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Research was conducted in a mixed-coniferous forest stand

that was clearcut, burned, and seeded in order to study early plant

succession, grazing influences on native and introduced species, big

game use, and environrnental relationships. vegetation, anirnal,

and environmental research was carried out from L965 to 1967 in

three, five-acre exclosures which had been constructed after treat-

rnent in 1963 and 1964. Radical treatrnents of clearcutting and

burning were used to reduce infection of heart rot caused. by Indian

paint fungus (Echinodontiurn tinctorium) in grand fir (Abies grandis).

Four major tree species - -Douglas -fir (Pseudotsuga rnenziesii),

ponderosa pine (pinus ponderosa), western white pine (pinus rnonti-

cola) and western larch (Larix occidentalis) were planted at a rate

of 880 trees per acre. Minor quantities of grand fir, lodgepole pine



(Pinus contorta), and Engelrnann spruce (Picea engelmannii ) were

used to give a total population of 1000 trees per acre.

Vegetation analyses showed bull thistle (Cirsiurn vulgare ) to

be the rnost abundant species in early stages of succession. Foliage

cover of this species was significantly reduced when cornpeting with

introduced grass seedings which included a rnixture of tirnothy

(Phleurn pralenle), orchardgrass (Dactylis glornerata), tall oatgrass

(Arrhenatherum elatius), srnooth brome (Brornus ryrrnis), white

Dutch clover (Trifoliurn repens) and two pure stands of rnountain

brome (Brornus rnarginatus) and blue wildrye (Elyrnus glaucus ).

Most thistle and other weedy production were confined to unseeded

plots,

Redstern ceanothus (Ceanothus sanguineus), ninebark (Physo-

carpus rnalvaceus ), and birchleaf spirea (Spiraea betulifolia) were

the rnost abundant shrubs in the study area. Canada milkvetch

(Astragalus gegsnll!) and redstern ceanothus--both nitrogen fixing
.species--were absent from the uncut stand, and burning enhanced

their establishment.

crude protein analysis of the 15 rnajor forage species shorved

the two nitrogen fixing species to be far superior to other forages

from this standpoint. Introduced grass species were rnore sensitive

to soil nitrogen levels than were native species.

Yearling replacernent heifers stocked at a rate approxirnating



one animal unit per acre were grazed in both cattle exclosures and

later combined for grazing the game excluded area. A 1.5 and

2.L pound per day gain was achieved over 42 and 35-day periods

in 1966 ar,d 1967, respectively. During these years, the heifers

consurned 7. I and 7. 5 gallons of water per day which approximated

one gallon per hundred pounds of body weight.

Heifers preferred Rosst sedge (Carex rossii), orchardgr&ssr

blue elderberry (sarnbucus cerulea), and Canada rnilkvetch. Differ-

entpreferencesffinear1iergrazingseaSonhadbeen

used. Some tree seedling browsing occurred in 1967, but this was

believed to result from too high an animal concentration within a

srnall area.

Game use in the cattle exclosures markedly reduced production

of all browse and Canada rnilkvetch. Some woody species have been

eliminated. Pellet count data supported the hypothesis that game,

particularly mule deer, rnight be attracted to the area for feeding

purposes. Digging and feeding activities of srnall rnarnmals caused

isolated effects on seral vegetation developrnent.

Environrnental rneasurernents showed soil temperatures at

two inches below the surface to be generally highe r in the clearcut

than uncut stand. Air ternperatures and solar radiation at three

feet above the soil were also higher in the clearcut, Surface soil

rnoisture leve1s in the clearcut and uncut forest stands indicated



that depletron rates were sirnilar in both areas"

Due to the prelirninary nature of these results, no rnanagernent

plans have been developed. rt is betieved that grazing and forest

managenrent are cornpatible and essential to rnaximize profits frorn

the rnixed-coniferous forest of northeast Oregon. W'hen proper sea-

son of use and nurnbers of anirnals are deterrnined, conflicts between

range and forest interests should be rninirnized.
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EI.FECTS OF SEEDING AND GRAZING ON A CLEARCUT-
BURN IN A MIXED-CONIFEROUS FOREST STAND OF

THE WALLOWA MOUNTAIN FOOTHILLS

INTRODUCTION

Approxirnately eight million acres of densely forested land in

eastern Oregon and W'ashington is presently considered as IOw value

for livestock grazing. Of this total, a sizeable acreage is classified

as the mixed-coniferous forest which is located prirnarily on north

and northeast-facing slopes.

Many of these rnixed-conifer stands are presently in a deter-

iorated and stagnant condition. The Eastern Oregon Experirnent

Stationrs Ha11 Ranch rnixed conifer stands are not unique in this

respect as the condition persists throughout the Blue and Wallowa

Mountain foothills" Trees with a diarneter of 20 inches and over on

the HaII Ranch are not rnaking any substantial increase in growth.

Keniston (I968) reports that between I962 and I967, the total net

increase in board feet per year by rnerchantable--over l5 inches

1

dbh--rnixed-conifer species was approxirnately 250, - This is only

about one-half the rate expected in this axea of northeast Oregon.

2
Grand fir" (Abies grandis), clirnax species on this site is readily

lAppendi*

'cot..t o,
Appendix A.

E presents sorne stand

and scientific narnes of

data for this site.

species are listed in



infected with Indian paint fungus (Echinodontiurn tinctorium) which

causes heart rot, along with dwarf rnistletoe (Arceuthobiurn ryi-

canurn ) inf estations have reduced the value of timber on this site.

Drastic irnprovernent rneasures are needed to offset these low tirnber

values and sparse understory vegetation now typical of firany rnixed-

coniferous stands in northeastern Oregon.

More intensive rranagement of our lands to serve an expanding

population requires that new ideas developed through research be put

to use. Of all the possibilities for f orested land irnprovement in

eastern Oregon and Washington, rnixed-coniferous forest develop-

rnents offer the rnost potential for success. Due to a high moisture

retaining soil and its location on the rnost rnesic slopes, chances

for successful irnprovement appears to be high.

It is realized that this site should be rnanaged to produce a

healthy forest; however, the interirn period after logging and before

profits are again derived frorn tirnber products is quite long. Per-

haps livestock grazLng can be an irnportant tool in forestmanagement

on these areas. To study these possibilities, a 30-acre tract of the

rnixed-conifer forest located on the Eastern Oregon Experirnent

Station Hall Ranch was clearcut and broadcast-burned before seeding

grass and planting tree species. The income derived from beef pro-

duction if consistent with other land uses can enable the private land-

owner to rnore nearly realize the potential of these productive sites.



Accordingly, the objectives of this research were:

(l) to carefully evaluate the cornpatibility of livestock

lzl

(3)

grazing on introduced and native forage species without

darnaging tree seedlings ;

to follow and docurnent early plant succession on the site

after clearcutting and broadcast burning;

to evaluate grass seedings frorn the standpoint of com-

petitive ability, preference, and yield; and

to make observations and measurernents on game use and

the different environrnental conditions.

(4)
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EXPERIMENTAL AREA

Relatively little research has been conducted on the vegetation

cornrnunities in northeast Oregon. Even less inforrnation is available

concerning the mixed-coniferous forest of the W'a1lowa Mountains.

In order to lead up to the present study, a generalized review of

past geological and ecological work is presented.

