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INTRODUCTION 

Dense stands of big ~agebru~h:; cause a serious grazing management problem 
on extensive areas 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 
frequently so dense that they are a barrier to liveStOck movements (fig. 1). 
Sheep can make their way through the sagebrush only with difficulty, con­
siderable wool is pulled from the fleeces by the brush, and lambs arc lost through 
straying. Even when liyestock force their way into hea\'y sagebrush stands, 

1 Submitted for publicarioll Mar II, 1953. 

• The author acknowledges his indebtedne" to tho~e who be~al1 and carried out the carll' 
work of this srudy, Joseph F. Pcchanec. Chief. Di"isiun of Range Re,earch. Forest Service; 
G. D. Pickford, Supervi,or. Routt i':Jrional Fore't; and George Ste\\'art. formerly in charge of 
Range Reseeding Research, Intermountain Fore\[ and Range Experiment Station. He is also 
appreciati"e f the direction gi,'en in the collectiun of data in 1948 by Clark E. Holscher, now 
leader of the .B1ue MOllntalO Research Center, La Grande, Oreg., Pacific i':Orl hwest Forest and 
Range Experimenr Station. AcknowledgmeliC is also made to the Fremont Countr \\'!oolgrowers' 
Association and the State of Idaho for their cooperation in the initial work of the Fremont 
County burning project, and to the ilureau of Animal Industry f(,r its cooperation (In sagebrush 
burning projects at the U. S. Sheep Ev.periment Station. Dubois, Idaho. 

• Common and scientific names of ~l'ecies mentioned in this bulletin appear on p. 36. 
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F- 4.:.4Q49 • 
they are often un.lble to reach more than h.ll! of tht' pal.lt.lble gr.l"e., and 
forb~. Grazill~ capacity i, further reduced by deLrl"l.,e, in gr.l', .lIld forb yield 
re~ultill~ from sa~ebru,h competition. 

W'herc b;~ .,a~ebru~h h.l., g.lincd control of any .1rC.l. it lOrIm .1 definite 
obstacle to range improvel11ent. It i., typiL.tll) .1 Jon~-liyed "hl'ub. Eyen-a~ed 
,ranch J ttain an age of 3 () to 40 year." and indi vidual pIJIH' m.1Y L'x<.:ced 100 
yean. Because of ir., long life ;lI1d ability LO co "pete \\'ith perenni.l1 ~ra"\c" 
and {orb., for .,oil l11oi.,ture, .,a~ebrl1\h in dcme ".lIld., ,aiou.,l), l'l'tarth r.ln~e 
impro\'('rnent that can be obtained b~' ~rilling managemcnt; only ,light im­
proyernent may be I'c.tii:red in 1 (! to l'i YC.ll·" Big ,agcbru,h .lho hinder., I.mge 
rc·.,ecding b)' phy\ically obstructing cquipment .lnd I.11Cl' <.:ompcting with 
rc\eeded .,peci'~" for .,oil l11oi\turc. 

Li\'estOck opcr.lwr\ havc oftcn u.,ed fin: l() rid their I.lIld, of ,.lgebrll~h. 
W'hen burning \\,a., followed by poor 1l1.11uge1l1ent, el'L'n heavicr ,t.lntl, of ~.Ige­
brmh u\uaJh· returned, .lnd in many C.l\e, the.,c wcre .lg.lin l'cll1oycd b. fin~. 
Somc percn~i.li grasscs Jnd jorb., \I:ere destroyed by fit:c .Intl ,Ollle we;..: dc­
stl'(iycd by ol-ergrazing; LOl1\cquently, this cl'L:le often re\ulted in ,criou, rang' 
depletion I J~ J. I )oil deterlor.:rion .lccomp.lIlicd this destructiol1 oi pel'l'lln:,\i 
gr;b~e\ and forb~. 

Several ,tudics, howcver, ha\'e indicated th.lt pl.lnnL'd burning i, .1 \ .tluable 
tOol in range improvement. Throu~h such bUl'l1ing of sagcbrmh-gr.I" r.1l1gc 
in rhe Laramie River Valin' of northwestern Color.ldo, tJ.1l1son (:; I and ;\-lorrIs 
(9) obtained .1 300-percc~r increasc in gl'azil1,,: capacity, f\ prcl'ious publi­

• Italic numbers in parcnthc,e~ ref,'r to Liter,1turc Cited, fl. 37. • 
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• 
cation (15);; 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 interpretatiolls of these effects on the vege­
tation and soil. These effects were obtained from single planned burns. Re­
peated burning, especially at close intervals, would upset the ecological balance 
of the range, creating less desirable conditions. Caution must be used in apply­
ing this information to other conditions in other .localities. 

METHODS OF STUDY 

Two large areas of sagebrush-grass range on the upper Snake River Plains 
were carefully burned in accordance with definite plans, one in 1933 and the 
other in 1936. Both areas were given complete protection for one y.ear after 
burning and have since been conservatively grazed. Systematic observations on 
yegetation and soil ",ere made prior to burning an:! at intervals afterwards 
until 1948. 

DESCRIPTION OF .EXPERIMENTAL AREAS 

FREMONT COUNTY 

• 
The Fremont Countr area is approximately 2 miles square and is located 

about 17 miles north of St. Anthony, Idaho, at an ele\'ation of approximately 
6,000 feet. The topography is similar to much of the Snake River Plains in 
that there is little surface drainage and slight relief except for Ia·,,,- outcrops. 
The soil is of basaltic origin and contains considerable sand. In depth, it varies 
from zero on the Ia\'a outcrops to more than j feet in swales, the average being 
about 18 inches. 

Precipitation a\'erages about 16 inches and is rather evenly distributed 
throughout the year. During the summer months, dry ",inds from the south­
west occur almo5t daily, causing a high water loss from both soil and vege­
tation. Temperatures may reach a maximum of 100" F. in summer, and a 
minimum of - 3 5 ~ in winter. The froH-free period is approximately 95 days. 

Prior to burning, this area supported a dense stand of big sagebrush 2 to 4 
{eet high. Beneath the sagebrush was an open yet fairly continuous stand of 
perennial grasses composed chiefly of thickspike wheatgrass, needle-and-thread, 
bluegrasses, and sedges." Of the total vegetal cover, perennial grasse~ formed 
approximately 45 percent, perennial forbs 5 percent, $agebrush 35 percent, 
bittcrbrush 10 percent, and miscellaneous shrubs and annuals 5 percent. 

According to statenJents of longtime residents, the area was accidentally 
burned during the dry summer of 1910. Sagebrush was largely destroyed by 
toe butn, and grasses grew abundantly. Unrestricted grazing followed burning, 
and after about 10 years sagebrush began to increase noticeably. By 1932 it 
was so dense that handling of sheep on th~ area was difficult. However, an 
understory of valuable grasses still remained. 

"Farmers' Bulletin 1948 is primarily u report On the aspects of sagebrush burning ha"ing 
immediate application • .It describe~ increase., in grazing capacity as a result of planned burning 

• 
and the disastrous effects of haphazard burning. It also discusses such essential considerations 
as where, when, and how to burn, management after burning, and Casts • 

tl Sedges arc jncludcd with the grasses throushout this bl1I1ctin. 
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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 after 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 Dubois, Idaho, at 
an elevation of approximately 6,000 feet. The soil contains less sand than that 
of the Fl·emont County area, and the annual precipitation averages only 11 
inches. Otherwise topography, soil, and climate are similar. 

In general, the yegetalcoyer prior to burning was similar to that of the 
Fremont County area exc(;pt that bluebunch wheatgrass, plains reedgrass, 
spineless gray horsebrush, and downy rabbitbrush were present, but scarcely 
any bitterbrush. The vegetation was roughly 35 percent perennial grasses, 5 
percent perennial forbs, 5 percent annual forbs, 40 percent sagebrush, and 15 
percent: rabbitbrush, horsebrush, and miscellaneous shrubs. 

BURNING AND SUBSEQUENT MANAGEMENT 

The Fremont Count)' area was burned in September of 1933, and the Clark 
Count)' area in August of 1936. At that time, seed of most perennial grasses 
and forbs had been d:sseminated and plants were dry or nearly dry. In order 
to allow an ample supply of flammable material to carry th~ :fire, no grazing 
was permitted on either range during the growing season prior to burning. 
Carefully prepared firelines and trained crews were used in controlling the • 
fires. Both burns left scattered unburned "islands" (fig. 2). Lava outcrops 
and other barriers prevented these islands from burning, and except for the 
outcrops, these unburned islands arc typical of the burned areas. Many of 
the unburned islands ,vere large. In planned burning operations, an attempt 
is usually made to burn out such areas, but they were \eft 0!1. the experimental 
burns to provide the ne"ded 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 ncar established sheep camps and trails. Average 
rates of stocking were approximately 2.5 and 2 acres per sheep month on the 
Fremont and Clark County burns, respectively. 

INVEN"rORIES OF VEGETATION 

SAMPLING SYSTr'/-IS 

Four hundred circular plots, each having an area of 100 square feet, were 
established at regular intervals on each area. Because a high percentage of the 
plOlS on lava outcrops remained unburned owing to the sparseness of their 
vegetation, it was thought that their inclusion in the analyses would present a 
biased picture of the range as a whole. They were therefore omitted. Also, 
certain parts of each burn were accidentally rcburncd prior to 1948, and they 
too were omitted. Only 250 of the original 400 plots on the Fremont County 
burn and 268 of those on the Clark County burn were available 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 available to livestock. 

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) light hum-smaller branches 
and twigs unburned, only leaves consumed by fire; (4) unburned-no evi­
dence of fire either in the understory or in sagebrush crowns. 

