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Abstract

This stud,v compxrcd thc elfects ofautumn bufning znd clipping on bluebunch $'hcatFirlss lAgropfron
.P1.drrn (PLrrsh) Scribner and Smifi) productivit-v $e follo$/ing sPrinla. l)orolant-Plen|s on a site in
sout ] r 'ccntra l  vashington wcrc t rcatcd ei ther indiv iduel ly  or  as pl r t  of  a J. l ' l  m'  arex ccntercd on
the srucly pl?nt.

Clippin!:and blrrning shortened lexf lcrlgths during the first gfosing sceson post lreelmeni. Shoot
bionass and sccdhcad fornrar ion s 'efe both red cedby c l ippin l ibut  not  b l '  burning.  Ihe ta i lufc to

derect measurable diiferences bets'€€n plants treaied individuxlly lncl those treated as a pari ofa largcr

arer su!!!!csts that bluebulch wheatlirass is not glcatly influenced by burninlt oI by clipping its nelllhbor_
ing plants. Difltrcnccs in the effects of autumn burning ancl clipping on blucbunch Eheatgrass pro

ductiviry is likcly thc consequence of nicroclimatic diiferences.

lntroduction

Blucbunch wheatgtass (Agroplron spicdtum (Pursh) Scribner ancl Smith) is an im-
portant livestock forage grass in the semi-arid regions of the Pacific Northwcst
(Daubenmire 1970). Appiiecl rangeland research has focused on the effects of burn
ing and livestock Elrazing mainll. fbr thc purpose of maintaining or improving

sagebrush-bunchgrass communities es a source of sustainable livestock forage. Most

studies indicatc that grazing and clipping inhibit shoot production in bluebunch
wheatgfass to 2 degrec dependent upon thc intensit] '  of the tre"tmcnt (Wilson et
al. 1966), the scason of the year (Blaisdcll and Pechanec 1949), and tl le ar.nount

of competition by its nci€iltboring plants (lvluegglet 1L)72). The rcsponse of

bluebunch wheatgrass to burning, however, appears to be more variabie. lncreascs
in shoot proaluctivit-v (Uresk et al. 7q-o, D?ubenmire 1c)68) as well as temporarJr
decrcases lrave been reportcd (Mueggler ard Blaisdell 1958, Willms et al. 194q.

The objective of this study was to compare the effects of autumn clipping and

burning on blucbunch wheatgr;rss productivity the follo$'ing spring. The study was

also alesigned to tcst whether or nor burning or clipping the surrounding neighbor-
ing plants influences drc response of individual plants to the seme trcatment.

Study Area and Methods

The study site is located on the Aricl Lancls Ecoiogy (ALE) Reserve on the l l.S.
Department of Ener!l)"s Hanford Site in south-celttral \X/ashington xt an eleYation

of 366 m (1200 ft), on a gentle slope of less than 3 percent $'irh an east facing
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aspect. The soil is classified as Ritzvil le silt loam, and precipitation averages 25
cm (10 in.) annually (Thorp and Hinds 1977). The vegctation ofrhe arca is reprcscn
tativc of stands r:f tlle Arteulsia tridentata/Agrop.yran spicatum assoctatton
(Daubenmirc 1970). A wildfire in Augusr 197J kil led mosr of the sagebrush
(Artemisie tridentata Nutt.) in the study area, but the grasses quickly recovered
from burning (tJresk et al. 1976). Bluebunclt wheatgrass domin:rres shoot biomass
with lesser anrounts of Sanclberg bluegrass (poa sandbergll Vasey) 2nd Thurber,s
needlegrass (Stip.] tburberi.tna piper.) (Rickard et at. 1976\.

A onc hect:rre stucly plot rvas estabiished and a pilot study was conducted to
determine the diameter size distribution of bluebunch wltcatgrass. T\\,,o l ine
transects s,'ere rendontly located $'ithin the stLrdy plot, ?nd the diameters of the
first tr"cnt,v-five bluebunch wheatgrass plants encountered on each line were
measured. Sixty-two percent of the mc?surecl plants had diameters ranging bet-
R'een 10 and 18 cm. To minimize thc influencc of variable bunch diameter on
experinental measurements j only those plants that were within the 10 1g cm size
range were selected for study.