Geology and PhysiograPhy

WaIIowa Mountains

The W'al1owa Mountains were lifted to their present heights by

diastrophic processes in late Tertiary-Quaternary time (Wagner,

I955). Subsequent erosion has dissected this area and caused the

present condition of broad valleys, steep ridges, and alluvial plains

at lower elevations.

Rock types involved in this rnountain-building process include

lavas of Tertiary age. Both crystalline and sedimentary rock types

of Mes ozoic age, and a highly rnetarnorphosed 6eries of interbedded

volcanic and sedirnentary rocks of late Paleozoic are present in

these rnountains.

Colurnbia River basalts of Miocene age flowed over this entire

area, thus creating a cornplex of igneous, rnetamorphic, and
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sedirnentary deposits (Russe11, 1897). The thickness of horizontally-

bedded basalt exposed along the walls of the Snake River canyon and

in the adjacent Blue Mountains is approxirnately 5, 000 feet.

According to RusseII (1897), the Colurnbia River lava contains

horizontal joints which cut the vertical colurnns of basalt--in sorne

places for rniles. The Iarge vertical colurnns of lava, when weath-

ered, occasionally show that they are cornposed of srnaIl horizontal

colurnns which radiate frorn a confusedly-jointed central core. The

joints which bound the large vertical colurnns furnished the cooling

surfaces for the rocks they enclose. Ends of the radiating colurnns

are frequently revealed on the surfaces of stightly weathered vertical

colurnns by a patchwork sirnilar to shrinkage cracks.

Srnith et aI. (1941) and Lindgren (1901) have evaluated and

thoroughly discussed past geological events leading to a better under-

standing of the Wallowa Mountains uplift,

HalI Ranch

The Hall Ranch is entirely underlain by basalt and basaltic

andesite ('W'agner, 1955; Harnpton and Brown, 1963). The Colurnbia

River lava occurs as several different florvs with rninor arrounts of

interbedded sedirnents and pyroclastics.

Catherine Creek, while flowing into the Grande Ronde River

and subsequently to the Colurnbia, bisects the Ha11 Ranch. The



eastern portion of the ranch is underlain by lava flows tilted to the

southwest, The western portion, however, is situated on a 3,000-

foot fault escarprnent. Elevations vary f rorn 31 400 feet along the

creek to 4, | 00 feet at the upper boundary.

The study area for this research'is located on a sloping to

rnoderately steep northeast exposure. The upPer half of the slope

is equivalent to Ruhets (1960) pedirnent backslope while the lower

part could be called a pedirnent footslope.

Field Design

During the sumrner of L963 a 30-acre tract of the rnixed coni-

ferous forest was clearcut. A11 rnerchantable timber was removed

frorn the area and other rnaterial was felled in an up-downhill direc-

tion. A11 stash was left in place for over-winter drying.

The following July the entire aTea was broadcast burned prior

to seeding to selected grass species. Species used included a rnix-

ture of timothy (Phleurn pratense), orchardgrass (Dactlrlis glornerata),

tall oatgrass (Arrhenatherurn elatius), srnooth brorne (Brornus

inermis), and white Dutch clover (trifoliurn rePens). AIso two

pure stands of rnountain brorne (Erornus rn?rg4atus) and blue

wildrye (E1yrnus g&:lclE) were seeded. Six pounds per j"". *""

the seeding rate for the rnixture while eight pounds of seed were

placed in the pure stands"



Only I5 acres within the clearcut-burn were selected to con-

duct intensive research. Three, five-acre exclosures were con-

structed. Two of these were enclosed by four strands of barbed

wire--cattle exclosures--and one had an eight-foot woven-wire

surrounding it- -game exclosure.

'lVithin each five -acre exclosure, five, one-acre plots - -statis -

tical analysis replications- -were established. In turn, one-half of

each one-acre plot was objectively seeded to the introduced species

while the rernaining one-half was unseeded. The bottorrr one-half

of each one-half seeded acre was seeded to the rnixture and the upper

portion was seeded to rnountain brorne or blue wildrye (Figure l).

During April, 1965, four of the five, one-acre plots were

planted with two and three-year-old tree seedlings. The other plot

was left as a check. The four tree species, Douglas-fir (Pseudotsqga

rnenz,iesii ), 'W'estern larch (Larix o"ccidentalis), Western white pine

(Pinus rnonticola), and ponderosa pine (Pinus ponderosa ) were each

planted on a six by seven-foot grid giving 880 trees per acre. In

addition, I20 grand fir, Engelrnann spruc" (Picee engelmannii), and

lodgepole pine (Pinus contorta) were seeded at the top of the plots

to give a total seeding rate of 1000 seedlings per acre.
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SoiI on S_tudy Area

A Tolo silt loarn which has rather pure volcanic ash as parent

rnaterial is the soil present on the study area. This soil series,

present in much of the W'allowa and Blue Mountains, was proposed

as Tolo in 1926 (Kocher et aI. , l926l, The ash supposedly resulted

frorn the eruption of Mt. Mazatna--now Crater Lake-'in west central

Oregon (W'illiarns, 1942\. Carbon dating has shqrn that the ash

throughout this area is approxirnately 6, 500 years old ($rilliarns,

r 953).

Underlying the ash rnarrtle is eithe'r consolidated or fractured

basalt or in sorne instances a buri.ed soil. Depth to bedrock varies

frorn 20 inches to rnore than 50 inehes. Deepest ash deposits seern

to occur on the pedirnent footslope.

A representative profile of the Tolo series is shown in Figure 2.

This particular profile is located in the footslope of the galne exclo-

sure. Figure 3 depi.cts the topographical features of the study area.

This soil has a high rnoi.sture holding capacity--50 percent by

volurne--and is one of the primary reasons why a rnixed-conifer

forest can dominate the vegetation on this site (Strickler, 1965b).
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Figure 2. Tlryical Tolo silt loam profile formd in footslope
of game exclosure.

Figure 3. General view of research area showing pediment
backslope ard footslope.
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Clirnate

The Hall Ranch receives the rnajority of its precipitation f rom

snowfall in Novernber to February. In late April to June frequent rain

showers occur throughout the area, thus rnaking conditions ideal for

early season herbage growth.

A weather station located approxirnately 200 yards f rorn the

study area indicates that over 20 inches of precipitation occurs annu-

ally (Figure 4)" with this arnount of precipitation plus a highly porous

soil in the study area, conditions are rnore rnesic than on adjacent

shallow soils of other aspects.

Throughout the surrrmer and fall, small isolated electrical

storrns rrrove through the area. often times, however, only a few

hundredths of an inch are received, thus rnaking thern ineffective

for soil rnoisture replenishrnent.

Ternperatures are quite cool throughout the year in the foothills

of the w'allowa Mountains. Near freezing ternperatures can be ex-

pected every rnonth butareunusual in July and August. Highs seldorn

exceed 100'F, on southern exposures while the study area high tem-

peratures are norrnally less than this.
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Ecology and Grazing History

Young (1965) carried out very intensive research on the mixed-

conifer vegetation of the HalI Ranch. In order to study every condi-

tion and vegetative grouping, rnany stands were studied on a1l rnixed-

conifer forest sites of the Ranch. Young (1965) mentioned that many

of the rnixed-conifer sites were located at low elevations where nor-

rnally ponderosa pine and Douglas-fir dominates. Due to their physi-

ographic position on north-facing slopes and location on ash soils,

they were proposed as being a topoedaphic clirnax.

