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INTRODUCTION

Dease stands of big sagebrush” cause a serious grazing management problem
on extensive arcas of western range. Fully one-half of the 96 million acres of
the sagebrush-grass type is believed to be covered by stands of big sagebrush
frequentdy so dense that they are a barrier wo livestock movements {fig. 1).
Sheep can make their way through the sagebrush only wich difficuley, con-
siderable wool is pulied from the fleeces by the brush, and lambs are lost through
straying, Even when livestock force their way into heavy sagebrush stands,

! Subimiteed for publicacion May 11, 1953,

*The author acknowledges his indebedness wo those who bepan and carried ouc the eariy
work of chis stady, Joseph F. Pechanec, Chief. Division of Range Research, Forest Service;
(. D. Pickford, Supervitor, Rouct National Forest; and George Stewarr, formerly in chacge of
Range Reseeding Research, Intermountain Forest and Range Experiment Station. He 35 also
appreciative f the directina given in the collection of dawa in 1948 by Clark E. MHulscher, now
leader of the Blue Movntain Research Cencer, La Grande, Oreg., Pacific Northwest Forest and
Range Experiment Station. Acknowledgment is also made o the Fremont County Woolgrowers®
Association and the Scawe of Idalio for their cooperation in the initial work of the Fremont
County burning project, and to the Bureau of Animal Industry for its cooperation on sagebrush
burning projeces zt the U, S. Sheep Expertment Stacion, Dubois, fdaha,

* Common and scientific names of specics mentioned in chis bulietin appear on p. 36,
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Frover 1-=5%heep goasing in o Jemse seand of log sagebradd oo the wpper Siabe Riser Plains,

they are often unable o reach more chan hall of the palatable grases and
forbs, Grazing capacity is further reduced by deercases in grasy and fork vield
resulting from sagebrush competition,

Where big sagebrush has gained control of any area. it forms @ definfie
obstacle to range improvemenc, Lt is typically a long-lived shrub. Even-aged
stands actain an age of 30 to 40 vears, and individual plunts may exceced 100
vears, Because of ivs ong life and ability w co npere with perennial grasses
and forbs for soil meisture, sagebrush in dense vandy seriously retards range
improvement that can be obtained by grazing management; only slight -
provemens may be realived in 10w 13 sears. Big sagebrush also hinders 1ange
reseeding by physically obstructing equipment and later vompeting with
resceded speciss for soil maoisture.

Livestock operators have often used fire to rid their lands of sagebrush.
When burring was (ollowed by poor managemient, even heaxvier stands of wiye-
brush usuvally returned, and nomwany cases these were auain removed b, bre.
Some perennial grasses and forby were destrosed by bre and some wers de-
stroyed by overgrazing: consequently, this cvcle often resulted in serious rang:
depletion ¢17)0.Y Soil detertoration accompanied thiv destruction of perennial
prasses and forbs.

Several studies, however, have indicated that planned burning is a valuable
ool in range improvement. Through such burning of sagebrush-graw range
in the Laramie River Valley of narthwestern Colorado, LTanson (7 and Morrs
{9) obtained a 300-percent increase in grazing capacity. A previous publi-

* lualic pumbers in parentheses refr to Literatere Cuted, p 370
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EFFECTS OF BURNING OF SAGEDBRUSH-GRASS RANGE 3

cation (13)% concerning the Fremont and Clark County experimental areas
showed that planned burning resulted in an increase of 60 percent in perennial
grasses and forbs, or an increase of 69 percent in grazing capacity.

The purpose of this bulletin is to describe the long-term effects of planned
burning and to supply ecological interprecations of these effects on rhe vege-
tation and soil. These effects were obtained from single planned burns. Re-
peated burning, especially at close intervals, would upset the ecolegical balance
cf rhe range, creating less desirable conditions. Caurion must be used in apply-
ing this information to other cenditions in other localitics.

METHODS OF STUDY

Two large areas of sagebrush-grass range on the upper Snake River Plains
were carcfully burned in accordance with definice plans, one in 1933 and the
other in 1936. Both areas were given complete protection for cne year after
burning and have since been conservatively grazed. Systematic observations on
vegetation and soil were made prior to burning and ar intervals afterwards
unti] 1948.

DEscrirTion oF EXPERIMENTAL AREAS

Frrasront Counry

The Fremont County area is approximacely 2 miles square and is located
abour 17 miles north of St. Anthany, Idaho, ac an elevation of approximately
6,000 feer. The topography is similar to much of the Snake River Plains in
that there is lictle surface drainage and slight relief excepe for lawa outcrops.
The seil is of basaltic origin and centains considerable sand. In depth, it varics
from zero on the lava outcrops to more chan 3 feet in swales, che average being
about 18 inches.

Precipitation averages about 16 inches and is racher evenly distributed
throughout the year. During the summer months, dry winds from the south-
west oceur almose daily, causing a high water loss from boch soil and vege-
tation. Temperatures may reach a maximum of 1007 F. in summer, and a
minimum of — 357 in winter. The frost-free period is approximately 95 days.

Prior to burning, this area supported a dense stand of big sagebrush 2 to 4
feet high. Beneath che sagebrush was an open yet fairly continuous stand of
perennial grasses composed chiefly of thickspike wheatgrass, needle-and-thread,
biuegrasses, and sedges.” Of the toral vegeral cover, perennial grasses formed
approximately 45 percent, perennial forbs 5 perceat, sagebrush 35 percent,
biceerbrush 10 percent, and miscellancous shrubs and annuals § pereent.

According to statements of longtime residents, the area was accidentally
burned during the dry summer of 1910. Sagebrush was largely destroyed by
the burn, and grasses grew abundantly. Unrestricted grazing followed burning,
and after about 10 years sagebrush began to increase noticeably. By 1932 it
was 50 dense thar handling of sheep on the area was difficule, However, an
understory of valuable grasses still remained.

f Farmers' Bullegin 1948 iy primarily a ceport on che aspeces of sagebrush burning having
imunediace application, Tt deseribes increases in grazing capacity as a1 resuic of planned burning
and che disastrous effects of haphazard burning. It alwe discusses such essential consideracions
as where, when, and how to burn, management afeer burning, and costs.

"Sedges are included with the grasses throughout chis bulletin,
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In 1948 annual ring counts on sagebrush plants on parts of the experimental
area that were not burned in 1933 showed the stand to be even-aged at ap-
proximately 35 years. This indicates that most of the sagebrush plants became
established 2 or 3 years afrer the 1910 burn.

CLark CounTY

The Clark County area occupies almost 1 square mile of the United States
Sheep Experiment Station range about 11 miles northeast of Dubais, 1daho, at
an clevation of approximately 6,000 feet, The soil contains less sand than chac
of the Fremont County ares, and the annual precipitation averages only 11
inches. Otherwise topographiv, soil, and climate are similar.

In general, the vegeral cover prior to burning was similar to that of the
Fremont County area except that blucbunch wheatgrass, plains reedgrass,
spincless gray horscbrush, and downy rabbicbrush were present, but scarcely
any bitterbrush. The vegetation was roughly 35 percent pereanial grasses, 5
percent perennial forbs, 5 percenc annual forbs, 40 percent sagebrush, and 15
percent rabbitbrush, horsebrush, and miscellancous shrubs.

BURNING AND SUBSEQUENT MANAGEMENT

The Fremont County area was burned in September of 1933, and the Clark
County arca in August of 1936, At that time, sced of most perennial grasses
and forbs had been disseminated and plants were dry or nearly dry. In order
to allow an ample supply of flammable material to carry ch. fire, no grazing
was permitted on cither range during the growing season prior to burning.
Carefully prepared firelines and trained crews were used in controlling che
fires. Both burns left scactered unburned “islands” (fg, 2). Lava outcrops
and other barriers prevented these istands from burning, and except for the
outcrops, these unburned islands are cypical of che burned areas. Many of
the unburned islands were Targe. In planned burning operations, an attempe
is usually made to burn out such areas, but they were lkeft on the experimental
burns to provide the needed untreated checks.

Complete protection from grazing for 1 full year following burning was
given both areas. After that, conservative spring and fall grazing by sheep
was practiced except on areas near established sheep camps and trails. Average
rates of stocking were approximately 2.5 and 2 acres per sheep month on the
Fremone and Clark County burns, respectively,

INVENTORIES OF VEGETATION

SAMPLING SYSTIMS

Four hundred circular plots, each having an area of 100 square feetr, were
established at regular intervals on cach arca. Because a high percentage of the
plots on lava outcrops remained unburned owing to the spavseness of their
vegetation, it was thought that their inclusion in the analyses would present a
biased picture of the range as a whale. They were therefore omitted. Also,
certain parts of cach burn were accidentally reburned prior to 1948, and they
toe were omitted. Only 250 of the eriginal 400 plots on the Fremont County
burn and 268 of those on the Clark County burn were avuilable for final
analysis,
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Prior to burning, 1 and 3 years after burning, and again in 1948, estimates
were made of the quantity of each species on each of the circular plots. All @
herbage estimates were in units of weight (13) with the exception of those
made in units of density (26) prior to and 1 year after burning on the Fre-
mont County plots. In 1948, estimates were also made of the amount of each
species avatlable to liveszock.

Immediately after the plots were burned, they were classified by intensity
of burn as follows: {1} Heavy burn—Trunk or main stem of sagebrush con-
sumed by fire; (2) moderate burn—larger branches of sagebrush remaining,
but smaller branches and twigs consumed; (3} Fight burn—smaller branches
and twigs unburned, only leaves consumed by fire; (4) wumburned—no evi-
dence of fire either in the understory or in sagebrush crowns.

Numerous gencral observarions were made on both experimental areas.
Extent of survival of big sagebrush and bitterbrush browse through sprouting
was determined in 1934 on the Fremont County burn. Sagebrush plants were
counted on all plots in 1937 and 1948 in Fremont County, and jn 1939 and
1948 in Clark Councy. In 1948 the sagebrush was classified either as recent
scedlings, large plants established since burning, or old unburned plants. Also
in 1948, the distance of each burned plot from an unburmed area was esti-
mated in an effort to coerrelate sagebrush establishment with distance from
seed source. In addition, bitterbrush plants were counted on the plots of both
burns, and were classed as plants that had come up from seed since the burn,
sprouts fram burned bushes, or old unburned bushes.

