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Effect of Plowing on
Productivity

Thirty-1ear-old chmrgrass communiries vere disturbed bv exDerimenrallv Dlowins small Dlors.
Cheaqtass, Brcnat.te.t,oran L.,Promptly invaded.rhe ptoiea lors. PJowing enhan"ced plani pro.
du(r'on at the hrgh etevatron stre )70 m. bur depressed production ar rhe low elevation sire,
320. m,. during a year of near normal precipit_ation in 1976. During rhe lp77 drought, plani
production was very low at both study sites, but productivirv was host deoressed aI the^ low
elevarion rire. Possiblc facrorr in the exblanarion oflesults are discussed_

lnlroduclion

Lands that support natural plant communities in the shrub-steppe region of south-
central lfashington have steadily diminished over the years as dryland and irrigated
agricultural practices have steadily expanded, encroaching upon native plant com-
munities. Once under cultivarion the land is usually retained under crop maoagement
and not permitted to undergo a self-revegetation process. Daubenmire (197)) reports
that an abandoned cultivated field in southEastern l7ashington was dominated by
cheatgrass, Btomtu! te.to/&?n L., for 50 years with little or no invasion by oarive grasses
and shrubs. There aplmrently is no quantitative information to judge what to expect il
old, stable cheatgrass communiries are disturbed by plowing and allowed to be self-
revegetated.

Two agricultural fields on the U.S. Department of Inergy's Hanford Site have been
abandoned sir.ce 1941 and have not sioce been dismrbed, These fields have been
dominated by cheatgrass for three decades. The fields are withio 5 km of each other.
One field is locared at an elevation of 105 m above sea level and the other ar 520 m.
These fields have been previously described by Cline and Rickard (1973). The low
elevation field is small, about 10 ha; but the high elevation field is several huodred
ha in extenL

Four small plots, each 10 x 20 m, were plowed on each field in late autumn 1974
as a way to initiate bare grouod plant colooization. Both fields were sampled {or above-
gtound productivity and species compositioo by comparison with adjacent '_rnplowed
( control) ground. Harvests wele made in the spring of 1976 ar.d 1911, and the re-
sults are presented in this report.

Melhods

Harvests of live phytomass were made rhree times during the spring of 1976 at.ld

216 Norhwest Science, Vol. 54, No. 3, 1980



1977; early, middle, and late in the growing season. Small circular plots, 0032 m',

were hand hatvested and the live material segregated by species- At each harvest

period, five points were randomly selected within each treatment. Dead plant material,

srandi[g and prostrate and termed "mulch," was also harvested. Mulch was removed

by hand until mineral soil was visible. Care was taken to avoid incorporating mineral

soil into the mulch sample. All harvested material was oven dried at temPefatules

berween )0-60'C and weighed. A one-way analysis of variance was Performed to test

rhe sratisrical validity of the harvest estimates (Table 1).

A rain gauge was maintained at each field and read each month. The C)ctober to

May precipitatioo was of most colceln since this Period fepfeseots the growth season

for cheat$ass arrd its associated annuals.
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Resulls and oiscussion

Harvests wete not made drlring the spriog of 1975 because of the latefless of the

plowing in 1974. Harvest results in 1976 ar'd' 7977 arc shown in Figures 1 and 2'

The 1971 growing season was marked by extreme drought: only 6 cm of precipita-

tion was recorded in the lovr elevation field and ooly 8 cm on the high elwation field

during the period October to May. In 1976, the October through May precipitation

amounted rc 17.0 cm in the low field and 18.9 cm in the high field. b 1976, Pto-
duction on the unplowed (control) plots at the high elevation was relatively low,

only 87 g,/m' (Fig. 1) in relatioo to rhe amount of precipitation. This fact was surprising

because in 1977 production was 81 g/m2 aod the precipitation was only one-third that

of 1976. ̂ Ine plowed plots io 1976 were almost thtee times more productive than

control plots 24O g/m2 as compared to 87 g/m2. In 1977, the plowed plots yielded

35 g/m2 and control plots 83 g/m], the differeoce suggests that the high yield on the

plowed plots in 1976 depleted the soil in some way that was imPortarrt to plaot growth.

