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Abstract
Plant cover established without purposeful soil preparation or seeding was measured on ground dis'
turbed by plowing in \(ashington and by aboveground nuclear explosioos in Nevada. After a time
lapse of three decades in \(ashington and two decades in Nevada, ferver specics were self-esablished
on the disturbed ground than the nearby undisturbed ground. Alieo annual plants were the dominants
on the disturbed ground. Cheatgrass lBrcm&s tecta&n) dominated abandoned fields in'X/ashing-
ton, and filaree (Erocliun. cicatarinn) dominated disrurbed ground in Nevada. Perennial grasses
and shrubs appeared to be morc successful as irlvaders in Ncvada than io Washirgron. This distinc-
tion is attributed ro the superior competitive abjlity of cheatgrass ifl \trashington.

Introduct ion

The ordedy predictable process of self-reveg€tatio,n t.rf disturbed grourld is termed
ecological succession. Characteristically, the succession process is initiared by invasion
of bared grouod by annual planrs having rhe capaciry for copious seed producion and
efficient seed dispersal. Gradually, these an[ual plants are eirher suppressed ot replaced
by larger sized perennial plants until the nexr grourd baring disrurbaoce. In theory
these perenoials aJ:e rhe lrrmanent members of the site, but they can be des royed by
sudden events such as fire, or diseases, or by mao's activities such as mechaoically dis-
tr:rbing the soil, or by the damage caused by domestic livestock. Although fire and
disease have relatively little impact on the physical features of the rootiog substrate,
plowiog or mechanical scraping not only desuoys the plants but also dis;upts the uPPer
few decimerers of soil. Plowing itself is oot generally ccnsidered rc be a destructive
process because it is cooducted oo the best soils which ale prompdy s€eded to eco-
nomically valuable crop plarus. Because plowed ground in southeastem \Washiogton is
seldom allowed to become self-vegetated due to the economic value of cropping, there
is little ioformation on the rate or the teminal product <.f the self-revegetatioo process.

This study describes the species compositioo and canopy cover provided by plalts
on an abandoned cultivated field in the semi-arid shrub-steppe region of sourh-central
Vashington for comlmrison n'ith laod disrurbed by nuclear explosioos in the arid
desert region of southern Nevada. Both sites have been essentially free from additional
man-induced disturbances following the cessation of plowing and ouclear weaPoos
testiog s'hich occurred 30 years ago in Sfashington and 20 years ago io Nevada.

Study Site
The \(ashington $udy site is located on the U.S. Department of Enetgy's Hanford
Site io Benton Couory, lfashington. Here, productive drylaod n'heat fields were aban-
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dooed in 1943 wheo the land was incorporated into the Haoford Site. The study field
is located at an elevation of about 500 tr above sea level aod has a history of ecological
srutly (Rickard et al., 197)., Cline and Rickard, 1973; Hinds, 197j). The soil is at
least one merer deep layered over basalt rock and is classified as Ritzville silt loam_ The
average annual precipitation over ao eight year rirne span (1968-197j) averaged 25
cm (Hinds and Thorp, 1977). Precipitation fa.lls mostly in fall aod rvinter; soowfall
is an annual event. The habitat-type is classified as Arteruisia trideftt,jtd/ Ayaptfan
rqicdt. n (D^\rbeffnire, 1970). Since abando ment, the fieid has been occopied by
a moie o! less closed sward of anoual plants, especially cheatgrass (Btottut rcaorunz1.

The Nevada sire is iocated in Yucca Flat on the U.S. Deparment of Energy's
Nevada Test Site in Nye Co'unq., Nevada. Many aboveground test explosions were
conducted in Y'L:cca Flat in the years 1950-1951; plant studies on the devegetared
ground have been reported by Shields and Vells (196i), Rickard and Shields (1963),
and Slrields et al. (1963). The study site, Area T-2C, is locatecl on a gentle slope along
the western side of the valley. The eievation is approximateiy 1000 rn above sea level.
The soil subsrrate is of aliuvial origin and is a heterogeneous mixture of rock and fioe
particles. The veger.Ltiol before nuciear tesrinl] was probably cornprised of shrubs,
ttostly Gtcyia Jpitzora and Llcium andertonii, and a rich variety of smail herbaceous
species as describcd by Rickard and Beade-y (1965). The srudy site \\'as last used as
a test alea in the sumner of 1957 . In the eady i960s, some close-io mechanical bladiog
was done at the site to sciape some persistent residual radioactive contarnlnants ftom
the soil surface- The climate of Yucca Flat is arid: annual precipiration arnounts ro
only 15 cm and on the average is equitably disrribured throughout the year. Cattle
grazed Yucca Flat in the years before it n'as incorporated as patt o{ the Nevada Test
Site, but grazing has been prohibited si[ce rhe eaf,ly 1950s.