ANALYSIS OF DATA

Comparisons of 1948 data from unburnced, lightly burncd, meoderatcly
burned, and heavily burned arcas were improved by making allewance for
initial differcnces in vegetarion, Burn intensity could not be predicted prior
to burning and assigned to specific areas; thercfore the resulting intensitics
may be partly due to variations in combinations and quantities of species. Be-
cause of this lack of experimestal control, vegeration inventory data for
1948 wete analyzed by covariance (25) to allow 2 statistical adjustment for
the uncontrolied ipitial variations. The applicabilicy of this method to similar
data has been tested by Pechanec (17) who found thar the use of covariance in
adjusting for uncontrolled variables resulted in at least doubled precision.

Such analyses were made for only those species which prier to burning had
an average cover of at least 0.1 square foot per plot on the Fremont County
area or an average weight of at least 2 grams per plot on the Clark Couaty
aren, Most species recorded in lesser amount prior to burning occurred on
ce t1w plots to provide adequate samples for statistical analysis. Dara on
herbage production for such species are presented for 1948,

Since there were wide flucruations in herbage preduction from year ro year
even on unbursed areas, as a result of variztions in weather, vegetal trends
resulting from burming are difficule to distinguish unless these natural fluctua-
rions are chiminated. This has been accomplished by using unburned arcas as a
base and cxpressing production on butns as a percentage of thar on the un-
burned. 3t must be kept in mind thac thesc percentages are based on unad-
justed values of density or weight and are presented only to show trends in
relative production. Differences in 1948, at the end of the study, are bettero
showsn by comparing vields adjusted by cevariance.
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MEeasuriNG Son. CHANGES

Soil records were obtained from only the Fremont County burn. Samples
were taken from 48 stations located at regular intervals over the area in 1932
before burning, in 1934 after bucning, and again io 1948, These stations were
classified by intensity of burn in the same way as the inventory plots. At
each of the 48 stations, samples were taken of the top Ya—inch soil layer and
of the 2);—inch layer immediately beneath. Soil samples were analyzed for
four properties using the following methods: (1) Schollenberger chromic-acid
reduction for determination of organic matter; (2} standard Kjeldahl method
for rotal nitregen; (3) cenrtrifuge method for moisture equivalent; and (%)
Hellige disk-comparator method for pH. As with the dara on vegetation, soil
property differences in 1934 and 1948 were analyzed by covariance to allow
for statistical adjustment of uncontrolled initial variations.

Estimates of intensity of wind crosion were made on the inventory plots in
1934, the year after burning. Degree of erosion for each plor was assigned to
1 of 6 classes ranging from none to very heavy.

EFFECTS OF BURNING ON VEGETATION

Responses of vegetation te burning are shown in two principal ways. Firse,
preduction in pounds per scre in 1948, 15 and 12 years afrer burning in
Fremont and Clark Counties, respectively, is given. These yields of herbage
indicate what may be cxpected in the way of longrerm effects of 2 single burn,
Second, relative amounts of vegetation on burned as compared with unburned
range are given for intervals during the study period, to indicate trends in
production. Relative values are used here in order te minimize the offccts of
differences in methodology and fluctuations in herbage production caused by
fluctuations in weather,

FremonT COUNTY

Grasses.—Therc were no significant differences becween toral grass produc-
tion on the unburned, lightly burned, moderately burned, and heavily burned
parts of the Fremont Councy area 15 years afrer burning. Each treatment
produced about 300 pounds of yrass per acre (table 1). Individual species,
however, responded in various ways. Thickspike wheatgrass produced 50
pounds per acre more on heavily burned than on unburned range, and sedges
8 pounds more on the light burn. Prairic junegrass produced 11 pounds more
on lightly burned and 21 pounds more on moderately burned than on unburned
range. Bluegrasses, on the other hand, produced 14 pounds per acre less on
heavily burned than on unburned range. These differences are all judged ro be
statistically significant,

Needle-and-thread and Columbia needlegrass were not significantly affected
by any intensity of burn, although the former produced from 10 to 26 pounds
more per acre on burned rhan on unburned range. ldaho fescuc occurred on
sv few plots and in such small quantities in 1932 that covariance analysis and
computation of adjusted values was not feasible. However, its strikingly lower
production, as given by actual weights on all burn intensities in 1948, suggests
that this species is severely injured by fire and * very slow to recover.

Trends in production of the various grasses aiter planoed burning are indi-
cated in table 2. Here production in each t.in intensity is expressed as o
percentage of density or weight of herbage vn the unburned range in the
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TABLE 1.—Adjusted air-dry berbage production * of grasses in relation 1o
treatment in Fremont County, logether with variance ratios (F) and ap-
proximate least significant differences, 1948

Treatment

. differences 2

! Least signilicant
- . i
- ! k
Unburned ]t.:g%lt ' Moderate | Heavy |
urn

'
g 1

burn burn ! 0.05

‘Thickspike Lbs. facre {Lbs. }’acre% Lbs. fazre (Lbs. [arre

wheatprass__ 117.2 | 110.1 i 29.1 167.0 . 25
Sedges 3 13,1, 21,51 12. 8.7 .
Tdaho fescue__ . 19. ' ; 3. 1.

Prairie june-
BraSS. e o 32. 43,

36.
23, 7

Bluegrasses, 21.
Needle-and-

Columbia

needlegrass. .| 37. 28.

! 35,
All grasses 5___ 296.5 | 290.
I

321.1 .73

41,70 68, l 90 37
i
i

T Adjusted on che basis af 1932 densities threugh covariance amalysis. Idaho lescue too
limited in occurrence in 1932 to allow such analysis.

? Although number of plots in each treatment was not constant, for purpeses of general
evalvation least significane diffierences based on the average number of plots are shown.

 Beveral species grouped because of their infrequent occurrence.

* Highly significant.

*Irzzludes minor grass species nov listed, wogether with sedges.

same year. This method excludes effects of natural herbage fluctuations over
the study period and permits a direet examination of trends due to burn in-
tensity. Relative amounts of vegeration in 1832, the year before burning, and
1, 3, and 15 years after burning, are given in this way.

By the end of the first growing season after burning thickspike wheargrass
had increased markedly on burned areas, as compared with unburned, the degrec
of increase rising with intensity of burn. This relative increase continued, and
by the end of the third growing scason production en the burned range doubled
or tripled that on the unburned range. However, afrer 13 years, relative pro-
duction. had declined on all burns, although, as shown by the adjusted yields
in table 1, thickspike wheatgrass still produced significantly more herbage on
the heavy burn than on unburned range. The tends of “All grasses” were
similar to those of thickspike wheatgrass, which is not surprising since this
species contributes berween a third and a half of the toral grass production.

As compared with the unburned aren, sedges increased on che light burn from
the beginning (table 2), until the significant difference shown in table 1 was
reached in 1948%. On the moderate and heavy burns, relative yield decreased
the first year, and recovery was slowest on the heavy burn. Threadleaf sedge
has previously been reported to be severely damaged by burning (15). The
present study, however, indicates that the effects of burning are not lasting,
as actuzl yields of threadleaf sedge in 1948 were 2.5, 7.3, 4.8, and 2.2 pounds
per acre on unburned, lightly, moderarcly, and hcavily burned areas, re-
spectively.
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TaBLE 2—Grass production > on burns of threc intensitics made in the fall
of 1933 in Fremont County, cxpressed as a percent of the unburned each
year of record

Burp in- I Prairie Needle. | Columbia
tensity Eg;‘;l;sa 2;2 Sedges | june- ? :_';C' and- needie- ra[zsncs 2
and year g grass BTaSSES | thread grass €
Light: Percent Pereent | Percent | Percent | Pereent Pereent Percent
1932 3_ 124 69 143 169 135 200 125
1934 __ 185 76 320 900 107 132 145
1936 . _ 207 100 33 119 140 123 156
N 1948 __ 28 135 137 113 173 81 108
Ioderate: i
1932 3_ 113 86 110 189 | 169 275 133
1934 __ 217 74 4 380 1 1,600 ! 99 164 162
1936 __ 338 84 1 52 78 118 213 226
- 1948 __ 86 90 | 162 82 211 138 116
gavy: :
1932 3, 112 77 68 ! 166 . 57 ! 112 94
1934 __ 239 | 43, 3401 900 18 | 87 125
1936 __1 273 ¢ 62 - 28 | 59 23 144 ! 166
1948__" 145 | 62 108 3g 92 | 96 | 106
: ! i t i i

*Estimated as density in 1932 and 1934, a5 weight in 1936 and {948.

“Includes minor grass species not lisced, together with sedges,

* Prior to burning; daez are from plots later classified as hight, moderace, and heavy bucns,
respeccively,

Prairie junegrass and the bluegrasses increased enormously on all intensities
of burn during the first season, as compared with the unburned. This, how-
ever, is at least partially a resulr of disproportionare decreases of these grasses
on unburned range in the drought year 1934 (14}, which altered the basis for
comparison. Since prairie junegrass and the bluegrasses showed very large
relative decreases by the third season after burning, the early effect of burning
was probably very injurious. Prairie junegrass had recovered by 1948, bur
the harmful effects of heavy burning on the bluegrasses were still evident 15
years after burning, 1s pointed out in the discussion of table 1.

Needle-and-thread and Columbia needlegrass showed relative decreases the
first year afrer burning, more or less in accordance with intensity of burn.
Needle-and-thread then increased consistently, but trends of Columbia needic-
grass were variable.

Forbs.—Toral forb producrion in 1948 was considerably higher on all burn
intensities than on unburned arcas (table 3). The differences on the light and
moderate burns were highly significant; thar on the heavy burn was just shorr
of statistical significance. Of the species mainly responsible for the higher
yield of forbs on burned areas, western yarrow, asters, fleabane, and goldenrods
arc rhizomatous perennials. Littleleaf pussytoes, a suffrutescent forb of low
forage value, and sticky geranium, a perennial rated fair as forage, also con-
tributed to the higher yield, especially on light and moderate burns. On the
other hand, yield of knerweed, 2n undesirable annual, was greatest on the
heavy burn.,

Moss of the individual species were present in such small guantities and on
so few plots in 1932 that covariance amalysis was not justified. Analyses
made for littleleaf pussytoes, plumeweed, and eriogonum showed no significant
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differences. However, the lower yield of plumeweed on the burned areas as
compared to that on unburned does approach statistical significance. Re-
sponses of several spccies are apparently relared to burn intensity, but much
of the variation shown in table 3 may be due to scattered occurrence of the
plants rather than degree of burn. Caution must be used in arraching im-
portance to these unadjusted values.