Numerous general observations were made on both experimental are~.s. 
Extent of survival of big sagebrush and bitterbrush browse through sprouting 
was determined in 1934 on the 'Fremcnt County burn. Sagebrush plants were 
counted on all plots in 1937 and 1948 in Fremont County, and in 1939 and 
1948 in Clark County. In 1948 the sagebrush was classified either as recent 
seedlings, large plants established since burning, or old unburned plants. Also 
in 1948, the distance of each burned plot from an unburned area was esti­
mated in an effort to correlate 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 from burned bushes, or old unburned bushes. 

ANALYSIS OF DATA 

Comparisons of 1948 data from unburned, lightly burned, moderately. 
burned, and heavily burned areas were improved by making allowance for 
initial differences in vegetation. Burn intensity could not be predicted prior 
to burning and assigned to specific areas; therefore the rcslJlting intensities 
may be partly due to variations in combinations and quantities of species. Be­
cause of this lack of experimental control, vegetation inventory data for 
1948 werp. analyzed by covariance (25) to allow a statistical adjustment for 
the uncontrolled initial va6ations. The applicability of this method to similar 
data has been tested by Pechanec (11) who found that the use of covariance in 
adjusting for uncontrolled variablcs resulted in at lcast doubled precision. 

Such analyses were made for only those species which prior 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 Co!.>::-ty 
area. Most species recorded in lesser amount prior to burning occurred on 
:c(· t:w plots to provide adequate samples for statistical analysis. Data on 
herbage production fo~ such specles are presented for 1948. 

Since there were wide fluctuations in herbage production from year to year 
even on unbur::;ed areas, as a result of variations in weather, vegetal trends 
resultin:; from burning are difficult to distinguish unless these natural fluctua­
tions are eliminated. This has been accomplished by using unburned areas as a 
base and expressing production on burns as a percentage of that on the un­
burned. It must be kept in mind that these percentages are based on unad­
justed values of density or weight and arc presented only to show trends in 
relative production. Differences in 1948, at the end of the study, are better. 
shown by comparing yields adjusted by covariance. 
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• MEASURING SOIL 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 burning, and again in 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 ~'z -inch soil layer and 
of the 2Yz-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 total nitrogen; (3) centrifuge method for moisrure equivalent; and (4) 
Hellige disk-comparator method for pH. As with the data on vegetation, ~oil 
property differences in 1934 and 1948 were analyzed by covariance to allow 
for statistical adjustment of uncontrolled initial variations. 

Estimates of intensity of wind erosion were made on the inven"tOry plots in 
1934, the year after burning. Degree of erosion for cach plot was assigned to 
1 of 6 classes ranging from none to very heavy. 

EFFECTS OF BURNING ON VEGETATION 

• 

Responses of vegetation to burning arc shown in two principal ways. First, 
production in pounds per acr.? in 194·8, 15 and 11 years aftcr burning in 
Fremont and Clark Coumics, respectively, is given. These yields of herbage 
indicate what may be expected in tIle way of longterm effects of a single burn. 
Second, relative amounts of vegetation on burned as compared with unburned 
range arc given for intervals during the srudy period, to indicate trends in 
production. Relative values are used here in order to minimize the effects of 
diiferences in methodology and fluctuations in herbage production caused by 
fluctuations in weather. 

FREMONT COUNTY 

Grasse.f.-There were no significant differences between total grass pl"Oduc­
tion on the unburned, lightly burned, moderately burned, and heavily burned 
parts of the Fremont County area 15 years after bUrlling. Each treatment 
produced about 300 pounds of grass per acre (table 1). Individual species, 
however, responded in vadou.s ways. Thickspike wheatgrass produced 50 
pounds per acre more on heavily burnedilian on unburned range, and sedges 
8 pounds more on the light burn. Prairie junegrass produced 11 pounds more 
on lightly burned and 21 pounds more on moderately burned than on unburned 
range. Bluegrasses, on tlle other hand, produced 14 pounds per acre less on 
heavily burned ilian on unburned range. These differences are all judged to be 
sta tistically significan t. 

Needle-and-thread and Columbia nccdlegrass were nOt significantly affected 
by any intensity of burn, although the former produced from 10 to 26 pounds 
more per acre on burned than on unburned range. Idaho fescue occurred on 
so 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 aU burn intensities in 1948, suggests 
that this species is severely injured by fire and :" vel'}' slow to recover. 

• 
Trends .in production of the vadous grasses .1il~r planned burning are indi­

cated in table 2. Here production in each l.to intensity is expressed as a 
percentage of density or weight of herbage .. n the unburned range in d1l' 

http:SAGEBRUSH�GIU\.SS
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TABLE I.-Adjusted air-dr). herbage prod1lction 1 of grasses in Tela lion. fa 
treatment in. Fremont Count)., logetbey witb variance Tatios (F) and ap­
proximate least significant differences, 1948 

I 
I

Treatment I Least significantI
-I clifferences 2

Species (F)I I 
Light !Moderate IHeavy !Unbumed! burn j burn burn 0.05 ! 0.01 

Thickspike Lbs. lacre !Lbs.1acre Lbs·la~re Lbs. / acre 
wheatgrasL_ 117.2 110.1 99.1 167.0 412.19 25 33 

Sedges 3_____ _ 13.1 12.2 S.7 46.46 6 S 
Idaho fescue __ _ 19.3 I 21:~ 3.S 1.6 
Prairie june- t 

I -------T---- -- -----­
grass _______ _ 32.S 43.6 53.4 36.S 4 6.92 10 12 

Bl\lt:grasses___ _ 21.9 I 
i 23.1 16.4 7.9 4 10 .OS 6 S 

Needle-and- II 
; 

,thread_____ _ 47.7 6S.4 73.9 57.S 1.S3 ... - - - --­-~~~-~-1
Columbia 

neecllegrass __ '\ 37.1 I 2S.1 4S.S 35.7 1.50 -------- ------
All grasses 6 __ _ 296.5 290.0 303.4 321.1 .73 .. ------- - --- --I 

I 
I I 

-~----

1 Adjusted On the basis of 193 2 densitie~ through cO\"ariancc analysis. Idaho fescue too 
limited in occurrence in 1932 to allow such analysis. 

"Although number of plots in each treatment was not (;Onstant, for purposes of general 
evaluation least significant differences based on the "'era)!e number of plots arc shown.. 

a Several species grouped because of their infrequent occurrence. 
. , Highly significant. 

"lr.dudes minor grass species not listed, together with sedges. 

~ame year. This method excludes effects of natural herbage fluctuations over 
the study period and permits a direct examination of trends due to burn in­
tensity. Relative amounts of vegetation in 1932, the year before burning, and 
1, 3, and 15 years after burning, arc given in this way. 

By the end of the first growing season after burning thickspike wheatgrass 
had increased markedly on burned areas, as compared with unburned, the degree 
of increase rising with intensity of burn. This relative increase continued, and 
by the end of the third growing season production on the burned range doubled 
or tripled that on the unburned range. Howeyer, after 1; 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 trends of "All grasses" were 
similar to those of thickspike wheatgrass, which is not surprising since this 
species contributes between a third and a half of the total grass production. 

As compared with the unburned area, sedges increased on the 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 actual yields of threadleaf sedge in 1948 were 2.5, 7.3, 4.8, and 2.2 pounds 
per acre on unburned, lightly, moderately, and heavily burned areas, re­
spectively. 

• 

• 

• 
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• TAllLE 2.-Grass productioll- 1 011 burns of tbree intensities made in tbe fall 
of 1933 in Fremont County, expressed as a perce1lt of tbe unburned each 
year of record 

I 
Burn .in- Prairie Needle- ColumbiaThickspike Blue- Alltensity Sedges june- and- nel"dle­wheatgrass grasses grasses 2and year grass thread grass 

Light: Percent Percent Percent Percent Percent Percent Percellt 
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 
1948 __ 98 155 137 113 173 81 108 

Ivl:oderate: 
1932 3_ 113 86 110 189 169 133275 I1934 __ 217 74 380 1,600 99 164 162 
1936-_ 338 84 52 78 118 1 213 226 
1948 __ 86 90 162 82 211 , 138 116 

Heavy: I 11932 3_ 112 77 60 I 166 112 I 9457l1934 __ 239 I 43 340 I 
! 

900 18 87 I 125 
1936 __1 273 ! ? ? :>9- 23 166_8 144 
1948 __ 145 108 39 92 96 106 

1 

~ Estimated as density in 1932 and 1934, as weight in 1936 and 1948. 

2 Includes minor gr.~s species nOt listed, together with sedges. 

3 Prior to burning; data are from plots Iate.r classified as light, moderate, and he,,'Y burns, 


• 
respectively • 

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 result of disproportionate 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, but 
the harmful effects of heavy burning on the bluegrasses were still evident 15 
years after burning, as pointed out in the di~cussjon of table 1. 

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

Forbs.-Total forb production in 1948 was considerably higher on all hurn 
intensities than on unburned areas (table 3). The differences on the light and 
moderate burns were highly significant; that on the heavy burn was just short 
of statistical significance. Of the species mainly responsible for the higher 
yield of forbs on burned areas, western yarrow, asters, fleabane, and goldenrods 
are rhizomatous perennials. Litdeleaf pussytocs, .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 knotwecd, an undesirable annual, was grea test on the 
heavy burn. 

• Most of the individual species were present in such small quantities and on 
so few plots in 1932 that covariance analysis 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 species are apparently related 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 attaching im­
portance to these unadjusted values. 