RicLard and Cline ( 1975 ) hypothesize that nitrogen may be the factor limiting growch

on the upper field rather than the scarciry of rainfall-
At rhe low elevation field, the conuol plots were more productive than the plowed

plos, 292 g/m2 as compared to 164 g/m2 in 1976 (Fig. 7). In 1977 productivity was

extremely low in both conttol and plowed plots; and it is attributed to the extleme

dtought.
The nearest ecological counterPalr to the cheatgrass community is California's

TABLE 1. Aralysis oi rariance ol phyiomass on control anal ploiteit plois, Mav 21, 19?61
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cONTR0L (1976)
- UPPER FIELD
---- LOWER FIETD

u 6 0
Fz \ n

PLOWED (1976)

- UPPER Ftt tD
---- LOWER FIELD

Figure 1. live-abovegrouod phyromass hatvested from control and plowed plots during the spting
ot Irlb ^nd tyl I At the UDDer and lo$er trelds-

annual grassland. Mulch is regarded as an important feature of the California annual
grassland community. Mulch removed prior to the seed germination period greatly
reduced plant production ( Hooper and Heady, 1!70). Changes in botanical composi-
tion were also related to mulch accumulation (Heady, I9t8, 196l).In our srudy,
plowing effectively removed most of the mulch from the surface and placed it below
the surface. Clearly the plowed plots in 1976 did nor have as much mulch as the con-
trol plots (Fig. 2). Mulch removal by plowing enhanced plaot production in the
upper field io 1976 but depressed production on the lower field (Fig. 1). Enhanced
producion in 1976 conributed to the enhanced mulch accumulation on the plowed
plots at the upper field in 1977, indicating that decomposition of dead plants is not
very rapid.

The cheatgrass communiry is characterized by low species diversiry (Fig. 3). After
30 years, most of the species are alien annuals. Only one native grass species was
recorded on the study plots, sandberg bluegrass, Poa sand.bergii Vasey. Lance leaf
microseris, Microserit lanciniata (Hook). Schultz-Bip., a preonial forb and yellow
salsify, Trugopogon dubius Scop., a bienoial forb, were found only on the upper field.
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Figure 2. Dead aboveground prlvr.-*, f-or.r,l fiiu".,"a fro- contuot and plowed ptots dur-
ing the spiing ol 1976 and l9'/7 at the upper and lower fields.

Cheatgrass, Btom4s tectoraln 1., Tansy mustard, Descutaixia pinndra (Wah. ) Bri,tt.,
jagged chickweed, Holosteum umbellatunl L., and wild lettuce, Lactuca rcrriola L'
were also present. In 1976 control plots were predominantly cheatgrass, but the plowed
plots orr the lower field supported a larger percentage of annual forbs than the ad-
jacent control plots (Fig. 3). This finding suggests rhar heavy mulch favors cheat-
grass arrd light mulch favors forbs.

Although the two fields were only slightly different in terms of climate aod bo-
tanical composition, the response to plowiog was very di{ferent. Plowing greatly en-
hanced production in the upper field bur decreased production on the lower field, at
teast rn t., /()

The data indicate that cheatgrass communiries respond to plowiog as a soil dis-
.urbance by promptly re-e$ablishing the same species compositio[. Cheatgrass com-
muoities, although capable of occupying a site {or a long time (decades), are poor
in species composition and life forms as comparcd to stands of the climax Afiemiiia
tfiderrata/ Agropyron rp;cdt ?n association (Daubenmire, 1970). Cleady the inad-
vertent iotroduction of cheargmss and associated annuals to the shrub-steppe region
more than a cenufy a8o has gteatly interfered wirh the classical secondary succession
pattern. N(/ith contiluous disturbance by man, the role of cheatgrass in plant succession
in the shrub-steppe regioo needs to be rcalistically evaluated when levegetation of
swerely disturbed ground is considered in situations other rhao contiouous cultivated
agriculture. The data also point out the fact that o[ce distufbed by man's activities,
native communities are very slow ro reruln to the site. It is reasonable to expecr thar
if the few remaining stands of native vegerarion in the shrub steppe region are not
offered some substantial protection, they could also disappear. As srated by Horn
(1914), the conscious conservation of climax communiries needs to be based upon
the idea that climax communities are vulnerable to man's activities rather than

Composition and Productivity of Cheatgrass Communities 219



=

[1ONTH5

Figure I. Species composition and conttibution (percent).of .each species to total live above_" 
g iound phyromass in p lored and conrrol  p lots in-  cheatgrass communir ies dur ing the
spring ot 1l)76 ^nd lc)11 ^t the upper and lo$er Lields

inherently stable. The cheatgrass commuoities ale more Prftluctive th4o climax com-

muniries ( Rickard et al., L974), at least in terms of aboveground production
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