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Abstracl

Total biomass in an undisturbed sagebrush,bunchgrass community was 1172 g dry weighr per m,
with 422 g aboveground and 1150 g belowground. Sagebrush iontributed i2f !. C.is" i.urvn',
l i t t t r .  a n J  s r a n d r n g  d e a d  | e r M c e " u s  p l a n r s . o n r r i b u r ( d  2 l i  g  r n d  r h c  l i v i n s  5 h u o r s  u f  h r r L r s  . o n r - r b
ufed r . l  e p, '  m:.  T*enry- f ivc perccnt  ot  rhe belo*ground bioma<: ua,  in the upper decim, r ,  r  . , r  ,u I
pro{ile and 4l perccnt was in the surface two decimeters. Over a 4-yr period, hcrbaccous shoot pro,
duction avcraged 62 g per m2 pcr yr with a range of 50-69 g. Abour 10 g per mr per yr \r'as
estimatcd to be produced by sagebrustr.

Hcrbnccous shoot and shrub producdon in the sagebrush-bunchgiass communiry was at the low
elJ of rhe scale of ralues citcd in dre iitcrature for other kinds of;emi-arid qrassland communities
in the vestern United States.

Introduction

The vegetation of the semi-arid Columbia Basin regioo of interior li7ashington Srate
undef pre-settlemeot conditions consisted in a large part of vast stands ol the Arremiia

identdla/ Agrcpyron rpicdt rn associarion (Daubenmire 1970). Following seftlemetrt
by European people about 150 years ago much of the land folnedy occupied by oarive
plant communiries has been under cuftivadon for dryland wheat ard irrigated cro1x.
A few remnant stands of native plant communiries can be found, but these are mostly
confined to steep slopes or other places with extremely rocky soil. Only a few of the
remoant stands have not been subiecred ro years of grazing by domestic livestock. Some
of the undisturbed remnant stancls have been described in terms of plant species com-
position, canopy cover, climate, and soil properties (Daubenmire 1970). Howeve!
there is relatively little information coocerrirg biomass and aboveground productivity
in undisturbed communiries. There is an increasing societal desire to obtain more crop
and meat producion from semi-arid lands, and it is important to document the status
of native plant communities before they become further modified by man's land maq-
agernelr pracrices ( Coupland 1979).

This study determioed above and belowground biomass and some of the dynamic
aspects of production in a relatively undisturbed sagebrush-buochgrass communiry
using harvest-sample methods. This is the most complete data set of its kiod for the
sageblush-bunchgrass region.

Location and History of the Study Site

The study community is located on the United Stares Depatment of Inergy's 1400
km2 Hanford Site in Benton Co., V/ashington, T10N R26E SJ5 at an elevation 390 m
above mean sea level. The community had been gtazed by livestock pnor ro govern-
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nent o$'nership in 1943, but siqce then the iand has not had livestock grazing.
The scarcity ol Bromas ,ecrorto\t (.an aggressive, alien, annual grass) was regarded
as evidence of the undisturbed status of the community (Daubenmire 1975). N7iidfires
were nor kno$.n {or the study site irl the years before 1!43; however, a part of the
community was b.uned by a wildfire in August 1973 which caused a minot relocation
of san.rpliog plors in 1974.

Methods Employed

Two 300x300 m study plots were established in a homogeneous stand of vegetation
replesentative of the Artemisia tr;.ler.rata/Agtopyton Jpicdtltnl associadon. Irside the
two study plots six smaller areas each 15x30 m (blocks) were randomly located aod
marked. Petiodically rhroughour the spring growing season of 1971, 1972, 1973, arld
1974 wo O.5 m2 frames were ra[domly located within each block. Each circular frame
was hand clipped of all aboveground plant material five times between March aad

June. Botlr 300x300 m plors were sarnpled in 1971, but in the yeats I)f2, 1973, and
1974 only one of the study plots was sampled. h 1972,7973, and 1974 eight blocks
were sampled usiog 16 frarnes (as compared to 24 frames h 7971).