TaBLE 3. —Adjusicd air-dry berbage produciion® of forbs in relation to treat-

nient in Fremoant Comnty, together with vaviance vatios (F) and approxi-
wmate least significant differences, 1948

Treatment Least significant
Specics : Bl (F) differences
Unburned | Light | Moderate E Heavy
| burn ! burn I burn 0.05 .61
| 1
Littleleaf Lbs.facre \Lbs./acre) Lbs.facre |Lbs. facre
pussytoes._ .. 15.8 22.0 25.3% 18.0 137 | e
Plumeweed ... 6.4 l 3.1 1.5, 1.9 2106 fo oo |eeaee
Eriogonum_ . _. 21,07 17.0 24.0 1 15.1 141 oo |
Western yar- |
FOW oo oo 16.8 | 23.% 0.1 LI N P PRI (O
Astoers. ______. 4.1 ; 12.0 1.2 8.1 | el e
Jomandra. - . 4.5 | 1.2 4.7 1.1 | . e meeee e
Fleabane_ ... .. §.4 l 8.4 18.¢ 1.3 jooce oo
Sticky pera-
nium - 6.6 36.5 28.3 ¢ ST R S (.
Helianthella_ . _ 6.5, 5.5 18.2 305 oo eiaaan
Knotweed__. .. 7.4 ! 8.5 ¢ 10.1 26,0 [ e e
Goldenrod__ __ 6.9 21.5: 37.7 216 | coemnc e e
All forbs 3 ____ 126.6 ' 190.7 ] 236.8 170.0 | *7.84 47 62
i i

v Adjusted on the basis of 1932 densivies through covariance analysis, Species for which
variance ratios are net shown were tap limited in occurrence in 1932 to allow such analysis.

? Althoogh number of ploes in each treatmient was nov comstant, for purposes of general
evaluation least significant differcnees based on the average number of plots are shown.

¥ Ineludes minor species not listed,

* Highly significant,

The 1934 invenrories showed a marked increase in production of “All forbs”
on burned areas in relation te that on the unburned (table 4}. This trend con-
tinued through the third year, especially on burns of light and moderare in-
tensity, Alchough much of these early increases had disappeared by 1948, the
adjusted yields on both light and mederate burns {table 3} were still signifi-
cantly gre ter than those on the unburned. Trends of individual species were
poorly defined, probably because of their small quantities and poor diseribucion
over the study areca. For this reason, trends of groups having similar growrh
form are shown.

Rhizematous species on all burn intensitics showed relative increases the
first year after burning, but subsequent trends were variable. On the other
hand, suffrutescent forbs (pussytous and eriogonum) decreased markedly,
roughly proportionate to burn intensity, and then increased. Annuals, chiefly
gayophytum, knorweed, plumeweed, and gooscfoot, made cnormous relative
increases in 1934, roughly in proportion to burn intensity. Some of this ap-
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parent Increase, however, is attributable to the very low production of anpuals
on the unburned plots in this drought year, which serves as a base for the
percentages. Portions of these relative increases persisted through 1936, buc
had disappeared by 1948 on all but the heavy busn, The persistence of annuals
on the heavy burn is shown by actual yield of knotweed in table 3, 26 pounds
on the heavy burn as compared to 7 on the unburned. Orher perennial forbs
generally showed an initial but temporary increase after burning.

TABLE 4.—Production® of forbs on burns of three intensitics made in the fall
of 1833 in Fremont County, expressed as a percent of the wnburned ecach
year of record

1 1
: i

J B
Burn intensity i Rhizomatous : Suffrulescent Annuals | Othes .g All forbs

and year forbs : forbs 2 i i
s } ; |
Light: ' Percent : Percent o Pereent ' Percent E Percent
19323 .. : 340 96 ¢ 47 - 314 1 - 97
1934__ ____ ' 358 . 77 200 | 243 ! 161
1936 .. _. 278 » 163 - 174 219 ¢ 229
1948 ____. 163 112 ¢ 84 , 183 i 146
Moderate: : : i "
1932 3 ____ 150 78 65 143 78
258 | 38 . 1,000 . 293 131
223 131 197 251 | 215
252 128 86 - 171 ¢ 174
d L F
80 - 53 90 100 69
: 116 ; 3 3,600 229 120
: 109 ! 62 - 446 ¢ 199 - 147
. 160 | o7 209 104 120

! i ! +

! Estimated as densicy in 1232 and 1954, as weight in 1936 and 1948,

* Perennial forbs with partially weody stem bases that do not dic down to the ground each
year,

“Prior to burning: data are from plocs later classified as lighc, moderate, and heavy burns,
respectively.

Although tables 2 and 4 indicate that some of the grass and forb species
were not damaged by planned burning, it should be noted that inventories
were made Jate in the growing season and cherefore did net show condirions
during the early part of the first growing season after burning. Acrually,
perennial vegeration that survived was clearly lowered in vigor, especially on
the burns of heavier intensity. Leaves were shorter on all grasses and forbs,
even on the rhizomatous species; clumps of bunchgrasses were badly broken
up and were producing only a very few shoots.

The damage to grasses and {orbs as a result of burning ‘was further obscured
by the severe drought of the 1934 season, which caused unburned perennial
grasses and forbs on the upper Snake River Plains to decrease to 38 and 25
percent of their 1932 densities, respectively (14). Therefore, it appears thac
many perennial grasses and forbs on areas burned in 1933 partially escaped the
cffects of this drought through reduction in shrub competition for soil moisture
and were able to produce more than those on the unburned control areas during
the first season.
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Shrubs.—Shrubs were severely damaged by burning; the aerizl part in nearly
all cases was cither killed by the heat of the fire or completely consumed.
Fifteen years after burning on the Fremont County area, herbage yields of
sagebrush and bitterbrush, as represented by leaves and current growrh of
twigs, were still significantly lower on burned than on upburned areas {table
5}. Also yields on the moderate and heavy burns were significantly lower than
those on the light burn. The shrubby vegetation in this locality is composed
chiefly of sagebrush and bitterbrush; therefore the “All shrubs” herbage pro-
duction closely paralleled that of these rwo species. Although individual
statistical analyses were not made of the other shrub species, their 1948 yields
are shown. Apparently creeping mahoniza was favored by the heavy burn
and rabbitbrush by both moderate and heavy burns.

Sagebrush was nearly always killed, but many other shrubs sprouted, es-
pecially on burns of lighter intensity. In 1934, the year after burning, 800
sagebrush plants were examined on burns of all three intensities, but not a
single plant was sprouting. Examination of the same number of bitterbrush
plants showed that 49 percent were sprouting on the light burn, 43 percent on
the moderate burn, and 19 percent on the heavy burn. Numerous plants of
downy rabbitbrush, snowberry, and creeping mahonia were also sprouting
profusely.

Trends in production of sagebrush, bitterbrush, and “All shrubs™ following
planned burning are shown in table 6. Sagebrush was almost completely de-
stroyed on the maderate and heavy burns, but a few planes survived on the
light burn. However, many of these were apparently injured beyond recovery,
because relarive production on the light burn continued o decrease for rhe
next 2 years despite invasion by scedlings. Bitterbrush, because of its abilicy
1o sprout, made some recovery by the end of the 1934 growing season, but was

TasLE 5. —Adjusted aiv-dry berbage production’® of shrubs in relation to freat-
ment in Frewont Cownty, fogether with variance ratios (F) and approxi-
mate feast significant differences, 1948

; _ j
! Treatment iLeast significant
F T differe ]
Specics - ; (F) differences
Unburned | LS | Mpderate s Heavy oo Toor
.05 0.01
I Lbs. facre |Lbs. facrel Lbr.facre |Lbs. focre ‘
Sagebrush. . _.° 522.7 241.3 132.1 54.7 | $56.96 ! 77 102
Bitterbrush_ . . 311.2 | 215.7 147.6 | 156.8 [*F13.71 ¢ 58 76
Downy rabbit- . :
brush.._ ... - 4.0 3.0 4.1 133 L. ... . [ S
Creeping : !
mahonia_ . __, 6.3 4.4 7.0 3309 ... | B
Snowberry. .. 6.7 2.6 6.6 ; Y O ) (R
All shrubs . __ 850.4 ; 523.1 317.9 1 267.7 13 351.36 : 102 134
! ' i |

* Adjusted on the basis of 1932 densivies through covariance analysis. Species for which
variance ratios are pot shown were too Jimited in pccurrence in 1932 to allow such analysis.

* Although number of plots in each treatment was not constane, for purposes of general
cvaluation least significant differences based on the average number of plots are shown,

* Highly significant.

*Includes minor species nor listed.
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TABLE 6.~—Herbage production® of shrubs on burns of threc intensities made
in the fall of 1933 in Fremont County, cxpressed as a percent of the un-
burned each year of recovd

B“;E;“;g;:‘w Sagebrush Bitterbrush All shrubs 2

Light: Percent DPercent FParcent
1932 3

Moderate:
1932 3

10
19
54

*Estimated as density in 1932 and 1934, as weight in 1236 and 1948,

“ Includes minor species not Jisted.

“Prior w burning; datz are from plots later classified as lighr, moderate, and heavy burns,
respectively.

*Less than 0.5.

stili far below its original production. Sagebrush, bitterbrush, and *“All
shrubs” showed relative increases after 1936 on burns of all intensities, but the
adjusted yields in table 5 indicate that in 1948 herbage production of shrubs
was still significantly lower on burned than on unburned areas.

Sagebrush began to reinvade shortly after burning. Counts made 4 years
after burning (1937) on the 100-square-foot plots showed an average of
0.43 plant per plot on the heavy burn, 0.64 on the moderate burn, and 2.52
on the light burn. By 1948, 15 years after burning, sagebrush had increased
until there werc more then half as many plants per plot on each intensity
as on unburned areas (table 7). The aggressiveness of big sagebrush is well
shown by the fact that most of the sagebrush reinvasion occurred after grasses
and forbs had recovered from the burning injury (after 1937). Average air-
dry herbage weight per sagebrush plant in 1948 was 4+4.4, 29.9, 18.4, and 8.2
grams on unburned, lightly, moderately, and heavily burned areas, respectively.
Differences in plant size are partly due to relative ages, but grass and forb
competition is undoubtedly an impertant factor.