Strickler (1965b) has described the vegetation and soil relation-

ships on sirnilar areas in the BIue Mountains, His results with

Young's (1965) work have given a detailed picture of ecological

relationships in the mixed-conifer forest.

Other ecological work in the W'a1lowa Mountains has studied

soil-vegetation relationships. Johnson (1959) carried out a rather

detailed study on plant cornmunities and intensities of grazing south-

east of the present study area. Head (1959) has added a cornplete

taxonornic study also. In this work, 464 species of plants were

found in a srnall portion of the Wallowa Mountains. Sturges ll957l

has presented sorne detailed rnarnrnal, bird, andplant cornrnunity

relationships in the northern part of the 'Wallowas.
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Walton (L962) found a significant relationship between the

nutritive value of forage and tirne of cutting. The rnixed-conifer

forage was found to contain higher crude protein percentages through-

out the season than pine or rneadow vegetation.

Hog (1961) reported that pioneers began settlernent along

Catherine Creek in the rniddle 1B50ts. The relatively level topog-

raphy allowed an ideal passageway frorn rnuch of the Wallowas to the

Grande Ronde River basin or to the Blue Mountains located just west.

According to Experirnent Station records, the Ha1l Ranch was

heavily grazed by cattle and sheep frorn 1935 to L956. In 1956 rnuch

of the area was in poor condition, particularLy the meadows and open

pine sites. Similar poor range conditions have been found throughout

the Wallowa Mountains (Pickford and Reid, 1942; Strickler, I96I).

The rnixed-conifer forest has been considered aknost unusable

for dornestic livestock because of the rough topography, brush, and

dense tirnber stands (Garrison, L964).

In this research the foothill-rnixed-conifer stand studied belongs

to the cornrnunity defined by the Society of American Foresters as one

having grand fir as dominant with Douglas-fir and western larch sub-

ordinate species. The specific stand studied is slightly more xeric

than the typical rnixed-conifer cornrnunity and occurs on ash soils

currently ca1led To1o.
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LITERATURE REVIEVT

Seral Vegetation Relationships on Forest Sites

Little has been reported on the seral vegetation relationships

in the rnixed-conifer forest. Mueggler (1965), however, has thor-

oughly studied the cedar-hernlock zone d central Idaho. Many of his

findings, particularly in relation to burning, are applicable to the

present study. Species found to increase in frequency due to clear-

cutting and broadcast burning include : ninebark (Physocarpus

rnalvaceus ), oceanspray (Holodiscus discolor), Scoulerrs willow

(Satix scouleriana), wood rose (Rosa gymnocarpa), birchleaf spirea

(Spiraea Egl,rlif"li"), snowbrush (Syrnphoricarpos albus), and redstern

ceanothu" (Ceano,!fr*" sanguineus)"

Garrison and Rurnrnell (I950) found that grasses were dras-

tically reduced by logging on ponderosa pine sites. This was be-

lieved to be a result of their shallow rooting habits which r-nake

thern easily rernoved during the logging operation. Sorne shrubs

such as serviceberry (Arnelanchier sp. ) and chokecherry (Prunus sp. )

were scarcely affected by togging because they possess a deep tap-

root s ys tern.

Seral vegetation has been studied throughout Idaho by

Dauben::rrire ().952). In this research a large part of Idaho has
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been classifi.ed according to vegetative zonation and plant cornmuni-

ties.

Silviculture of Grand Fir

Hubert (1955) rernarked that grand fir was an outstanding forest

species. Its workabi.lity, rapi.d growth, light co1or, and high volurne

rnake it an ideal species in rnany forested areas. On the Hall Ranch

and throughout rnuch of northeast Oregon, however, grand fir is very

sus,ceptible to heart rot. Indian paint fungus .is the prirnary species

causing heart rot in grand fir. Grand fi"r greater than 16 inches,in

diameter at breast height on the FIalI Ranch is assurned to be infected

with heart rot (Keniston, 1957\.

Aho (19661 used rnultiple regression equations to estirnate

percentage of grand fir infested with heart rot and othe'r defects on

II stands throughout the Blue Mountains. His results show that

75 percent of the grand fir of 200 years in age is defective.

It is currently believed that a pathologic cutting cycle for grand

fir could improve the site.consid.erably (Keniston, L957; Hubert,

L955). Garrison (19641 also rnen i.oned that this site was one of the

largest and relatively untapped ti.rnber types in the W'est. He felt it

would be very logical to judici.ous,ly manage the rnixed-conifer forest

by reforestration and possibLy dornestic livestock grazing in order

to increase the value of this land"
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Aussenac (1966\ studied seed dispersal of 35-year o1d grand

fir in France. His fi.ndings show that over 600,000 seeds per day per

hectare are dispersed frorn this species in late Septernber. By

November 30, 96. 3 percent of the total had been released.

Effects of Burning Forest Sites

Lrtz (1960) suggested that trernendous problems are involved

in the control of fires in coniferous forests. Although the problem

is very delicate, this researcher believed that the possibility of

beneficial use of fire does exist and should be explored. An exten-

sive review of forest fire research has been as,certained by Ahlgren

and Ahlgren (1960), These authors suggest that rnany contradictions

appear in the literature as to how fire affects all ecological factors.

Sorne general conclusions have been reached but each specific burn-

ing trial rnay give results quite different frorn others in sirnilar

areas. In general, however, soil acidity is lowered after burning

while s.oil calciurn, phosphorus, and potassiurn levels are increased.

AIso biotic nitrogen fixing is generally enhanced by burning.

Gaines et al. (1958) pointed out that controlled use of fire rnay

redue e fuel for future fires. More inforrnation is needed on the

e onditions under which it is feasible and on techniques fo'r its proper

use. Weaver (1957) has found burning of ponderosa pine forests in

Washington to be of silvi.cultural benefit. This research showed that
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controlled burning reduced the nurnber of acres burned by 89.9 pe'r-

cent, darnage by 94.3 pe'rcent, and cost of control by 79.3 percent.

None of these studies have been concerned with forage irnplica-

tions, wildlife nurnbers, or regeneration following fire. A study by

Gratkows ki ( I 9 64) indicated that varnish-leaf ceanothus ( Ceanoth-us

sP. ) seed gerrnination was maxirnized by heating frorn 80-105'C.

A few seeds gerrninated at 45-65" C., but these numbers were sig-

nificantly lower than at the higher ternpe'ratures

Gockereli (1955) conducted research on a logged forest site in

western Washington. His results show that fire reduced slash

accurnulations and rnistletoe infection throughout the area. W'hen

cornparing burned with unburned areas, it was found that natural

tree seedlings were decreased by burning. Mean hbight of trees

were greater on the unburned area while browsing by deer and e1k

were greater on the burned areas.

An intensive seeding prograrn was initiated in northern British

colurnbia on burned forest land' Anderson and Elliott (1957) broad-

cast several grass and legurne species in cornbination and separately

to see what responses were obtained. Grasses appeared to do

equally well seeded in Iate October when corrpared to April seedings.

This study showed a rnarked evidence of nitrogen deficiency.in the

grass stands in the second and subsequent years after burning.

