fléral dévelop-
ment was recorded. Observations on vegetational dévelépment on some of
the completely burnéd areas were recorded.

Productivity measurements: One 15 mgte% transéct was located at
random in each plot. Ten 4 X 5 dm. plots were placed at 1.5 m. inter-
vals along the transects. The vegetation within the plot was clipped
to ground ievel. Each species was segregated separately, whenever it
was represented in reasonable quantities. Only the éurrent year's
growth was collected discarding much of the growth of prévious years
as practicable. Thé clipped hefbage from'each plot'wés bulked in paper

sacks to constitute one sample for each species or several species of
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' the same forage class which were not represented in appreéiabie amounts.
The samples were oven dried at 80°C for 24 hours and then weighed.

Estimation of the big sagebrush killed by the burn: The whole
burned area was mapped roughly into areas with different percentages of
mortality of sagebrush. Four mortality classes were usea: 0 to 25%,
25 to 50%, 50 to 75% and 75 to 100%. The mapping waé done gy ocular
estimation while walking through the burned area.

Four transects were run on every mortality class area. ﬁach tran-
sect was 100 double-stepé which started from one end of the mortality
class area towards a distant tree or fence mark. At every doublé-steb
the percentage mortality on the first sagebrush to the right was esti-
mated and recorded. The survey was done toward§ the end of. the summer.

Artemisia cana was sprouting and it was possible to differentiate

between this species and Artemisia tridentata.

At every fifth double-step fecal droppings of game animals were
looked for on‘a 9.6 sq. ft. circular plot. This was abandoned after
running several transects because the number of droppings was very few,
In six transects only four groups were found. Computing the deer use
from these figures shOWS'that it was around 12 deeredéy/acre for the
months of the summer which makes it clear that the use of the study

area by game animals is not important.




RESULTS AND DISCUSSIONS

Soil physical properties

Burn classes and mulch measurements: Table 2 shows:tﬁe'burn
classes of the mulch measurements. These measurements inéicate major
differences between the nature of the burns in.the two experimental
sites. Iﬁ site 1, although the mulch was very limited, the fire was
severe and Eonsumed most of the availablekmﬁlch in many éreas. In
those areas the burned shrubs and undetached dry matter added to the
fuel consumed. -Although the volume of mﬁlch in site 2 Qas considerably
mQre than site 1, the fire was very light and resulted in very few
severely burned areas. This probably was due to the fact that site 2
was not as dry as site 1 (Figure 4).

Soil temperatures: The maximum temperatures reached_during the
burn at site 1 were betweenQBSO and.400°F at the soil surface.and
between 150 and 175°F~at the depth of 1 cm. Two tempil stick groups,
out of the four groups placed in site 1, were subjected to fire while
no fire effect was visible around the areas in which the tempil sticks
were placed i; site 2.

The averages of the soil tempgfature measprgments for the three
month period follpwing burning reflect a géneral pattern (Tables 3 and
4). In both sites the afternoon soil temperatures were higher in the |
burned blocks than the unburned blocks. TheAmorning temperatureé were

about the same in the burned and unburned blocks. However, none of the
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Table 2. Meters and percentages of burn classesl/ of mulch per 30
meters of transect, site 1 and site 2 burned blocks.

Site 1
Class 1 - 4,92m
Class 2 =~ 3.48m
Class 3 =~ 6.05m
Total burned length 14.45m
Class 1 -  34%
Class 2 -  24%
1Class 3 =~ 427
The average mulch weight - 2.8 g/sq dm.2/ -
|
Site 2 :

.Class 1 - 10.43m
Class 2 - 6.4m
Class 3 - 0.8m
Total burned length 17.63m
Class 1 - 59%
Class 2 - 367
Class 3 - 5%
The average mulch weight - 10.8 g/sq dm.

1/ Class 1 burn - less than 25% of the mulch was burned
Class 2 burn - from 25% to 757% of the mulch was burned
Clagss 3 burn - more than 75% of the mulch was burned

2/ The mulch values are averages of ten measurements
before burning.
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Figure 4, A Burned area in site 1 (upper photograph) and a
burned area in site 2 (lower photograph).
Photographed one month after the burn.
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Table 3. Teﬁpefatures of the top 1 cm and top 4 cm of soil on burned
‘ ‘and unburned blocks at intervals of one to two weeks through
the summer, Site 1.

Soil temperatures of the top 1L cm of the soil’

© Soil temperature at 6:00 a.m. Soil temperature at 3:00 p.m,

Dates Unburned Burned ‘Unburned Burned
OF ‘ OF OF OF

6/23 47.5 49,6 ** 79.7 86,2«
6/28 45,0 47,0 %% 74.3 81.9 %
7/5 48.0 50,9 ** 83.0 80.6n.s.
7/11 45.5 45.9q1.s, 69.0 69.5n. s,
7/22 52.1 52.3n.s. 75.2 79.2 %
7/28 43.6 43.4n.s. 80.5 84,3 %
8/16 38.4 36,9 %% - . 82.3 86.4 *%
8/30 41.5 40.8n.s. : 74.3 79.5 %%
Averages 45,2 45.9n.s. 77.3 81.0n,s,

So0il temperatures of the top 4 cm of the soil

Soil temperatﬁre at 6:00 a.m. Soil temperature at 3:00 p.m.

Dates Unburned Buxned Unburned Burned

DF OF . OF : K OF
6/23 46.5 48,5 %% 73.1 79.2 %%
6/28 45.1 45,0uq.s. 4.4 83.2%%
7/5 47.5 49,2% 85.4 83.0n.s. -
7/11 47.5 45, 8%%* . 63.6 63.9n.s.
7/22 50.7 , 50.7n.s. 78.8 : 84, 6%
7/28 39.0 35,4 %% 86.4 89,3 %%
8/16 44,0 44,5n,s. . 81.1 87.0%%
8/30 40,8 41.5n. s, 74.9 78.8 %%
Averages 45.1 45.1n. s, 77.2 8l.ln.s.
* Significant differences at the 0.05 probability level

*% Significant differences at the 0.01 probabillty level
n.s. non-significant

Values are averages of ten measurements.
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-Table 4 . remperatures of the’ top 1 cm and top 4 cm of soil ori burned
and unburned blocks at intervals of one to two weeks through
the summer, Site 2.

Soil temperatures of the top 1 cm of the soil

Soil temperature at 6:00 a.m. Soil temperature at -3:00 p.m.

Dates Unburned Burned Unburned Burned
OoF OF" ‘ oF : - OF

6/21 51.4 50.5n.s. 72.5 75.2%%
6/27 48.7 47 .5%% 84.2 77.0%% °
7/4 G4.4 46,5%% 67.0 73.8%%
7/13 48,2 49.6% 75.6 . 77.0n.s
7/21 49,5 48.6n.s. 78.3 85,0%x
7/28 47.5 46.7m.s. 73.2 . 77.5n.s
8/5 , -- -- 72.3 76.6%%
8/17 45,2 45,2n.s. 77.5 83, 8%
8/29 36,2 36.8n.s. 66.8 70, 8%*
Averages 46.4 46.4n0. s, 74.2 77.4n,s.

Soil temperatures of the top 4 cm of the soil

Soil temperature at 6:00 a.m, Soil temperature at 3:00 p.m.

Dates ) Unburned Burned Unburned Burned
of OF °F OF

6/21 47.9 49 . 3%% 70.5 74, 0%
6/27 46.5 . 46.4n. 8, A 74.5 72.2%
7/4 : 42.5 43, 7%% 74.4 71, 0%*
7/13 44,2 48, 8%% 77.2 80, 8¥*
7/21 ' 46.4 48.0n, 5. 73.4 80, 5%*
7/28 49.9 48, 8% 74.0 75.2n.s.
8/5 - - 72.4 71.9n.s.
8/17 45,0 4, T, s. 78.3 82.9n.s.
8/29 38.7 38.0n. 5., 69.4 70.4n. s,
Averages 45,1 46,00, s. 73.8 75.4n. s,

* Significant differences at the 0.05 probability level
*% Gignificant differences at the 0,01 probability level
n.s, Non-significant,

Values are averages of ten measurements.
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differences between the burned and unburned blocks averages were sta-
tistically significant. |

Most of the average weekly measurements follow this general pat-
tern with some variations occurring at :both sites at different weeks.
Someof these variations are probably due to sampling. The lower after~
noon temperatures measured in the burned blocks than the unburned
" blocks in fﬁe 5th of July measurements, site 1, and the 27th of June
measurement, site 2, weré probably due to the effect of some showers,
More evaporation of water from the burned areas might produce a cooling
effect on the soil. This cannot be confirmed due to the lack of pre-
cipitation records for the area. |

The soil temperature differences between the burned and unburned
blocks were not great because of the limited amount of mulch consumed
and hence the limited amount of the black ash added to the soil surface.
The number of measurements taken of soil temperatures was not adequate
to detect the differences between the burned and unburned blocks. 1In
many cases measurements in the burned blocks were taken in areas not
subjected to the effect of fire.

Soil penetration indices: Table 5 presents the averages of the 20
biweekly soil penetration measurements for both sites. 1In both sites
slightly higher values were measured in the burned than the unburned
blocks with the exception of the measurements taken on the 28th of July,

when penetration values were higher in the unburned than the burned
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Table 5. Soil penetration index biweekly measurements of burned and
‘unburned blocks, site 1 and site 2 - values are averages of
20 measurements. :

Site 1 Site 2

Unburned Burned Unburned - Burned
Dates Tons/ft2 1/ Tons/£t2 Tons / £t 2 Tons/ft2
6/27 1.97 2.08 1.57 1.70
7/13 ) 1.97 . 2,10 2.08 2.27
7/28 2,20 . 2.10 2,70 2.68
8/17 2.21 2.21 2.30 2.24
8/29 3.64 ' 3.87 2.08 2.52
Averages 2.40 . 2,47 2,15 2,28

The differences between the soil hardness averages of the burned and
unburned blocks are not significant at the 0,05 probability level,

1/ 1 ton/ft? = 8.16 X 10° Kg/cm?.
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blocks on bogh_sites. The measurements of the 17th of Augﬁst also
refiecteé somé variations showing equal values in both the burned and
unburned block’ in site 1 and slightly higher values in the unburned
than the burned block in site 2. -However, none of the differences
between the burned and unburned blocks were statistically significant.
The-sampling was not adequate to detect the differences between the .

burned and unburned blocks.,

Infiltration rates: The infiltration rates measured for bofh.
sites are listed in Table 6. In site 1 hiéher values were obtained for"
the burned areas and in site 2 higher values were obtained in the
unburned areas.

The.differeﬁces between Fhe two sites are probably due both to the
natural variatiqns‘betweeﬁ them and to the different effects of burn-
ing. The higher values of infiltration rates in the burned areas in
site 1 are similar to results reached-by Torrent (1956) on a study'

about' the effect of burning on ponderosa pine (Pinus ponderosa). He

concluded that when the fire caused a light surface burn in which the
incorporated humus was mnot consumed to any significant degreé and the
fast moving fire surned principally on the fresh litter, the soil was
not baked or reddened as in fire burns in heavier fuels. An increase
of macroscopic pore volume and percolation rate may poséibly have
resulted from some burning of individual dead shrubs and grass réots

for several inches into the soil. When such roots are removed, the
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Table 6. Infiltrafion rates measurements of burned and unburned areas,
site 1 and site 2, taken during the first week of August.