There were approximately half as many bitterbrush plants on the burned
areas as on unburned in 1948 (rable 8). Plants on the burns were approxi-
mately’the same size as those on unburned areas, averaging 43.2, 49.0, 38.9,
and 46.8 grams on unburned, lightly, moderately, and heavily burned areas,
respectively. The difference in size between sagebrush and bitterbrush plants
on burned areas was chiefly due to sprouting of bitterbrush. Many bitterbrush
plants sprouted soon after burning, made rapid growth, and gained a position
of dominance within 9 years (fig. 3}. Sagebrush, which must start from seed,
was greatly handicapped by competition from herbaceous vegetation.
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TABLE 7—Average number of sagebrush plants per 100-square-foot plot on
the Fremont County arca, 1948

Class of plants

Percent
. Total of
Treatment Large piants { Established
ngct:ﬁic;ltq established prior to upburacd
B since 1933 1933
Unburned________ 0.32 2.46 9.48 12,26 100
Light burneceooo. .ol F.50 | ___ 8.41 69
Moderate burn.. - .. .93 0.56 oo s 7.49 61
Heavy burn._____ 1.18 575 |occcemeeeem 6.93 57

TaBLE 8—Average wumber of bitterbrush plants per 100-square-foot plot on
the Fremout County area, 1948

Class of plants
Percent
Treatment . . Total of

Established Established

since 1933 Sprouts prior to 1933 unburncd
Unburned._______. 4.08 |____.________ 3.42 7.50 100
Light burn_______ 3.00 1.59 |ommeamaos 4.59 61
Moderate burn._ _ 2.84 1.11 oo 3.95 53
Heavy burn....._. Z2.99 10 3.49 47

Ficure }.—Bitterbrush was seriously damaged by burning, but plants that were able to sprour

F—425083

had made marked recovery 9 years after buening en the Fremont Councy area.

o
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CrLark CouNTyY

Grasses—In contrast with Fremont County, the Clack County burned areas
afrer 12 years were producing significancly more grass than the unburned
(table 9). Burn intensity had no effect on total grass production, however,
as yields on all three intensities were practically identical. Only the rhizoma-
tous grasses, thickspike wheatgrass and plains reedgrass, were producing
significantly more herbage on burned than on unburned aceas, and these species
were chiefly responsibie for the higher total gruss yield on burns of all in-
tensities. Although differences berween burn intensitics were not significant,
higher yields of these two grasses were associated wich the heavier burns.

Yields of bluebunch wheatgrass and Nevada bluegrass were considerably
greater on the burned than on the unburned arens, but these differences were
just short of seatistical significance. Also, yield of Idaho fescue was markedly
less on the heavy burn, bur the difference was not suatistically significant.
Other grasses were not affected significantly by burning, but it is noteworthy
that in practically every case there was a slightly higher preduction on burned
areas.

Trends in production resulting from burning treatment are shown in table
10 as percentages of production on unburned range. With the cxception of
the jointly classified thicksptke wheatrgrass-plains reedgrass, the sedges, and

Tasin 9.—Adjusted air-dry berbage production® of grasses i relation fo freat-
went i Clark County, together with vaviance vatios (F) and approximale
fvast significant differences, 1948

Trcatment Least signiﬁcgnt
Specics . (F) diflferences ©
Unburned %:i-l; t M(’:)dcz ate I-l-l)ca\-y
wn urn 0.05 |0.01

Thickspike

wheatgrass

and plains Lbs. facre \Lbs facrel Lbs. facre |Lbs. facre

reedgrass 3__ 111.8 7 194.9 208.4 | 222,87 47.83 36 47
Bluebunch

wheatgrass. . 16.5 32.3 29.5 23.1 242 4 oo
Sedges_._____. 3.2 1.0 3.6 3.9 1,50 oo
Idaho lescue_ - 22.3 18.6 i8.2 9.3 3 <3 I PO
Prairie junc-

grass o cmu.mm 9.4 14.2 13.3 10.7 1.35 oo
Nevada blue-

CrASS..___ ... 17.8 38.4 25.7 3.6 234 s
S ndberg blue-

Brass._.._.._ 49.0 56.8 85.3 51.9 7 IR SRR
Ne dic-ands

thr ad. .. 7.3 10.4 11.9 8.5 I 2 (R
All grasses b__ 245.8 | 367.2 364.7 ] 369.0 | 36.83 45 60

' Adjusted on che basis of 1936 weight estimates chrough covariance analysis,

* Alchough number of plots in cach treatment was not constant, for purposes of general
evaluation icasc significant differences based on the average number of plots are shown,

® Grouped 1o aliow rapid Seld identification,

' Highly significane,

7 Includes minor grass species not lsced, rogecher wich sedges.
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Sandberg bluegrass on the light burn, relative production of all species de-
creased the year after burning. In almost every case, decreases varied roughly
in proportion to burn intensity. Reductions in yields of most species were
severe, especially on the modercte and heavy burns. Decreases were particularly
evident in Ideho fescue and needle-and-thread, bur thickspike wheatgrass-
plains reedgrass was only slightly affected.

TABLE 10.—Air-dry grass production on burns of three intensities made in
1834 in Clark County, expressed as a percent of the unburned each year of
record

Licor Bury

Species 1936 1 1937 | 1939 1948

Thickspike wheatgrass and Percent Porcent ; Percent Percent
rccdgrass R 76 93 . 169
Blucbunch wheatgrass. . ..—- 116 106 ! 266
Sedges oo imm ! 241 2064 | i41
1d2ho feSeUC e cmae e cmee o m 138 19 86
Prairie junegrass...... ... - 167 89 113
Nevada bluggrass. ... o .. 89 76 251
Sandberg Dluegrass : _60 120 | 105
Needle-and-thread : 391 106 | 286
All grasses : 102 100 | 170

MopEraTE Buas

Thickspike wheatgrass and
reedgrass 2 !

Bluebunch wheatgrass i 168

i 140
Tdaho lescue ‘ 98
Prairic juncgrass. .—.----—-~ : 183
Nevada blueprass I 89
Sandberg bluegrass ... .1 77
Needle-and-thread : 179
All prasses 8o _.oo sl 107 |

Heavy Burx

Thickspike wheatgrass and

rec:lgrass ; 81 180 191
Bluchunch Wheatgrass_. . 164 71 268 136
Sedges ; §3 47 7 151
Idaho fescue 133 "3 ? 33
Prairie juncgrass ...« —cn - 218 32 55 132
Nevada bluegrass. - .. .- —— .- 175 2 134 151
Sandberg bluegrass 03 36 5y 105
Needle-and-thread 700 25 114 e
All grasses 3 127 65 153 16

1 Prior to burning; data are from plots lacer classified as light, moderate, and heavy burns,
respectively. ] ] . .

% Grouped to allow rapid feld identification.

® [ncludes minor grass species not listed, rogether with sedges.
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Within 3 years thickspike wheatgrass-piains recdgrass and bluchbunch wheac
grass recovered thetr initial relative losses and made substantial gains on burns
of all 3 intensities. The rhizomatous thickspike wheatgrass and plains reed-
grass maintained these gains during the next 9-year period and as shown by
the adjusted yields in tabie 9 were stll producing significantly more herbage
on burned range. However, part of the early increase in bluebunch wheatgrass
was lost by 1948, and differences in yield were not statistically significant.
Idaho fescue, prairie junegrass, and needle-and-thread made partiz) recovery
during the first 3 years, and bluegrasses completely recovered on all but the
heavy burn. Afrer 12 years, the failure of Idaho fescue on the heavy burn to
regain its loss was the only one of these early decreases thar was still noticeable;
but as shown in tble 9, even this difference was not significant. Because they
were scattered and present only in small amounts, sedges were not adequacely
sampled and therefore display no definite trend,

Forbs—Afrer 12 years only the heavy burn in Clark Couney supporred a
significantly higher yield of forbs than the unburned area {eabic 11}, As in
Frement County, most species were present in too small quantitics and on toc
tew ploes to warrant individual stacistical analyses, Yields of timber poison-
veech, plumeweed, and eriogonum were analyzed by covariance, but only in
yvields of plumeweed were there any significant differences. As in Fremont

Tasee VL—Adjusted air-dry berbage praduction’ of forbs in relation fo
Freatment in Clark County, Ir}gc‘(.{;{'r with cariance ratios (1} and approxi-
wmale leasi signifieant differences, 1948

X it s e
Treatmen feast sigrificant

Species ToteTmmTrTme o e e : differences 2

Eight  Modemw Heavy
burn | burn burn
!

Unburned :

i f
Lbs. tarre be.r.’acnj Lbs. orre LLb.r.,'acr:E
H H T 9
N3]

Poisonvetch_ - .
Plumeweed . 16.
Eriogonum ... 19,
Yarrow. ... .-
Pussytoes___. ., 14,
Arnica. .. __ . _ 13,
Milkveich. ... . 2.
Astragalus ! 2.
Thistle. ..o,
Hawksheard . __:
Fieabane... .
Lupines...___
Pensternon. o _ ¢

2.5
18.

2.
1",

13.

(]
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* Adjusted on the basis of 193§ weight estimates through covariance analysis, Species for
which variance ratios are not shown occurred too infrequentdy in 193¢ to allow such anal ysis,

? Althovgh number of plots in cach rreatment was not constant, for purposes of pencral
cvaluation least <ignificanc diffecences based on the average number of plots are shown.

*Highly significant.

* Includes minor species not bisted.

® Significant,
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County, this species was producing much less on burned than on unburned
areas.