A substantial increase in vi.go,r was noted where volunteer
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legurne plants occurred and where grass stands bordered legurne

plots 
"

Forest Grazing Practices

Grazing within forested areas of this country has caused rnixed

feelings arrong foresters and range managers. In the southeastern

section of the United States, forest grazing has been p-r,acticed with

considerable success. The 1960 passage of the Multiple Use Act

prornpted action to be taken to more fully utilize the resources of

forested land, yet be consistent with good land managernent prac-

tices. Costello, HiIl and Hickie (1955) suggested that the respon-

sibilities involved in rnulti.ple use rnanagernent should be integrated

between professional forestry, range rnanagernent, and wildlife

rnanagernent disciplines. To reach this goal a concentrated effort

rnust be established. One of, the problems in rnanaging t}:e grazing

resources of forested land is to harvest the usable forage but to do

so in a rnanner that does not prohibit the site frorn becorning refo,r-

ested (W'ebe r, L957\ .

Intensive rrrarlagefirent of trees, cattle, and forage is essential

to rnake forest grazing a profitable and compatible operation (Halls

and Duva1l, l96l). Although forest grazing is not a get-rich-quick

business, returns on the investrnent are quite good. Part of the tax

burden of land ownership ean be defrayed by incorne derived from
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forest grazirrg. Halls (1959) rnentioned that the coordination of graz'

ing use wi.th forest products contributed rnore to the econolny than if

each business was operated separately. Besides providing additional

incorne, a noticeable reduction in forest fires results f rorn forest

grazing practices (Biswe}l and Foster, l94zl. Oliver (1938) realized

that cut-over lands in northwest Oregon could supplement the income

of land owners if livestock grazing was allowed. Because of straying

however, it was often not f easible to provide fencing to restrict

rrlovernent of anirnals frorn the area.

Interactions of Forest and Grazing

Many factors are operative in the evaluation and success of a

grazing-forestry rnanagement plan. Due to differences in abiotic and

biotic influences from region to region, sirnilar recommendations

rnay not be applicable to both regions. Furthe'rrnore, within one

rather narrow ecological unit ernphasis rnay need to be placed on

specif ic f actors.

Cassidy (1937) stated that thi.rst in anirnals was the rnain factor

influencing the browsing intensity. This autho'r concluded that if

anirnals were rernoved frorn the forested range when drinking water

was lacking, little browsing darnage could be noted. This conclusion

or reason for browsing darnage has not, to rny knowledge, been
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substantiated by any other research.

Trarnpling darnage appears to be the single rnost harrnful effect

on young regenerating trees (CoIe, L96l; Moss, 19591. Cassadlr

Hopkins, and Whitake'r (I955) acknowledged that trarnpling damage

was greatest during the first year after planting. Seedlings are not

well established at this time and can be dislodged quite easily by

anirnal hooves.

Hall, Hedrick, and Keniston (1959], suggested that the grazing

anirnal may be a ve.ry valuable tool to obtain good Douglas-fir man-

agernent. These authorst research in western Oregon point out the

necessity of understanding the soil-anirnal-vegetation complex before

rnaking concrete decisions. It appe31s, however, that by using the

grazing anirnal as a tool, cornpetiLion between tree seedlings and

grass or forbs would be reduced, Hedrick and Kenistonts (I966)

findings show very well that gtazing anirnals rnay be beneficial to

tree growth. Halls (1959) also pointed out the necessity of under-

standing silvicultural and gra.zing interactions. Range and livestock

practices irnpor,tant f o'r the integration of tirnber and livestock pro-

duction are using proper nurnbers and good distribution of anirnals

(Campbell, I954]..
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METHODS OF STUDY

Irithin plant comrnunities many factors are interacting to

change or rnodify species p,resent. These rrqause-and-effectrr rela-

tionships rnay be very subtle and difficult to isolate. With technolog-

ical advances in instrumentation, particularly biorneterological in-

strurnents, Inany faCtors can be lrreasured quantitatively. In order

to assess sorne of the changes occurring in plant cornmunities, it

becomes necessary to study the entire soil-animal-plant complex.

Vegetation Mea surernents

Due to the heterogeneity of vegetation on the clearcut-burn, it

was necessary to evaluate a large number of plots tO charactetize

the change and nature of vegetation p'resent. Many methods are

available for rnaking these deterrninations, but it is believed that

frequency and cover data are rnost useful.

Frequency Data

Idealty each species requires a different si.ze plot to achieve the

rnost efficient sarnpling intensity. This; however, is unrealistic when

Inany species are present in an area. In order to achieve optimurn

frequency sarnpling efficiency, Hyder et aI. (1953) suggested that a
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size should be used which gives a frequency of 63 to 86 percent

the rnost abundant species.

Taking this into consideration, a 12-inch slluare plot was se-

lected. One hundred of these were placed contiguously to forrn a 100-

foot belt transect (Figure 1). Fifty-five belt transects were randornly

placed in each seeding treatrnent and both the top- and bottorn un-

seeded subplots. These transects were perlnanently rnarked to

enable one to sarnple the sarne plots at yearly intervals.

Standard data sheets were used to record all species present in

each square foot of the transect. Transects were sarnpled in late

August of. L965 and in June of 19 66 and 1967 prior to cattle grazing.

Cover Data

To get sorrre idea of individual species influence within the

study aTea, foliage cover of individual species in every square foot

was recorded. This inforrnation was taken sirnultaneously with fre-

quency data in I956 and 1962 using a rnodification of Daubenrnirets

(L959) rnethod.

The following classes were used.

Cover C1ass Foliage Cover

I 0-5 percent
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z

3

4

5

6

I

5,L?.5 percent

L2.5-25 percent

25-50 percent

50-75 percent

75-95 percent

95- 100 percent

In order to deterrnine the average vegetative cover per species,

it was necessary to surn the rnidpoints of each foliage cover value.

Yield Data

Prior to livestock grazing in L966 and 19 67, t.erbage produc-

tion was deterrnined in plots one, two, and three of the garne and

plots one, three, and five of exclosure two, respectively. In 1965

yields were taken later in the season as no grazing had begun and

plant developrnent was slower this year. The weight-estirnate, with

occasional clipping, rnethod to deterrnine herbage production was

used. Each plot and treatrnent were sarnpled with the sano.e intensity

per unit area in order to rninirnize sarnpling errors.

On all occasions rnost grasses were in the flowering or early-

seed-head stage of development when clipped at approxirnately a two-

inch height above the soil surface. Major species were separated and

weighed in the field using 100- and 500-grarn balances. Herbage was



then transferred to the large-walk-in dryer

Laboratory. Samples were dried overnight

bef ore obtaining dry weights.

Chernical Analysis

25

the Experirnent Station

approxirnately I60' F.

at

at

By

we

Several factors influence the nutritive content of forage species.

evaluating anirnal gain responses with forage nutritive content,

can better understand the potential value of a particular site'

The rnajor forage species, and others of interest, were collect-

ed in conjunction with yield sarnpling. AII plant material above the

two-inch clipping height was used for analysis. The Anirnal Nutri-

tion Laboratory at Oregon State University conducted the dry rnatter

and crude protein analyses.

Anirnal Measurements

To fully evaluate the ecological irnplications of an area, deter-

rnination of biotic influences is necessary. These influences were

rnost read.ily noticeable when caused by livestock grazing and garre

use. Of supposedly rninor irnportance and Irlore difficult to evaluate'

were the effects of rodents and birds. The harvest of succulent

forbs, grasses, and seeds was noticeable by the smaller biota.

The ability to quantitatively Ereasure srnall animal influences

is very difficult and was not undertaken in this study. Nevertheless'
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notes were taken on relative abundance and habits of the species

present.