TABLE 3.-Adjusted air-dry heTbage jlrod71ctionJ of forbs in relatioll to treat­
me11t in Fremont C01lntJ', together with l'ariance 1'atios (F) and ajlproxi­
mate least significant differences, 1948 

Treatment Least significant 
~~f--- differences'Species (F) 


Light 110derate I Heavy
Unburned burn burnburn \ 0.05 0.01 

Littleleaf Lbs./acre Lb:./acrc Lbs./acre \Lbs./acre 
pussytoes •• __ 15.8 22.0 25.3 18.0 1.17 

Plumeweed __ .• 6.4 3.1 1.5 I 1.9 2.16 
Eriogonum ____ 21.0 ! 17.0 1.4124.0 I 15.1

iV\Testern yar- IrOw ________ 23.5 f16.8 I 30.1 I 17.1
Asters _______ . 4.1 12.0 I 11.2 8.1 
.::omandra ____ 4.5 1.2 4.7 1.1 
Fleabane_ •.• _. 8.4 8.4 18.9 17.3 
Stic~y gera- 1I 

nlum._. _•.• 6.6 56.5 28.3 7.6 
Helianthella. _. 6.5 5.5 18.2 3.5 
Knotweed. ___ • 7.4 1 8.5 10.1 26.1I IGoldenrod ____ 6.9 J 

I 21.5 37.7 21.6 
All forbs 3. ____ 126.6 I 190.7 I 236.8 170.0 47.84 47 62 

I 

1 Adjusted on the basis of 1932 densities through coyariance analysis. Species for which 
variance ratios arc not shown were tOO limited in occurrence in 1932 to allow such analysis. 

, Although number of plots in each treatment waS not constant, for purposes of general 
evaluation least significant differences based On the ayerage number of plots arc shown. 

a I ncl udcs minor species not lis~cd. 
I Highly significant. 

The 1934 inventories showed a marked increase in production of "All forbs" 
on burned areas in relation to that on the unburned (table 4). This trend con­
tinued through the third year, especially on burnJ of light and moderate in­
tensity. Although much of these early increases had disappeared by 1948, the 
adjusted yields on both Eght and moderate 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 distribution 
over the study area. For this reason, trends of groups having similar growth 
form are shown. 

Rhizomatous species on all burn intensities showed relative Increases the 
first year after burning, but subsequent trends were variable. On the other 
hand, suffrutescent {orbs (pussy toes and eriogonum) decreased markedly, 
.roughly proportionate to burn intensity, .and then increased. Annuals, chiefly 
gayophytum, knotweed, plumeweed, and goosefoot, made enormous relative 
increa,ses 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 annuals 
on the unburned plots in this drought year, which serves as a base for the 
percentages. Portions of these relative increases persisted through 1936, but 
had disappeared by 1948 on all but ,the heavy burn. The persistence of annuals 
on the heavy burn is shown by actual yield of knotweed in table 3, 26 pounds 
on the heavy hurn as compared to 7 on the unburned. Other perennial forbs 
generally showed an initial but temporary increase after burning. 

TABLE 4.-Prod'/lcfionl of fOl'bs on b1lrns of tbree intensities 1I1ade in tbe fall 
of 193J in Fremont Cowdy, £'xp'ress£'d as a perC£'11t of fbe 1ll1b1ll'11ed eacb 
year of record 

1 

Burn intensity Rhizomatous Suffrutescent I
[orbs 2 Annuals Others i All [orbsand year [orbs 

--------------,---
IjLi!!"ht: , Percent Percent Percent Percent Percent 

- 1932 3_____ ' 340 96 47 314 971934_____ _ 358 77 200 243 1611936 _____ _ 278 163 174 219 2291948 _____ _ 163 ' 112 i 84 183 146 
!\loderate: ,

1932 3_____ ~ 150 78 65 143 78
1934______ ; 258 38 1,000 293 131
1936______ : 

I 

• 
223 131 197 251 215 

1948 __ - ---l 252 I 128 86 171 174 
Heavy: , 

19~2 3 - - - __ j 80 53 90 100 69
19-'4______ , 116 5 5,600 229 120
1936 ___ ___ i 109 62 446 199 147
1948 ______ : 160 67 209 ' 104 ; 120 

Ij 1____­

1 E~timated as density in 1932 and 1934, as "'eight in 1936 and 1948. 
2 Perennial forbs with partially woody Stem bases that do nOt die down to the ground each 

year. 
• Prior to burning; data are from plotS later classified as light, moderate, and heayy burns, 

respcc(jycly. 

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 late in the growing season and therefore did not show conditions 
during the early part of the Erst growing season after burning. Actually, 
perennial vegetation that survived was cleady lowered in vigor, especially on 
the burns of heavier intensity. Leaves were shorter on all grasses and forbs, 
e\'en on the rhizomatous species; clumps of bunchgrasses were badly broken 
up and were producing only a very few shoots. 

The damage to grasses and forbs as a result of burning was further obscured 
by the severe drought of the 1934 5eason, 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 that 
many perennial grasses and forbs on areas burned in 1933 partially escaped the 

• effects 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 
dIe first season. 
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Sbrubs.-Shrubs were severely damaged by burning; the aerial part in nearly 
all cases was either 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 growth of 
twigs, were still significantly lower on burned than on unburned 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 two species. Although individual 
statistical analyses were not made of the other shrub species, their 1948 yields 
are shown. Apparently creeping mahonia 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 Foduction of sagebrush, bitterbrush, and "All shrubs" following 
planned burning are shown in table 6. Sagebrush was almost completely de­
stroyed on the moderate and heavy burns, but a few plants survived on the 
light burn. However, many of these were apparently injured beyond recovery, 
because relative production on the light burn continued to decrease for the 
next 2 years despite invasion by seedlings. Bitterbrush, because of its ability 
to sprout, made some recovery; by the end of the 1934 growing season, but was 

TABLE 5.-Adjusted air-dry berbage jJroductiol11 of shrubs in relation fa treat­
ment in Fremont COlmt)l, logetber lvifb varia11ce ratios (F) and ajJjJroxi­
mate least significant differences, 1948 

I I!
Treatmenti I .,Least significant 
-----,--'---"-----:i----I (F) : differences ,2Speci("s 
 ILight Moderate I Heavy 1 

( Unburned" bUI'n b 'I ,------,.--- ­

urn Jurn !
' ------- -----1---- ----~~~ 
j-Lbs./acr~kbs./acre Lbs./acre Lbs./acre 

Sagebrush __ •• 522.7 241. 3 132.1 54.7 356.96 Ii 77 102 
Bitterbrush - ___ j 311 .2 215.7 147.6 156.8 a 13.71, 58 76 
Downy rabbit· I I

brush. _____I 4.0 3.0 14.1 j 
i 13.3 ________ 1 

1 

________ ---.--
Creeping. I 1 

I 33.9 ________ , ___ • ___ •mahoma. __ .' 6.3 4.4 7.0 

Snowberry ____ : 6.7 2.6 6.6 I 

All shrubs ~ ___I 850.4 I 523.1 317.9 I 

I 26~:~ -a-si:36-j --10Z- ---134
1 
I I 

1 Adjusted on the basis of 1932 densities through covariance analysis. Sp'~cies for which 
variance ratios are not shown were too limited in occurrence in 1932 to allow such analysis. 

• Although number of plots in each treatment was not constant, for purposes of general 
evaluation least significant differences based on the average number of plots arc shown. 

aHighly significant. 

41neludes minor species not listed. 


• 


• 


• 
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• TABLE 6.-Herbage production~ of shrubs on burns ot three intensities made 
in the fall of 1933 in Fremont Count-y, expressed as a percent of the 1tn­

bunted each year of record 

Burn intensity Sagebrush Bitterbrush All shrubs 2and year I-
Light: Percent Percent Percent 

1932 3 95 226 1161934- __________ 19 63 311936___________ 10 67 251948 __ .. ________ 45 86 63 
Moderate:

1932 3_______.___ 117 214 1311934___________ 1 23 101936 ___________ 1 46 13194fL __________ 26 60 41 
Heavy:

1932 3__________ 124 159 1371934___________ 0 10 101936 ___________ (4) 19 111948___________ 12 54 36 

1 Estimated as density in 1932 and 1934, as weight in 1936 and 1948. 
• Includes minor species not listed. 
a Prior to burning; data are from plots later classified as light, moderate, and heavy burns, 

respectively. 

• • Less than 0.5. 

still 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 rein vade 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 were more than 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 44.4, 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 important factor. 

There were approximately half as many bitterbrush plants on the burned 
areas as on unburned in 1948 (table 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.S 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 n1t1nber of sagebrush plants per 100-square-foot plot on 
the Frc'mont County arca, 1948 re 

Class of plants I 
Percent 

Total ofTreatment Large plants EstablishedRecent unburnedestablished prior toseedlings sin.ce 1933 1933 

Unburned________ 0.32 2.46 9.48 12.26 100 
Light burn_______ .91 7.50 8.41 69 
Moderate burn___ .93 6.56 7.49 61 
Heavy burn ______ 

-------_ .. _-­
1.18 5.75 6.93 57 

TABLE 8.-A-z-'crage number of bittcrbrush plants pl.']" 100-sqllare-foot plot O1l 

the Frcmmtl County area, 1948 

Class of plants 

Percent 


Treatment Total of
Established EstablishedSprouts unburnedsince 1933 prior to 1933 

Unburned________ 4.08 3.42 7.50 100 
Light burn _______ 3.00 1.59 4.59 61 
Moderate burn ___ 2.84 1.11 3.95 53
Heavy burn ______ 2.99 .50 ------------ 3.49 47 

.1 

F-425053 

FIGURE 3.-Bitterbrush was seriously damaged by burning, but plants that were able to sprout 
had m.de marked recovery 9 years after burning on the Fremont County area. 
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CLARK COUNTY 

Grasses.-ln contrast with Fremont County, the Clark County burned areas 
after 12 years were producing significantly 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 whe:ltgrass and plains reed grass, were producing 
significantly more herbage on burned than on tmburned areas, and these species 
were chiefly responsible for the higher total grass yield on burns of all in­
tensities. Although differences between burn intensities were not significant, 
higher yields of these two grasses were associated with the heavier burns. 