Although actual air-dry herbage production of other forb specics in 194§
is shown, differences berween unadjusted values may be partly due to facrors
other than burning, However, it appears that fleabane and phlox (both
chizomatous species) on burns of all intensities and lupines on the heavy burn
were producing more than on the unburned. The reason for this high lupine
yield or. only the heavy burn is not known, but it is obviously responsible for
the significantly higher “All forbs™ yield. Apparencly the cffect of burning
on the other forbs was negligible after 12 years.

in contrast with Fremont County, inventories of Clark County plots the
vear after burning showed a decrease in “All forbs” on burned areas in rela-
tion te the unburned (table 12). By the third year considerable increases in
relative yield were cvident, but most of these early effects disappeared during
the next § years. As in Fremont County, rhizomatous forbs generally increased
the first year, but suffrutescent species—eriogonum and pussytoes—decreased
markedly on all burns, Rhizematous species continued to increase through
the third year and then decreased. After the initial relative deereases, suffrutes-
cent species increased throughout the study period and regained much of their
original losses. With the exception of plumeweed, annuals were presenc only
in very small amounts. Even plumeweed was virtually nenexistenc on both
burned and unburned areas in 1937 and 1839; therefore percentages for these
years were of no valee in depicting trends and have been omitted, Orther
perennial forbs increased the first year on burns of all intensities, but ctrends in
following years were not well defined. Again, it should be noted that jnven-
tories were made late in the growing scason and are nor representative of con-
ditions that existed during the early part of the Arst season after burning,

TapLe 12.—Alr-dry production of forbs on burns of three infensities made in
1936 in Clark County, expressed as a percent of the wnburned cach year of
record

Burn intensity E Rhizomatous i Suffruteseent . §
and year i Torbs forbe Annuals Others All forbs
Light: ) Percrnt Percent Percent Percent Percent
1936 1., 167 219 172 165 172
1937 ... : 108 43 (. ... 208 128
1939 . ... ; 238 | 143§ ... _. 190 178
1948 ... N 192 | 108 21 342 147
Modlcrate: i
1936 Y. ... ) 103 231 101 113 116
1937 _ .- 123 17| ...l 158 107
1939 ... .. . 262 - T T, 177 178
1048 ... : 168G 120 20 29 108
Heavy: :
1936 L 20 362 184 142 179
1937 . ..o 159 22 | 263 160
1929 oo : 309 ES 2 P 228 228
]948----_-; 158 ! 156 , 20 351 182

*Prior to burning; data are from the plots lacer classtfied as lighe, moderate, and heavy
burns, respectively,
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Sbrubs—As in Fremont County, sagebrush on the Clark County plots was
almost completely eradicated by burning, and even afrer 12 years ies production
on burned arcas was only a fraction of that on the unburned (wable 13).
Production of rabbitbrush and horsebrush, however, was significantly higher
on burned than on uiburned areas in 1948, the tendency being for higher
yields to be associated with burns of heavier intensity. Bitterbrush was rep-
resented by only a few scattered plants and did not warrant an individual
analysis, but in 1948 it was producing less on burned areas. The “All shrubs”
production, zithough modified to some extent by rabbitbrush and horsebrush,
was much lower on burned than on unburned aress.

TasLE 13 —Adjusted air-dry berbage production® of shvabs in relation to
treatment in Clark County, together with variauce vatios (F) and approxi-
wrate least significant differences, 1948

Treatment Least significant

differences 2

Specics : . ;
. 1 Light ' Moderatwe | Heavy
Unburned } burn y  bwrn ! bum

Lbs. furre jLbs.} acre! Lbs. ‘acre |Lbs. facre
Bitterbrosh__ . _ 5.1 Q. 2.8 joeaae .l
Sagebrush b 519.6 48. 42, . 379,41

Hotsebrusli_.._ 23.5 59.
All shrabs 4. ._ 547.0 175.

. G 9.08
218, L1 # 3201

Rabbitbrush___ 21.9 64, i 77. A rE 756
i
|
|

* Adjusted on the basis of 936 welght estimates through covariance analysis. Species for
which variance rotios are not shown occurred wo infrequently in 1936 ro allow such analysis.

 Although number of plots in each trestment was not consiant, for purposes of peceral
evaluation lease significant differences based on the average number of plots are shown.

2 Highly significant.

* Includes minor species not listed,

The diffcrence in response to burning between sagebrush and species that
are able to sprout is clearly shown in table 14, which indicates trend by ex-
pressing herbage production on burns as 2 percentage of production en un-
burned areas in the same year. Sagebrush was practically climinated by buraing,
and jrs re-cstablishment from seed was very slow, wherers rabbitbrush and
horsebrush sprouted profusely. These sprouts quickly regained or surpassed
the original size of the plant, and in addition produced seed for the establish-
ment of new plants; consequently yield of rabbitbrush and horsebrush was in-
creased by the third year after burning despite the initial deercase.

Sagebrush counts in 1948 in Clark County showed caly about one-fifeh as
many plants on burned as on unburned areas (table 15), considerably less than
the proportion on the Fremont County burn. As in Fremont County, plants
on the burned areas were smaller than those on the unburned, the weight of
the herbage averaging about 12 and 23 grams per plant, respeccively.

In 1948 burned plots on both experimental areas were classified according
to distance from nearest seed source in an effort to determine the effect on
sagebrush re-establishment. Analysis of these data shows char there is a nega-
tive correlation between the number of sagebrush plants and distance from
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TABLE 14~—Air-dry berbage production of shrubs on burns of three intensi-
ties made in 1936 in Clark Connty, cxpressed as a percent of the unburned
cach year of record

Burn intensity and year Sagebrush | Rabbitbrush | Horsebrush | All shrubs !

Light: Percent Percent Percent Pereent
1936 2 116 289 250 132
2 118 52 7
3 362 300 16
10 692 812 33

80 233 320 100
¢ 135 119 7
%) 464 768 24

8 745 1,336 40

101 241 269

(" 130 116
(" 532 730
14 871 1,238

* Includes minor species not lisred.
*Prior to burning; dara are from plots lacer classified as light, moderate, and heavy buras

respectively. !
9Less than 0.5,

TaBLE 15.—Average mmber of sepebrush plants per 100-square-foot plot on
the Clark County arca, 19438

Class of plants

Percent
of
unburned

Treatment Large plants | Established

Recent f .
: established prior to
seedlings | (iice 1936

Unburned________ .20 4.44
Light burn

Moderate burn. - . . .
Heavy burn . 4.44

seed source, with a small but highly significant correlation coefficient {r =
—0.138). In other words, burned plots adjacent to unburned areas were
supporting more sagebrush plants than plots at greater distances from a source
of sagebrush seed.

ToTtarn Probucrion aND GRAZING CAPACITY

In order to appraise the overali effects of sagebrush burning, the data were
averaged by weighting each burn intensity according to its relative size, Total
herbage production on the two experimental areas 15 and 12 years after burn-
ing was considerably higher on the unburned than on the burned range (table
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16). Alshough grass and forb production on burned range was greater than
on unburned, this difference was more tan offser by the lower production of
shrubs, An examination of tables 5 and 13 clearly shows that sagebrush is
responsible for the higher herbage yields on the unburned areas.

Apparently sagebrush-grass-forb mixtures produce a much higher herbage
yield than grasses and forbs grown alone. Since previous studies (1) have
shown that sagebrush-grass mixtures also produce a higher yicld than sage-
brush grown alone, it appears that sagebrush and herbs arc each able 1o use
some moisture which is not available to the other. Removal of sagebrush, chen,
may result in only partial replacement by herbacesus vegeration,

In order to compare grazing capacities of burned and unburned ranges, it
is necessary to comsider both availability and ralavability of the herbzge. Esu-
mates of herbage availabilicy made concur-.ody with zhe 1948 inventories
show thar vegetation is considerably more accessible to livestock on the burned
areas. This is especially true of herbaceous species. In 1948 rotal production

TABLE 16.—Air-dry herlage, forage production, and estimated grazing ca-
pacity on burned and wnburned areas of Fremont and Clurk Counties, 19481

] 1
.‘ | i
i Total herhage E i‘;ﬁ;@'{’:’% Forage ¥

County and 1 : —

plantelass ; (-ppyined " Burned ; Unburned! Burned | Unburmed{ Burned

 area  area® | area area arca arca i
| ; !

Fremont i ! _

County: | Lbs.:arre § Lbs acre | Lbsvuere | Lbs.iaore | Lbs./acre | Lbs. forre
All geasses..  296.5 | 306 171.8 | 260.3 95.1 1446
Al forbs. __| 126.6 § 200.6 V9.8 172.1 18.6 0.1
All shrubs.|  850.4 | 330.0 416.7 218.3 50.8 30.5

Total___j 1,273.5 [ 857.8 668.3 G507 164.5 225.2

Clark 'l .

County: f
All rasses. 240.8 4 367.9 156.9 327.,2 89,3 161.6
All Torbs... 103.5 | 1446 74.5 130.8 17.0 48.3
All shrubs_ 547.0 ! 235.5 289.8 168.7 1.7 3.4

; - -

Total. . ! 891.3 : 748.0 523.2 626.7 108.0 213.3

i .

* Adjusted by covariante,

* Readily accessible to livestock, thac s, not protected by stiff branches and twigs of shrubs.

? Herbage that is bath available and palacable, Fremont County unburned areas had 2 grazing
capacity of 27 sheep days per acre; burned, 38; Clark Councy unburned areas, 13; burned, 34.

* Average of light, moderate, and heavy burns, weighted by the relative size af each.

of grasses and forbs on the Fremont County burn was 20 percent higher chan
on the unburned, but available herbage was 72 percent higher than on the
unburned. Similarly on the Clark County burn rotal grass and forb herbage
production was 49 percent higher than on the unburned, but availzble herbage
was 96 percent higher. On the other hand, borh rotal and available herbage
of shrubs, consisiing mainly of sagebrush, was much higher on unburned than
on burned range.
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When aliowanee is made for palatibility of individual species, the cffect of
burning on grazing capacity is more apparent. Twenty-six to twenty-ninc
percent of the herbage production on the burned range was both available and
palatable, as compared with only 12 to 13 percent on the unburned. Of the
shrubs, enly birrerbrush on the Frement County zrea made a substantial con-
tribution to total forage; its reduction on the burned range party offsec the
increases in grass and forb forage. Forbs provided more forage on burned than
on the unburned range, partly because they were more abundant on burned
range and partly because of higher yields of such relatively palatable forbs as
asters, sticky geranium, geldenrods, and lupines. Grasses also provided more
forage on burned than on unburped range. The proportion of grass forage to
available herbage on the burned range in Clark County was somewhac less than
in Fremont County, because of the increase on all burn intensitics of the coarse,
rhizomatous thickspike wheatgrass and plains reedgrass there

Forage production 15 years after the Fremont County burn was 225 pounds
per acre on burned as compared with 165 pounds on unburned range, and in
Clark County 12 years after the busa, 213 as compared with 108 pounds.
‘Thus burning was responsible for increases in grazing capacity of 11 sheep
days per acre in Fremont County, and 18 sheep days per acre in Clark County,
increases of 40 and 100 percent.