Deer and Elk Use

In early spring of. L966 and 1967, a detailed study was conducted

to estirnate approxirnate nurnbers of garne anirnals which had used the

study area for feeding purposes.

Thirteen, tf ZOO-acre belt transects randornly selected and cor-

responding u'ith the perrnanently established vegetation sarnpling areas

were exarnined for fecal deposits. A11 fecal groupings were recorded

and separated, that is, deer vs. elk, before rernoval frorn the plot.

By using the plot area as related to one acre, an approxirnation of

deer and elk use was ascertained..

The purpose of conducting fecal counts in this study was to

help evaluate the effects of garne browsing on tree and shrubby

growth. Clearcirtting and burning have provided an ideal food

source for the game and it was believed that they would be attracted

to the study area.

Livestock Grazing

To ot'tain controlled grazing frorn the seeded grass and native

species, a grazing trial was conducted. Cornpetition between tree

and grass seedlings undoubtedly results when they are planted
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together. By using dornestic livestock as a tool to harvest grass

and shrub growth, reduced root competition with tree seedlings

should result.

on July I5, L966, ten p,reweighed yearling replacernent heifers

were divided into two groups and placed into the two cattle exclosures.

Grass species were in the early-seed-head stage of development at

this time. Observations were rnade to determine f orage preferenges

and grazing habits. Extreme caution was used to avoid ove'rgrazing

of forage species in order to minirnize tree browsing. Belleving

that the exclosures could bear Inore grazing P'ressure, l4 yearling

heifers were used in the L967 grazing trial.

Individual animal weight gains were taken at two-week intervals

with the exception of one weighing in L967. Snow fence holding Pens

were constructed at the base of the clearcut. This enabled one to

record weights after the custolnary overnight shrink' Portable

scales were used to weigh the animals. Anirnals were then placed

back into the exclosures for another two-week period.

Daily water consulrlption by the heifers was also calculated.

since all water had to be transported to the study area' it was quite

easy to deterrnine gallons per day that were cqnsumed. Tubs, cali-

brated at five-gallon intervalsr w€r€ used to run this test.
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Observations of the water leve1 in the tub made it possible to calcu-

Iate consurnption accurately. No corrections were rnade for evapo-

ration losses since water was supplied daily.

Envi ronrnental Mea s urements

Effective precipitation is undoubtedly the major factor affect-

ing plant growth in northeastern Oregon. Trernendous vegetation

variability exists between north and south exposures. This is par-

tially the result of a firore mesic environrnent on north slopes which

results f rom differential soil and air ternperatures, snow accumula-

tion, soil rnoisture, soil type, and solar radiation. These factors

are interrelated and govern the ecological potential of a site to pro-

duce a given quantity and type of vegetation.

Soil Temperature

Several rnethods are available for rneasuring soil tempera-

tures. Many of these are expensive and would not be feasible for

the preeision and accuracy needed in this study.

In this research, Taylor six-inch rnaximurn recording ther-

rnorneters were placed so the sensing bulb was two inches below the
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soil surface. Care was taken in placing these properly to avoid

erroneous data which would result if insufficient contact was rnade

between sensor bulb and soil particles,

These therrnorneters were subjectively placed in the seeding

treatments and on a.cornpacted skid trail pn the clearcut. An arba

was chosen in the seeded treatrnents where logging procedures had

not disturbed the soil surface and a good cover of he'rbaceous'vege-

tation was present. After weekly rnaxirnurn ternperature readings,

each thermorneter was replaced within a few inches of where it had

previously been.

In the uncut rnixed'coniferous forest adjacent to the experi-

mental area, two therrnometers were placed at a sirniLar depth in

interrnediate shade- -21-40 percent canopy coverage--classes. Great

care was taken in the placernent of these thermometers as litrer often

interfered with depth estirnation. Depth of the sensor varied f rorn

one to two inches in the uncut forest.

Air Ternperature

The aboveground temperature environrnent often,{eterrnines

the success or failure of a species to,reproduce. In order to meas-

ure aboveground temperatures two stations were placed in both the

clearcut and uncut stands. Two Taylor rnaxirnurn-rninimurn dial

therrnorneters (No. 53?,ll at one-foot and three-foot aboveground
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were used at each station. In order to get an accurate reading of

true air ternperatures, each therrnorneter was placed in a white

ventilated shelter.

It is believed that a good indication of the atrnospheric evapo-

rative potential could be estirnated in this fashion. Readings were

taken every Monday frorn June to rnid-septernber for a1l soit and

air ternpe rature s ens ors .

Soil Moisture

Equally important to soil ternperature rrleasurernents are soil

rnoisture readings. The specific heat of water, being one calorie

per gram, tends to influence the edaphic environrnent considerably.

This, in turn, affects soil ternperatures which indirectly af.f.ect

vegetative growth.

The gravirnetric rnethod of soil rnoisture deterrnination was

used throughofi 1966. This entailed obtaining specific incrernents

of soil throughout the season and deterrnining rnoisture content on

a dry-soil-weight basis. Soil rnoisture sarnples were taken in undis-

turbed areas with good vegetative cover--excluding the unseeded

treatrnent--for a1l seeding treatments, Duplicate sarnples at:

(a) 0-6rr, (b) 6-L2,', (c) I2-24,,, (d) 24-36,', and (3) 36-48" depths

were rnade in each treatrnent. On several occasions it was irnpos-

sible to get a sarnple below 36 inches because of bedrock; therefore,
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this depth was not sarnpled throughout the surnmer. The same pro-

cedure was used at two locations in the uncut forest. Each soil in-

crernent was irnrnediately placed in soil tins to prevent drying.

Sarnples were then transferred to the Experirnent Station Labora-

tory where wet soil weight was recorded before drying f.or 24 hours

in an oven at I05" C. SoiI rnoisture percentages were then deter-

rnined.

Because of extrerne soil variability in the clearcut, it was

decided to use electrical resistance determinations throughout the

L967 study period. J. D. Frost rnodel F gypsurn resistance blocks

were used. With blocks .it was possible to deterrnine soil moisture

trends at identical locati.ons below the soil surface throughout the

surrrrTle r.

Resistance blocks were placed at 6, 12, 24, 36, and 48-inch

depths where possible with two replications for each location. Read-

ings were taken at weekly intervals using the Beckrnan Mode1 300

resistance rneter.

Sorne difficulty was experienced when us,ing the blocks as

rodents were attracted to the sarnple locations and gnawed wires

or dug up several of the blocks. In order to help alleviate this prob-

lern, cans with rnothballs enclosed were placed over the wires.
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Sqtrar Radiation+

Within plant cornrnunities solar radiation intensity is not nor-

rnally considered' too irnportant a factor in deterrnining vegetative

cornposition. This depends, however, on how rnuch radiation a

particular species requires for survival. Many species are obligated

to live in the shade. These, according to Daubenrnire (19541, are

called obligative sci.ophytes.

Upon clearcutting an area, an entirely different radiation load

reaches rrrany species which were forrnerly tolerable to only a low

radiation intensity. The abundance of bull thistle and down-unburned

slash provide radiation conditions sirnilar to that found in the uncut

forest. As this weedy species is elirninated, sonre of the sciophytic

plants rnay be elirninated frorn the clearcut.