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

Trends in production resulting from burning treatment arc shown in table 
10 as percentages of production on unburned range. \'«"ith the exception of 
the jointly classified thickspike wheatgrass-plains reed grass, the sedges, and 

TABLE 9.-Adjusted air-dry berbage JII"oductiou1 of grClsses in relation to trcClt­
'//lcnt in Glark Gal/u!')', together witb t'ariance ratios (F) and aPIJrox:imaie 
least significant differences, 1948 

Treatment Least significant 
differences 2Species (F) 


Light 110derate Heavy
Unburned burn burn burn 0.05 I~ 
Thiekspike 

whcatgrass 
and plains Lbs./acre Lbs./arrr Lbs./acrc Lbs./acre 
reedgrass 3 __ 111.8 194.9 208.4 222.8 47.83 36 47 

Bluebunch 
wheatgrass __ 16.5 32.3 29.5 23.1 2.42 -------- ------Sedges _______ . 3.2 1.0 3.6 3.9 1.51 -------- .... _- - ... -

Idaho fescue._. 22.3 18.6 18.2 9.3 1.61 
Prairie june­

grass____ .• __ 9.4 14.2 13.3 10.7 1.35 -------- ------
Nevada blue­

'~,rass .... _ ... ___ ... _ 17.8 38.4 25.7 31.6 2.34 -------- --_ .... _-
S ndberg blue­

grass ________ 49.0 56.8 55.3 51.9 .32 
Ne dIe-and! 

thr ad______ 7.3 10.4 11 .9 8.5 .52 - .. __ ... --- ------
All grasses fi ___ 240.8 367.2 364.7 369.0 4 6.83 45 60 

1 Adjusted on the basis of 1936 weight estimates through covariance analysis. 
• Although number of plots in each treatment was not constant, for purposes of general 

evaluatior: least significant differences based on the average number of plots arc shown. 
• Grouped to allow rapid field identification. 
I Highly significant. 

"Includestninor grass species not listed, to!;ether with sedges. 
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Sandberg bluegrass on the light burn, relative production of all species de­
creas~d 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 moder~te and heavy burns. Decreases were particularly 
evident in Idaho fescue and needle-and-thread, but thickspike wheatgrass­
plains reedgrass was only slightly affected. 

TABLE 10.-Air-d1")' grass production on bums of three intensities made in 
1936 in Clark. Count')', exjJressed as a /Jercent of fbI' lIubllmed each :)ll'ar of 
record 

LIGHT BURN 

Species 1936 1 L 
I 

1937 1939 1948 


Thickspike \~hcatgrass aml Percellt ! Percellt Perrellt Percenl 

recdgrass - __ - - - - - - - - - -. - 76 93 169 154 


Bluebunch wheatgrass_ - ----I 116 '106 266 231

Sedgcs _________ . __ .• _____ j I
241 264· 141 87 

Idaho fcscuc ______ .. "-.' .- 138 

I 
19 86 106 


Prairie junegrass_. - - ... - - ., .; 167 89 113 172 

Ncvada bluegrass.. - - -. - . - -: 89 I 76 251 220 

Sandberg bluegrass _______ 60 I 120 105 111 

Needle-and-thread- - - ­- - 591 106 286 455 

All grasses 3__-- ____ -' -- -- -' 102 I 100 170 156 


Ivh)DERATE BURN 

Thickspike \~heatgras5 and I 

reedgrass - __ --- ---, -----: 87 79 134 173 


Bluebuneh whcatgrass_ - -- - - i 168 84 308 237 

Scdges ___________ -------1 146 62
57 136 

Idaho fescuc __________ • ___ 98 12 28 77 

Prairie junegrass. -- - ••.• -'- 183 59 71 164 

Nevada bluegrass...... ____ 89 2'~ 130 146 

Sandberg bluegrass ______ • 77 46 77 110 


179 9 40 326
Ncedle-and-thrcad - - - - - - • --
All grasses 3. ________ -- . - ..... f 107 68 130 155 


I 


HEAVY BURN 

Thickspikc whcatgrass and i 

reedgrass 2 - • - - . - - - __ •. -] 95 j 81 180 191 


164 tBlucbunch Wheatgrass _" . - ,,1 71 268 186 

88 47 71 121
Sedges _- _ - - - - - • , • - .• - - - ­

'133 8 7 53
Idaho fcscue -- .. --" •• --. • 

Prairie juncgrass .•••• "., ••• 218 32 55 136 

Nevada bluegrass. - .. - .. -- - ­ 175 26 134 191 

Sandberg bluegrass ____ .-- 92 36 52 105 

Needle·and·thread - - - - - - -- 700 25 114 1 428

All grasses 3.______________ 127 152 I
65 163 


• 
' 

• 


Prior to burning; data are from plots later classIfied as light, moderate, and heavy burns, 
respectively. 

• Grouped to allow rapid~cld iden~ification. , 

"Includes minor grass species not listed, together With sedges. 
 • 
l 
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Within 3 years thickspike wheatgrass-plains reed grass and bluebunch wheat­
grass recovered theil" initial rclati"c 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 yield5 in table 9 were still producing significantly more herbage 
on burned range. However, part of the ea;-ly increase in bluebunch wheatgrass 
was lost by 1948, and differences in yield were not statistically ~ignificant. 
Idaho fescue, prairie junegrass, and needle-and-thread made partial recovery 
during the first 3 years, and bluegrasses completely re-:o,-cred on all but the 
heavy burn. After 12 years, the failure of Idaho fescue on the heavy barn to 
regain its loss was the only one uf these early decreases that was still noticeable; 
but as shown in table 9, even this difference was not significant. Because they 
were scattered and present only in small amounts, sedges were not adequately 
sampled and therefore display no definite trend. 

Forbs.-After ] 2 years only the hea IT burn m Clark County supported a 
5ignificantly higher yield of forbs than the unburned area (table 11). As in 
rremont County, most species \vere present in too small quantities and on too 
few plots to warrant individual statistical analyses. Yields of timber poison­
I'ctch, plumeweed, and eriogonum were analyzed by coYariance, but only in 
yields of plumeweed were there anr significant differences. As m Fremont 

• Species 

Poisonvetch __ _ 
P.I~lm(,W(,Cd__ --I
Enogonum ___ _ 
Yarrow__ -.- __I 
PussytOes ___ .... 
Arnica. ___ ._. 
Milkvctch _____ I 
AstragaluL ___ _ 
Thistle_ --_. - --I 
HawksbcarcL __ 1 
Fleabam' _____ ' 
Lupim:s ____ _ 
Pcnstcmon ___ _ 
Phlox_ .. _____ : 
Violet_ _ _ _ ___ -
All forbs 4. ____ , 

'Adjusted on the basis of 1936 weight estimates through cPI'ar;ance analysis. Species for 
which ,,"riance ratios are flot shown occurred too infrequelltly in 1.936 to allow such analysis. 

• Although number of plors in each treatment wa.< not constant, for purposes of general 

• 
evaluation least ,i)lnificanr differences based on the average number of plots arc shown. 

3 Highly significant. 
• Includes minor species not listed . 
• 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 species in 1948 
is shown, differences between unadjusted values may be partly due to factors • 
other than burning. However, it appears that fleabane and phlox (both 
rhizomatous 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 OI:. only the heavy burn is not known, but it is obviously responsible for 
the significantly higher "All {orbs" yield. Apparently the effect of burning 
on the other forbs was negligible after 12 years. 

In contrast with Fremont County, inventories of Clark County plots the 
year after burning showed a decrease in "All forbs" on burned areas in rela­
tion to the unburned (table 12). By the third year considerable increases in 
relative yield were evident, but most of these early effects disappeared during 
the next 9 years. As in Fremont County, rhizomatous forbs generalJy increased 
the first year, but suffnltescent $pecies--eriogonum and pllssytoes-decreased 
markedly on all burns. Rhizomatous species continued to increase through 
the third year and then decreased. After the initial relative decreases, suffrutes­
cent species increased throughout the study period and regained much of their 
original losses. With the exception of plumeweed, annuals were prescnt only 
in very small amounts. Even plumeweed was virtually nonexistent on both 
burned and unburned areas in ]937 and ]939; therefore percentages for these 
years were of no value in depicting trends and have been omitted. Other 
perennial forbs increased the first year on burns of all intensities, but trends in 
following years were not well defined. Again, it should be noted that inven­
tories were made late in the growing season and are not representative of con­
ditions that existed during the early part of the first season after burning. • 
TABLE 12.-Air-dry jnoduciion of forbs on burus of tbrel! intensities made ill 

1936 in Clark. COlmi')" exll1'c~scd (/S IljJcrcl'fll of thl? '1/11/7/11'111'£1 eacb J'car of 
record 

.... e,-_~._........ ____ 

I--~~--

IBurn intt'nsity Rhizomatous Suffru tcseen tf Annuals Others All forbs and year forbs forbsI, 
-.~~.----- ------.--.-~-.-"'-"'{- --- -----

Light: i'ercrnt i'erccllt Percent Percellt Percent 
J936 J 167 219 172 165 172
1937 ____ ... 108 42 208 128 

__ • 238 --- ------1 1901939 __ .; 143 178
1948. _ _ _ _: 192 198 21 342 147 

Moderate: f 

1936 I. _ • __ 
I 

103 231 101 113 116
1937 _____ i '123 17 158 107 
1939 _.... ~ i 262 75 177 178 
1948 _., _•. i 160 120 20 99 108 

Heavy:
1936 I 90 362 184 142 1791937 ______ : 159 22 .. _........ _... __ ... 
 263 160 
19:9. ___ 309 117 .. - - .......... _- 228 228

1948. __ 

~ 

,158 156 f 20 351 182 
,..~---- ' .........--,-~"-~ ..------­

t Prior to burning; data arc from the "lots later classified as light, m<ldcratc, and heavy 
burns, re'pccti,·dr. • 
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Shmbs.-As in Fremont County, sagebrush on the Clark County plots wa~ 
almost completely eradicated by burning, and even after 12 years its production 
on 'burned areas was only a fraction of that on the unburned (table 13). 
Production of rabqitbrush and horsebrush, however, was significantly higher 
on burned than .on ux.burned 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 bhrubs" 
production, although modified to some extent by rabbitbrush and horsebrush, 
was much lower on burned than on unburned areas. 