Site 1 Site 2 -
Unburned Areas Burned Areas Unburned Areas Burned Areas
" Infiltration Infiltration Infiltration Infiltration
Rate Rate Rate Rate
inches/hour ‘inches/hour - inches/5 min.l/ inches/5 min.
3.50 4.50 14.00 8.30
5.50 5.00 10.00 7.50
"3.00 6.00 30.00 15.00
3.00 8.75 40.00 15.00
3.00 5.50 ' 10.00 ' 10.00

3.60 5.95 20.80 . 11.20

1/ Infiltration rates were measured for less than five minutes. Rates’
' per five minutes were computed from the measu;ed values to make
comparison easier. ‘ '

The differences between the infiltration rates of the burned and unburned
areas are not significant at the 0.05 probability level.
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volume of large vertical water'channels is inéreased. This may have
happened in site 1 while in site 2 the burn was too mild to produce
such effects. ThelléWér values of infiltration rates in the burned
areas than unburned areas in site 2 are probébly induced by the mater;
ials released in the burn aﬁd carrigd into the minute channels of the
deeper soil la&ers causing a partial séaling of the percolatory system.
In this site the burn did not consume all the mulch and did not result
in bare spots in which the reduction of ;nfiltration rate could be
attributed to the effect of the bgating of the rainstorms on the bare
unprotected soil surface causing the closure of the porous structure.

Soil moisture content: Soil moisture measurements are presented
in table 7. The samples of the burﬁed block showed significantly
higher moisture content than the samples of the unburned block in site
1. In site 2 a slightly higher moisture content was foundyin the
unburned black but the difference was not statistically signifigént,

It might bé‘of.iqterest to point out that there is a consistent
pattern between the infiltration rates and soil moisture measurements
in site 1. The significantly higher moisture contént‘of the soil sam-
ples of the burned block in site 1 substantiates the findings aBout
the higher infiltration rates. However, it would be improper to pro-
ject these conclusions as the final effect of the burn. Beaton (1957)

in a study of the influence of burning on the soil in a timber range

area of Lac Le Jeune, British Columbia, found that reduction of




47
Table 7.° So0il moisture percentages of the top 20 cm, in burned and
" unburned blocks of site 1 and site 2 1/,

Site 1 - Site 2

Unburned block Burned block Unburned block Burned block
% ' % % %
12.7 5 20.0 17.2 12.7
13.8 17.7 15.7 15.4
15.1 25.8 15.0 - ‘ 17.5
15.3 20.8 13.9 16.4
18.6 12.4 16.9 17.3
14.8 14,6 16.1 ' 11.3
12.5 16.1 11.4 14.5
16.2 19.4 . 15.5 . 15.2
14.5 © 16,6 16.3 ' 14.0
11.8 13.3 ‘ 17.3 16.4
. 14.5 17.7% 15.5 15.1

* Significant differences at the 0.05 probability level.

1/ Samples were collected towards the end of summer.
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infiltration.rates did not occur directly following burning and that
more than two years afﬁer the burn weré necessary for the infiltration
fate reduction to occur. He explained that exposﬁre of the burned sur-
face to the different weather elements is one of the contrélling fac-
tors in decreasing infiltration ratés.

Chemical properties of the soils

Site 1: Average values of the soil chemical properties are shown
in Table 8. Appendix Tables 3 and 4 contain the complete data. By
comparing the before- and after-burning data of both the burned and
unburned blocks the changes caused by the burning can be noted.

Significant increases of pH followiné burning were observed at the
0-2 cm and 8-10 cm depths of the burned blocks. The 18-20 cm sampies
of the burned block showed a non~significant increase. The 0-2 cm and
8-10 cm of the:unburnéd blocks reflected slight increases with a siight
decrease in the 18-20 cm samples of which none was significant (Fig~
ure 5). Tﬁe significant increases of the pH in the upper two depths
in the burned block probably were due to the release of bases from the
burned ash.

A non-gignificant increase in phosphorus occurred at 0-2 cm depth
in the burned block while- the unburned block showed no change. A con-
siderable decreasé occurred in the 8=10 cm samples of both blocks.

The decrease was statisgically significant only in the burned block.

The 18~20 cm from the burned block showed a élight decrease while the




Table 8. 8611 chemical properties of. the burned and unburned blocks before and after
burning, site 1, at the 0-2 cm, 8-10 cm and 18-20 cm depths (values are
averages of three replicates).

. ‘ i milli- -
Depth ~ PPM. . mohs %.. Milliequivalent/100g -
in cm . _pH-: P ___ K NO3-N Salts O.M., Ca Mg -Na
————— Unb;l/i--Beforel/—~6.60 - 56-- '312- 0.8 - 1.9 -11.75 22.3--3.99 -0.50-- .-
~ T After 6.03 56 715% 1.8%% 0.7%% 5,80%% 19.7% 3,24 0.83%
o : | )
. B Before 6.07 43 838 0.8 1.7 8.48 19.5 4.29 0.56
After 6.37% 49 848  2.8%% 0.9%* 5,97 21,9 4.05 0.89%%
Unb. Before 6.20 40 635 0.0 0.9 4.87 13.1 2.57 0.50
2 After 6.23 32 615 0.5 0.5%% 4,47 15.0% 1.94% 0,82%%*
] .
® B Before 6.26 21 661 0.0 0.8 4,57 13.4 3.48 0.69
After = 6.,37% 11%* 575 0.5 0.5%% 4,40  15.4%% 3,31% 0.88#%*
o Unb.  Before 6.40 31 585 0.0 0.8 4,20 12.3  2.65 0.56
~ After- 6.33 34 502% 1.4%% Q.4%% 3,33%% 14,1%% 2,54  0,84%%
) . . .
= B Before  6.37 07 532 0.0 .0.7  3.27 12.3 4.04 0.71
.. After 6.47 06 442 0.5 0.3%% 2,40%% 14,5%% 3,63 0.96% -

1/ Unb: Unburned plot

B: Burned plot

Before: Before burning

After: After burning
* ' Significant differences at the 0.05 probability level
*% .Significant differences at the 0.0l probability level.

6%
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Figure 5. pH of the soils of the unburned and burned blocks before
and after burning, site 1, at three depths.
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sample of the unburned block increased slightly (Figure 6). The phos~-
phorus increase in the ‘0-2'cm samples Qas_probably dpequ the bprﬁing
while the coﬁparable decfeases in the 8-10 cm samples-of goth gloék$:
aré more likely duevéo biolog;cal a;tivities suéh as soil micfo-organf
ism muitiplications and green plant gro@th induced by the enviroﬁﬁéntal
changes after ;he snow melted.

The potassium data showed a non~significant increase in the_saﬁ- .
ples of 0-2 cm depth in the burned block while the samples éf the
unburned block showeﬁ a significant decrease. Samples collected at the
8-10 cm in both blocks héd non-significgnt decreases. The 18-20 cm |
samples showed a non-éignificant decrease in the burned b}ock and a
significant decrease in tﬁe unburned block. 'Probabiy:these aeéreases
in potassium‘were-due to biolégical activities which oécﬁrred_in both
burned and unburned blocks but were less pronounced in thelburnéd block
because 6f release of some potassium from the burned ash (Figure:7).

Consistent highly significant decreaseg océurfed in salts in. the
burnea and unburned Elocks at all depths‘gamples (Figure 8). It cén be
concluded that burning did not have an§-effect on soil salts. |

A non-significant decrease in organic matter Qas defected at
0-2 cm depth in the burned block whilé in the unburned block the
decrease was highly significant; In the 8-10 cm sémples the decreases
were nonfsignificant while in the 18~20 cm samples the decreases were

highly significant for both blocks (Figure 9). Due to the similar
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pattern of changes in organic matter in both the burned and uﬁburﬁed
blocks the burning effect could be considered of no importance in

accounting for them. The large decreases in organic matter cannot be

“attributed to biological decomposition. They are probably due to sam-'

pling or error in analyses.

A non-significant‘increase in calcium was detected in the 0-2 cm
samples of the burﬁed block with a significant decrease occurriﬁg in
the unburned block. The samples of the 8-10 cm depth showed highly
significant and significant increases in the burned and unburned
blocks, respectively. Both blocks had highly significant increases at
the 18-20 c¢cm depths (Figure 10). Decreases in magnesium occﬁrred in
both blocks at all depths sampled., The decreases were statistically
significant only in the 8~10 cm samples of both blocks (Figure 11).‘
Highly significant and significant increases in sodium were detected at
the three depths of both blocks (Figure 12). The similarity of the
pattern of these éhanges of magnesium, sodium and calcium‘in both the
burned block and uﬁburned block makes it clear that the burning effect
is not of any significance in accounting for them.

Increases occurred in nitrates in thg three depths of both-blocks.
The increases werelhighly significant in the 0-2 cm samples of both
blocks and the‘18-20 cm samples of the unburned blocks (Figure‘13).

The increases of nitrates are probably totally induced by the envirénf

mental changes and their effect on the nitrifying bacteria.
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Site 2: Average values of the soil chemical properties are shown
in Table 9. Appendix Tables 5 and 6 contain the cbmplete data.

No significant changes in pH weie detected. ~Ihis was. probably
due té lesser burning effect and accordingly a lower quéntity of bases
released from thesburned ash than in site 1 (Figure 14). |

The phosphé?us data showe& highly significang and significant
increases in the 0-2 cm samples of the burned andvunbprned blocks,
respectively., 1In the 8-10 cm ;amples a ;ignificant inctease occurred

in the burned block with a non~-significant increase in-the unburned

block. The 18-20 cm depth showed a non-significant increése in the

burned block and a significant increase in the unburned block (Fig-

u;e-15). Although the changes in the burned and unburned blocks are

‘not identical, it is still difficult to conclude that these variations

_ in changes are due to’ the burning. These variations are more likely

due to sampling.

The potassium data showed a highly significant ihcrease in the
O;Z_Qm samples in the burned block while .the unburned block had a non-
significant decreasé.~ The. data of the other depths showed non-signifi-
cant decreases in both burned and' unburned blocks except in fhé 18-20
cm samples frqﬁ the burned block which showed a slight increase (Figj

ure 16). The iﬁcrease in potassium at the 0-2 cm depth of the burned

"block is likely caused by release from the ash,

No significant changes in salts were detected (Figure 17).




Table 9.

Soil chemical properties of the burned and unburned blocks before.and after

burning, site 2, at the 0-2 cm, 8-10 cm and 18 20 cm depths (values are

averages of three replicates).

i *

Significant*différences at the 0.01 probability

level.

_ : , - “milli-
Depth . - : - ___PPM. mohs % Milliequivalent/100g
in em- " pH _P K NQq-N Salts O,M, Ca Mg Na
Unb.1/ ~Beforel/ 6.17 50 © 1002 0.5 0.7  6.06 2L.1 4173~ 0.49
- After 6.17 66%* 914 - 1.7 0.9 5.87* 25.1 4,69 0.55
- :
o B Before 6.30 66 655 0.2 0.7 6.00 19.8 4.51 0.55
‘ After 6.33  89%% 980** 2.2%% 0.7 5.83*% 18.9  3.24%* 0,63
o Unb: Before  6.10 28 690 0.0 0.4 5.80 15.2 3.49 0,51
- After 6.00 38 . 682 . 1.3%% 0.4 5:.60 15.1  2.54%% 0,49
'} . : . -
«© B -~  Before 6.17 - 41 962 0.0 0.4 5.46 14,7 3.31 0.55
' : After. - 6.07 54%* 932 - 1.3 0.5 5.36*% 15.3 2.54%*% 0,69
o  Unb,  Before  6.10 29 525 0.0 0.4 4.0 13.7. 3.23 0.51
™ - .After 6.00 37% 508 - 1.8*%* 0.3 3.7 11.8 2.19% 0.50
¢ . .
p B Before 6.10 37 815 0.0 0.5 5.0 13.4 3.26 0.51
After 5.93. 58 852 0.8%* 0.4 3.96*% 13.3 2,13%*% 0,75%%
1/ Unb: Unburned plot
B: Burned plot
Before: Before burning
After: After burning .
Significant differences-at the O. 05 probability level

[4]
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The organic matter data showed decreases at all depths_in both
blocks. The decreases were significant at the 0-2 ;m in both blocks
and in ‘the other two depths of the burned block (Eiéure 18). . The sig-
nificant decrease at the 0-2 cm in both blocks shows that burning i;
not the factor that induced these decreases in organic matter. Varia;
tion betweén chaﬁges at other depths afe probably due to sampling.