A non-expensive net radiometer sirnilar to Suorni and Kuhnrs

(1958) and Lowryts (19571 instrurnent was used in this study. One

radiorneter was placed three feet above the soil surface at each air

ternperature station. By taking readings at short intervals through-

out the day, it was possible to dete'rrnine the differential solar radi-

ation load reaching the soil in both the uncut stand and clearcut.

This instrurnent also rnade it' possible to determine when outgoing

radiation exceeded incorning radiation"
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SnowfaIl Accurnulation

Snowfall accurnulation is related to rnany environrnental vari-

ables as well as to type of vegetation present. In the Columbia Rive'r

watershed of Oregon and Washington, Griffin (I9I9) stated that snow

rernained I7 days longer in the forest than in an open area. This

author rnentioned that the conservation of snow varied directly with

the density of the forest. Meagher (1938) studied snowfall accumu-

lation in the Wind River Valley of 'Washington on a clearcut, partially

cut, and virgin Douglas-fir fo,rest. He observed that there was a

noticeable absence of drifting in the old-growth forest which resulted

in a unifo'rrn distribution of snow on the ground. In the clearcuti how-

ever, there had been considerable drifting, and thawing was greatly

accelerated around sturnps and 1ogs, giving an uneven distribution of

snow.

In this research only qualitative observations were made in both

the clearcut and the adjacent uncut rnixed-conife'rous forest. Personal

cornmunication with Experirnent Station staff and early spring visits

to the area have provided inforrnation concerning snow accurnulation

and retention.

Soil Profile Characteristi.cs

A rnodal soil, exarnined previously by a soil scientist using an
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auger, was exafirined in rrrore detail" After opening a soil pit, tex-

tural classes, consistency, color, and structure and other observa-

tions were rnade according to the standard procedure. The previous

soil profile description with rnodifications appears in Appendix F.

Chernical Analyses

Soil sarnples were collected by horizon frorn the rnodal soil

used in the description. It is believed that, as a result of the burn,

an abundance of plant nutrients was present in the clearcut surface

soil horizon. Burning releases nutrients unavailable in the slash

for irnrnediate plant use,

Specifically, the following nutrients and pH were tested by

the Oregon State University Soil Testing Laboratory: (a) available

phosphorus, (b) potassiurn, (c) calciurn, and (d) rnagnesiurn.

Stati s tical Evaluations

Due to the extrernely heterogeneous conditions found on the

clearcut, a detailed statistical analysis of results was not consid-

ered necessary. Results that were somewhat difficult to evaluate

were conlpared using the standard F-test.

Bull thistle cover and f requency data are the only inforrnation

tested. The hypothesis that bull thistle cover is reduced by grass

seedings was tested. Frequency data \ zere tested sirnilarly.
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RESULTS AND DISCUSSION

Results presented in this research rnay not fully agree with

those found in another foothill-rnixed-conifer stand. Highty variable

cornpositions of understory species are found between stands. The

elevation, canopy coverage, and severity of past disturbances all

make each individual area unique in sorne respects. The close

proxirnity of the experimental area to a drier site is no doubt re-

sponsible for the broad avray of species in the seral stages under

study.

It should be ernphasized that these results are prelirninary.

Continued experirnentation and additional facts need to be gathered

before concrete recomrnendations can be rnade.

Ve getation Measurernents

Many rnethods are availabe to characterize plant cornmunities.

The heterogeneous nature of low seral annuals interrnixed with native

perennial species warranted a rneasure of species frequency and

cover to deterrnine influences of these assemblages. Crude protein

deterrninations, yield rrreasurernents, and autecological observations

have provided inforrnation needed to deterrnine potential competition

and value of the site for grazing anirnals.



36

Specigs Frequency - -I965

Eighty-seven spe,cies were recorded the first sampling year.

Of this total, 44 forbs, 25 g.rass or grass-like, and lg woody species

were present. Seve'rity of surface soil disturbance seerned to be

directly related to the abundance or sparsity of certain species.

'w'here highly disturbed conditions were present, few native peren-

nials were found. Those perennial species with rhizornatous root

systems were better able to persist after logging than species with

fibrous roots.

BuIl thistle (cirsium vulgare), the-rnost abundant forb on the

study ar€ar was found in 25 percenl of the 5500 individual plots of

the belt transects. Canada rnilkvetch (Astragalus gga|ryis) and

two species of strawberry (Fragaria spp. ) were the only other fo.rbs

having a frequency greate.r than ten percent.

Appendix B gives a cornplete trist of species and their freguen-

cies as found in the study area. Some of the annual and more weedy

species showed a high degree of variability from one year to the next.

The rapidity with which annuals can becorne established or disappear

plus the influence of surface soil rnoisture play an important role in

their abundance and dominance"

Rossr sedge (Carex rossii) was present in nearly 34 pe'rcent of

the plots sarnpled. This native species is abundant in the undisturbed
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rnixed-conifer forest but due to its low vigor and production,is not

believed to be an important component in the grazing animalts diet.

Other species with over nine percent frequency were the seeded

species, rnountain brorne, blue wildrye, tirnothy, and orchardg.rass.

Pinegrass (Calarnagrostis rubescens) which is irnportant in unlogged

stands had a frequency of only 2" 6 percent. Seve're soil disturbance

p,Ius cornpetition f rorn other species better adapted to low seral con-

ditions have rnade pinegrass a rnino,r cornponent of the vegetation.

Redstern ceanothus (Ceanothus sanguineus ), ninebark ( Physio -

carpus malvaceus ), and birchleaf spirea (Spi.raea betulifolia) were

the rnost abundant shrubs on the study area two years after logging.

It was difficult to distinguish redstern- from snowbrush ceanothus

(Ceanothus velutinus) at this tirne. In rnost cases only two leaves

were present above the soil surface. Figures 5 and 5 vividly show

the encroachrnent of shrubs in the ganle exclosure. In the left part

of the figure is a mountain brorne seeding while blue wildrye is

present on the right. Most shrubby growth consisted of both ceanoth-

us species and an occasional plant of ninebark.

Frequency- - I 966

Again bull thistle was rrrore abundant than all other species,in

the study area. In one year its frequency had doubled indicating lhat

a tremendous seed crop was produced in 1955. Ample soil moisture



38

Figure 5. hrre stands seeded on backslope. Mountain brome on left and
blue wildrye on right in 1!b5.

Figure 6. Same seeding in L967 showing increase in shnrb cover.
Most of shrubby growth is redstem ceanothus.
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throughout 1965 plus a rninirnal quantity of cornpeting vegetation in

unseeded. plots allowed vigorous thistle plants to rnature.

Canada milkvetch increased in abundance by nearly 50 percent.

This species, which reproduces by seed as well as by rootstocks,

has a deep root systern and is able to obtain soil rnoisture that is

unavailable to rnany shallower rooting forbs and grass species.

Arnong the rnore abundant species, auturnn willowweed

(Epilobiurn paniculaturn) had the greatest frequency increase frorn

I.49 to 13.64 percent. Of all species recorded, 67 increased ln

f requency between 1965 and 1966. The rernaining species either

decreased or rernained unchanged. Several new species were

recorded in l)$$, whereas five species found in 1965 were absent.

Frequencies of perennial grasses were much rnore stable than

were forb frequencies. Most grasses did show an increase but this

was only a few percent higher than the previous sarnpling period.

Shrubby species showed a rnore stable frequency than grasses

which partially results frorn the reproducing ability of the

shrubs. Very little seed production was noted on the shrubs in

1965, and crown bud reproduction was the prirnary rnethod of in-

creasing their frequency.