TABLE 13 .-Adjusted air-dr'), berbagc' j;roductioll 1 of sbmbs in relation to 
treatment in Clark Co'unt')', together wit/:; 1'ariaflc£' ratios (F) and apl;ro:d­
mate least significant differences, .1948 

Least significant1________~---T--re-._a_t-m-e-n-t-----~------j 
d iff erences 2Species 

I I 
(F)i I 

Unburned fLight ,'Moderate I HeavyI burn! burn , burn 0.05 0.01 

Lbs.1aae 1Lbs.1acre! Lbs, /acre 'IL--bs-.-I-a-cr-e-~ 
Bitterbrush, __ _ 
Sagebrush_____ 51~:~ 4~.71 4g:~ 7~:~ 1-3'79:41' -----47-1----62 
Rabbitbrush___ 1 27.9 64.21 77.2 B9.3 3 7.56 21 2B 
Horsebrllsh____1 23 . 5 I 59 , 2 B 9 . B BB .0 3 9 . OB 21 2B 
ALI shrubs 4__ _ 547.0 I 175.5.__ 21B.H 255.1 Ia 32.11 54 71• 

j I 
1 Adjusted On the basis of 19)6 weight estimates through co\'ariance analysis. Species for 

which variance rnios are not shown occurred tOO infrequently in 1936 to allow such analysis. 
"Althou,t;ll number of plots in each treatment was nOt constant, for purposes of general 

eval uation least significant differences based on the average number of plots arc shown, 
3 Highly significant. 
'Includes minor species not listed. 

The difference 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 a percentage of production on un­
burned areas in the same year. Sagebrush was practically eliminated by burning, 
and its re-establishment from seed was very slow, whereas 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 decrease. 

Sagebrush counts in 1948 in Clark County showed only about one-fifth 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, respectively. 

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 that there is a nega­
tive correlation between the number of sagebrush plants and distance from 
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"I'ABLE 14.-Air-dry herbage production of shrubs on b1trns of three intensi­
ties made in 1936 inClark-County, expressed .as a percent of tbeu1tburned 
each year of recQrd 

-

Burn intensity and year Sagebrush Rabbitbrush Horsebrush All shrubs .1 


Light: Pacelli Percellt Percent Percent19.36 2________________ 116 289 250 132

1937_.• _______________ 2 118 52 7
1939________________ . 

3 362 300 16 

10 '692 812 33 


Moderate: 


1948 _________________ 

1936 2________________ 

80 233 320 100
1937 _________________ 

0 135 119 7
1939 _________________ (a) 464 768 24
1948 ___________ •• ____ 
8 745 1,336 40 


Heavy:
1936 
2
________________ 


101 241 269 117
1937_________________ 

1939_________________ 
 (3) 150 116 8 


(3) 532 730 25
1948_________________ 
14 871 1,238 47 


:l [ncludes minor species not listed. 

"Prior to burning; data arc from plots later classified as light, moderate, and heavy burns 
, .

respectively. 

3 Less than 0.5. 


TABLE 15.-Average tlu·mber of sagebrusb pla1lts per 100-sqllare-foot plot Otl 


the Clark- County area, 1948 


I

Class of plants 

Percent 

Treatment I I Total of
, Large plants EstablishedRecent unburnedestablished prior toseedlings since 1936 1936
I 


Unburned________ I
2.20 4.44 16.96 23.60 100

Light burn_______ .57 I 6.32 6.89 29
---- .. -- ..... _--
Moderate burn ___ .40 i 2.79 3.19 14 

Hea~l' burn ______ 


--- .. -- .. ----­
.49 I 4.44 ....... - ....... - ... -- ... - 4.93 21 


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. 

TOTAL PRODUCTION AND GRAZING CAPACITY 

In order to appraise the overall effects of sagebrush burning, the data were 
averaged by weighting .cach burn intensity according to its relative size. Total 
herbage production on the two experimental areas 1.5 and 12 years after burn­
ing was considerably higher on the unburned than on the burned range (table 

.•. 

• 

• 
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• 
16). Although grass and forb production on burned range was greater than 
on unburned, this difference was more Lhan offset by Lhe lower producLion of 
shrubs. An examination of tables 5 and 13 clearly shows that sagebrush is 
resFonsible 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 yield than sage­
brush grown alone, it appears that sagebrush and herbs are each able to use 
some moisture which is not available to the other. Removal of sagebrush, then, 
may result in only partial replacement by herbaceous vegetation. 

In order to compare grazing capacities of burned and unburned ranges, it 
is necessary to consider both availability and l'.1htability of the herbage. Esti ­
mates of herbage a\TailabiJity made Coneu! '.!lel), with the 1948 inventories 
show that vegetation is considerably more accc"ible to livestock on the burned 
areas. This is especially true of herbaceous species. In 1948 total production 

TABLE 16.-Air-dry berbage, forage llrodllC/ion, and estimated grazing ca­
pacity all bllmed and IInln/med areas of F"emol1t and Clark. COllnties, 1948 1 

I 
I AvailableTotal herbage Fcrage ~ herbage 2 


Countvand I 

>ri jplant 'class ' L'nburned: Burned I L'nburned I Burned Cnburned Burned 

area arca 4 arca area 4 area area 4 

1 
Fremont I 

County: Lbs.:arre Lbs,/acre Lbs.iacrr 1 Lbs'!acre LbsJacrc Lbr./'me
All grasses _ , 296.5 306.6 171.8 260.3 95.1 144.6• 

i 

All forbS ___ / 126.6 200.6 79.8 172.1 18.6 50.1 
AU shrubs- 850.4 350.6 416.7 218.3 50.8 30.5 

I 
, 

TotaL __ [ 1,273.5 857.8 668.3 650.7 164.5 225.2 
. 

Clark
County: 

All grasses. 240.8 367.9 158.9 32/.2 89.3 161.6 
AIl forbs._"! 103.5 144.6 74.5 130.8 17.0 48.3 
All shrubs_ 517.0 235.5 289.8 168.7 1.7 3.4 

t 

ToraL_J 891.3 ! 748.0 523.2 626.7 I 108.0 I 213.3 
I 

t 

1 Adjusted b)' covariance. 

"Readil)' accessible to livestock, that is, not protected by stiff branches and twigs ot shrubs. 

• Herbage that is b(lth availabl" and palatable. Fremont County unburned areas had a gr'7.ing 

capacity of 27 sheep days per acre; burned. 38; Clark County unburned areas, 18; burned. 36. 
• Average of light, moderate. and heavy burns. weighted by the relati,'c size of each. 

of grasses and forbs on the Fremont Count}' burn was 20 percent higher than 
on the unburned, but available herbage waS 72 percent higher than on the 
unburned. Similarly on the Clark County burn total grass and forb herbage 
production w,as49 percent higher than on the unburned, but available herbage 
was 96 percent higher. On the other hand, both totaJ and available herbage 

• of shrubs, comistulg mainly of sagebrush, was much higher on unburned than 
on burned range. 
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\'{Then allowance is made for palatibility of individual species, the effect of 
burning on grazing capacity is more apparent. Twenty-six to twenty-nine 
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, only bitterbrush on the Fremont County area made a substantial con­
tribution to total forage; its reduction on the burned range partly offset the 
increases in grass and forb forage. Forbs provided more forage on burned than 
on the unburned range, pardy because they "were more abundant on burned 
range and partly because of higher yields of such relatively palatable forbs as 
asters, sticky geranium, goldenrods, and lupines. Grasses also provided more 
forage on burned than on unburned range. The proportion of grass forage to 
available herbage on the burned range in Clark Count)' was somewhat less than 
in Fremont County, because of the increase on all burn intensities of the coarse, 
rhizomatous chickspike wheatgrass and plains reedgrass there. 

Forage production 15 years after the Fremon t County burn \Va, 225 pounds 
per acre on burned as compared with 165 pounds on unburned range, and in 
Clark County 12 years after the bU/l, 213 as compared with 108 pounds. 
Thus burning was responsible for increases in grazing capacity of 11 sheep 
days per acre in l~remont County, and IS sheep days pl'r acre in Clark Count)', 
increases of 40 and 100 percent. 

In a typical sheep grazing operation, howe\'er, difference> in nlue between 
burned and unburned areas arc even greater. Difficulty in handling sheep, 
together with loss of wool and lambs, makes the actual grnmg value of 
ranges covered with dense stands of sagebrush eyen less than forage produc­
tion figures indicate. 