A randomized block dcsi€ln was usecl to minimize the effect of spatial
heterogcneity. This required replication of treatments within equai subsections
of the study pk)t. Thus, the plot was clivided into four equai quadrants. In cach
quadfant 25 biuebunch whcatgrass plants were selectecl randomll.. A plant was
rejected fbr srudv if it was locatecl wirhin 4 m of a plant alfeady chosen. In each
quxdrant, l iVc study plants were assigned randomly to one of the following five
treatments; 1 Plant clippcd ro crown levelj surroundin€l vegetation undisturbed
(clip plant); 2. Plant clipped to rhe crown level; surrounding vegeration wirhin
a 1 m radius clipped to the ground (clip area); 3. plant burned; surrounding vegcta_
tion undisturbed (burn plant); 4. Plant burncd; surrounding yegetarion wirhin a
I m radius bumed (burn area); 5. Plant nor clipped or burned; surrouncling vegeta
tion undisturbecl (control).

For the burn area treatmcntsJ sheet rnetal fences were used to conflne the fire
to eithcr a single study plant or to a 3.14 m, area. Burning was init iatecl with a
propane tirelecl flame. For the ts,-o clipping treatments, plants were clipped as close
to ground level as practical, either indivialually or alot.lg s/ith ail the surrounding
\.egctalion within a 1 rn radius. The 3.14 m, size of thc surrounding area treat-
ment was chosen bccause the roots of bluebunch wheatgrass plants can extend
approximatelv 70 cm larerally (Harris 1967) and because rhis size is similaf to thar
used in other clipping srudies (X{ueggler 1972). Al1 rrearmenrs were performecl dur
ing the first week of Septembcr 1979.

Productivity was defined as live shoot biomass anal was measured at rhe end
of the spring growing season in july 1980. All srudv planrs u.ere collccted by clip_
ping, oYen clried for r-2 ft at 55"C, and weighed. For the conrrol plants, live foliage
was sep?iated tiom standing clead foliage before weilihing. A nunber of addition..rl
pafameters \\-efe also measured as inclicators of plant perfbrm.;urcc: leaf length (flresk
et al. 1976), flowering culn and secdhead lengths (MuegEller 1975), ar.rcj seedhead
null]ber (Nluegglcr 1975, Blaisdell and Pechanec 1949). For cach plant, l0leaves and
a maximulr-r of 10 culms and seeal hcads \\.ere selected randomly for rneasurcment.

Data obtainecl for cach of thc Iivq nte:tsurements of nldot pelormance were
analvzed in three Steps. ! ' i fst, an:tnalvsis of v.rriance for a tw,, w.rv classii ic?tion
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with replicated observations (Rao 1952) was used to test the gencral hypothcsis
that the treatments had an effcct on thc measuremcnts. After detcrmining the
significancc oi variance among treatments fbr a particuiar measurement, treatmenl
effects were examincd using planncd comparisons by mcans of orthogonal con
trasts (Snedecor and Cochran 1975). Finaily, a two tailed F'isher's protected least
significant clifterence (LSD) test q'as used to compare treatment means (Snedecor
and Cochran 1975). Statistical sil inif icance was inferrecl at the o = 0.05 lcvcl.

Results and Discussion

In general, all f ive measuren-rents of plant performance showed similar fesponses
to the variouls treatments. Control plants produced the most shoot biomass, hacl
the longest leaves and also the greatest nun'rber of flowering culms (Table l).
Treated plants were significantly different from controls fbr four of the five
measurements: shoot biomass, leaf length, culm lenlath, and seedhead iength.
Clump location, b1. quadrant, had a significant cffect on all measurcmcnts, but
no interaction was observed between tre:ltnlents and quadrant location. The size
of treatment applicarion (single plant versus 3.14 m'z ?rea) had no significant ef-
fect on anl. of the measurements, and no significant interaction was observeci be
tween the treatment and the size of the treated area. Precipitation from Julv 1979
to  Ju ly  l9B0 averagcd 28 .5  cm (11 .4  in . )

TABLE 1. Ar.erxge values for flve measures of bluebunch \rvhearlirxss procluctivil,v measured at !he
encl of thc gron'lng scason follon'ing burning and clipping trcalmcnts ( 1 stxnd cl cfrot

I-eaf length

Number o l

3 . 9 7  1 0 . 3 0  I
b

1 . 3 2  2 3 .  t - 1  !
b

4 . 1 3  1 3 . 5 1  !
b

Q . 1 6  2 . 0 , 1  !
b

| . 7 7  t 4  1 2

1 . 2 5  2 5 . 1 80.65 25.i2 !  1.02
b

3 . 0 7  2 1 . 5 9  r  3 8 0
ab

4 . 4 9  3 . 1 3  1 0 . 5 3
ab

Control Cl ip Area Cl ip ClLrmp Burn Clump

Biomass 20.U. i
g dry \\,t.