Frequency--1967

By I967 the frequency increases of rnost species had been
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decelerated. BuIl thistle, strawberry, sheep sorrel (Rurnex

acetosella) and a few other forb species showed a rnuch smaller

increase this year than formerly. Based on three years of data it

was still irnpossible to predict rnaxirnurn frequencies for any of the

species found in the study area. It was obvious that the near exPo-

nential increase of rnany species had ceased; however, it may take

three or four rrlore )rears to obtain a sornewhat stable plant popuLa-

tion. The dynarnic processes involved in plant succession, particu-

larly when altered by man and clirnate, are difficult to analyze pre-

cis ely.

The rnost notable increase in species abundance occurred in

autumn willowweed and cheatgrass brorne (Brornus teclorugr) .

These annuals, be'cause of a prolific seed production, can germinate

and reproduce in a disturbed area rnore readily than most other

specie s .

Vegetation Foliage Cover

Since foliage cover estirnations were not calculated in 1965,

only generalized conclusions can be rnade. It was evident that bull

thistle cover was rnuch greater the first sarnpling year than in 1966

and 1967, as confirrned by yield data which will be discussed later.

Canada rnilkvetch, conversely, had a very low cover during

1965. As gerrnination of the hard seeds progressed, the value of
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lhis irnportant legurne rose abruptly in 1966. Cover values of other

species were low in 1965 except for the introduced grasses.

Table l presents the average foliar cover of the l6 rnost

abundant species in the clearcut. A11 values within seeding treat-

rnents frorn the garne exclosure represent'an average cover from

500 individual square foot plots whereas 600 sarnple plots were used

to obtain cornparable values in the cattle exclosures.

These data show rnany interesting changes and cornparisons

arnong years and treatments. Of major interest was the similarity

in foliage cove'r between seeded and unseeded plots. Although cover

was generally higher in seeded areas, the difference was assumed

to be nonsignificant. In all c&.s€sr total cove'r for these species,in-

creased frorn 1966 to L967. The highesL increase in cover was 32.6

percent found in the bottorn unseeded treatment of the garne exclo-

sure. It can be observed that vegetative cover is,increasing at a

rnore rapid rate in all unseeded plots than seeded areas. Cover in

unseeded plots rrray eventually surpass that in seeded areas because

of a much greater diversity of native species with a notable layering

effe c t.

Thistle cover was consistently higher in un$eeded treatments.

Irnportance of bull thistle is represented three-dimensionally in

Figure 7. In unseeded treatrnents, rnost thistle was found to have

a low cover per pLot, or a high frequency in cover class one. In the
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Figure 7. Average frequency of bull thistle in each cover class and

seeding tf,eatment--Tu, top urseeded; Bu, bottom unseeded;

Brma, mountein brome; Elgl, blue wildrye; and Mix, seeded

mixture--for 1967"
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interrnediate cover classes, most thistle was again found in unseeded

plots but much lower values were forrnd in the seeding treatments.

This points out that seeded species are effective in rninimizing the

vigor of bull thistle.

Since buIl thistle is a biennial, it appears as a smaIl rosette

the first year and becotnes a mature plant the second year after

germination. This fact helps account for the predorninance of plants

in the one cover c1ass.

Further analysis of thistle cover points out an increase in

cover from 1966 to 1967 except in the grass mixture seeding which

was most effective in controltring thistle dominance. It is believed,

however, that mountain brorne and blue wildrye would be similarly

effective if grass sepdling establishment had been more uni.form.

Bull thistle w?.s irnportant in areas where a spars:ity of mountain

brome and wildrye had left bare soil upon which weed colonies could

f orrn.

Mountain brome did not appear to be a preferred forage spe-

cies. It was often infected with smut and througho:ut 1967, its vigor

was low due to an aphid infestation. Other species were unaffected

by these pests.

Statistical analysis of thistle cover in the garne and cattle

exclosures showed a significant decrease due to grass seedings.

In the cattle exclosures there was also a significant difference in
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cover between years. Analysis of variance tables appear in Appen-

dix H.

'W'ithin a specific seeding treatment, thistLe cover was always

greater in the cattle compared with the garne exclosure. It is hypoth-

esized that this was prirnarily due to the differential vegetative corrl-

petition existing within the game and cattle exclosures. Irnpact of

garne use, particularly on Canada rnilkvetch and shrub species, had

reduced the total herbage which caused less cornpetition for soil

moisture, thus allowing thistle to becorne rnore vigorous. lf sarnp-

Iing errors had caused these differential findings, cover differences

would not have been as consistent. Overall, the rnean cover of

thistle in the cattle exclosures was slightly less than twice the cover

in the garne exclosure.

Foliage cover of the three rnost abundant shrubs, birchleaf

spirea, ninebarkr ?nd redstern ceanothus was I.7, 5.4, and 3. I

percent greater, respectively, in the game exclosure than in the

cattle excluded area. These findings are in accord with browsing

data presented in a later section.

Shrub cover was noticeably higher in plots located on the

steeper backslope than those on the footslope of the study area.

Footslope treatrnents which included bottorn unseeded and seeded

mixture, had a particul.arly sparse cover of redstern ceanQthus and

ninebark while birchleaf spirea was found rnore abundantly on the
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footslope. It is assurned that the concentration of shrubby growth in

a forested region is the result of specific habitat factors making the

site conducive to good shrub growth and to the nature of the undis -

turbed overstory before clearcutting, Method of propagation also

plays an important role in definltb: plant distribution patterns.

Of the seeded species, blue wildrye cover increased the most

from 1966 to 1967. This species produced an excellent seed crop in

1965 and 1966 which could have initiated the large cover increase.

In nearly all treatrnents Ross sedge cover was highe'r in the

cattle exclosures than game exclosure. This can probably be attri-

buted to less competition from shrubby and rnilkvetch growth. Ross

sedge frequency data indicated that litt1e difference in total frequency

was found between cattle and garne exclosure.

Herbage Yield

A11 treatrnents were sarnpled at an equal intensity per unit area.

Based on vegetation heterogeneity, the following number and size of

plots were sarnpled to obtain yield data in both game and. cattle ex-

closures: (1) unseeded--60, 9.6 square-foot plots; (2) rnixture--30,

9.6 square-foot plots; and (3) rnountain brome and blue wildrye-*30,

4, 8 square-foot p1ots, These data, at best, represent only-an esti-

mation of herbage yield since rrany rnore plots would be needed for

increased precision (Table 2). Needless to say, herbage production
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will become less variable when a forest canopy forms but when this

occurs is influenced by a nurnber of factors.

These data show that precision within the cattle exclosure

increased for the 1967 sarnpling period. Still a high degree of vari-

ability in herbage production was found in the game exclosure. It is

clear that rnore samples are needed to more ,nearly approxirnate

herbage production in the clearcut-burn.

Figure 8 shows the average herbage production of aII treatments

combined within exclosures. Most of the forb production in 1965

consisted of buIl thistle in both the garne and cattle exclosure. The

1966 and 1967 forb production consisted of different major vegeta-

tive cornponents. In the cattle exclosure, 19 percent of the forb

production was Canada rnilkvetch in 1956 while rnilkvetch made up

I8 percent of the forbs in 1967. This species produced 90 percent

of the total forb herbage in the game exclosure during 1966 and 45

percent in 1967. This ably points out that Canada milkvetch produc-

tion is severely lirnited when not protected frorn garne.