EFFECTS OF BURNING ON SOILS • 

SOIL PROPERTIES 

Organic matter, total nitrogen, and moisture equivalcn t as measured 1 
year after burning were significantly reduced in the top half inch of soil on 
the heavily burned areas of Fremont County (table 17), but these properties 
were unaffected on burns of .light and moderate in wn~it)'. Hydrogen ion 
concentration was not changed on burns of anyintcnsity. Soil properties at 
the 2~--cinch depth showed the same trends as at the top half inch, but these 
were not statistically significant. Organic matter consisted of material in­
corporated in the soil mass, distinct from surhcc litter ancl debris, and its 
reduction on the he:\\'ily burned area was probably responsible for the cor­
responding reduction in nitrogen and moisture equivalent. The J·eduction in 
organic matter and nitrogen was temporar)" however, as analyses made 14 
years later showed no differences between unburned and hea\-ily 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 effects of planned sagebrush burning on soil 
properties arc much as would be expecrcd. Because of the absence of litter, 
sagebrush fires usually go over an area vcr)' rapidly, heating only the surface 
of the soil. In swales where heav)' brush occurs together with an accumulation 
of some litter, fire may become very hot and linger for a short time, but even 
here the soil is heated only to a shallow depth. 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 arc soon replaced. • 
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EFFECTS OF BURNING OF SAGEBRUSH-GRASS RANGE 

TABLE 17.-Soil jJrojJerties in 1934 and 1948 011 fbe Fremont County area 
adjusted Oft tbe bash of fbe 1932 7'aiucs fbrougb c01:arial1ce analysis 

J.1!-inch soil layer 2J.1!-inch soil layer 

Year and r·--­
treatment I I\1oisture' 1\1oistllre 

IOrganic: Nitro· . I, pH I Organi(' Nitro·eqlll\'a· equiva. 

t 

I,:matter gel1 I ' ! matter genI " eot ii' lent 
---~--: ,-----....,~ ~- -~ --i-·------i-~-!·-"<----~-i 

7934 i Per-eli' Perlttll l Pacetti j' : Per rent ' Per-ent Perrent 
Cnburned.) 5,2 0.23 I 17,6 6.9 3,1 I 0.16 16.1 7.0 
Li~ht burn; 5 ,2 .24 ' 1q.7 ' (j, 9 3.5 .17 17 .1 7.0 
Mederate 1; , ' 

burn -- , • 5 .1 ,24 17 . I), ('.9, 3 . 4 ! 18 I 1 6 1 6 9 
un1 

Hea;;4: 13.8 i 1.
1;! 116.0! 6. 

Q

, 2.91 "'11:>4'1._ ..1,::;.'.:1._ .6..:9. 

Cnb'lrned" 3.'7 .19\ .... ___ .... 2.~ j1 
~e:~~_blJrn1~ __~~L ·_2(jJ=___ "";_~'L_ ..__ ••__ __ 2_'_'...:..1_._'1_6--!i_'._._._._._-_._._.!..._._ 

I J-Iigh!y ,ignilicont difference between hL"'v), burn and othcr "hrce treatments. 

EROSION 

The surface soil of the Fremont County area contains approximately 60 per· 
cenr sand and is classed as a smdy loam. Slight relief .md lack of surface 
drainage prevented water erosion, but some accelerated wind erosion occurred 
largely in late summer and fall of 1933. Dr.:gree of wind erosion on the circular 
plots in 1934 was assigned to 1 of 6 classes ranging from no erosion (0) to 

\'ery heavy erosion (5). On this basis, a verage erosion on the unburned plots 
was O.Oj on the lightly burned, 1.2j on the moderately burned, 1.9; and on the 
heavily burned, 3.3. It is evidwt that amount of wind erosion increased with 
burn intensity. The accelerated erosion, however, was effecti\'ely 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 experimental burning in both Fremont and Clark Counties was 
done late .in the summer, the ground was not exposed long before the advent of 
fall rains that helped prevent blowing. Snow covered the area during the 
winter, and soon after it meJted in the spring perennial grasses and {orbs began 
rapid growth and arrested most of the erosion. Burning too early in the season, 
stir.r.ing up the surface by trailing 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 

RESPONSE OF VEGETATION TO BURNING 

Damage to vegetation through burning is caused by both heat of the fire 
and removal of all or some of the aerial part of the plants (fig. 5). During 
burning of California chaparral, Sampson (21) has recorded temperatures of 
nearly 1,000° F. in the litter 1>n the soil surface. Although of short duration 
and lower than those in chaparral, moderately high te~peratures are probably 
produced by burning dense stands of big sagebrush. Such heatundoubredly 
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F-2.9 I 643. 3302.02. 

FI(,l'J\!, -I.-A, Plot nn the f'remont COUllt)' burn in 1934 showing deposition of sand from 
wind l'rosiun a[[er the burn. n, The same riot 2 )'eus later when the wi! ;urf.lce had become • 
completely stabilized b)' vegetation. 
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F-32743S. '32.7447 

• 1,[(.( RI S.--il, 1'1.,[ "11 the ( Luk COUllty ~rc,! prinr to hurnin;:, .mJ lJ, the '.lme plot imme­
diatelv .liter burni"~ ,it hr,1\ V mtl·mi,,>. j 'r he J11m Iltl!nb, ril1~ 'nn'm w.n ,1l.ln;:,·J after the 
lint pho> ) was taken.) 
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kills some plants outright and at least injures root crowns and roots lying 
ncar the ground surface. Although top removal is perhaps less injurious, 
numerous clipping studies indil:ate that all species suffer to some degree, 
especially dunng cerrain seasons of the year (2, 8, 22, 27). Extent of injury 
from these two sources cannot be readily ser>arated. Further 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 eliminated 
by fil'e, 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 
mineral nutrients for use by the plants, but that such benefits may be 
relatively short-lived as a result of removal of these minerals by leaching or 
erosion. 

The response to burning, then, will depend on the relative effects of the 
actual damage to the plant and the benefit it receives through improved 
growing conditions. Species that make rapid recovery from fire injury are 
able to use the additional moisture and nutrients, and increase at the expense 
of species that make slower recovery. Thus, increase of any sper.:ies is related 
to abundance and character of associated species and to the effect of fire on 
them. Statistical studies by Pechanec (11) have effectively demonstrated this. 

Throughout the study numerous general observations were also made of 
burned areas other than those discussed here, in order to supplement the formal 
data col~ected only in certain years. In the following discussion an attempt is 
made. to provide a more complete description 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 vegetation far outweighs the benefits. Perennial grasses 
and forbs arc clearly lowered in vigor; old clumps arc badly broken up and 
remaining plants are small and scattered. Althollgh rhizomatous species arc 
apparently damaged less than others, even these have poor vigor. Shrubs are 
represented by only a few sprouts. Much bare grollnd is exposed, but an 
abundant growth of annuals may fill many of the openings. As the season 
progresses, new shoot~ of rhizomatous grasses and forbs appear and tuft-form­
ing species begin to stool Ollt. Although greater vigor is apparent in most 
plants, scarcely any flower stalks are produced. l)erenniaJ grasses and forbs 
on burns remain green about 2 weeks longer than on unburned areas. 

Despite the injurious effects of burning, rhizomatous species are often able 
to produce an increased amount of hcrbage 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 increase 
and vigor is high. Sprouting shrubs are larger, but are still an inconspicuous 
part of the vegetation. The most noticeable feature of thc burn during the 
second year is the abund.tnt flowcr stalk troduction of almost all grasses and 
forbs (fig. 6, B). The reason for this phenomenon is not known, but it may 
bc related to a temporary increase in mineral nutrients and increased soil mois­
ture. At any rate, this profuse flowering of grasses and forbs is typical of 2­
year-old burns on sagebrush"gr~ss ranges and supplieE a source of seed for 
revegetation of areas that may not be slIpporting a full plant cover. • 
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F-359775. 375494 

• F1GUR1· 6.-A, PlOt ~ho\\'n in figure f IInc year aftcr burning. :\ore the small, scattered plants . 
B, Two yearS after burning. The abundant gra" flower stalk producti(Jn is typical of 2-year­
old burns. 
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Total herbage production of grasses and forbs generally reaches its maximum 
 .;about the third year after burning, largely as a result of increases in the fire­

resistant rhizomatous species. Although ihis 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 nonrhizomatous herbaceous perennials. 

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

Gains made by some species are more permanent, but only in the case of 
thickspike wheatgra5s-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 
grasses suggests that repeated burning of such range might produce a fire 
subclimax dominated by coarse rhizomatous grasses. The fac~ 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 yield or a shift 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 species, are slower to recover, but none of the 
perennial forbs arc permanently 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 the aboveground, 
woody parts are either killed or completely consumed, resulting in destruction 
of stored reserves. This may also be the reason that suffrutescent forbs are 
more severely damaged than other forbs having no aboveground, perennial 
parts. However, rabbitbrush and horsebrush sprout profusely following burn­
ing and arc only temporarily injured. They quickly regain or surpass their 
original size (fig. 7, A), and in addition their rapid recovery allows early 
production of seed and subsequent establishment of new plants. Bitterbrush 
plants that sprout grow rapidly, and some exceed their original size. However, 
part of the recovery of this species comes from new plants established from 
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 entirely 
from seed, is much slower to recover. On the upper Snake River Plains no 
appreciable big sagebrush sprouting has been observed, 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, at least to some degree, it is 
significant that sagebrush by seedlings alone has been able to maintain a. 
prominent position in the vegetation. 
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J./t,URL 7.-",1, 'ij~ ycM' .liter burning. Ilol',chru,h 1'1.111(', ,\'hi"h .Ire b.ll'ch di,ccrnible in 
figure 6, h.1VC becume prtJll1int.·tll~ S.lJ,;t.'brll',h 'lo~t.'dllnK\ .1rc ,d,() .1pp.lrl'nt; nOlt' th~ nne tu the 

• 
Idt of the Pc);. fl, 'fwel,'c I'eu, .Ifter burning, TI,,' on" 1ll.lrked ch.lIl"e i, .111 incre.ISe in 
,ill' of hOr\ebrmh .tnd '.I.~dln"h P/"'Il', 
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The o\'erall ultimate effect of planned burning on shrubs, then, is to increase 
species that sprout profusely, slightly decrease or have little effect on species '. 
that arc only partially able to sprout, and greatly 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 original stand (fig. S), and might eradicate bitterbrush and 
other shrubs which only partially sprout. As a matter of fact, even one burn­
.ing of sagebrush-grass ranges having a high percentage of rabbitbrush and 
horsebrush may be unwise. 

• 


F-461\J/O 

F,c;uRF 8.-A ran of the Clark County burn in 1950 supporting a [airl)' thick stand of horse­
bruoh an.l r.lbSitbru,h. Prior l() burning the,e 'pecic< were onl)" minor COmponent' of the 
vcgCt>1t.Orl. 