Calcium data showed no significant changes (Figure 19). Highly
significant decreases in magnesium occurred ét all the three deptﬁs in
the burned block. 1In the unburned block the decreése was non-signifi-,
cant at the 0-2 cm depth and highly significanf and significant at the
other two depths (Figure 20). No significant cha;ges in sodium were
detected except for a highly signifiéant increase in the 18-20 cm |
éamplés of' the burned block (Figure 21). The variations between the
burned and unburned bIockg in magngsium at the 0-2 cm depth and in
sodium at the 18-20 cm depth are more likely due to sampling than to
the burning efféét.

“Nitrates increased at all depths in both blocks. fhe iﬁcreases
were highly significant in the 0-2 cm samples of the burned biock,
v8-10 cm of ;he unburned‘block and 18-20 cm of boéh blocks (Figﬁre-ZZ). '
The increases of nitrates are probably totally induced b§ the énviroﬁ-
mental changes and their effect on the nitrifying bacteria.

Comparison between the two sites: The differencés between the

© effects of Bdrﬁing on soil ‘chemical properties in thé two sites is
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attributed to natural differences between them.and‘to the différené
degree dé Bﬁrﬁing occurring in each site.

.ihe.time'of-collection of soil samples was .very important in
affecting the chemical properties. The 'before burning' soil samples
ﬁefe collected around mid-May, just afte£ the snow melted while the
"after burning'' samples were collected at the beginning of summer when
some biological activities were obérating in the soil. This veryllikely
explains the similar changes observed in bath burned and contnél blocks.

The higher values of pH in the upper two depths of the burned
block in site 1 can be attributed to the effect of burning as no sig-
nificant_changes occﬁrred in the unburned Elock. The highly signifi;.
cant increases in potassium at the O-Zlcm depth of the burned block in
site 2 can also be attributed to the burning effect., On the other hand,
the consistent lower values in magnesium at all depths in burned and
unburned blocks of bo;h sites can only be exélained as that ;hey were
induced by factors other than burning. Ihese decreases were probably
due to bioldgical activities in the soil induced by the environmenfal
changes.

.The complexity of factors involved in those changes in.soil chemi-
cal properties make them difficult to interpret. Besides‘thé original.
highly significanf differences between the two sites and some of the.

significant differences between the two experimental blocks within the

same site, the significant changes between the before- and after-burning
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samples add to the complexity of these changes (Appendix Table 7).
-However, it can be concluded that the magnitude of the changes dug to
biological_reaéons or reasons other than the burn were greater than the
‘changes due to the bu;n. It can be pointea out that perhaps the use of
another sampling method which accounts for some of the Biological
éhanges might makg it poésibIe to ‘detect the burning effeég,mpre.prg-
c#selyu

A theoretical calculation of the expected changés in some ;oil nu-
trients Que fo'the burn (Aépendix A, pages;136 to 139) substantiated the
findings,éf this study.. The average calculdted release on the top 15
cm of the'spil'of 2 ppm of calcium, .09 ppm of:phosphqrus, 2.6 ppm of
potassium in sité 1 and 3 ppm of calcium, 0;2 ppm of phosphorus{ 5 ppm
of potassium and 2 ppm of magnesium in site 2 shoﬁld not be expécted to’
bring any signifiéant increase of these nﬁfrients iq fhe soil, N

Soil analyses of the burned and unbufned areas within the Burné&
blocks: These samples were collected strictly from the completely',
burned and completely unburned areas within the burned blocks. No fan-”
domizétion>wés followed in.collecting these s;mples and no replicates
were colleétedeithin each block and hence no statistical analyses are
possible.‘;HOWever, these samplgs justify the pﬁrposé of their collec-
tion in showing the drastic variations within-the'same burqed plock,

‘Tables 10 aﬁd 11 show the soil analyses of the'burnéd’aﬁd.unburned

areas in the burned block in site 1 and 2, respectively. In both sites




‘Table 10. Chemical analyses of the soil of the burned and unburned areas within the '"burned"
' block, site 1 (samples.collected from 0-2cm and 8-10cm depths and all samples
picked from burned spots).

. milli-
Depth : : PPM. mohs = % Milliequivalent/100g
in cm e pH - P K NO,~N Salts O.M. Ca Mg ‘Na
o bl 6.1 37 715 2.5 0.6  5.97 17.0 3377 0.5l
\ ] - .
° B 6.5 57 895 4.4 0.8  6.03 18.6 4.43 0.64
o .
~ Unb, 6.2 15 595 0.5 0.3 4.5 13.8 3.61 0.59
] .
R B 6.5 79 725 1.0 0.6 5.2 15.8 3.94 0.64

Ash - 123 1520 -- -- - 31.4 7.13 0.51

1/ Unb.: Samples collected from spots completely ﬁnaffected by burn within the burned
’ block.

B.: Samples collected from spots where most of the mulch was turned to ash.

YA




Chemical analyses of the soil of the burned and unburned areas within the "burned"

Table 11.
block, site 2 (samples collected from 0O-2cm and 8=10cm depths and all samples
picked from burned spots). :
T milli- ‘
Depth PPM. : mohs % Milliequivalent/100g
in cm " pH P K NO3-N _Salts OM. Ca Mg Na
o~ ~ Unb. 1/ 6.2 - 66 985 1.5 Q.S - 5.80 18.2 3.36 0.48
] . .
=] B 6.3 82.5 1120 3.3 0.6 6.03 19.0 3.48 0.54
2 Unb. 6.1 45 85 1.0 0.4° 5.87 16.2 2.87 0.5l
1 ’ . : .
o B.. 6.1 57 . 865 2.0 0.5 5.87 1l6.6 3.03 0.54
Ash -= 475 1520  ~< - == -= 314 7.13 0.51
1/ Unb.: Samples collected from spots completely unaffected by burn within the burned
: block. : :
‘B.:

Samples collected from spots where most of the mulch was turned to ash.’

74
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the burned areas showed much higher values than the unburned areas for
all the properties testéd. The burned areas valués~were aléo highef
than the ma#imum values obtained when sampling the entire burned blocks
(?ables 8 and 9). The analysés of ash samples from the two sites
yielded the same results except for phosphorus wﬁich was considerably
higher in site 2 than in site 1. All the elements analyzed except .
sodium were higher in the ash than in the soil of the burned areas.-
These values were much higher than the calculated expected release of
these elements in both sites. This is probably due to the fa;t that
in the areas wﬁich were complétely burned-the fire consumed the dry
undetached mgtter:and burned sh;ubs added considerably to the fuel.

The results of these anaiyses reflect'the difficulty of sampliﬁg_
in such burné. Sampling the localized burned areas only does not pro-
vide a clear picture of the effect of fire on the whole block. On the
other hand, sampling the whole block might overlook the effect of fire
on the localized burned areas. quevér, larger samples oﬁ the whole_ |
block should provide better information about the overall effeét Af

- fire.

Vegetational Analyses

Basal Cover:

| Site 1: The analyses of basal cover data of site 1 are shoﬁn in
Table 12. The.basal cover differences between the burned and unburned
.blocks for'the different species are shown in Table 13." The complete

data afe présented.in Appendix Table 8.
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Table 12. Statistical analyses of weekly basal cover measurements of
' burned and unburned blocks, Site 1 (measurements were taken
for 12 weeks following burning).

‘Dates X

Species . " Treatments Dates Treatments
Agropyron trachycaulum *x . *%k - Rk
Carex spp. , *% *k "~ n.s.
Danthonia unispicata . N.S. % ) ok
Festuca idahoensis S k% *k n.s.
Poa alpina - ok e ' *k
Stipa‘ viridula n.s. ok " n.s.
Total grasses and sedges %k N ek
Achillea millefolium n.s. n.s. n.s.
Aposeris glauca n.S. : k& n.s.
Antennaria rosea n.s. *% . *
Dodecatheon pauciflorum n.s., ’ * . %
Fragaria virginiana n.S. ) n.S. - n.s.
Geum triflorum ¥k . * n.s.
Lupinus leucophyllus n.s. *% " n.s.
Phlox caespitosa %k o kX ok
‘Potentilla gracilis n.s. , n.s, n.s.
Taraxacum officinale ke ' *% Foke
Miscellaneous forbs ' *k *% n.s.
Total forbs . * *% *k
Artemisia tridentata *% n.s. n.s.
Potentilla fruticosa ke n.s, ' n.s,
Dead Artemisia tridentata K% n.s. n.s.
Dead Potentilla fruticosa . . n.s, n.s. n.s.
Ash hek n.s, n.s.
Bare soil n. s, B T - . 'n.s.
Lichen . Kk : Kk %
Litter . o : Kk ®k , Kk .

Rock ' *% " n.s. . N.S.

* Significant differences at the 0.05 probability level
*ke Significant differences at the 0,01 probability level

n.s._  genzsignificant

ﬁnh0'§h{*i
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Table 13. Basal cover differences between thée burned and unburned
blocks, site 1, means of 12 weeks measurements (values are
in sq dm/20 sq dm).

Species . Unburned Burned Differences
Agropyron trachycaulum 0.15 . 0.25 +0.10%%
Carex spp. 0.49 0.31 -0.18%%*
Danthonia unispicata 2,49 . 2.70. +0.21
Festuca idahoensis , 0.27 0.1 =0.14%%
Poa alpina . . 0.40 0.10 -0.30%
~ Stipa viridula 0.16 0.15 ' +=0,01" . |
Total grasses and:sedges 3.95 3.65 -0,30%*
Achillea millefolium - 0.00 0.01 ©+0.01
Agoseris glauca 0.09 0.04 -0.05
Antennaria rosea , 0.37 0.30 -0.07
Dodecatheon pauciflorum ; 0.02 0.00 -0.02
Fragaria virginiana 0.13 0.20 +0.07
Geum triflorum 1.70 0.90 -0.80%*
Lupinus leucophyllus 0.14 0.17 +0.03
Phlox caespitosa 0.42 - 0,21 ~-0,21%%
- Potentilla gracilis 0.15 0.19 +0,04
Taraxacum officinale 0.03 0.21 +0,18%%*
Miscellaneous forbs 0.84 . 0.54 =0,30%%*
Total forbs S 3.90 2,78 . -0,12%%
Artemisia tridentata 2.05 0.29 -1.76%%
Potentilla fruticosa 0.65 0.15 =0.50%%
Dead Artemisia tridentata 1.28 1.94° +0,66%%*
Dead Potentilla fruticosa 0.01 0.07 +0,06
Ash , ' 0.00 2,46 42, 46%%
Bare Soil 0.62 0.49 -0.13
Lichen 0.44 1.06 . - +0.62%%
Litter 10.99 9.54 =1.45%%
Rock 0.00 0.12 %0, 12%%*

* Significant differeﬁces at the 0.05 probability level -~
*% Significant differences at the 0.01 probability level.

o R
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Total grasses and total forbs showed highly sighificant lower

valgés in ihe burned p;dﬁk when compare&'to the unburned block. Highly

et s .
significant changes were observed among the values for total grasses and
" total forbs measured at different dates. The interaction.between treat~
ment effect and dates of measurements was highly significant.
\'! . - -

Festuca idahoensis, Poa alpina aﬁd Carex spp. showed highly -sig-

snificdant lower values in the burned block than the'unBurned block.' The

‘'only grass species which reflected a significantly higher value in the’

burned block than the unburned block was Agropyron trachycaulum,
The change of grass values among different dates was sigpificaﬁt

for Agrostis alba and highly significant for the other species. The

interaction between treatment effect and dates of measurements was

highly significant for Danthonia unispicata, Agropyroh tréchycaulum and
Poa alpina (Figure 23).
Three forbs showed highly significant differences in basal cover

between the burned and unburned blocks. Geum triflorum and Phlox

caespitosa had lower values while Taraxacum officinale had higher values

in the burned than the unburned blocks.,
The change 'of cover values between the different dates of measure-

. merits was highly significant for Phlox caespitosa, Antennaria rosea,

Lupinﬁs leucophyllus, Taraxacum officinale and Agosérié glauca, and was

significant for Geum triflorum (Figure 23). The interaction between

treatment effect and dates of measurements was highly significant for




Basal cover in sq dm per 20 sq dm plots

81

==== Unburned
Burned

Danthonia

unisgicata

) |
Agropyron
trachycaulum

0 4 a
e
//\
4 b \\ Festuca
e el e
.~ i Aouat s et idahoensis
' = i ————————=
0. - = R SRy
. " i i : Dl
(=) r~ ~3 i (=] O o (=) O o~ o r~
- N T, i - o~ S~ Doy ) o~ ™ e
P ~ ~ - ~ b o0 0 ~ - ~ N
ve) © r~ ~ o~ © o )
Dates of Measurements
Figure 23. Weekly averages of basal cover measurements of the major

species of vegetation in the unburned and burned blocks,
site 1.
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Phlox caespitosa, Taraxacum officinale and significant for Dodecatheon-

pauciflorum.
The two ghrubs in site 1 both 'showed highly significant lower

values in the burned block. The measurements of dead Arﬁemisia-tridené

tata showed a highly significant.increase.in the burned ﬁlock. The
meaéurements-of live and dead shrubé showea n;'sigﬁificaﬁt cﬁanges dde‘
.to dates of observatiéns.