Melhods
Canopy cover was es.imared using the method dweloped by Daubeomire (1959).lt1
1957, stlrdy lines consisting of 100 ft lines wirh 50 plots each (0.1 m2) at rwo foot
intervals wete established in Yucca Flat by using marker stakes at 0.l-mile intervals
eastward from ground zero of nuclear test "Shasta" to a distance of one mile (Rickard
and Shields, 1961).Ir was hoped thar these same srudy Iines could be relocated after
a .ime spao of 20 years, but tiris operation was not possible. In the spring of 1978,
100 ft l ines were established at 0.2,0.3,0.4. and 0.5 mi from grouod zero and at 0./,
0.8, 0.9, and 1.0 mi from ground zero. The first four lioes were in the most heavily
damaged zone (i.e., no vegetatioo remained afrer the explosion); the second four lines
\{'ere io a zone with iittle visible damage. The ground slope is very graduaL, with a
drop in elevatioo of perhaps 5 m io 2000 m.ilstward into the central basin of Yr-rcca
Fiat.

Four su.rdy lines were established on the Hart{ord Site Arid I-ands Ecology Reserve.
Two lines $.e!e locarcd 20 m inside the botrndaries of a 35-year,old abandoned culti-
vated field, and two lines n'ere located in the relativcly undisturbed vegetation,:ltteltitia/
Agoplto1? habitat type outside the old field boundaties. The field boundaries are srill
identifiable by a line of sranding wooden fence posrs. Plant names for ri7ashington

piant species follow Hitchcock and Cronquist (1971), and plant names for Nevada
follow Beatlev ( 1976 ).
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Resulis and Discussion

Chcatgrass (Bronns tectorum) clearly dominated rhe canopy covet of longtimc aban-

doned plowed ground in south-central li/ashilgton (Table 1). The adjacent relatively

undisturbed vegetatioo in contrast q'as dominated by perennial grasses, especially blue-

bunch n'heatgrass (Agtupyrcn lpic,ttam). Cheatgrass provided 24 petcent of the total

caoopy cover in one undisrurbed stand and only 1 perceot in aoother. These rq/o stands!

horvever, probably have had diffetent land use historjes. Fire has been a factot io

both stands, as evidenced by the preseoce of burned somps of sagebrush. The year of

the last fire was 1957 during a large butn that covered ao estimated 50-60 mi'. Hovr-

ever, graziog use of the two sites rvas probably different. The srands are on opposiog

sides of a fence line that at one time separated wheat fields from rangeland. It is likely

thar rhe raflgeiand side of the fence was grazcd much more heavily tllan ahe wheat side,

resultiog in an invasion by cheatgrass that has Persisted for 30 years. Mote species

\{ere encoiultered on lhe ts'o uodisrurbed ( unptowed ) sites than on the Plo$'ed fietd

sires, but total calopy cover was gleate! on the plowed ground (Table 1).

Ftlatee (Erodiuxz c;cul.kiam ) aod red brorne (Btotnus rtrbent'1 dominated the

canopy cover of severely disrurbed ground at Yucca Flat (Table 2). The uodisrurbed

grou[d supported rwice as many piant species as the disturbed ground. There were aLso

more piaru sp€cies in Nevada than in \fashington. Russian thistle (Salrola sp.) was more

abuodant in Nevada than in Washington.

As in Washington, fewer species occupy the disrurbed than the undisturbed ground.

Annuals are trot an important component of vegetation of undisrurbed ground in l(ash-

ington, but they ale an impotrant part of the uode$tory in Nevada (Rickard and

Beatley, 1956). In \Washington, uodistwbed ground was dominated by perenoial gtasses,

67 percent canopy cover as compared to only 12 percent in Nevada (Table 3) Dis-

turbed ground was domioated by annual gmss, 88 Percent caooPy covef in \(ashing-

ton as compared to only 14 Percent annual grass io Nevada. In both states, annual

species of European origio were the most important invaders of disturbed ground.