30 .71

Culm lenglh 30.28

Seedhead lenglh .1 37

o .u0  13 .77  I  2 .33  i 5 .3 i
b

31 . ' i 8

L a 7

1 .t  86 28.58

a b

b

a b

b

2 1 1

0 .96

12.r.16 12.15 ! / i .2 r- t9.90 ! 597
a e

1  0 . 7 9  1 . 1 9  !  0 6 2

lJ  (X) 1 1. '11 l t ) .1 !  3.1+2
, r a

\ialucs within foF-s $'ifi Lliftcfcnr lcttch L1iffcr signlficand\'"i d = < 0.05.

Shoot Biomxss
Clipping significantly rcdllccd shoot biomass. Clipped plants produccd on thc
^yetage 12 pefcent less shoot biomass than did rhe controls (Table 1). No signitl-
cant differences in shoot biomass were observed when the blrrned plants were
comparecl to either the clipped plants or the controls.

Leaf Length
Clipping ancl burning significantl l '  r..1u..0 leaf length. 'fhe leaves of burned
and clipped plants were on the average l8 percent and 20 percent. respecti\rely,

a7 .2o

Comparison of tsurning and Clipping on Bluebunch !(/heatgrass 3 1 5



shorter thalt controls (Table 1). No significant clifferences in le2f length $,ere ob
servcd $.hen the clippcd plants $.ere compared to the burncd plants.

Flowering Culm I-ength
Clipping signific?ntly reduced flon'erir.tg culm length only on those plants that werc
treated as part of a 3.1,1 m, area. Culms ofplants clipped as part of xn erea x,,ere
on the avcrage 55 percent shortef than those of both the controls and the burned
plants (f 'able 1). Culms of plants burned as part of a 3.74 m, arca were slightly,
though not signific2nrl,v, longer titan those of controls. No significanr differcnces
s'ere observed in culm lengths of controls, burned plants, or individuallv clippecl
plants.

Seedhead Length
Clipping significanrl,v reduced seedhead length or.rly on those plants that were
treated as part of a 3.14 m, arca. Seedhceds of plants clipped as part of an area
were 53 pcrcent shorter tban the seedheads of the controls ancl thc singly burned
plants (Table 1). Seedheads of plants bur-ned as part of an alea wcre slighdy. though
not significantly, longer than tltosc of controls. Average seeclhcad lengths of con
trol plants, burned planrs, and indiviclually clipped plants were nor significanrl,v
different.

Numbef of Flo$'ering Culms
The nunber of flOwefing culms producecl per plant was highly variable, regardless
of treatment. No significant treatncnt effect on the average number of f lowering
culnrs pcl plant was detected (Tablc 1).

The resulrs of rhis srudv generally supporr rhose oforher clipping stuciies (Sauer
1978, tslaisdell and Pechanec 1949). Clipping bluebuncl] wheargrass plants dur
ing summcr dormancy causcd a decrease in shoot biomass and leaf length in the
first growing season foliowing treatment. Clipping dicl not appear to affect the
number of seedhcads produced per plant. The seedhead and culm lengths were
reduced onl] ' on those plants th:rt were clippcd as part of an 3.14 m, are2. Simi
larly, thc results of this study are in agreemcnt s,ith other fire studies (Uresk et
al. 1978, Villms e/ .11. 19aO). Burning bluebunch wheargrass cluring dormancy
had no cffect on shoot biomass or rcproductive performance (seedhead number,
culm lengrh and seedhcad length) clurinp; the first growing season following rreat_
ncnt. The only etTcct of burning on bllrebunch wheatElrass appeared to be a
rneasurable dccrease in ieaf length.