The values mgasured forhlitter were highiy'significantly lower in
the burﬁed‘block. Lichens, ash and réck measurements showed highly
signifiéantly higher values on. the burned block while béfe'soil‘reflec-
ted a non=significantly lower value. This lower value'for bare'soi1 is.

'due to the measurement of the ash covered ground separately.

The dates of obgervations and the interaction between the dateg of
obsérvafions an& tfeaﬁment effect were s;gﬁificant for litter and lichen
and not éignificant for bare soil, ash and rock. -

Site 2: The analyses of basal cover data of gité é are shown iﬁ
Table 14. The basal cover differences'between:tﬁe burned and unburned
blocks for ;he different species are shown in fablé 15. The complete

- data are presented in Appendix Table 9.
| The slightly lower basal cover of total grasses and sedges in the
burned block was nét statistically significant.‘ Thé basal cove? showed

highly significant changes between the dates of observatioﬁs. The
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Table 14, Statistical analyses of weekly basal cover measurements of
burned ;and unburned blocks, Site 2 (measurements were, taken'
for 12.weeks following burning)

| ) Dates X
Species E Treatments Dates Treatments
Agropyron trachycaulum * *k n.s.
Agrostis alba ' " n.s. *k ‘ K%
Bromus marginatus * * n.s.
Carex spp. n.s. ke *
Danthonia unispicata : n.s. * ‘n.s.
Festuca idahoensis “N.S. n.s. n.s.
Poa alpina n.s. k% . n.s.
Stipa viridula . n.S. * n.s.
Total grasses and sedges n.s. : *%k . k%
Achillea millefolium ' Fk * *
Agoseris glauca .n.s. il ’ n.s.
Antennaria rosea n.s. *k n.s.
Aster- scopulorum *k *h *%
Fragaria virginiana n.s. *k " n.s.
Geranium viscossissimum n.s. : Kk : *
Geum triflorum . . n.s. n.s. n.s.
Lupinus leucophyllus n.s. ¥* n.s.
Myosotis svlvatica n.S. *% *k
Potentilla gracilis . * *% *k
Taraxacum officinale . % *% - n,s.
Miscellaneous forbs n.S. **k n.s.
Total forbs n.s. T k% *
Artemisia tridentata k% n.s. - n.S.
Dead Artemisia tridemtata n.s. . n.s. Hk
Litter . ‘ k% . ‘** . n.S.
Lichen . n.s. . * *
Bare soil . ' % Fk . n.S.

Rock . n.s. n.s. n.s.

* Slgniflcant dlfferences at the 0.05 probability level
*% Significant differences at the 0.0l probabillty level
n.s. non-significant
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Table 15. Basal cover differenceé between the burned and unburnea
locks, site 2, means of 12 weeks measurements (values are

in sq dm/20 8¢ dm).

Species Unburned Burned. Differences
Agropyron trachycaulum 0.11 0.19 +0.08% "
Agrostis alba 0.18 0.08 -0.10
Bromus marginatus 0.72 0.55 -0.17%*
Carex spp. 0.44 0.42 =0.02
Danthonia unispicata 0.03 0.05 +0,02

- Festuca idahoensis 0.69 0.66 - -0.03
Poa -alpina - 0.12 0.12 . 0,00
Stipa viridula 0.30 0.30 0.00
Total grasses and sedges . 2,52 2.38 -0.14
Achillea millefolium 0.14 0.37 +0,23%%
‘Agoseris glauca 0.32 0.34 +0,02
Antennaria rosea 0.07 0.15 +0.08
Aster scopulorum 0.24 0.43 . +0,19%%*
Fragaria virginiana 0.01 0.04 +0.03
Geranium viscossissimum- 0.62 0.49 -0.13
Geum triflorxum 0.29 . 0.20 -0.09
Lupinus leucophyllus 0.32 0.34 +0.02
Myosotis sylvatica 0.28 0.26 -0.02
Potentilla gracilis 1.16 1.41 +0,.25%
Taraxacum officinale 0.73 0.56 ~0,17*
Miscellaneous forbs 0.84 0.74 -0.10
Total forbs 5.06 5.36 +0,30
Artemisia tridentata 1.46 0.08 =1,38%*
Dead Artemisia tridentata 1.49 1.54 © 40,05
Lichen 0.02 0.00 -0.02
Litter 10.63 8.61 «2,02%%
Bare soil 1.54 3.56 +2.02%%
Rock 0.08 0.03

~-0.05

* ‘Significant'difference at the 0,05 probability level
%% Significant difference at the 0.01 probability level.
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interaction between treatment and dates of observations was highly’
significant. |

The slighfly higher ;otal basal cover of total forbs in £he :
burned blocks was not significant. On the otﬁer hand, the changes in
basal cover be;ﬁeen the dates of observations were highly éignificant.
The interaction between treatment effect and dates of observatioﬁs was
significant.

Bromus marginatus showed a significant decrease while Agrégxron

trachycaulum showed a significantly higher- value in the burned than the
unburned block. The basal cover measufements showed significant changes

among the dates of observations for Bromus marginatus, Stipa viridula

and Danthonia unispicata, and the changes were highly significant for

Carex spp., Agropyron trachycaulum, Poa alpina and Agrostis alba (Fig-

'ure'24); The interaction between: treatment effects and dates of obser-

vations was significant for Carex spp. and highly significant for

Agrostis alba,

Potentilla gracilis was significantly more in the burned block than

the unburned block while Taraxacum officinale was sigﬁificantly less.

Achillea millefolium and Aster scopulorum showed highly significantly
| g .

higher basal cpvefiin the burned block than the unbutned block.

The change of the basal cover between the dates of observations

for Potentilla graéilis, Taraxacum officinale, Geranium viscossissimum,

Myosotis sylvatica, Aster scopulorum, Agoseris glauca, -Antenmaria rosea

'
1
H
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Figure 24. Weekly averages of basal cover measurements of the major

species of vegetation in the unburned and burned blocks,
site 2.
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"\ and Fragaria virginiana was highly significant., The change of the basal

cover of Achillea millefolium and Lupinus leucophyllus among the dates

of observations was significant (Figure 24). The interaction between

treatment’ effect and dates of observations was highly significant for

Potentilla gracilis, Myosotis sylvatica and Aster scopulorum and was

significant for Achillea millefolium and Geranium viscossissimum.

Artemisia tridentata showed a highly significantly lower value in

the burned block but the dead Artemisia tridentata was not significantly

higher in the burﬂed block than the unburned block.

The litter and the bare grqund areas sﬁowed highly significant dif=-
ference between the gupned and unburned blocks. The litter ﬁas lower
in the burned block and the bare ground was gqually higher.

Camparison betweén the two sites: The differences between the '~
basal cover data of thg two sites are due-to the initjalldifferénces
bétween thé two sites and to the different degreeé of burning that
affected égch site. The highly significant changes-observed between
the weekiy measurements of the baéal cover of most of the species were
not surprising. fhe changes reflected the Qeather changes throughout
the study period and their effect on the natural phenological stages of
growth of the différent species. The change battern was variable be-
tween gpecies and for the same'species in the.two sites.

The effect of burning on the different grass species showgd some

similaritiés on the two sites. Significantly lower values were
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observed in the basal cover of Festuca idahoensis and Poa alpina in the
burned biock in-sitg 1. In site 2 ‘these tw§ species showed nonjsignifi—
cantly lower values in the burned block. Carex spp. showed highly sig~
' nificénply lower values in the burned blocks' than Ehe unburned blocks
in site 1;- In site 2 §g£g§>spp. was non-signifiééntly lower in thé

burned block'than.the.unburned block.

Agropyron trachycaulum showed significantly higher values in the
burned blocks than the unburned blocks in both sites. The higher

values of Agropyron trachycaulum in the burned blocks might be attribu-

ted to the fact that the first measureable basal cover of Agropyron

trachycaulum in the burned and unburned blocks at both sites was
recorded later than mia-July. It could be.concluded that since

Agropyron trachycaulum started to.deﬁelop later in the growing seasbn

\

it was not daﬁéged by the fire and that the g?owing conditipns were
more févofab;e:for'if.in the burned blocks than the unburned blocks.
The efféct of bufning on forbs showed. some vafiations. In . site 1
the total forBs value was éignificantly lower in the burnea block thaﬁ
the unburned block. In sife 2 thé'total forbé.value was non~signifi-

cant higher in the burned block. Achillea millefolium and Potentilla

-graéilis showed higher basal cover in burned than unburned blocks in
both sites. The higher values were only statistically significant for

Achillea millefolium in site 2. Aster scopulorum, which occurred in

site 2 only, showed a highiy significantly higher value in the burned
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block than the unburned block, Taraxacum officinale had a highly sig-

nificantly higher value in the burned block than the  unburned block.

In site 2 Taraxacum officinale had a significaﬁtly lower value in the

burned block than the unburned block. The result with Taraxacum
officinale in site. 1 is a better indicator of the reaction of . this
species to fire as the fire in site 2 was very light.

Geum triflorum showed lower values in the burned blocks than the

:unburned blocks in both sites. These values were highly significant

in site 1 and -not significant in site 2, Phlox caespitosa, which

occurred in site 1 only, reflected'highlylsignificantly lower values
in the burned block than the unburned block.

The congistency-of éhe pattern of changes of basal cqvér for most
of the above species in both sites make it possible to draw definite
conclusions about the reaction of each species to fire regardless of
the fact that in some-cases the differences were not statistically
significant. ‘The lack of statistical significance in these cases can

be attributed to ihadequacy of sampling.