In a typical sheep grazing operation, however, differences in value berween
burned and unburned arcas are even greater. Difficulty in handling sheep,
together with loss of wool and lambs, makes the actual grazng value of
ranges covered with dense stands of sagebrush even less than forage produc-
tion hgures indicate.

EFFECTS OF BURNING ON SOILS

Soit. PROPERTIES

Organic matter, total nitrogen, and moisture equivalent as measured 1
year after burning were significantly reduced in the top half inch of soil on
the heavily burned arcas of Fremont County (table 17}, buc these propertics
were unaffected on burns of light and moderate intensity, Hydrogen ion
concentration was not changed on burns of any Intensity. Soil preperties at
the 2% —inch depth showed the same trends as at the top half inch, but these
were not statistcally significant. Organic matter cousisted of material in-
corporated in the soil mass, distinct fram surface liteer and debris, and its
reduction on the heavily burned arca was probably responsible for the cor-
responding reduction in nitrogen and moisture cquivalent. The reduction in
organic matter and nitrogen was temporary, however, as analyses made 14
years Jater showed no differences between unburned and heavily burned areas.
it should be noted that data for 1934 and 1948 are not directly comparable
because there were slight differences in analytical procedure.

These slight and temporary cffects of planned sagebrush burning on soil
properties are much as would be expected. Because of the absence of licter,
sagebrush fires usually go over an area very rapidiy, heating only the surface
of the soil. In swales where heavy brush occurs together with an accumulation
of some lirter, fire may become very hot and linger for a shorc time, but even
here the soil is heated only to a shallow depch. In such cases some organic
matter in the surface soil is destroyed, but with the rapid return of a grass
and forb cover, such losses are scon replaced.
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TasLe 17.—8oil propertics in 1934 and 1948 o the Fremont County area
adjusted on the basis of the 1932 values through covariance analysis
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Erosion

The surface soil of the Fremont County area contains approximarely 60 per-
cent sand and is classed as 2 sandy loam. Slight relief 1nd lack of surface
drainage prevented water erosion, but some nccelerated wind erosion occurred
largely in late summer and fall of 1933, Degree of wind erosion on the circular
plots in 1934 was assigned to 1 of § classes ranging from no erosion (9) to
very heavy erosicn (5). On this basis, average crosion on the unburned plots
was 0.0; on the lightly burned, 1.2; on the moderacely burned, 1.9; and on the
heavily burned, 3.3, It is evident that amount of wind crosion increased with
burn intensity. The accelerated erosion, however, was effectively arrested by
1935 (fig. 4). The surface soil in Clark County was not nearly so sandy, and,
because erosion was so slight, specific classifications were not made.

Since the experimentat burning in beth Fremont and Clark Counties was
done Jate in the summer, the ground was not exposed long before the advent of
fall rains char helped prevent blowing., Spow covered the area during the
winter, and soon after it melved in the spring perennial grasses and forbs began
rapid growth and arrested most of the erosion. Buorning too carly in the season,
stirring up the surface by wrailing or grazing during the fall and spring after
burning, or absence of a perennial grass and forb cover would probably have
caused serious erosion.

DISCUSSION

REspronse oF VEGETATION To BURNING

Damage to vegetation through burning is caused by both beat of the fire
and removal of ali or some of the acrial part of the plants (fig. 5). During
burning of Califernia chaparral, Sampson (21} has recorded temperatures of
nearly 1,000° F. in the litter on the soil surface. Although of short duration
and lower than those in chaparral, moderacely high tersperatures are probably
produced by burning dense stands of big sagebrush. Such hear undoubrediy
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F-291843, 330202

Fieekt, 4.—24, Plot on the Fremont County bura in 1934 showing depwsition of sand from
wind erosion after the buen, B, The same ploe 2 vears later when the soil surface had become
complerely stabilized by vegetacion.
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Fratnr S==A, Plot on the Clark County area prior e buresing, and 8, the wme ploc imme-
. diately adger burning at heavy antensier. 3 The plot numbyring sistem was Jhanged afeer the
first pho » was taken)
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kills some plants outright and at least injures root crowns and roots lying
near the ground surface. Although top removal is perhaps less injurious,
aumerous chpping studies indicate that all specics suffer to some degree,
especially during certain seasons of the year (2, 8, 22, 27). Extent of injury
from these two sources cannot be readily separated. Purther damage may be
caused by exposure of the unprotected crowns during the winter and follow-
ing spring.

There are, however, certain favorable effects of planned burning, at least to
plants that are not completely killed. Since sagebrush is virtually climinated
by fire, the more fire-resistant species are always assured of a substantial de-
crease in competition. Also, many of the more resistant plants are apparently
stimulated by release of additional nutrients in the ashes. Several studies cited
by Shantz (24) and Sampson (21} indicate that burning releases soluble
mincral nutrients for use by the plants, but thar such benefits may be
relatively shore-lived as a resulc of removal of these minerals by leaching or
€rosicn.

The response to burning, then, will depend on the relative effects of the
actual damage o the plant and the benefit it receives through improved
growing conditions. Specics that make rapid recovery from firc imjury are
able to use the additional motsture and nutrients, and increase at the expense
of species that make slower recevery. Thus, increase of any speries is related
to abundance and character of associated species and to the effect of fire on
them. Statistical studies by Pechanec (1) have cffectively demonstrated this,

Throughout the study numecrous general cbservarions were also made of
burned areas other than those discussed here, in order to supplement the formal
dara coliccted only in certain years. in the following discussion an attempt is
made to provide 2 more complete descriprion of what happens to vegetation
after burning by including changes observed in this way.

During the early part of the first growing season after burning, it is evident
that actual damage to vegeration far outweighs the benefits, Perennial grasses
and forbs are clearly lowered in vigor; old clumps are badly broken up and
remaining plants are small and scatrered. Although rhizomatous species are
apparently damaged less than ochers, even these have poor vigor. Shrubs are
represented by onrly a few sprouts. Much bare ground is exposed, but an
abundant growth of annuals may fill many of the openings. As the season
pragresses, new shoote of rhizomatous grasses and forbs appear and tufe-form-
ing species begin vo stool out. Although greater vigor is appareat in most
plants, scarcely any flower stalks are produced. Perennial grasses and forbs
on burns remain green about 2 wecks longer than on unburned arcas.

Despite the injuriens effects of burning, rhizomarous species are often able
to produce an increased amount of herbage by the end of the first year, but
production of most other species is still below the original level. The appear-
ance of a typical year-old burn is shown in figure 6, A.

During the second year, perennial grasses and forbs continue to jncrease
and vigor is high. Sprouting shrubs are larger, but are still an inconspicuocus
part of the vegeration. The most noticeable feature of the burn during the
second year is the abundant flower stalk production of almost all grasses and
forbs {fig. 6, B). The reason for this phenomenon is not known, but it may
be refared to a temporary increase in mineral nutrients and increased soil mois-
ture. At any raw, this profuse flowering of grasses and forbs is typical of 2-
year-old burns on sagebrush-grass ranges and supplies a source of seed for
revegetation of areas that may not be supporting a full plant cover.
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F—355775, 375454

Fieukr 6—A, Plut shown in figure § vne year after burning. Note the small, seattered plancs.
. B, Twe vears afier burning, The abundant grass Qower stalk praduction is typieal of 2-yeac-
uid buins.
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Total herbage production of grasses and forbs generally reaches its maximum
about the third year after burning, largely as 2 result of increases in the fire-
resistant rhizomatous species. Although this increased production may persist
indefinitely, more often it declines in subsequent years. This general decline
in grass and forb production is accompanied by an increase in shrubs and
many nenrhizomatous herbaceous perennials.

Of the individual grass species accurring on the upper Snake River Plains,
thickspike wheatgrass, plains reedgrass, and bluebunch wheatgrass are appar-
ently least damaged by burning, for within 3 years chese had recovered and
were producing considerably more herbage on burned than on unburned areas.
Orther grasses are slower to recover but after 12 and 15 years only bluegrasses
and Idaho fescue showed any substantal reductions on burned as compared
to unburned areas, 2nd the latter only on the Clark County area. Apparently
losses suffered by most individual grasses are recovered in less than 15 years.

Gains made by some species are more permanent, but only in the case of
thickspike wheacgrass-plains reedgrass on the Clark County burn was the
increase large enough to be of practical importance in increasing total grass
production. The rapid increase of these two species after they overcome the
initial setback from burning and the temporary decrease of most of the other
prasses suggests that repeated burning of such range might produce a fire
subclimax dominated by coarse rhizomatous grasses. The fazi that certain
decreases in bluegrass and fescue were still evident after 12 and 15 years
{especially on heavy burns) suggests that burning sagebrush-grass ranges
that have an herbaceous understory dominated by such finer bunchgrasses
might result in a permanent reduction in total grass yicld or a shifr to a higher
proportion of coarse rhizomatous grasses,

Many forbs, especially the rhizomatous ones, make rapid recovery from
burning and produce an increased amount of herbage within 3 years. Others,
particularly the suffrutescent specics, are slower to recover, but none of the
perennial forbs are permanencly damaged, and many apparently benefit from
burning, as shown by significant increases in “All forbs” herbage production.

Shrubs are apparently more damaged by burning than either grasses or forbs,
Not only is all of the current herbage destroyed by fire, but che 2boveground,
woody parts are cither killed or completely consumed, resulting in destruction
of stored reserves. This may also be the rezson that suffrutescent forbs are
more severely damaged than other forbs having no aboveground, perenmial
parts. Howcver, rabbitbrush and horsebrush sprout profusely following burn-
ing and are only temporarily injured. They quickly regain or surpass their
original size (fig. 7, A), and in additen their rapid recovery allows early
production of seed and subscquent establishment of new plants. Birterbrush
plants that sprout grow rapidly, and some exceed their original size. However,
part of the recovery of this species comes from new plants established {rom
seed, especially on burns of heavy intensity where most of the old plants are
killed.