Clreatgrass and tumble mvr;.ard (Sillrnbriun altiJ;ilnltnz) wete most imporranr species

in I/ashingtoq filaree, rcd brome, and Russian thistle were imPortant in Nevada

Altirough the process of secondary Plaot succession has ofteo been described for

moistr remperate forest communities, there is iiale ioformation concerning the Process
in more arid regions (Drury and Nisbet, 1974).In receot yearsr surface mioing for

coal and uranium in the more arid gtassland and desert regioos o{ the \\,'estem United

Stares has cteated a oeed to revegetate severely disturbed ground PiomPtly The guidance

for revegetation has been largely derived from agticulrure xod rrnge managemelt

prafiices with little refereoce to the exPected successiooal pattern. This Procedure is

rrot unexpected! as there are relatively {ew places in the \fest that are available for the

long term observation of the self-revegeration Process without concomitant man-induced

land use ioterferences. The {indings of this investigation ale useful because lands that

have been severely disrurbed by man are studied. Io our studies, thete have not been

any judgmeots made to Predetermine what the end Poiot use of revegetation should be

i.e., livestock graziog, wildlife habitat, or crops. This Pmctice differs from conventional

fange maoagenent pracrices rvhich aim to provide irr-rptoved livestock forage. rnd it

differs from a.qricultural pracdces $'hich normally seek to inclease yields of crop species.

Our data indicate that self-establishment to dominance by perenniai sPecies cao be a
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TABLE 1. Caropy cover (%) covered by plafts on ployeil a l unploweal grounl in South Cenba.l
WashlnelorL

Bromus iectorum,
Festuca sDp.

Tokt annual srass

Average

SisFnbrium aliissimum'
Plantago palaAodca

Dmba verna:
Descurainia pinnala

Holosteum omb€ll{Lium'
Amsinckia tycopsoides

Toial annual lorbs

-A'veraae

Perennia.l Grasses
Agropyron spicatom
Poa sandbersii
Stipa ihurberiM

Poa Cusickii

Total perernial grasses

Average

Phlo)r longifotia
Asiragalus sp.
Achillea mllifolium
Lomali'rm macrocarpum
Lupinus sp.3
Microseris lanciniata
AnteDnaria itimorpha
Erieeron lilitolius
C:Llochorius macroca.rpus
Crepis atrabarba
Lupinus sp.
Trasopogon dubluss

Tolal pere ial lorbs

Average

Shrubs
Ariemisia tridentaia
Chrysoihamnus viscialinorus

var. Ianceolata

Tolal shrubs

Averaae

Toial CaDopy Cover

0 . 7
0.4

1.1

B

1 . 6
9 5

0

9 5

9 7
0

9 7

0

0
0
0

2.9
2.6
0 . 3
0 . 8
0
0

-

1 1
0
0
1.0
1,0
0

0-4
0

0 . 1
0.1
0.1

0 ?

3.6

3 3
13
1 . 8
1 . 6

1 6

3 1
1 8
$.4
0
0

0
0.8
0
0
0

0.8

0
1 . 3
0
0
0

'l 3

4 . 1
0
0 . 2

0
0.1
0.1
0 . ?
0 . 6
1.1
0.1
0.2

7-1,

0 . 3
3 . 4

0 . 3

0
0

0

1 . 0

7.8

0

0
0
L . 4
3 . 8
0

0
0

2.8

0

0
0
0
1.'I
0
0
0
0.9
0
1.1

3 . 7

5 . E

7.2
2.0

9 . 2

0.1
0

0-1

0
0 0

0

92

114
1 9

lBurned, 1957 ; ,Introduced species ; 3seeilliDss only.
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TABLE 2. Canopy cover % ol plants on disturbed and unalisturbeil around Yucca r'lai, Nevada.

One-tenth mile inlervals lrom sround ze.o T2c

Bromus rubenst

Tolat Annual Grasses

Perenbial Grasses

Tridens pulchellus

Arisiida lonsiseta
Oryzopsis hymenoides
Hilaria jamesii

Total Perenni&l Grasses

Erodium cicutariumr

Eriosonum niduladum
Crypianiha ctrcumscissa
Sisymbrium altissimuhl
Chaenactis steviodes
Menizelia albicaulis
Camissonia kernensis
Euphorbia. polycarpa. (?)

Gilla sp.
Bafinesquia neomexicana
Oxrtheca perloliata

SlntrichopappDs lremontii

Lepidium lasiocarpum
Phaceua vallis-morlae
Compositae sp.
Erlophyllum prjnslei

Total Annua.l Forbs

Macheranihem sp.
Sphreralcea ambiela
Dichelostema puchellm

Astraga,lus lentiginosus

Total Perennial Forbs

Shr'rbs
Hlmenoclea salsola
Artemisia spinescens
Atriplex canescens
Grayia spinosa
IJycium andersonii
Epheiha nevaalensis
Euroiia Ianaia.
Haplopa.ppus sp.