Species damaged by fire Species favored by fire
Carex spp. Agropyron trachycaulum
Festuca idahoensis Achillea millefolium
Poa alpina Aster scopulorum

Geum triflorum Potentilla gracilis
Phlox caespitosa Taraxacum officinale

Artemisia tridentata
Potentilla fruticosa
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The significant interaction betweén burning effect and dates of
observations point out that these‘factors are hot independent of each
other. Regression lings were plotted for the data of Eotal grasses and
gotal forbs of both sites to reflect the relationéhip between the basal
cover measurements ;nd the dates of observation§ (Figures-25_and 26).
The statistical significance of variation due to fegression was highly
significant for total forbs in site 1 and total grasses in site 2 and
it was not significant in the other two cases. Nevertheless, a.general
péttern is evideng from these regression liﬁes. Foliowing,fire a
decrease in basal cover occurred in the bufned blocks. As fhe seééon
advanced the diff%rences between burned and unburned blocks decréased.
This was more eviéent in site 2 where after five and seven weeks Ehe

i

forbs and grassgslbasal éover values were higher.in the burned block
than unburned BloJk. In site 1 by the 12th week the difference between
 the basal cover oﬁ the forbs in the burned blopk and unburned blocks
were very much 1e;s than thé initial difference. The fegression lines
for grasses in site 1 did not show the above pattern but the original

data for grasses shows that by the last two weeks the basal cover in

the burned block exceeded that for thé unburned block. .
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Vegetational Development

+ g

%Ih;;éuémaries of.t?e vegetatioﬂa} development data are presented-
in Taﬁigg 16 and 17 forxsite 1 and‘2; The'vegetationél development
méasureménts'afe difficult to interpret because of the difficulty of
applying any statistical anglysis to them. The number of observations
was quite variable Qeekly and among spécies. The number of meaéure-
ménﬁs taken for some species was not adequate., This is due to the
sampling method,used which was meant to redﬁcg the personai bias in
selecting individual plants of each species for measﬁrement; I# is
clear that with this sémpling'method a largef number of samples shouid
be measured. Nevertheless, the floral development stages.can be useful
as goéd indicators for any differencés induced by burniqg effects on
plants. |

Most grasses and forbs showed better vegetative'growth in the
unburned blocks than the buyned blocks during the first few weeks of
measurements. The lesser vegetative growth in the burnea blocks can Be
explained as a direct effect of the damage caused by burning.‘ However,
most species recovered in short time and the measurements were compar-
able after five or six weeks,

Poa alpina and Festuca idahoensis were consistently shorter in the

burned block than the unburned block in site 1. This might explain the

lower basal cover values for these species in the burned blocks.




Table 16. Weekly averages of vegetational development measurements of the unburned and burned
blocks, site 1 (Culm lengths of grasses and leaf lengths of forbs, measured in cm).

Dates of Observations

Species’ - 5731 6713 6/20 6728 774 7/12 7719 7727 8/5 8716 8/22 8730
Agropyron Unb. cem mmm o mee mme mme === mm= 20,2 20.5 19,8 === =--
trachycaulum B me= mme =ee ame em- --= 18,3 17.3 17.7 17.3 22.7 17.5
1/ '
(a)t
Carex Unb. cee wmem 15,0 === 21,0 === =m= =a= 23,5 34.6 4.25 32.8
— B em eme m== 19,0 mm= === 13.0 -=- 24.3 28.4 51.3 57.5
' @A) @ @ '
Danthonia Unb. 5.5 8.4 10.4 11.6 11.6 10.9 17.8 22.3 18.5 24.7 24.4 22.6
unispicata B 4.8 6.3 6.0 9.8 11.2 9.4 17.8 18.7 20.4 21.8 18.3 18.8
()
A) (s) ‘
Festuca Unb. 5.6 === 6.0 20.0 14.5 === 26,3 9,3 ==m == 10,0 ==-
* Tdahoensis B 3,5 === === == 8.5 5.5 === 6.7 5.0 6.0 me= ==
' (1) (5)
e . (1) -
Poa : Unb. © 7.5 11.1 14.1 14.8 15.0 19,1 27,7 17,0 ===  =s=  =co  =ne
alpina’ B -e= 7.5 7.3 14.6 13.8 15.6 16.0 === ==s =m= eme =es
: : Ay
- ' (A) ' ,
Stipa Unb. 9.6 11.0 === 13.7 20.0 17.6 27.7 === === =ec -oc  =a-
viridula B~ . . 7.310.5 6.5 13.0 === 15.0 27,3 =ee mme e=rs  cm= -
(A). -
~ Achillea Unb. 6.2 === 8.5 10,0 11.0 7.7 === === 10.7 10.0 === ===
millefoliwp B ae= 5.5 4.0 7.0 7.0 6.9 ~==_ 8.8 6.3 8.0 === 4.5

Growth stages: (D) bud, (B) bloom, (T) boot, (A) Anthesis, (S) seed maturing.
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Table 16, (Continued)
Dates of Observations )
Species 5/31 6/13 6/20 6/28 7/4 7/12 7/19 7/27 8/5 8/16 8/22 8/30
A , (s) ()
Agoseris Unb. —-e «a= 6.5 7.0 === cc= cec mee 2ol coa ame -me
glauca B 4,7 === 5,6 wo= w=e cew cece ece ces wee  eee  e-s
(s) «S)
- SR (®) ,
Fragaria Unb. ~ee mos mee ea- 8.0 8.0 -=- 6.0 === emc === 6,0
. virginiana B 3.0 can  woe o= 6.0 4.0 --- 5.0 3.0 === m== 4.0
. (B).
_ ® (@ O
Geum Unb. 7.8 12,0 11.8 10.1 13.5 12.0 12.3 11.9 10.8 11.4 7.0 9.8
triflorum B 6.3 7.6 7.0 9,7 9.2 9.0 11.0 10.8 11.8 8.4 8.0 11.3
(D) () (D)
. () (8) (B) (B)
Phlox Unb. we mee mee ece eee sse, emee  mce  sas  ecc  See e
caespitosa B o= soe sme eecs eee wee  ece eee o= | sas  eee  eae
- (B) (B) (B)
' _ () _(d) () ®)
Potentilla Unb. 6.8 8.0 10.0 8.0 10.0 8.8 9.0 10.7 13.0 9.0 7.5 13.0
gracilis B 2.5 === 5.4 4,0 10.0 6.0 5.5 9,0 7.3 8.0 11.0 6.5 -
, ® B (B) (B
(s)y (s
Taraxacum Unb. 6.3 === 7.6 7.5 8.0 12,0 === 7.0 15.0 2= <oe o==
. officinale B 2.9 4.3 5.0 3,9 === «c- ece oa- 7.0 com coc wee
(B) .
o) @) (B)
Potentilla Unb. - cwe we= mme eme mme  eae eee eo= ece  mee  aes  ee=
fruticosa B ce= ' mme . ees mcs’ mee eme ese me=  wee mee mc= o=

66




Weekly averages of vegetational development measurements of

the unburned and'burned

.Table 17.
blocks, site 2 (Culm lengths of grasses and leaf lengths of forbs, measured in cm).
i Dates of Observations .
Species 5/29 6/13 6/22 6/27 7/4 7/13 7/19 7/28 8/3 8/9 8/17 8/22 8/29 9/7
. a) (&) .
Agropyron Unb. mee eme mem  cee  ase eme === 44,5 42,5 51,0 59.3 60.0 48.5 41.0
“trdachycaulum’ BT = T mec ee= =me ce- -o= -e- 36.3 46,0 53.2 51.0 44,0 49.3 49.0 48.2
) a) :
a) () . .
Bromus Unb. 8.4 12.0 17.8 19.4 22,1 25.9 32,0 44,0 46,7 51.6 63.7 52.4 55.8 46.8
marginatus B == 12,5 15.0 19.4 23.8 21.8 35.5 43.3 41.0 52.3 60.7 49.4 49.7 40.0
(4)
(T) '
Carex Unb. wee 15,0 === === 24,0 === 44,0 33,0 37.5 61.2 52,8 41.0 44,9 55.0
sSpp. B cme. mem  eé= see ee= a=e === 45,5 35,0 4,0 50.3 36.3 37.4 34.4
Danthonia Unb., mee eem eme ces o= 11,0 =e- =eer eo- 30.0 === === 28,5 ===
unispicata B sm= S=m mse e2= ew= ==« eo= 32,0 ==~ =-- 30,0 35.0 30.0 27.0
™ (0 @ @A)
Festuca Unb. 10.4 15.0 17.9 20.7 22.5 30.4 32.Q 22,0 31.0 52.4 41.2 40,8 43,4 56.3
idahoensis . B 6.6A'8.0;15.8-18.2 19.0 19.9 28.8 21.5 28.3 32,0 46.6 48.0 .46.0 31.2
' - (A) o
Poa Unb., 9.6 14,0 ===~ 15.0 21.0 26.3.30,0 ===~ ==~ 43,0
alpina B~ === 11.8 13.6 === 22,5 === 25.0 === ~== 53,5 eon . ~a-
‘ (s)

o _ . @ @ 2 '
Stipa Unb. == 12,0 =--- 16,0 22.0 30.0 31.8 58.3 59.0 76.0 65.8 88.0 82.5 70.7
viridula B 6.0 10.0 15.0 16.2 18.0 29.0 45.0 62,2 53.8 71.4 55.2 76.4 59,7 62.3
Growth stages: - (D) bud, (B) bloom, (T) boot,

(A) Anthesis, (S) seed maturing.
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Table:l? (Continued)

Dates of Observations

Speeies 5/29.-6/13 6/22 6/27 7/4 7/13 7/19 '7/28 8/3 . 8/9 8/17 8/22 8/29 9/7
. (8) - (8) (B)
Achillea - Unb. 6.0 11.6 13.0 15.5 16.2 15.8 ==~ 10,3 14.6 16.0 13,5 === «cn  -=-
millefolium B -—- 7.0 9.7 10.8 12.0 15.4 14.2 11.6 15.2 12,3 15.8 12.8 17.0 ===
: _ . (B) = )
. (B) -
Agoseris Unb. 7.6 11.0 17.1 17.2 18.3 16.0 19.5 ==~ =~== «cc cn=c eca eece  ==a
glauca B ——- 8.2 13.6 15.9 16.0 17.3 17.7 14,3 === =ea cec =cc coe - caa-
. )
Aster ~ Unb. See  mee  em= eee cee ewe === 19,0 19.0 === 17.3 ===. 20,0 ---
scopulorum B wem  cme  ses eme ees ~e- -ee 16,4 17.5 16.6 18.8 17.0 18.4 18.0
. (B) (B) ,
® (& (B) ’ —
Geranium Unb. 5.7 17.0 14.0 14.6 15.1 19.3 16.8 15.7 19,0 16.6 17.0 11.0 === «==
viscossissimum B 3.0 --- 10.0 9.8 16.8 17.4 18.8 16.0 18.8 19.0 14,0 === «si= «w-
(B) (®B)
Geum Unb, . 8.8 12.4 11.7 13.7 15.5 15.4 16.8 17.0 14,3 19.0 ==~ 12.0 15.4 8.5
triflorum "B. 5.8 12,0 14.5 14.0 15.0 15.3 16.0 14.5 13.0 17.0 === 14,0 12,0 22.0
—_— . : (s) :
- (B (B) (5
Lupinus - Unb. === === ees eco wes cme coe ecn eee mee cee 25,0 -e- eee
leucophyllus B mme mmm eme mme mee ceo e mme cee mee 17,0 eme eem ee-
(B) (8) (s) (B) (S) B
, . (s) (s) (D) (B) (B) .
Hyosotis Unb. ——— —-- 2.8 3.6 =e= cee cema wen ame ere  eee moe eee  a--
sylvatica B == ~== 4,3 4,8 -== <c=- ees cec aco cec Tmee coe aee aee
(). (B (B) (S) (8)




Table 17. (Continued)

Dates of Observations

Species . 5/29 6/13 6/22 6/27 7/4 7/13 7/19 7/28 8/3 _8/9 8/17 8/22 8/29 9/7
- (B). (B) - (B)
Potentilla  Unb. 6.6 9.9 12,7 --~ 15.0 16.9 16.3 14.9 14,7 18.1 18.3 13.3 15,7 11.6
. gracilis . 4,3 7.1 7.9 --- 111.8 14.8 14.6 14.2 13,1 15.4 14.8 12.7 13.9 10.8
, - (B) ' (8) :
(B) (B) (5) (8)
Taraxicum Unb, 6.6 12,3 13.0 17.9 17.3 17.6 19.4 19.8 21.5 24.4 24.3 21.3 23.8 17.8
officinale B --- 7.4 8.1 12.6 16.7 19.3 17.2 18.4 16.6 18.3 19.4 18.7 21.0 18.3
: (B) -

201
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Nq.g}egg differenées were no;iced'in.the floral developments
between the burned'blocks and unburned blocks in the two sites. How~
ever, iﬁ is noticed that a slower development of the different species
of vegetation was occurring in the burned areas tﬁan the surrounding
unburned areas. -Very fe@ incidents of floral development were observed
within the éompletely burned areas in both sites. Most pi;nt growth
within these completelylburned areas remained gréen throughout the -
period of observations ﬁhile all vegetational growth in ;he ﬁnburﬂed
areas was sgafting t0'&ry in mid-Augﬁst and was almost completely dry
by the.begihning of September.