Big sagebrush, which is completely killed and must re-establish itself caticely
from seed, is much slower to recover. On the upper Snake River Plains no
appreciable big sagebrush sprouting has been ebserved, and the absence of sage-
brush is often an indicator of past burns. Since other shrubs associated with
sagebrush on these ranges arc able to sprout, ar least to some degree, it is
significant that sagebrush by seedlings alone has been able to maintain a

prominent position in the vegeration.
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Finvry, 7.— A Sin years afier bursing, Tlovsebrash planes, which are barely dpceenible in
hgure 6, have become prominent. Sagebrush seedlings aree 2l apparent; note the one to the
lefu uf the pege B, "Fwelve vears afzer buraing, The volv marked clange i b0 inerease in

. swize of horsbrush and sagehinush plaats.
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The overall ultimate effect of planned burning on shrubs, then, is to increase
species that sprout profusely, slightly decrease or have little effect on species
that are only pardally able to sprout, and greacly decrease species that are
unable to sprout. Repeated burning would probably produce objectionable
stands of such species as horsebrush and rabbitbrush where these species are
present in the ariginal stand (fig. 8), and mighc eradicare bitterbrush and
other shrubs which only partially sprout. As a matcer of fact, even one burn-
ing of sagebrush-grass ranges having = high percentage of rabbicbrush and
horsebrush may be unwise.

F=aG1u /0

FiGurr &.-—4 rare of the Clark Conncy burn in 1958 supporting a fairly thick stand of horse-
brush and rabbithrush. Prior tn burning these species wure only minor components of the
VeRCTALGR.

It is apparent that response to burning within cach class—grasses, forbs,
or shrubs—is highly variable. 1f initial effects that are generally injurious to
all species are ignored, the following classification based on sprouting abilicy
of shrubs and growth form of herbs is fairly reliable for describing response
of perennial species:

Severely dumaged —Shrubs chac are vnable sprout; suffrutescent forbs;
some of the fine bunchgrasses—particularly Idahe fescue.

Ouly slighitly affecied —Coarse bunchgrasses; some of the fine bunchgrasses;
forbs chat are neither suffrutescent nor rhizemataus; shrubs wich weak sprout-
ing habit,

Considerably bencfifed —Shrubs with «trong sprouting habit; rhizomatous
grasses; rhizomatous forbs.
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It must be remembered that the results reported herein were obrained on
areas of the upper Snake River Plains which prior to burning were covered
with dense stands of sagebrush but had a fairly continucus understory of
perennial grasses and forbs. Cheatgrass, an annual associared with frequent
fires and abundant on much of the Snake River Phains, was virtually non-
existent on these areas. In addicion, both ranges were burned only once and
were protected from grazing for one full year after burning, and then were
grazed conscrvatively.

Obsecvations of haphazard burning in this area (77! indicate thac had
grazing been allowed the year after burning when the plants were low in
vigor, or had too heavy grazing been practiced later, the results would have
been cntirely different. Also. it cannot be overemphasized that the effects
described here were obtained from single planned burns. Repeated burning,
especially ac close intervals, would copletely upser the ecological balance,
causing 2 shift to a more firc-resistanc type of vegeration and accompanying
soil deterioration. Te is cherefore obvious that caution must be used in ac-
tempting to apply this information to other conditions in other localities.

SAGEBRUSH RE-ESTABLISHMENT

Nocmally, sagebrush re-establishment after planned burning is a gradual
pracess. Nurnerous seedlings may become established during the first 2 years
before a vigorous stand of perennial grasses and forbs develops, but after this
period sagebrush seedlings invade slowly because of the severe competitien for
s0il moisture.

Since observations made in 1948 showed a negarive corrclation between
sagebrush numbers and distance from sced source, size of the area and thar-
oughness of the burn may influeace the rate of sagebrush re-escablishment.
The light burns in Fremont and Clark Counties produced more sagebrush
plants than the heavier burns. Apparently, this was nor a result of the heat
of the fire, but of the location of the various burn intensicies, Usually a belc
of lightly burned range adjoined the unaburned, and therefore lightly burned
arvas were usually closer to source of sagebrush seed than rhose more heavily
burned. If all of a large area is burned, che seed supply will be remote and che
rate of invasion may be slow,

Obscrvations on the upper Snake River Plains have shown thar heavy
sagebrush scedling stands sometimes become established a year after burning,
regardiess of quantity of grass before burning or management after burning.
For example, areas burned in 1937 and 1942 were invariably covered with a
thick stand of sagebrush scedlings the following year. Factors causing such
sagebrush re-establishment are not known, but some peculiarity of the season
involved is apparently responsible. Since the ranges were burned before sced
maturity, che seed chat germinated must either have been lying dormanc in
the soil or have been carried in from the surronnding arcas. f the soil usually
held dormant seed and this seed was responsible, it seems reasonable that burning
would regularly resulc in heavy sagebrush scedling cstablishment during the
improved moisture conditions the year after burning. Since this is not often
the case, there must be some other cxplanation.

One explanation is that sagebrush seed may have blown into the burns
from the surrounding areas in the unusual years. Although sagebrush seed is
fairly heavy and has no plume, it is possible thar an extremely high wind just
ac the time of dissemination of an unusually good seed crop might resule in
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distribution over a burn. There is also evidence thar seed can be carried con-
siderable distances across the snow during winter blizzards, which might ex-
plain widespread distribution during the period after an incomplete seed
dissemination.

Another explanation that has been suggested is thar heavy stands of sage-
brush seedlings result when especially dry wearher conditions follow years of
heavy sced production. Seed may lie on the ground or in the litter throughout
the following spring and summer to germinare the sccond year if condicions
are favorable. Such delayed germination is rather infrequent because in most
years conditions are favorable for germination the spring following seed ma-
turity. None of these explanations, however, seems fully sacisfacrory,

Because benefits derived from burning are relatively shore-lived when such
sagebrush re-establishment occurs, this problem should reccive further study.
Undtil it is sclved, rapid return to & dense stand of sagebrush can occasionaily
be expected despite all known precaurtions.

ErrecTs oF Burn INTENSITY

Burns of heavy intensity are more injurious to nearly all species than mod-
erate and light burns. Even afrer the 12— and 15—year periads, herbage pro-
duction of more than 6 grasses and sedges, 4 forbs, and 2 shrubs was con-
siderably lower on heavy than on lighter burns. These species, whose yields
usually were less with heavier burn intensity, are: Prairie junegrass, blue-
grasses, sedyes, needle-and-thread, [daho fescue, blucbuneh wheatgrass, erio-
gonum, arnica, geranium, pussytoes, sagebrush, and bitterbrush. On the other
hand, thickspike wheargrass, plains reedgrass, knotweed, lupines, rabbitbrush,
and horsebrush were producing more herbage on the heavier burns. Evidencly
burn intensity has considerable effect on the characrer of vegetal trends.

From an examination of these lists, ir appears that the best results are to
be obtained through a burn of light intensity. Of rthe species favored by the
heavier burns, only lugines can be classed as highly desirable forage plants
tor sheep on these spring-fall ranges. Morscbrush, creeping mahonia, rabbic-
brush, and knotweed are of low forage value. Thickspike wheatgrass and plains
reedgrass, because of their coarseness, are che least palacable of the grasses on
these areas. Conversely, most of the species which receive the greatest damage
from the beavier burns are desirable forage planes. Sagebrush, of course, is an
exception, burt iy effecdively conrrolled by light burning.

Soils also fare berter en the lighter burns, Crganic matter, nitrogen, and
moisture-holding capacity were all temporarily reduced on heavy burns, but
they were unchanged on light and moderate burns. Also, there was considerably
more wind erosion on heavy than on light and moderate burns.

Although a burn of light intensity appears most desirable, it cannot be ob-
tained over an area extensive enough to make such a burning operation prac-
tical. Most of the sagebrush-grass type of the upper Snake River Plains is
broken by numerous lava ouccrops that bear only a thin stand of vegetation,
i. e, a light stand of fuel. 1f an atcempt is made to burn ranges late in che
fall when humidity and fue! moeisture are high, or early in the summer while
grasses and forbs are pareially green, a light-intensity burn may be realized on
a small part of the area, buc the major parc will remain unburned. Such a
small degree of success would not justify costs of fircline construction and
other protective measures. Also, bencfits of a light burn obeained while
grasses and forbs are partially green are offser by injury to the plants chrough
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herbage destruction before maturity (2, §, 15, 27 ). From the standpoint of
handling range sheep, light burns are initially less satisfactory than moderate
and heavy burns because of the standing sagebrush skelctons that spag con-
siderable wool.

For these reasons, burning in late summer or carly fall scon after most
percanial grasses and forbs have matured their seed and are dry or nearly dry
will give the best resules. At that time fire will sweep aver most areas having
only a scattered covering of fuel. Since it is not possible to control the heat
of the fire, the advantages of 2 light-intensity burn have to be sacrificed for a
satisfactory burn.

THE GoaL oF PLANNED BURNING

Dara from these two planned burns 12 and 15 years afeer burning em-
phasize that many of the striking changes of the flist few years are temporacy
and that a planned burning program must consider long-time vegetal trends.
The goal of sagebrush burming should noc be inconsistent with che climax
cover that can be attained in 2 particular arca. ft is true that forage produc-
tion on 2 burned area a few years old might surpass that on 2 similar area in
climax condition because of replacement of sagebrush by pereanial grasses
and forbs. However, ranges that are naturally sagebrush-grass climax cannot
be carirely freed of sagebrush for an indefinite pericd. Repeated burning,
especially at close intervals, to keep an area in such a subclimax stage would
probably resulr in eventual impoverishment of the soil and loss of desirable
\'L’g{:[atlon.