1 5  1 5  1 4  7 4

1 5  1 5  1 4  1 4

3 5  1 8  1 8  2 0

3 5  1 8  1 8  2 0

1 4

3 . 6 0 0 0
4.0 2.8 2.8 8.6
0.4 9.5 2.1 0
0 0 0 5 . 9
0 0 0 0

8 0  1 2  4 . 9  1 4

2 3

5.0 2.4 0.4 2.9
0.3 0.3 0.4 0
0 0 0 0
0.5 8.1 0.? 1.1
1 . 4  0  2 . 6  I

7 . 2  1 1 4 . 1  4 . 0

9.7

37 43 46 34
2.6 1.7 2.3 2.3
2.0 1.1 0.9 1.1
0.9 0.8 0.7 0.2
0.1 0 0 0
0.1 0.1 0 0
0.7 1.7 0.1 0.7
0 0.1 0 0.1
0 0 0 0 . ?
0 0 0 0 . 1
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

43 48 50 39

6 6

4 . 1  1 . 6  0 . 1  0 . 5
6.0 1.7 2.0 1.0
1.9 1.1 0.6 0.5
0.2 0.3 0.4 0.6
0.5 0.4 0 0
0 0 0.1 0.5
1.2 0.2 0.2 0.3
0  0  0 . 4  0 . 1
0.5 0.6 0 0.1
0 0
0.6 0
0.1 0
0.8 0

0  0 . 4
0.4 0
0 . 6  0
0 0

0 . 3  0  0 . 1  1 . 1
0 0 0 _ 6 0
0 0 0.1 0.2
0 0 0.1 0.2
0 0 0 0 - 1
0 0 0.1 0.2

1 6 6.9 $. '1 7.6

0.3 0.1 0-5 0.1
0 0 0.1 0.E
0 0 0 0
0 0 0 0

0.3 0.1 0.6 0.9

L t

0  0 . 1  0 0
1.0 5.8 3.1 2.0
0.1 0 0 0.2
0 0 0 0 . 8

1_1 5.9 3.1 3_0

0

0
0

0
0

0.3
0

;

0

1.9
0
0
0

0
0
0

0
0
0
0
0
0
0
0

2 . 9
0
0.8
0.?
2.0

0

2.3

5.4 4.5 0.6
0 0 0 _ 3
0.88 2.1 1.9
0.1 0.6 0.7
1 . 1  5 . 7  5 . 2
0.3 1.1 5.5
0 0 . 3 0
0 0 1 . 6
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TABLE 2-(Continued)

Ch4'soihamnus nausmsus

Toial Canolry Cover

Tolal numb€r ol laxt

1 . 6

00
(t .4

00 . 9  0
1 . 2  1 . !0

1 4
4 '
t 0

9 6
6 . 3

1
5 , 8

0

0 0
7.1 15

7 7

0 - t

? 1

rlniroduccd (alien) s!ecies. rSeedlings.

'I'ABLli) 3. Canopy cover ib bv Dlirni caiesories on disturbed and undisturbed around in $'ashinston

.rnd Nelada anal ihe perceni oi tolal canopv cover (% ) provjded bl' each Dlani cates:orv'

Canopy corer, %

Toial

1 4  ( 1 6 )

3  (>1 )
5 E  ( 6 ? )
? . 4  (  1 1 )
4 . 6  ( 5 )

( E 8 )
( a )
(  <1 )
(5 .3 )
( 0 )

2 E  ( 4 7 )
1 0  ( 1 ?  )
?  ( 1 2  )
3  ( r . o )

1 1  ( 1 9 )

( 2 0 )
( 6 4 )
( 1 4 )
( 1 )
( 1 )

E ?  ( 1 0 0 ) 1 0 9  ( 1 0 0 ) 5 9  ( 1 0 0 ) ? o  ( 1 0 0 )

very slow process. It may noc be possible to re-establish Plant communltles to Prlst1ne
status in terms of species composition because of the ubiquitous presence of alien an-

ouals that have successfully blended in with rhe native flora and seem to have alrcred

the expected successional pattern of Perenoial grass and sagebrush dominance io ITash-

ington and desert shrub aod annual forbs dominance in Nevada.
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