Live shoots were separated from dead shoots according to five botanical categories:
shrubs, perennial grasses, annual grasses, perennial forbs, annual forbs, and half-shrubs.
The harvested material was oven dried at 50oC aod weighed. Results are expressed in
grams dry weight per m2. Grass crowns were cut off at ground level using a metal hack
saw blade. The crown material was washed to remove attached soil particleq dried, and
weighed. Results are expressed in grams dry weight p€r m2. Litter was vacuumed from
th€ ground, dried, and weighed. Aliquots of litrer were buroed in a muffle furnace to
determine ash conterrr. Litter weights are expressed in grams per m2 with ash concen-
trations subtracted from the total dry weight.

Sagebrush shrubs were clipped and sepatared into leaves, standiog live wood, stand-
ing dead wood, and q'ood litter. Results are expressed in grams dry weight per m2.

Soil cores were taken at 1 dm depth intervals to a depth of 0.8 m from a location
near the ceotef of each circular frame. The soil cores were washed over a fine mesh
screerr to separare soil particles from roots, and the roots were floated to segregate soil
pafticles from roo{ tissues. The washed rcors were dried and weighed. Aliquo s of roots
were burned irr a muffle furnace to detelnine their ash coltent. Root biomass is ex-
pressed io grams per m! vrith ash weights subtracted from rhe total dry weight Below-
ground biomass was sampled only at the beginning and at the end of the spring growing
seasons.

Results and Discussion

l'he community consisted of short-statured sagebrush shrubs, Arrenzitia tr;dentata,
widely scattered in an uoderstory layer dominated by perennial bunchgrasses, especially
bluebunch wheatgtass, Agrapyatu ipi.cat.,/,t?. Othet perennial bunchgrasses were Poa
vtzclberyii, Poa ctlickii, and Stipa thutbetiaza. Semi-noody half shrubs were imporcant
in the herb la,yer, especialJy fuigetox filit'oliu, Pltlox longifolia, arLd Antennaria di,
1]ntpha. Perelnral forbs rvere represented by scattered individuals o[ Lol./]dt;tun? ?dcro-
catp.rm, Lll.pittltt laxifLorus, Attragalut purfiii. Brodiaea douglaii, Calochortut tTtac,t o-
catpur, arld others. Aonual gtasses and forbs were minor consriruents of the community
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and were represeoted by Duba terna, Micto.rterit gracili.r, Plantago patagolticd,, Vulpi,
octoflora, a;xl DeJ;ur.rined pittrldta.

At the beginoing o{ the spriflg growing season in each of the four study years,
shoot biomass of herbs ranged between 8 and 18 g per m:, indicating fall and winter
{irowth (Table 1). Live shoot biomass peaked in late May or eady.June and ranged
frorn 50-69 g per n.r2 over the 4-year periocl- The perennial grasses dominated shoor bio-
mass at all sampliog times (Fig. 1). Seventy-seveo percenr of the aboveground herb
biomass was contribured by perennial grasses, half-shrubs contributed 16 perceot, and
perennial forbs contributed 5 percent. Anouals, mostly six weeks' fescue, Vulpia octoflora,
conrributed less rhan 2 Dercenr.
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figure 1. Percentages of percnnial grasses, hal{-shrubs, and prennial forbs in a sagebtush-
bunchgrass community at fivc hrrvest periods in each of four consecutir-e vears, 1971
1914.
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'I'ABLlt l. Dry weiahis of live herbac€ous shoots (s l)er m, a SE) in a sasebrush-buncherass com-
muDily in the years 1971-1974.
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Grass crowns, standing dead herbaceous material, and the litter components of the
community showed no consisteat change io biomass from rhe beginning to the end
of the spring growiog season (Table 2). Litter averaged 134, gr;ss crowns, g4, and
standing dead herbage, 82, g per m2. Sagebrush strrubs lonuibutei 70 g per mr. W.ood
litter was the greatest single contributor to woody biomass ̂ t 57 g per m2.