The following species were common in' the completely burned areas

in site 1: Agropyron trachycaulum, Carex spp., Danthonia unispicata,

- Geum triflorum, Potentilla gracilis, Taraxacum officinale, Fragaria

virginiana and Lupinus leucophyllus. The species which were common in

the completely burned areas in site 2 are: - Agropyron trachycaulum,

Taraxacum officinalé, Myosotis sylvatica, Potentilla gracilis, Achillea

ﬁillefolium; Géranium viscossissimﬁm, égoser;s glauca and Antenﬁarié
rosea, In both sites forbs appeafed in the burned éreas ﬁore than
. o :
grasses.

Forage production: Tables ;é;and 19 show the averagé forage pro-
duction of sites 1 and 2. . As the clipping Qas'done oﬂly once at mid-

August these results are not goot indicators of total productivity. In

site 1 by.the time of clipping most of the forbs had already completed
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Table 18. Foliage production on the unburned and burned blocks, site 1.
(Values are average oven dry weights of ten plots clipped in:
the last week of August).

Unburned Bufned Difference

Species . g/20 sq. dmézﬁ 2/20 sq. dm £/20 sq. dm
Agropyron trachycaulum 0.17 0.38 +0.21
Carex spp. 0.82 1.46 - 20,64
Danthonia unispicata 9.34 8.85 -0.49
Festuca idahoensis 0.68 ‘0.40 ) -0.28
Stipa viridula 0.56 0.13 -0.43
Total grasses 11.57 11.22 -0.35
Achillea millefolium 0.00 0.02 -0.02
Antennaria rosea . 0.47 0.96 +0.49"
Fragaria virginiana 0.22 0.24 +0.02
Geum triflorum 5.88 0.63 =5,25%%
Phlox caespitosa ' g.92 0.51 -0.41
Potentilla gracilis 0.49 0.30 -0.19
Miscellaneous forbs 0.53 2.10 +1.57
Total forbs : 8.53 4.74 -3.79
Total forage ' 20.10 15.96 -4.14

None of the differences are significant at the 0.05 probability level.

1/ Multiply these values by 50 to get the production in Kg/h.
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Table 19._ Foliage production on the unburned and burned blocks, site 2.
) (Values are average oven dry weights of ten plots clipped in
‘the last week of August.

"Unburned Burned Difference

Species ' ' /20 sq. dm 2/20 sq, dm - g/20 sq. dm
Agropyron trachgcaulum 0.21: 0.14 - =0,07
Agrostis alba . 0.25 - 0.03 -0.22
Bromus marginatus 3.75 1.65 _ -2.10
Carex spp. ' 1.56 . 1.79 C 40,23
Festuca idahoensis 1.51 1.13 -0.38
. Poa alpina : ‘ 0.22 - 0.04 - - =0.18 .
Stipa viridula : 1.22 - 0,78 - =044
Miscellaneous grasses . 1.08 . 0.60 . - =0.48
Total grasses ) 9.80 6.16 =3.64%
Achillea millefolium 0.00 0.37 +0.37
Antennaria rosea 0.00 0.65 . - +0,65
Aster scopulorum 3.65 “1.53 ' -2.12
Geranium viscossissimum 0.00 2.43 ©#2,43
Geum triflorum - 0.88 1.17 ‘ +0.29
Lupinus leucophyllus -~ 0.61 1.98 +1.37
Myosotis sylvatica - 0.71 0.98 +0.27
Potentilla gracilis 5.49 - 5.56 +0.07
Taraxacum officinale » 1.77 - 2,91 - +1.14
Miscellaneous forbs 2.89 1.13 -=1.76
Total forbs S 16.00 18.71 +2.71

Total forage 25.80 24,87 -0.93

* Significant difference at the 0.05 probability level.

l/ Multiply these values by 50 to get the production in Kg/h.
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their life-cycles and their upper parts diéidtegrated. If the élip-
ping had been dbne earlier, the contfibutions of forbs to the total
forage production in_site 1 would have Eéen.greater. Also, the effect
of tfampling over these experimental blocks'throuéh measurgménts aﬂd o
data collection §Houid.be considered as harmful to the natural vegeta-
tional dévelopment and total productivity. It can be concluded that
thg apblicability of ﬁhese results to estimate productivity is ;omewhat
iimited, but the use of these data for comparative investigations be~ -
tween the burned and unburned plotslis still possible.

The production measurements éf ;ife 1.ref1écted some aifferencés
between thé'burned.and unburned blocks. The_total‘foragé produc#ion
was 207 lower in - the burned block. Thé total grass produetioﬁ:was about
the same in both blocks but the forg production was 44% iesg'in the
burned block thaﬁ in’the unburned. None of these differences was sta-
tistically significant.

In site 2 the total grass production was 57% less in the burned
block. The total forb production was 177 higher in the burned block. -
Thé total forage production was almost the -same.

All the species with the exception of éeum triflorum in sitgil did

not show any statistically significant differences between~burned,an6-
unburned blocks, but for a few species certain patterns of change were
évident{ Carex spp. showed higher production in the burned blocks in

both sites while Festuca idahoensis énd Stipa viridula had lower values
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in the burne& than the unburned blocks., The different fﬁrbs did not
show any similar pattern of change in the two sites. This wa;‘possiblf
due to the fact that most of the forbs completed their growth in site 1
before the clipping was done while in -site 2 some forbs were still
green., Geum trifiorum had highly.si;nificantiy lower value in the
burned block than tﬁe unﬁurned block in site 1, The lower production
for Geum triflorum is consistent with the basal cover yalue wﬁich wés
lower in the burned than the unburned block.

Sagebrush mortality estimations: The estimate 6f the ségebrush
mortality ére shown in Table 20. fhé'different mortality classes are
mapped in Figure 27. The mortality classes were mapped by estimation
before the establishment of the transects. The approximate locations
of the four tran;ects within each mortality class are shown in the map.
The average of the estimations of mortality percentages in the tran-
sects of mortality classes one and four were iﬁ agreement with the
estimations used in mapping. On the other hand, the eétimations,dsed
in maﬁping mortality classesltwo and three ﬁere either higher or lowef
than the-averagés of the transects estimations. The average mortality

of sagebrush in the 16 transects was found to be 44,3%. However, the

percentage of Artemisia cana should be excluded from this ratio as it
is capable of resprouting and is not completely damaged by burning as

is Artemisia éridentata.




Table 20.
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Estimations of percentage mortality of sagebrush (Aftemisié"
tridentata and Artemisia cana) in the burnéd area - Averages

calculated from 100 estimates on each of 16 transects.

Transect Numbers % Saggbfﬁsh Mortality

r : _ 5.0
2 , 7.8
3 . .. . 11.9
4 . ’ _ 16.3
5 - 52,9
6 ' © 42.0
7 , : ' - 27.7
8 » . 57.5
9 . 52,2
10 - . 26.0
11 . ' 42.3
12 . 46.5
13 : . 46.0
14 ' : 84.6
15° | 9.7
16 94.9

Average 44,3
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Class 3

Mor**“"‘a

Clags |
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Figure 27, Sagebrush
mortality classes with the
approximate locations of
the mortality estimation
transects.
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Counts were done in eight tramsects to find the percentage of

Artemisia cana of the one hundred sagebrushes of each transect. This

count was not done in all the transects because in class four mortality

it was not possible to distinguish Artemisia cama from Artemisia

tridentata as theyburning destroyed most of the brushes and no sp;oué-
" ing had started by the time of the count, The counts made in the mor-

tality classes two and three were considered adequate for making an

estimate of Artemisia cana. Based on these counts Artemisia cana was
estimated to be around 25% of the sagebrush in the burned area. Sub-
tracting this figure from the overall average mortality of sagebrush it.

can be estimated,that the mortality of Artemisia tridentata was around

30-35%.




CONCLUSIONS

The most important factor which affected the resﬁlts of this study
is the nature of thé burn. The burn was not a typical shrub-grassland
burn in which all or most of the fuel was oxidized éo ash, and hence
contributed.to the physical and chemical properties of the soil. As
_the burn was started in unfavorable wéa;her conditioﬁs and after a con=-
siderable green growth had developed, it regﬁlted in localized bﬁrned |
areas with Surrounding,areas not affected at ali. The drastic varia-
tions between tﬁeilocaliZed burned and unburned areas withiq fhe‘burﬁea.
-blo;ks'are best iilustrated by the chemical.properties of the burned
areas and the vegétational observations of some of the éompletely
burned ageas Whicq show major difference; frém the measurementF of.the'
entire burned bloéks. In most of the sampling methods followed in this
study, the overalf effect on the '"burned blocks' was evaluatedi In
some cases not man& of the localized burned afeas_were sgmpled in the .
whole sample from the burned block.

In addi;ién, to the natural differences beéween the_fwo'sites,
the nature of burn exberienced in each éipe.was quite différent; In
site 1 severe fire oécurred resulting in many localized severely'burnéd
areas while iﬁ sit; 2 the burn was light. These differences make it
difficult to compare.the effect of burning in the two sites.

The soil physical properties did not show major changes induced_by 
‘the burn. Chadges in soil températures,‘soil penetration indices and

infiltration rates might have been better reflected if more intensive
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measurements had been taken. The slight changes of the soil physical
properties reported are not expected to trigggr immediate wide scale
changes in the vegetation.

‘The domplekity of factors invoived in the chaﬁges of the chemical )
properties of soil make it exceptiénally difficult to interpret..
Besides tﬁe original highly significant differenéés'befween the two
sites and some of the significant differences between the two experi;‘
mental blocks within the éame site, the significant changes between the
before andnafter burning samples add to the complexity of thé interpre=-
tation of these changes. The fbefore burning" soil samples were col=-
igctedla;ound mid-May just after the snow melted while the after burn-
ing samples wére coilec;ed at the beéinning of the summer when some‘-
biologicai éctivities were much more active in tﬁe soil. It can be
pointed out tﬁat perhaps the use of other sampling methods -which might
;ccounf for some éf the biological changes coula make itApossible to
detect the burning effect more accurafely; However, it can be con-
cluded that the magnitude of the changes due to biological .reasons were
greater than the changes due to the burning effect. The theoretical-'
calculation of the expected changes in some of the soil nutrients .
substantiated the above findings about the minor nature éf the change
in nutrients due to the burn. That was mainly becausg of the limited

fuel consumed by the burn on both sites which.can hapdly contribute to

any considerable change in>the chemicallpropgrties of the soil.
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-Burning resulted in a consiaerable reduction of the basal cover of
. most of the veéetation, The reduction'is mainly attributed to the
direct damage cauged by the fire. ' The differences between the burned-
and‘unbufned blocks decreased as the season advanced. .

The measuremént-of individual species show that the basal cover of

Festuca idahoensis was significantly lower while that of Agropyron

trachycaulum was significantly higher in the burned than the unburned

blocks. This éoints out that burning sités of dominént‘Feétuca
idahoensis mighL not bring favorable effects. |

'The estimated 35%.mortalitj of big sagebrﬁéh.shows tﬁat-no con~
siderable con;;ol of big sagebrush was achieved by“tﬁe'burn and that 

the planning of another burn might be necessary;w-
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Appendix Table 1. Species of plants dcchrring'in site 1.