Weaver and Clements (28} have pictured the climax vegeration of the
Snake River Plains as a grassland similar to the Palouse Prairie of Washington.
However, reports of cacly explorers {3, 6, 10, 23 ) indicate that sagebrush was
a dominant of the Snake River Plains and that grasses and forbs were 1 minor
component of the original vegetation. More recently a geologist {20} and
several ceologists (3, 4, 12, 16, I8, i9) have presented what is believed to be a
snore accurate conception of the original sagebrush-grass range on the Spake
River Plains. Alchough there may have been considerable Jocal variation from
heavy stands of sagebrush to almost pure grassland, che major part of the
prescat sagebrush-grass type was probably an open stand of sagebrush with
some other shrubs, bencath which thrived 2 vigorous stand of perennial grasses
and forbs.

The present vegetation of the Fremont and Clark County burns substan-
tiates the fatcer conception {fig. 9). After 12 to 15 years, there were some-
what more grasses and forbs on burned than oo unburned areas, and chere were
fewer and smaller sagebrush plants. Sagebrush was virruaily eliminated as a
result of burning, and vigorous stands of perennial grasses and forbs covered
the burns wichin a few years, The fact chat sagebrush was able to reinvade
suck arcas under conservative grazing indicates that it is an incegral part of
the climax vegetation, It is expected that inereases in size of plants already
present and, to a lesser extent, the establishment of new plants will cause in-
creased sagebrush production, especially on the more recene Clark County
burn. The striking contrast between burned and unburned areas after 12 and
15 years, however, suggeses thar the vegeration of che burns will be stabilized
before sagebrush becomes as dense as it was in 1948 on the unburned areas.
On the vpper Snake River Plains, then, an open stand of sagebrush with a
scattering of other shrubs and an understory of perennial grasses and forbs
should be the goal of range improvement through planned burning.
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ficuny 90—, A general view of the Clark County burn in 1950, The shrubs are horsebrush,
rabbitbrush, and sagebrush; the grasses manly chickspike wheatgrass and plans reedgrass,
#, A view of the Fremont County burn in 1948, showing a shighdy berter-than-average sice, Q
Shrubs are bocrerboush and sagebrusl, Conpare wih the demse sound of sagebrosh o gare 1.
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SUMMARY AND CONCLUSIONS

Diense stands of big sagebrush cause a serious grazing management problem
on extensive areas of western range. Fire has been widely used in sagebrush
eradication, but unrestricted burning followed by overgrazing has often re-
sulted in serious range depletion. Several studies have indicated thac planned
burping can be 2 veluable tool in Improvement of sagebrush-grass ranges.
This bulletin deseribes changes in vegeration and soil on two planned burns
on the upper Sazke River Plains over 15~ and 1Z—year periods.

Before burning, each of these areas supported a dense stand of sagebrush
with a fairly uniform understory of perennial grasses and forbs. The Fremont
County burn was made in Seprember 1933, and the Clark County burn in
August 1936. Complere protection from grazing was given both areas for 1
vear, after which conservative spring and fall grazing by sheep was pracriced.

Vegetation in Fremont County was sampled by herbage estimates on 250
plots of 100 square feer and in Clark County on 268 plors prior 1o burning,
! and 3 years later, and again in 1948. Soil samples were taken from 48
statiens on the Fremont County area prior to burning, 1 year afrer burning,
and 13 years afrer burning, and were analyzed for nitrogen, organic matter,
moisture equivalent, and pH. Both vegeration and soil daca were analyzed by
covariance to allow for statistical adjustment of uncontrolled initial variations.

All grasses were injured by burning, but rthickspike wheacgrass, plaing reed-
grass, and bluebunch wheatgrass recovered rapidly and made substandal in-
creases within 3 years as compared to the same species on unburned control
arcas. Other grasses were slower to recover, bur by 1943 nearly all were
producing as much 15 or more herbage on burned areas than on the unburned.
Some of +he finer bunchgrasses were apparently damaged, especially by heavy
burns. Although burning caused increased vields of several grasses, only in the
case of thickspike wheatgeass and plains reedgrass on the Clark County burn
were the increases large enough to be of practical importance as late as 1948,

As with grasses, forbs were injured to some degree by burning, but most of
the rhizomatous species recovered rapidly and within 3 vears were producing
more herbage on burned than on unburned range. Yield of suffrutescent spacies
was greatly reduced inidally, but nene of the perenmal forbs were permanently
damaged, and many apparently benclited {rom the reduced competition as
shown by significantly higher “All forbs™ herbage production on the burns
i 1948,

Shrubs were apparently more damaged by burping than grasses or forbs,
but rabbitbrush and horsebrush sprouted profusely and quickly regained or
surpassed their original size. Swbstantial numbers of bitterbrush plants also
sprouted, and these wire quickly able te gain a position of dominance. Sage-
brush, which must start entirely from sced, was greatly handicapped.

1n 1945 total herbage was considerably higher on the unburned areas, be-
cause of thei- much greater amount of sagebrush, than on the burns, Avail-
able herbage, however, that which is readily accessible to livestock and not
shelrered beneath shrubs, was neacly as great or greater on the burned areas.
The amount of forage, which is affecred by both availability and paletability
of the herbage, was markedly greater on the burned than on the unburned
ranzes. The estimated grazing capacity of the burned range was 40 percent
greater than that of the unburned in Fremont County and 100 percent greater
in Clark County,
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Organic matter, nitrogen, and moisture equivalent were significantly re-
duced in the top half inch of soil on the heavily burned arcas of Fremont
Councy, but these reductions were only temporary. Accelerated wind erosion
was marked on the heavily burned areas but was effectively arrested within
2 years.

From the results of this study, the following conclusions are drawn with
respect to planned burning of sagebrush-grass range:

1. Such burning is ultimately beneficial to shrubs with 1 strong sprouting
habit and to rhizomatous grasses and forbs, but nonsprouting shrubs, suffrures.
cent forbs, and some of the finer bunchgrasses are severely injured. Other
species are only slightly a2ffecred.

2. Because of this variation in response, compasitian of the stand should be
carefully considered when planning a sagebrush burning operation. A large
rumber of undesirable sprouting shrubs or of desirable fine bunchgrasses or
sufrutescent forbs may preclude improvement through burning.

3. Although total yield of grasses and forbs is greatly increased within 2
or 3 years after burning in comparison with production on unburncd range.
much of chis early incrense may be short-lived.

4. Increased availability of herbage and ease in handling livestock are often
the main benefits from planned burning.

5. Some soil properties are slightly aftered by burns of heavy intensity, but
such changes are only temporary.

6. The best results are apparently produced by light burns, but the ad-
vantages of a low-intensicy fire muost be sacrificed in order te secure n satis-
Tactory coverage.

7. Normally sagebrush re-establishment following planned burning is 2
gradual process, but sometimes sagebrush scedlings become established the
following year on burned areas regardless of the amount of grass present before
burning or management after burning.

8. The goal of sagebrush burning should be consistent with the climax
cover that can be attained. The objective of range improvement on the upper
Snake River Plains through planned burming should not be complete eradica-
tion of sajcbrush but the attainment of an open stand with a scatiering of
other shrubs and an understory of perennial grasses and forbs.

COMMON AND SCIENTIFIC NAMES OF SPECIES
MENTIONED

Grassus AND GRASSLIKL PLaANTS

Bluegrasses

Bluegrass, Nevada P, wevadensiy Vasey
Bluegrass, Sandberyg P, sccunda Presl
Cheatgrass {cheatgrass brome) Bromus teclorum L,
Fescue, Idaho Festucw idaboensis Elmer.
Junegrass, prairie Kaelvria cvistata (L.} Pers,
Needle-and-thread Stipa comata Trin, & Rupr.
Needlegrass, Columbia S. columbiana Macoun
Reedgrass, plains Calamayrostis monlanensis Scribn.
Sedges Carex spp.
Sedge, threadicaf C. filifolic Nore.
Wheatgrass, bluebunch Agropyron spicatum (Pursh} Scribn. & Smith
Wheatgrass, thickspike A dasystaehynm (Hook.) Scribn.
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Forns
Arnicg, orange ... ... i, oen. Arnica fulgens Pursh
ASTEES © v ceevw.. Asfer spp.
Astragalus, saline ................. e, Astragafus salinns Howell
Comandra, common .......,....... . Comandra umbellata (L.) Nurt,
Eriogonum, Wyeth ("buck\vhcat“) «o v Erizowum beracleoides Nute,
Fleabzne, purple~da15)'. e Erigeron corymbosus Nutr,
Gayophytum (bigflower groundmmkc} . .Gu)uj;bjium diffusium Torr. & Gray
Geranijum, sticky . Geranium viscosissimum Fisch. & Mey.
Goldenrods . ........ Ceees Solidago spp.
Goesefaots . .......... . Chenopodium spp.
Hawksbeard, tapertip . ... e . Crc-pn acuminate Nucte.
Helianthella, oncflower. . .. Helianthella muﬂura {Nure.) Torr. & Gray
Knotweed, Dou"las Cevieeee e ans Polygonnm douglasii Greene
Lupine, tileup .. vevnervvaan, Lupivus candatus Kell.
Lupine, velver . o L. lencopbyllus Dougl.
Milkverch ... ... . ... Astragalus divevsifoling A. Gray
lenstemon, royal e ven o Peusiomon speciosus Dougl.
Phlox, longleaf . coeon-. Phlox longifolia Nutt,
Plumeweced, bushy ... .. ... Cordylanibus ramosus Nutt,
Paisonverch, timber oo Astragatus convallarins Greene
Pussytoes, lictleleaf .. ... .. oo Awtennaria microphylla Rydb,
Pussytoes, Jow .. .. cvvvnve. . Aodimorphg (Nute.) Torr. & Gray
Thistle, wavyleaf . Cirsiumt wndnlalfum (Nurte.) Spreng.
Violet, tongueleaf .. .. Viola nutfallii Pursh var. fingwaefolia (Nute.) Jepson
Yarrow, western ... v oo Achiften tanifosa Nute.

Bitterbrush. . . Purshia tridenfata (Pursh) DC,
Horsebrush, spmclu.a.a gray . Te fm:fj mifa caneseons var. fuermis (Nuee) A, Gray
Mahonia, creeping (“Oregon grape™) . Mabouia repens (Lindl.) G. Don
Rabbitbrush, downy ........ Chrysoihamuns puberulus (D. C, Ear.) Greene
Sagebrush, big ........... Artemisia Fridenfala Nurtr,
Snowberry, mountain . .................. Sympboricarpos oreophilus Gray
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