About 25 percent of the roor biomass was in the upper decimeter of soil profile
and 41 percent in the upper 2 decimeters (Table 4). A-t the beginning of the spring
growing season root biomass in the upper g decimeters was Sg0"g per mr, and ii4 iper m2 at rhe erd of the spring growing season.

TABLTI l. Drv weishls (e per m1 + sEr) or saaebrush shrubs in:L sasebruslr-bunch,ira-ss (iomrnu_
ni|y in the years 19?t-19?3.
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Aboveground biomass at peak production in the spring was 490 g per m2 aod
belowground biomass was 1150 (Table 5). Total biomass was 1600 g pr m2. Above-
ground production in the sagebrush-bunchgrass commulity was at the lori, eod of the
scale of production for other kinds of grass-dominated communities in semi-arid rcsiols
of westerq Nofth America (Table 5).

It was expected that annual herbage production would show a direct relationship
between high and low precipitation years. High precipitation y.ur, t,"r. .*1r..t d
to show high plant production and low years, low production. The relationship between
precipitatioo (Oct.-May) and peak herbage production is shown belole.

Precipitatioo (cm)
Production (e Der m2t
Eff ic iency ( t ier  m2lppt  cm)

1971 1974
1.2.9 36.2
r0 69
3.9 r.9

197 L
21.4
61

2.9

1972
17.4
65
3.1

TABLE 5. Summary of biomass components in a. sasebrush,bunchgrass conmunity_

TOTAI- BIOMASS

ABOVEGROUND BIOMASS
490 g Per m2

3 6 0

BEI,OWGROUND BIOMASS
1150 A per m:

1'ArlLrJ (i. Live abovesround biomass itr sieppe commmities in ihe wesiern uniieal states (r-auenroih
1979) .
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These tlara show that rhe lowesr precipitation yeat, 1973, had the lowest production,
and that the high precipitarion yeat, 1974, had the greatest productivity. However, there
was relatively little difference in production in rhe years 1971, 19j2, atd 1974. Overall
the variation in production sras nor as great as rhe variation in precipitation. This
indicates that the sagebrush-bunchgrass community had some level of stability over a
reasooabiy broad range of precipitation. The data also show rhat the community effi_
ciency ratio is greatest during low precipitation years and least in high precipitation
years. This suggests that water losses by physical processes (i.e., runoff, infiltration,
evapoladon) are grearest duriog high precipiration years. The fundamental role of
sagebrush shrubs in sagebrush-bunchgrass communities is a subject of on-going ecologi-
cal tesearch. Sagebrush is vittually the ofily non-aesrivating plant in the slrrubsreppe
commrrriry in summer. It has the capacity to use soil water that has penetrated below
rhe rooting depth of grasses (Daubenmire 1970). Mineral nutrierts from deep in the
soil profiie can be brought to the surface by root uptake, deposited in leaves and then
returned to the soil via leaf {alt (Mack 1977). These sagebrush processed nutrients
are evenrually available for use by grasses and forbs as they are released from the dead
sagebrush leaves by weathering and rnicrobial decomposition processes. Sagebrush
wood acs as a sink for nurrients because it is slow to decompose. Dead herbaceous
plaot rissues decompose more quickly than sagebrush wood but the rate of decompo-
sition iras nor been adequately studied (Comanor and Staffeldt 197g).

Sagebrush provides nesting sites for small passerine birds thar orherwise would not
nest in the community (McAdoo and Klebenow 1!7!). Sagebrush also provides forage
for jaclrabbits, Leput caliiornicus, mule deer, Otlocoilear hemiouls, and sagegrouse,
Centrocercar arophasianus. Sagebrush is not palatable to livestock, and most ranqeland
research has been aimed at developiog cost-effective ways of eradicating sagebrush
shrubs to enhance the growth and productivity of livestock palatable grasses (Britton
and Ralphs 1979, Evans et al. 197D .
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