It is app,1rent that response to hurning within each cbss-grasses, forbs, 
or shrubs-is highly yariable. If initial effects that arc gener;tlly injurious to 
all species arc ignored, the following classification based on sprouting ability 
of shrubs and growth form of herbs is fairly reliable for describing response 
of perennial species: 

SeL'C'rely dll/llllged.-Shrubs that arc un~lblc to sprout; suffrutcsccnt forbs; 
some of the fine bunchgrasscs-particularly Idaho fescue. 

0111y sligbllJ II/JI'c1l'd.-Coarsc bunchgrasses; somc of the fine bunchgrasses; 
forbs that are neither suffrutcscent nor rhizomatous; shrubs with weak sprout­
ing habit. 

Considerllbly bl'11ejited.-Shwbs with strong sprouting habit; rhizoma.tous • 
grasses; rhizomatous forbs. 
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• 
It must be remembered tiut the results reported herein were obtained on 

areas of the upper Snake Ri"er Plains which prior to burning were covered 
with dense stands of sagebrush but had a fairly continuous understOry of 
perennial grasses and forbs. Cheatgrass, an annual associated with frequent 
fires and abundant on much of the Snake River Plains, was virtually non­
existent on these areas. In addition, both ranges were burned only once and 
were protected from grazing for one full year after burning, and then were 
grazed conseryatively. 

Observations of haphazard burning in this area (I) I indicate that had 
grazing been allowed the year after burning when the plants were low in 
vigor, or had toO hea \'Y grazing been practiced later, the results would have 
been entirely differen t. Also, it cannot be overemphasized that the effect, 
described here were obtained from single planned burns. Repeated burning, 
especially at close inten'als, would co."lpletcly upset the ecological balance, 
causing a shift to a nlore fire-resistant type of \·egetation and accompanying 
soil deterioration. It is therefore obvious that caution must be used in at­
tempting to apply this information to other conditions in other localities. 

SAGEBRUSH RE-ESTABLISHMENT 

• 

Normally, sagebrush re-establishment after planned burning is a gradual 
process. Numerous seedlings may become established during the first 2 years 
before a vigorous stand of perennial grasses and forbs de\'elops, but aftcr this 
period sagebrush seedlings im'ade slowly because of the sc\'erc competition ror 
soil moisture. 

Since observations made in 1948 showed a negatin correlation between 
sagebrush numbers and distance from seed source, size of the area and thor­
oughness of the burn may influence the ratc of sagebrush re-establishment. 
The light burns in Fremont :md Clark Counties produced more sagebrush 
plants than the heavier burns. Apparently, this was not a result of the heat 
of the fire, but of the location of the yarious burn intensities. Usually a belt 
of lightly burned range adjoined the unburned, and therefore lightly burned 
areas were usually closer to source of sagebrush secd than those more hea\·i])' 
burned. If all of :: large arca is burned, the ~eed supply will be remote and the 
rate of invasion may be sIo\\'. 

Observations on the upper Snake River Plains ha.\'e shown that hea\'Y 
sagebrush seedling stands sometimes become established a year after burning, 
regardless of quantity of grass before burning or management aftcr burning. 
For example, areas burned in 1937 and 1942 were invariably co,"ered with a 
thick stand of sagebrush seedlings 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 werc burned before seed 
maturity, the sced that germinated must either have been lying dormant in 
the soil or have been carried in from the surrounding areas. If the soil usually 
held dormant seed and this seed was responsible, it seems reasonable that burning 
"'ould rcgularly result in heavy sagebrush seedling establishment during the 
improved moisture conditions the year after burning. Since t!lis is not often 
the case, there must be some other explanation. 

One explanation is that sagebrush seed may ha\'c 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 that an '?xtremcly high wind just 
at the time of dissemination of an u1lllsually good seed crop might result in 
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distribution over a burn. There is also evidence that seed can be carried con­
siderable distances across the snow during winter blizzards, which might ex­ • 
plain widespread distribu tion during the period after an incomplete seed 
dissemina tion. 

Another explanation that has been suggested is that heavy stands of sage­
brush seedlings result when especially dry weather conditions follow years of 
heavy seed production. Seed may lie on the ground or in the litter throughout 
the following spring and summer to germinate the second year if conditions 
arc favorable. Such delayed germination is rather infrequent because in most 
years conditions are favorable for germination the spring following seed ma­
turity. None of ~hese explanations, however, seems fully satisfactory. 

Because benefi ts derived from burning are relatively short-lived when such 
sagebrush re-establishment occurs, this problem should receive further study. 
Until it is solved, I"apid return to a dense stand of sagebrush can occasionally 
be expected despite all known precautions. 

EFFECTS OF BURN INTENSITY 

Burns of heavy intensity are more injurious to nearly all species than mod­
erate and light burns. Even after the 12- and I5-year periods, herbage pro­
duction of more than 6 grasses and sedges, 4 forbs, and 2 shrubs was con­
siderably lower on hea \')' than on ligh ter burns. These species, whose yields 
usually were I!!ss with heavier burn intensity, arc: Prairie junegrass, blue­
grasses, sedges, needle-and-thrcad, Idaho fescue, bluebunch wheatgrass, erio­
gonum, arnica, geranium, pussy toes, sagebrush, and bitterbrush. On the other 
hand, thickspike wheatgrass, plains rcedgrass, knotwecd, lupines, rabbitbrush, • 
and horsebrush were producing more herbage On the heavier burns. Evidently 
burn intensity has considerable effect on the character of vcgetal trends. 

From an examination of these lists, it appears that the best results arc to 
be obtained through a burn of light intensity. Of the species fa\·ored by thc 
heavier burns, only lup;nes can be classed as highly desirable fora~e plants 
tor sheep on these spring-fall ranges. Horsebrush, creeping mahonia, rabbit­
brush, and knotweed arc of low forage value. Thickspike wheatgrass and plains 
reedgrass, because of their coarseness, arc the least palatable of the grasses on 
these ,trcas. Con\'crsely, most of the species which receive the greatest damage 
from the hea vier burns arc desirable forage plan ts. Sagcbrmh, of course, is an 
exception, but i~ effecth·c1y controllcd by light burning. 

Soils also fare better on the lighter burns. Organic matter, nitrogen, and 
moisture-holding capacit), 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. 

Altbough a burn of light intensity ,lppears most desirable, it cannot be ob­
tained over an area extensive enough co make such a burning operation prac­
tical. Most of the sagebrush-grass type of the upper Snake River Plains i~ 
broken by numerous lava outcrops that bear only a thin stand of vegetation, 
i. c., a light stand of fuel. If an attempt is made to burn ranges late in the 
fall when Illlmidity and fuel moisture arc high, or early in the summer 'while 
grasses and forbs arc partially green, a light-intensity burn may be realized on 
a small part of the area, but the major part will remain unburned. Such a 
small degree of success would not justify costs of fi.reline construction and 
other protective measures. Also, benefits of a light burn obtained while • 
gras~es and Forbs arc parriall)' green arc offset by injunr to tbe plants through 
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herbage destruction before maturity (2, 8, 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 skeletons that snag con­
siderable wool. 

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

THE GOAL OF PLANNED BURNING 

Data from these two planned burns 12 and 15 years after burning em­
phasize that many of the striking changes of the fi,st few years are temporary 
and that a planned burning program must consider long-time vegetal trends. 
The goal of sagebrush burning should not be inconsistent with the climax 
cover that can be attained in a particular area. It is true that forage produc­
tion on a burned area a few years old might wrpass that on a similar area in 
climax condition because of replacement of sagebrush by perennial grasses 
and forbs. However, ranges that arc naturally sagebrush-grass climax cannot 
be entirely freed of sagebrush for an indefinite period. Repeated burning, 
especially at close intervals, to keep an area in such a subclimax stage would 
probably result in eventual impoverishment of the soil and loss of desirable 
vegetation. 

\,\fcaver and Clements (28) have pictured the climax. vegetation of the 
Snake River Plains as a grassland similar to the Palouse Prairie of Washington. 
However, reports of early explorers (5, 6, 10, 23) indicate that sagebrush was 
a dominant of the Snake River Plains and that grasses and forbs were a minor 
component of the original vegetation. More recently a geologist (20) and 
5e\'eral ecologists (3,4,12,16,18,19) have prcstntcd what is believed to be a 
more accurate conception of the original sagebrush-grass range on the Snake 
River Plains. Although there may have been considerable local variation from 
heavy stands of sagebrush to almost pure grassland, the major part of the 
prese.It sagebrush-grass type was probably an open stand of sagebrush with 
some other shrubs, benea th which thri \'ed a vigorous stand of perennial grasses 
and forbs. 

The present vegetation of the Fremont and Clark County burns substan­
tia tes tlle latter conception (fig. 9). After 12 to 15 years, there were some­
what more grasses and forbs on burned than 00 unburned areas, and there were 
fewer and smaller sagebrush plants. Sagebrush was virtually eliminated as a 
result of burning, and vigorous stands of perennial grasses and forbs covered 
the burns wichin a few years. The fact that sagebrush was able to reinvadc 
such areas under comervative grazing indicates that it is an integral part of 
the climax vegetation. It is expected that increases in size of plants already 
present and, to a lesser ex.rent, the establishment of new plants will cause in­
creased sagebrush production, especially on the more recent Clark County 
burn. The striking contrast between burned and unburned areas after 12 and 
15 years, however, suggests that the vegetation of the burns will be stabilized 
before sagebrush becomes as dense as it was in 1948 on the unburned areas. 
On the upper Snake River Plains, then, an open stand of sagebrush with a 
scattering of other shrubs and an understory of perennial grasses and forb~ 
should be the goal of range improvement through planned burning. 

http:prese.It
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I J(,1:1\1. 9.-11. A );ener.l view !If the Cbrk Countr burn in 1950, 1'h" shrubs .Ire bQrscbrusb, 
r.lbbitbru,h ••111<1 s.l);cbru\h: the gr.«", 11l.1inh· thicbpikc whe.lthr.", .lnd pl.lills rcedhrass. 
13, A • .. iew of the Fremont CoUllt)' burn in 1948, ,howin); a ,1i);llt!)' better-than'owera!;e site. • 
"hrubl are lllttcrhn"h Jnd I.lllebr",l>. Comp.trl' \\!llt the dl'lIIe I',lnd !Ii ,.Igcbrmh ill figure I. 