-Agropyron trachycaulum Malte,
Carex spp.

Danthonia unispicata (Thurb)
Festuca idahoensis Elmer

Poa alpina L.

Stipa viridula Trin,

Achillea millefolium L.

Aposeris glauca (Pursh) -

Antennaria rosea _
Dodecatheon pauciflorum (Durand) Greene, Pitt.
Fragaria virginiana Duchense. '

Geum triflorum Pursh.

Lupinus leucophvllus Dougl.

Phlox caespitosa Nutt.

Potentilla gracilis Dougl. )
Taraxacum officinale Weber. L o

Artemisia tridentata Nutt.
Potentilla fruticosa
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Appendix'Table 2. Species of plants occurring in site 2.

Agropyron trachycaulum Malte.
Agrostis alba

Bromus marginatus Shear.
" Carex spp.
. Danthonia unispicata (Thurb)
Festuca idahoensis Elmer.

Poa alpina L. .
Stipa viridula Trin.

Phleum pratensis L.

Achillea millefolium L.
Agoseris glauca (Pursh)
Antennaria rosea Greene, Pitt.
Aster scopulorum Gray.
Fragaria virginiana Duchense.
Geranium viscossissimum (Tydb) -
Geum triflorum Pursh.

Lupinus leucophyllus Dougl.
Myosotis sylvatica Hoffm.
Potentilla gracilis Dougl.
Taraxacum officinale Weber.

Artemisia tridentata Nutt.




Appendix Table 3. Soil chemical properties of the unburned and burned blocks prior to
burning, site 1, at the 0-2 cm, 8-10 cm and 18~20 cm depths (three
replicates at each depth). '

“milli-

€z1

Depth No. of PPM " mohs %  Milliequivalent/100g
in cm . Samples pH P K NO3-N Salts O,M. Ca Mg Na
C1-1 5.9 57 845 1.0 2.2  12.19 23.00 4.26 .67
‘Unb. 12 6.1 54 825 0.5 - 1.8  12.26 -23.00 4.26 .54
N 1-3 6.0 57 765 1.0 1.6  10.80 21.00 3.44 .30
o 2-1 6.1 37. 875 . 1.0 2.0  13.40 21.00 4.43 .64
B 2-2 6.1 48 875  1.0. 1.4  6.07 19.00 4.51 .54
2-3 6.0 43 745 0.5 1.8  5.97 18.60 3.94 .51
11 6.3 43 665 0.0 .8 5.00 13.40 2.71 . .48
Unb. 1-2 6.1 40 _ 585 0.0 1.0 . 4.90 12.20 2.30 .48
S ©1-3 6.2 - 37 655 0.0 9. 4,70 13.80 2.71 .54
- 2-1 6.3 31 695 0.0 .8  4.90 13.80 3.48 .69
B 222 6.2 15 665 - 0.0 .8 4,30 13.40 3.48 .67 .
2-3 6.3 18 625 0.0 .8 4,50 13.00 3.48 .72
1-1° 6.3 25 - 555 0.0 .8  4.20 12.20 2.59 .54
o  Unb., 1-2- 6.4 40 605 - 0.0 .8 4.10 12.00 2.71 .54
S L 1-3 6.5 28 595 0.0 .8 - 4.30° 12.20 2.71 .59
| . .
0 2-1 8.4 8 435 0.0 .6  3.30 12.20 4.10 .64
: B 2-2 6.3 5 645 0.0 .8  3.20 12.20 3.77 .72
2-3 6.4 8 515 0.0 7

3.30, 12.60 4,26 .76




Appendix Table 4. Soil chemical properéies of the unburned and burnéd blocks following
burning, site 1, -at the 0-2 cm, 8-10 cm and 18-20 cm depths (three
replicates at each depth). - '

V1Al

. milli- - .
Depth No. of - PEM mohs ~ % Milliequivalent/100g.
-in cm Samples pH P K___NO;-N Salts O.M. Ca Mg Na
1-1 6.0 51 745 1.5 0.8  5.60 19.40 3.48 .87
Unb. . 1-2 6.0 60 695 2.0. 0.8 5.90 20.20 .3.20 .87
~ 1-3 6.1 57. 705 2.0 0.6. 5.90 19.40 ‘3.03 .76
]
o 2-1 6.5 54 945 3,3 1.0 6.00 20,20 4.10 .91
B 2-2 6.3 43 745 2.5 0.7 5.90 23.00 4.10 .85
2-3 6.3 51 855 2.5 . 0.9  6.00 22.60 3.94 .91
- 1-1 6.2 - 28 575 0.0 0.6  4.60 14.60 2.30 .85
Unb. 1-2 6.1 37 605 0,5 0.5 4.20 15.40 1.80 .80
3 © 1-3 6.4 31 665. 1.0 0.4  4;60 15.00 1.72 .80
. ‘ .
® 2-1 6.3 . 13 605 0.0 0.6  4.80 - 15.40 3.36 .91
B 2-2 6.4 13 525 1.0 0.5  4.00 15.80 3.20 .87
2-3 6.4 8 595 0.5 0.4 4,40 15.00 3.36- .85
1-1 6.4 31 515 1.5 - 0.4  3.40 13.80 2.46 .76
© Unb., .1-2 6.4 34 495 1.8 0.5 = 3,40 14.60 2,71 .85
P 1-3 6.2 37 495 1.0 0.4 3,30 13.80 2.46 .91
© 2-1 6.4 8 445 0.5 0.3  2.40 14.60 4.10 1.00
= B 2-2 6.6 8 395 0.5 0.3  2.40 .15.00 4.26 1.00
2-3 6.4 3 485 - 0.5 , 0.3  2.40 13.80 2.54 .87




Appendix Table 5. Soil chemical properties of the unburned and burned blocks prior to
burning, site 2, at the 0-2 cm, 8-10 cm and 18-20 cm depths (three
" replicates at each depth). .

Sl

: : milli- _ )
Depth ~ No. of _ PPM mohs % Milliequivalent/100g
in cm Samples pH P K NO2=N Salts O.M, Ca Mg Na

. - 1-1 6.2 43 985 0.5 0.7 5.97 21.40 4,84 .48
Unb. 1-2. 6.2 51 1020 0.5 0.6 6.13 21.00 4.67 .54
1-3 6.1 57 1000 0.5 0.9 6.07 21.00 . 4.67 YA

N - .

' 2-1 6.3 - 66 685 0.0 0.7 6.07 20.00 4.51 .51

© B 2=2 6.3 69" 655 0.5 0.7 5.97 19.80 " 4.51 .51

2=3 6.3 63 625 0.0 0.6 5.97 19.00 4.51 .64
- 1=2 6.1 31 685 0.0 0.4 5.90 14,60 3.36 .51

o Unb,  1=-3 6.1 25 695 0.0 0.4 5.70 15.80 3.61 .51

' L 2el 6,1 . 43 975 0.0 0.4 5.40 14.60 3.36 .48

® B. 2-2 6.1 40 945 0.0 0.4 5.60 15.00 3.36 .64

2=3 6.3 40 965 0.0 0.4 5.40 14.60 3.20. .54

. 1-1 6.1 31 485 0.0 0.3  3.80 15.00 2.87 .51

o Unb. 1-2 6.0 31 535 0.0 0.4 3.80 12,20 - 3.20 .51

o~ ' 1-3 6.2 25 555 0.0 0.5 4,30 13.80 3.61 51

' ) - )

2 2-1 -- 48 955 0.0 -- 4,00 11.40 3.03 .54
: 0.0 0.5 5.90 15.40 3.48 .48

2-2 6.1 - 25 675




Appendix Table 6. Soil chemical properties of the unburned and burned blocks following
burning, site 2, at the 0-2 cm, 8-10 cm and 18-20 cm depths (three
replicates at each depth).

milli-

9z1

Depth No. of PPM mohs % Millequivalent/100g

in _cm _Samples pH P " K NO3-N__ Salts O.M. Ca_ Mg  Na
1-1 6.1 73 1012 1.0 1.0 5.90 33.80. 6.97 .54

Unb. 1-2 6.2 63 815 2.5 0.7 5.90 21.00 3.61 .51

N 1-3 6.2 63 915 1.5 0.7 5.80- 20.60 3.48 .59
' 2-1 6.3 89 975 2.5 0.8 5.80 17.40 3.03 .59
© B 2-2 6.4 89 1000 2.0 0.6 5.80 18.20 -3.20 .59
2-3 6.3 89 965 2.0 0.7 5.90  21.00 3.48 .72

_ 1-1 6.0 48 595 1.0 0.4 5.30 14,60 2.46 .44

Unb. 1-2 6.0 31 665 1.5 0.4 5.70 14.60 2.46 . .51

g 1-3 6.0 34 785 1.5 .0.4 .5.80. 16.20 2.71 .51

. ,

© 2-1 6.0 60 975, 1.0 0.7 5.20 15.80 2.71 .76
B 2-2 6.1 51 - 855 0.5 0.4 . 5.20 15.00 2.46 .76

2-3 6.1 51 965 2.5 0.5 5.70 15.00 2.46 .54

1-1 6.1 40 -  445. 2.0 0.3  3.60 12.60 2.30 .51

o  Unb. 1-2 6.0 37 475 1.5 0.3 3.70 10.20 1.80 .44
o 1-3 5.9 34 605 2.0 0.4  3.80 12.60 2.46 .54
< 2-1 5.9 57 815 0.5 0.4 3.10 14.20 2.13 .80
B 2-2 6.0 66 895 1.0 0.4 4,40 13.00 2.13 .87

2-3 5.9 51 845 1.0 0.4 4,40 12,60 2.13 .59




Appendix Table 7. Statistical

analyses of the soil

chemical properties.

Significant differences at the 0.01 probability level.

. Site Site Site Treat Treat Time
Treat- , X X X X X X
Elements Sites ment Timel/ Deg;hZ/Treat Time Depth Time Depth Depth
Acidity "pH" Rk % ¥ n.s. n.s. n.s. *k n.S. * n.s.
Phosphorus *k n.s, - ** *¥k *k *% n. s, n.s. * n.s.
Potassium *& k% n. s. wk * n.s. n.s. n.s. * n.s.
Salts ** n.s. *% *% n.s. & *% n. s, n. s, F%
Organic Matter *k n.Ss. n.s. L n.s. n.s. n.s. n.s. * *k
Calcium n.s. n.s. n.s. *k n. s. n.s. n.s. n.s. n.Ss. n.s.
Magnesium n.s. *% * *% *%k ¥ *H n.s. * n.s.
_ Sodium *k N.S., TN.S. N.S. - T.S. *% n.s. % n.s. %
Nitrates n.s. ° n.s. * *% n.s. *%k *% n.s. * n.s.
1/ “Time - before and after burning
.2/ Depth - 0-2 cm, 8=10 cm, and 18-20 cm.
~* Significant 'differences at the 0.05 probability level
*%

LZ1




Weekly averages of basal cover measurements of unburned and burned blocks

following burning, site 1 (Values are averages of 20 - 4X5 dm plots).

Appendix Table 8 .

. Dates of Observations ‘
6/19 6/26 7/4 7/11 7/19 7/27 8/3 8/9 8/16 8/22 8/30 9/7 -Averageg/

Sbegies

Sq dm per‘20 sq dm plot

ron

Agrop
- trachycaulum

B

~ Carex Spp.
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Unb.

Danthonia
unispicata

- 128

Festuca
idahoensis

Unb.

0.40
0.10

‘Poa 4
alpina

Unb.

Stipa
viridula

Total grasses
and -sedges

- Unburned block; B =~ Burned block.

1/ TUnb.

2/ The averages of the weekly observations for each species are calculated from the original

data and rounded to the second decimal.