Seasor.rai changes in stress sensiti\ ' i ty and compctit ion induced by neighbor
ing plants arc thougltt to be the mejor factors responsible for the cleleterious ef_
fect of grazing ancl clipping on bluebunch wheatgress productivity. Grazing ancl
most experimental clipping studies are done during the most activc part of the
gro$'ing sc2son (spring) when root encrgv reserves (carbohydrates) are krw and
plants arc slrsceptible to damage (Wilson e/ a/. 1966). However, rangeland fires
usually occur during the dry season (summer) after the plants have matured and
dried (V/right and Klemmedson 1965). Fires also cover large areas ancl can recluce
plant competirion by killing sagebrr-rsh and some of the associated srasses and fbrbs.
Presumabl_y rhis temporary realuctir,o in compcr jt jon mtkes boil $.rter and mineral
nutrients more availablc to the survivinEl plants. In colttrast to fire, grazinll has
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a selective impact on plants. Generally only the most palatable species are grazed
ancl plant competit ion is unaffected. In fact, a study in southwestern Montana
showed that the negative effects of ciipping on blucbunch wbeatgr.ass productiv
ity were signific?ntly reduced by clippinEl ro ground levcl or removing neighbor-
in€i plants (Festuccl id.tboensfu Elmer and Lupinus argenteus pursh, as well as
Agropyron spicatum) (Mueggler 1972).

In this study wc tried to control the seasonal and competit ive ditferences be
tween fire ancl clipping. Plants were treated in the fall and the surrounding vegeta
tion within a I m radius \\ 'as either left undisturbcd or subject to the same treat
mcnt as the studv plant. However, plants treated as part of an area clicl not re
sponcl differenti)' from those treated as individuals. These results do not agree with
those of Mueggler (1972) most l ikely because of seasonal differences. Base.l on
the results of this study, it appears that differences in autumn clipping and burn-
ing on the productivit). of individual plants is not due to reduced competit i()n
or treatment effects on nei€lhboring plants.

Autumn burrin€l and clipping both remove sranding dead foliage from bunch
grasses. Standing alead folia€le lefr in place ma)' benefit the growth of new shoots
by protecting them from wind and by shading them from direcr sunli€lht. Shading
also tends to reduce evapotranspiration stress and conserves soil water during the
spring growil.rg season (Sauer 1978). ln addition, sranding dead foliage has a roie
in water retention. It acts as a substrate for moisture conalensation and retains snow
lon€ler than open areas. Standing dead foliage also is inportant in nutrient cyciing
via stem flos'(Parker 1981). Therefore, it would be expected rhat buming and
clipping $,'ould create some what similar microhabitats and have similar etfccts on
bluebunch wheatgrass shoot production. However, in this stucl,v, burning hacl no
measurable effect on shfi)t biomass when compared to control plants, while clip-
ping reduced shoor production. It appears tbat thc method of removing standing
dead foliage does influence bluebunch wheatgrass sltoot production during the
fbllowing gros'ing season.

Burning in contrast to clipping or grazing produccs ash. Although it is doubt
ful that grassland fires produce enough asl.r to increase soil fertility (Deubenmire
1968), the ash .loes blacken the soil surtace. The darkcned suface may create higher
eariy season soil surfacc temperatures resulting in the init iatior.t of earlier plant
gros'th which may lead to incrcased producrion (Vogl 197,{). Therefore, some
of the clctrimental elfects of the removal ofstanding deacl material by burning may
be somewh?t :tmeliorated by the init iation of early season growth prompted by
higher soil tempcratures early in the spring Eirowing seasolr. As demonstrated by
this study, removal of standing dead foliage by clipping a bluebunch wheatgrass
plant and surroundinli vcgctation as well should have tlte most detrimental effect
on prodnctivity. The treated plant is devoid of the sheltering effects provicled b_v
its owD standing dead foiiagc or that of the surroundil.lg vegctetion. and lacks the
compcnsating effects of higher soil surface renperaturcs caused b_v ash cleposi
tion. Therefore it appears likely that rhe difference in the effects of autumn clip
ping and burning on the productivit,v of indiviclual bluebunch wheatgrass plants
is a consecprcnce of microclimatic differences induced by treatment.

Compafison of Burning and Clippirg on Bluebunch wheatgrass 3 1 7
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