• 


• 


• 


EFFECTS OF BURNING OF SAGEBRUSH-GRASS .RANGE 35 

SUMMARY AND CONCLUSIONS 

Dense stands of big sagebrush cause a serious grazing management problem 
on extensive areas of western r:mge. Fire has been widely used in sagebrush 
eradication, but unrestricted burning followed by overgrazing has often re­
sulted in serious range depletion. Several studies ha\'e indicated that planned 
burning can be a valuable tool in improvement of sagebrush-grass ranges. 
This bulletin describes changes in vegetation and soil on two planned bums 
on the upper Snake Ri\'er Plains over 15- and 12-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 September 1933, and the Clark County burn in 
August 1936. Complete protection from grazing ·was given both areas for 1 
year, after which conserY:1tive spring and fall grazing by sheep was practiced. 

Yegetation in Fremont County was sampled by herbage estimates on 250 
plots of 100 square fl!et and in Clark Coun ty on 26 & plots prior to burning, 
1 and 3 years later, and again in 1948. Soil samples were taken from 48 
stations on the Fremont County arCa prior to burning, 1 rear after burning, 
and 15 rears after burning, and were analyzed for nitrogen, organic matter, 
moisture equh·alent. and pH. .Both \'egetation and soil data were analyzcd by 
covariancc to allow for statiStical adjustml!nt of uncontrolled initial nriations. 

All grasses were injured by burning, but thickspike wheatgrass, plains reed­
gra.;s, and bluebunch whcatgrass reco\'cred rapidly and madc substantial in­
creases \\·ithin ;. years a~ compared to the same c,pecies on unburned control 
areaS. Othel' grasse, were slower to recover, but by 194& nearly all wer.e 
producing as much as 01' more herbage on burned areas than on the unburned. 
Some of ~he finer bunchgrasse~ were apparently damaged, especially by heavy 
burns. Although burning caused increased yields of se\'eral grasses, only in the 
case of thick spike whe.1tgrass and plains reed grass on the Clark County burn 
wer.e the increases large enough to be of practical importance as late as 1948. 

As with gras'es. forbs were injured to some degr.ee by burning, but most of 
the rhizomaww. species reco\'ered rapidly and within 3 years were pr.oducing 
mor.e herbage on burned than on unburned range. Yield of suffrute5cent species 
was greatly reduced initially, but none of the perennial Forbs were permane.ndy 
damaged, and many apparently benefited from the reduced competition as 
~ho\\'n by )ignific.1ntly higber "All forbs" herbage production on the bums 
in 1948. 

Shrubs were apparently more damaged by burning than grasses or forbs, 
but rabbitbrush and horsebrusb sprouted profusely and quickly regained or 
surpassed their original size. Subst:1.I1tial numbers of birrerbrush plants also 
sprouted, and these w:.re quickly abJe to gain a position of dominance. Sage­
brush, \\'bich must start entirely from seed, was greatly handicapped. 

In 1948 total herbage was considerably higher on the unburned areas, be­
cause of thel" much gr.eater amount of sagebrush, than on the burns. Avail ­
able herbage, however, that which is readily accessible to li\'estock and not 
sheltered beneath shrubs, wa~ nearly as great Or greater on the burned areas. 
The amount of forage, which is affected by both availability and palatability 
of the herbage, was markedly greater on the burn'.!d than on the unburned 
ranc;es. 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 Count)'. 
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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 areas of Fremont • 
County, but these reductions were only temporary. Accelerated wind erosion 
was marked on the heavily burned areas but was effecti\·ely arrested within 
2 years. 

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

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

2. Because of this variation in response, composition of the stand should be 
carefulIy considered ,vhen planning a sagebrush burning operation. A large 
number of undesirable sprouting shrubs or of desirable fine bunchgrasses or 
suffrutesccnt 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 unburned range, 
much of this early increase may be short-li\·ed. 

4. Increased a\oailability of hcrbage and ease in handling linstock are often 
the main benefits from planned burning. 

5. Some soil properties are slightly altered by burns of hea,,), intensity, but 
such changes are only temporary. 

6. The best results are apparently produced by light burns, but the ad­
vantages of a low-intensity fire must be sacrificed in order to secure a satis­
factory coverage. 

7. Normally sagebrush re-establishrn(:nt folIowing planned burning is a • 
gradual process, but sometimes sagebrush seedLings become established the 
following year on buro~d areas regardless of the amount of grass present before 
burning or managenlcnt after burning. 

s. The goal of sagebrush burning should be consisten t with the climax 
cover that can be attained. The objecti\'e of range impro\'ement on the upper 
Snake River Plains through planned burning should not be complete eradica­
tion of sai-cbrush but the attainment of an open stand with a scattt:!ring of 
other shrubs and an understory of perennial grasses and forbs. 

COMMON AND SCIENTIFIC NAMES OF SPECIES 

MENTIONED 


GRASSES AND GRASSlIKE PLANTS 


Bluegrasscs ............................................... Poa spp. 

Bluegrass, Nevada ................................. P. uet'adcl1Sis Vasey 

Bluegrass, Sandberg .•................................ P. scclIllda Presl 

Cheatgrass tcheatgrass brome) ..................... Br01l111s tcc/orum L. 

Fescue, Idaho ............................... Pes/llca idabol'lIsis Elmer. 

Junegrass, prairie .•........................ Kor/eria cris/a/a (L.) Pers. 

Needle-and-thread ......................... S/iilll c01l1a/a Trin. & Rupr. 

Needlegrass, Columbia .......................... . S. colu1I1bial/a Macoun 

Reedgrass, plains ................•... Cala1l1agroslis '/IlOII/al/eIlSis Scribn. 

Sedges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Carcx spp. 

Sedge, thread leaf .................................. C. filifo/ia Nutt. 

Wheatgrass, bluebunch ....... AgroJiJroll silica/1I1J1 (Pursh) Scribn. & Smith. 

Wheatgrass, thickspike .....•.......... , A. das)'s/acby1/J// (Hook.) Scribn. 
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• 
FORBS 

Arnica, orange ................................. Amini /lIlgells Pursh 
Asters " ................................................ Asler spp. 
Astragalus, saline ........................... Astragalus salim/s Howell 


• 


Comandr.a, common ................. " . Contandra 1Imbel/ala (L.) Nutt. 

Eriogonum, \~ryeth ("buckwheat") ............ ErigOl1l111l berllc/eoides Nutt. 

Fleab;me, purple-daisy ....................... Erigerol1 cor)'lI1bosus Nutt. 

Gayophytum (bigflower groundmlOke) .. Gayojlb)'hllll diffll.'i1I111 Torr. & Gray 

Geranium, sticky ............... " Geranillm 1'iscosissi1l11111l Fisch. & Mc),. 

Goldenrods ........................... " .............. Solidllgo spp. 

Goosefoots ....................................... CbellojJOdi1l1ll spp. 

Hawksbeard, tapertip ......................... Cn'jlis IIClIlIIil1l1ta Nutt. 

Helianthella, oncflower. ....... . !fe/illll/bel/a '/I'/li/lorll (Nun.) Torr. & Gray 

Knotweed, Douglas ........................ Po/ygol1llm doug/llsli Greene 

Lupine, tailcup ................................ L'IIjJilllls cmu/a/1IS Kell. 

Lupine, velvet ................................ L. i£'l/cojJb)'1/1Is Dougl. 

Milkvctch ............................ As/rll,~1I/1IS dh'ersi/olills A. Gray 

ren;temon, royal ......................... " PrIlS!l'1110n sju'cioslIs Doug!. 

Phlox, IGngleaf .............................. " Pblox /ongi/olill Nun. 

Plumeweed, bushy ......................... Cordy/all!bus r1l1ll0Sl/S N utt. 

Poison vetch, timber .................... Jls!l'Ilga/us cOIH'lIl/lIrills Greene 

Pussy toes, linleleaf ....................... A1I/elll1l1rill 'I1Iicrojlbyl/ll Rydb. 

Pussy toes, low ...................... il. cli1llorjl/;1I (Nun.) Torr. & Gray 

1histle, wavyleaf ................... Cirsilll11 1I1II11I/a/1I1I1 (Nutt.) Spreng. 

Violet, tongueleaf .... "~iota IUlllllllii Pursh var .. lillgu(/e/o/ill (Nutt.) Jepson 

Yarrow, western .............................. Acbil/ea 11I1I1//osa Nutt. 


SHRUBS 

Bitterbrush .... '" ............... , , .. ,' .PlIrsbill trit/('///II/II (Pursh) DC. 
Horsebrusb, spineless gray. Tctrm/)'l11ia CIlf}eSCCIIS var. ;lIerlllis (N ute.) A. Gray 
Mahonia, creeping ("Oregon grape") ...... . Mllhollia rrjll'lIs (Lindl.) G. Don 
Rabbitbrush, downy ........ Cbry.w/bllllll1l1s jmbcru/1Is (D. C. Eat.) Greene 
Sagebrush, big .............. , .............. Artelllisia hit/en/1I111 Nun. 
Snowbcrry, mountain ... , ............... SYllljJboricllrjlOs oreojlbi/1Is Gray 
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