- 0.0
0.01

Dates of Observations
6/19 6/26 7/4 7/11 7/19 7/27 8/3 8/9 8/16 8/22 8/30 9/7 Averaggg/

Sq dm per 20 sq dm plot

0.0 0.0 '0.03 0.0 0.0 0.03 0.03 0.05 0.0 0.0 0.05 0.9

0.05 0,03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0

8 (continued)

Unb.
B
Unb.

Appendix Table
millefolium
Antennaria

Agoseris
rosea

Species
Achillea
glauca

129

0.02
0.0

0.23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0.0

Unb.
B

Dodecatheon

1.70
0.90

1.98 1.60 1.25 1.48 1.88 1.50 2,10 1.78 2.40 0.88 1.68 1.68
0.48 0.38 0.63 0.48 0.23 0.65 2.03 1.30 1.70 1..0 0.80 1.03

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.20

0.0 0.0

Unb.

Unb.
B

B

auciflorum

leucophyllus

Fragaria
virginiana
trifiorum
. Lupinus

Geum




'8 (continued)

Appendix Table

) Dates of Observations ‘
6/19 /26 7/4 7/11 7/19 7/27 8/3. 8/9 8/16 8/22 8/30 9/7 Average.<

Species

Sq dm per 20 sq dm plot

Unb.

Phlox

caespitosa

0,15

0.08.0.05 0.23 0,25 0,08 0.15 0.25 0.15 0.28 0,15 0.13 0,05

Unb.
B

" Potentilla

0.08 0.10 0.20 0.20 0.25.0.13 0.05 0.25 0.60 0.10 0.30 0.0

0.19

0.03

0.20 0.10 0.05 0,03 0,0 0.03 0.0 0.0 0.0 0.0 0.0 0.0

racilis

Unb.
B

Taraxicum

0.21

officinale

0.25 0.43 1.25 0.70 0,0 0.18 0.03 0.0 0.0 0.0 0.0 0.0

130

Unb.

Miscellaneous

forbs

0.54

Unb.

Totai
forbs

' Artemisia

2.05
0.29

2.58‘2.15 1.68 1.55 2,43 1.10 2.45 2,88 2.98 1.60 1.90 1.90"

0.0 0.0 0.08 3.35 0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Unb.
B

tridentata

Potentilla
fruticosa




1.28
1.94
0.01
0.07

Dates of Observations .
6/19 6[26 7/4 7/11 7/19 7/27 8/3 8/9 8/16 8/22 8/30 9/7 Average

5q dm per 20 sq dm plot
0.75 1.18 0,70 0.60 0.95 1.00 1.85 1.85 2.10 1.28 1.58 1.53
. 2,05 1.83 1.83.1.40 3.75 1.93 2.30 1.78 2.10 1.93 1.45 0.75
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.13 0.0 0.0
0.0 0.0 0.0 0.13 0.20 0.10 0.0 0.25 0.15 0.0 0.0 0.0

Unb.
B
Unb.
B

Appendix Table 8 (continued)

Species

Dead Artemisia
tridentata
Dead Potentilla
fruticosa

Ash

Bare

soil

Lichen

10.99
9.54

9.81 7.66 8.86 7.70 8.8411.46 11.81

511.33 9.8012.401.1511.70 3,10 12.13
1

Ualaa)

Litter

Rock




Sq dm per 20 sq dm plot

Dates of Observations .
6/21 6727 7/% 7/13 7/19 7728 8/3 8/8 8/17 8/22 8/29 9/7 Average2/

Weekly averages of basal cover measurements of unburned and burned blocks

following burning, site 2 (Values are averages of 20 - 4X5 dm plots).

Unb,

ron

Species

trachycaulum

Agrostis

alba

Bromus
.marginatus

Agro

' Appendix Table 9.

132

0.44
0.42

Unb.

Carex
spp.

0.69
0.66

©1.33 0.63 0.63 0.80 0.90 0.40 0.63 0.55 0.53 0.43 0.88 0.55
0.60 0.53 0.70 0.58 0.70 0.88 0.63 0.73 0.63 0.73 0.98 0.40

Unb.

B
ges of the weekly observations for each species are calculated from the original .

. = Unburned block; B - Burned block.
data and rounded to the second decimal,

Danthonia
unispicata
idahoensis

1/ Unb.

2/ The avera

Festuca

alpina

Poa




0.14
0.37

Dates of Observations ]
6/21 6/27 7/4 7/1i3 7/19 7/28 8/3 8/8 8/17 8/22 8/29 9/7 Averagegl

Sq dm per 20 sq dm plot
0.15 0.13 0.23 0.10 0,05 0.05 0.08 0.43 0.03 0.15 0.10 0.03

0.0 0.40 0.55 0.40 0.18 0.45 0.30 0.55 0.98 0.18 0.25 0.05

Unb. .

Unb.
B

Appendix Table 9 (Continued)

Species.
viridula
Total grasses
and sedges
Achillea
millefolium

Stipa

133

1 0.93 0.83 0.45 0.53 0.53.0.0 0.0 0.13 0.0
0.98 0.68 0.55 0.75 0.53 0.38 0.15 0.0 0.0

" Unb.
B

Agoseris
glauca

0.07
0.15
- 0.24
0.43

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 '0.05 0.20 0.68
0.0 0.0 0.0 0.0 0.0 0.0 0.23 0.40 0.0 0.30 0.25 0.60

0.0 0.0 0.0 0.0 0.0 0.90 0.95 0,21 0.45 0.13 0,25 0.10
0.0 0.0 0.0 0.0 0.0 0.63 0.63 1.25 1.10 0.53 0.53 0.48

0.0 .0.0 0.0 0.13 0.25 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Unb.
‘B

Unb.
B

Unb.
‘B

rosea
Aster -
scopulorum
Fragaria
virginiana

Antennaria




9 (Continued)

Appendix Table

Dates of Observations
6/21 6/27 7/&4 7/13 7/19 7/28 8/3 8/8 8/17 8/22 8/29 9/7 Average

Sq dm per 20 sq dm plot

Species

0.62
0.49
0.32
0.34

0.0 2.05 1.48 1.03 0.85 0.88 0.18 0.35 0.30 0.18 0.13 0;03
0.0 1.13 1.03 0.55 0.98 0.50 0.75 0.45 0.15 0.20 0.20 0.10
0.18 0.15 0.23 0,13 0,18 0.10 0.60 0.30 0.33 0.75 0.38 0.33
0.0 0.15 0.45 0.38 0.65 0.25 0.33 0.50 0.48 0.38 0,25 0.33

Unb.
Unb.
B

B

viscississimum

leucophyllus

Geranium
triflorum
Lupinus

Geum

134

Myosotis

0.28
0.26
0.73
0.56
0.84
0.74

0.18 1.05 0.15 0.25 0.13 0.0 0.30 0.43 0.20 0.08 0.38 0.20
0.05 0.20 0.03 0.25 0.20 0:53 0.33 0.40 0.25 0.43 0.45 0.15
1.60 1.73 1.15 1.03 0.70 0.35 0.71 1.08 0.55 0.33 0.30 0.68
1.58 1.08 0.90 0.78 1..25 0.20 0.70 0.55 0.63 0.58 0.40 0,28

0.48 0.93 0.95 0.45 0.68 1,28 1,00 1.05 0.50 0.50 0.60 0.38
0.67 0.87 0.65 0.48 1.04 0.76 0.76 0.38 0,38 0.50 0.37 0.20

Unb.
‘B
B

' Unb.
Unb.
B

sylvatica
Potentilla
racilis"
Taraxicum
officinale

Miscellaneous
forbs



(Continued)

9

Appendix Table

-Dates of Observations )
6/21 6/27 7/4 7/13 7/19 7/28 8/3 8/8 - 8/17 8/22 8/29 9/7 Average

Sq dm per 20 sq dm plot

Species

4.88 7.65 5.70 5,05 5.28 5.20 5.63 5.63 4.78 3.55 3.85 3.70
3.50 6.15 5.73 5.58 6.34 5.68 6.33 5.78 5.80 4.95 4.68 3.90

5.06
5.36

Unb.
B

Total

forbs.

Artemisia

tridentata

Unb.

Dead Artemisia
tridentata

135

8. 61

39.38

.18R.73 10.63
3

o ©

o ™M

1.051.80 1,10 1.5
9.75 9.05 8.83 9.1

.65
.15

58
58

ﬁb' 8'4
8.1

U
B

Litter -

02
0

0
0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.15 0.08
0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Unb.
B

Lichen

3.68 1.58 0.95 0.88 1.15 0.10 1.53 1.83 2.13 2.85 0.88 0.83

1.54
3.56

Unb.

Bare

soil

6.35.4.33 2.88 3.68 2.25 2,48 2.78 3.50 3,95 3.15 4.10 2.88
0.03 0.15 0.0 0.0 0.20 0.0 0.50 0.0 0.0 0.0 0.03 0.0

0.08
0.03

Unb.
B

"Rock -

0.0 0.0 0,13 0.0 0.0 0,0 0.0 0.0 0.10 0.0 0.0 0.08
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Appendix A . Theoretical calculations of the different ‘
: elements expected to be added to the soil as a’
result of burning on the study area.

Site 1:

Average wt. of mulch = 2,8 g/sq. dm/one acre = 4200 sq. metet
4200 X 10 X 10 sq dm

a»

.:Mulch in one acre = 2.8 X 4200 X 10 X 10 g/acre
Area burnt in site 1 = 487

Mulch actually burnt in site 1 is not 100% burnt (Look at measure-
ment of burn classes). '

. :Mulch actually burnt = 42% (class 1) 4+ % X 24% (Class 2) —

- 52 X 48 = 25%
100

. tAmount of mulch actually burnt

.= 25 X 4200 X 10 X 10 X 2.8 - 2940 00g/acre
100 '

' 294000 = 294 Kg/acre
1000

.:Mulch burnt/acre in 1b = 294 X 2,2
294 X 2.2°% 646.8 1b/acre .
2t 650 1b
Amount of Ca in prairie hay mature & weathered = 0.41%

. tAmount of Ca added to soil as result of bufning

= 650 X 0,41 =:2,665 1lb/acre
100

= . 2.66. n g ppm L/,
2,000,000

1/ Average values in the top 15 cm of the soil,
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Amount of phosphorus in mulch - 0.03%

% 650 X 0.03 = 1950
100

= .19
ppm of P added n .09 ppm
K = 650 X 0.73 = 4,745 1b/acre
100
= 2.6 ppm
Amount of Mg, in mulch = 0.26%

.:Amount added to soil due to burning '

= 650 X 0.26 = 1.69 1b.
100

. tAmount added in ppm XX =]T= ppm
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Site 2:
- Average wt. of mulch = 12.4 g/sq dm

.:Mulch in one acre = 12.4 X 4200 X 10 X 10 g/acre

Area in site 2 = = 58%
Class 1 burn - 5%
Class 2 burn - 36%

.:Total %age of mulch turned to ash = 5 4 18:=23 X 58 = 13.34%

100
Amount of mulch actually burnt

= 12,4 X 4200 X 10 X 10 X 13 = 6728.4000 g/acre

100

= 673 X 2.2 1480,6 1b/acre
Amount of Ca in mulch =417
. :Amount of Ca added to soil due to burning
-.1480 X .41 = 6.0680 1lb/acre
.:Ca added - ppm': 3 ppm 1/

Amount of phosphorus in mulch = .03%

Amount of phosphorus added after burning

1480 X .03

L4440 1b/acre
100 a

= .2 ppm
Amount of K (potassium - mulch = .73
I

|
Amount of Kjadded to the soil after burning

= 1480 X .73 = 10.8 1b/acre = 5 ppm
100

1/ Average values in- the top 15 cm of the soil.:

672840 Kglacre
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Amount of Mg in mulch = .26%

Amount of Mg added to the soil after burning

= 1480 X .26:= 3,84 1b/acre
100

= 2 ppm
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