Shrub growth was greater in the game excluded area all years

of the study. Growth increments were continuing at a rapid rate,

whereas not rnuch increase existed in the cattle pasture. It is hoped

that livestock will subdue shrubby growth in the garne exclosure to

help rninirnize cornpetition with tree seedlings.
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Figure 8. Showing comparisons of the herbage production compouents

between the game and cattle exclozure.

Figure 9 dernonstrates that thistle was a high,contributor to

total herbage production in 1965. In all cases the unseeded area

had the highest proportion of its total yield made up of thistle.

Blue wildrye, seeded mixture, and rnountain brorne, in increas-

ing effectiveness, reduced thistle production the rnost. During

1956 and 1967 thistle production sharply declined in all treatrnents;

however, rnost was found in the unseeded plots.

The dry sulrrmers in 1965 and 1967 along with cornpetition

frorn perennial species had decreased thistle yield considerably.

In the future, cornpetition f rorn perennial spe'cies should lirnit

thistle yield regardless of rnoisture conditions.
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Game Exclosure

Figure 9. Showing proportion of total herbage yield occupied by bull thistle--lower
portion of bars--for cattle exclosure and game excluded area.

1-(T) indicates less than ten pounds of bull thistle production.
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Crude Protein Content

A random sarnple for crude protein was obtained by clipping

at approxirnately two inches above the soil surface rrlany individual

plants of the sarle species. W'hen cornposited this rnaterial gave a

cornplete sarnple--stern plus leaves--of aboveground plant parts,

Table 3 gives a three-year surnrrlary of the crude protein and

dry rnatter contents of 15 species found on the area. Other species

analyses were added or deleted frorn the sarnpling depending on their

relative irnportanc e.

Crude protein content of all seeded grass species and Ross

sedge decreased in 1966 while pinegrass and slender hairgrass

(Descharnpsia elongata) showed an increase. Canada rnilkvetch

decreased whereas all shrub protein contents increased the second

year of sarnpling. The rnost irnportant factor causing this decrease

in seeded species is the different phenological stage of grasses sarn-

pled in 1966. Another possibility is that seeded species are not as

well adapted to the site as native species and did not respond to an

inherent soil nitrogen deficiency the second year. Early spring

rnaxirnurn ternperatures were 11 to l7o F. warrner in 1966. This

undoubtedly allowed plants to begin growth earlier than in 1955 and

1967.

Soil rnoisture content was sirnilar at all sarnpling dates.
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Measurernents in 1966 and 1967 showed the profile to be near satura-

tion when plant sarnples were taken. The 1965 sarnples were collect-

ed Septernber I3. Under usual circurnstances, vegetation would be

rnature at this date, but late seed gerrnination and a cool surnmer

rnade species developrnent slow.

Sarnples were collected on July 6, L967, just after the beginning

of livestock grazing. Plants were in the flowering stage of develop-

rnent. Results point out that crude protein contents had irr^creased

above levels found in 1966. Soil rnoisture again was plentiful for

vegetative growth.

It was clearly evident that the two nitrogen-fixing species,

Canada rnilkvetch and redsterrr ceanothus, contained rnore crude

protein than all other species. Future sarnpling of redstern ceanothus

will be of special interest as notable crude protein increases were

found at yearly intervals. Crude protein changes in this species rnay

be indicative of how rnuch nitrogen is being fixed by it.

Future research is needed to explain sorne of the soil-vegeta-

tion-nutrient interactions. Data collected in this research cannot

lead to any conclusive staternent concerning plant nutrients.

Seral Vegetative Developrnent

A cornplex assernblage of species are'currently found growing

in the clearcut. Trernendous surface soil variability exists in the
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area due to logging and burning practices. For instance, skid trails,

differential slash accurnulations, and slope differences are responsi-

ble for a wide diversity of ecological niches.

Where the surface soil was not disturbed, species native to the

rnixed-conifer forest predominated. For example, pinegrass, elk

sedge (Carex gqyeri), taII triseturn (Triseturn ca4eryeqq), rneadow

rue (Thalictrurn fendleri), and oniongrass (Melica bulbosa) were

restricted to cornpletely undisturbed areas. The vigo,r of these

species; however, increased considerably, in the clearcut,

Many of the weedy species were nearly ubiquitous. Cheatgrass

brome, littleflower collinsia (Collinsia parviflora), auturnn willow-

weed, and srnooth willow-herb (Epilobiurn glaberrimurn) were found

throughout the study area. Their abundance also fluctuated rnore

rapidly than others. Prolific seed bearing and sorne rnorphological

adaptations for dispersal rnake these species particularly successful

in rnigrating to open areas for ecesis.

Invasion of weedy spe'cies into the clearcut was the rule rather

than the exception. Many species forrnerly found only along road-

sides or cultivated fields are not present in the study area. Tarweed

(Madia sp. ), turnblernustard (Sisyrnbriurn altissirnum), soft chess

(Brornus mollis), and Bicknellrs geraniurn (Geraniurn bicknellii) are

exarnples of these. In nearly all instances they were restricted to

srna1l colonies in highly disturbed areas. As perennial species
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ilcIose" the plant communities these plants are eliminated from the

clearcut. The geraniurn best exernplifies this tendency aL present.

Most spe,cies increased in cover and frequency after clear-

cutting and burning. Studies in pine sites of the BIue Mountains

show that at least seven years after logging are required for under-

story vegetation to reach its original cove.r (Gar'rison, 1960). Be-

cause of the radical treatments used in this resear'ch, a longer period

of tirne will be required for the vegetative understory to reach rela-

tive stability. Severity of the disturbance is an important variable

when predicting time of vegetative stability. That is, a timber thin-

ning operation does not as severely denude an area as does clear-

cutting and burning.

Herbage production in pine sites is decreased imrnediately

following logging. Reynolds (1962),, . in A rizona, found that maxirnurn

sedge, perennial grass, and forb production was reached six years

after logging. Current research in a mixed-conifer stand on the

HaII ranch where a sanitation-salvage lqgging was undertaken in

I960 shows that total herbage production was leveling off in 1965

(Young, 1965).

Figure I0 shows the successional sequence of vegetation taken

at yearly intervals in the cattle exclosure. Irnrnediately after burn-

ing in 1964, no vegetation was standing and a surface cover of ash

varying f rorn a trace to rnore than two inches was present ove'r the
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area. As can be noted, not all slash was corrrpletely burned.

In I965, vegetative growth becarne vigorous.. Pinegrass,

p'resent in the foreground, was robust and produced a good seed

crop whereas under a canopy, pinegrass rrlay not flower sorne years.

The bulk of the vegetation in the lower part of the study area was

bult thistle. On occasions plants over six-foot talI were observed

and in areas of heavy soil disturbance, it became difficult to walk

through dense patches of thistle.

A denser cover of vegetation was observed in 1956' Thistle

production had decreased considerably. In the foreground pinegrass

was not prominent as annual species had rnoved into the area.

Changes in 1967 were not too visible from this point. In gener-

al, vegetative appearances were not too different from 1966, but to

the right of the basaltic outcropr can be noted a large clone of

Canadian thistle (Cirsiurn arvense). This was not present prior to

1967 and could present a problern in clearcuts of this region. While

butl thistle is losing dorninance in the study area' canadian thistle

is continuously becoming more vigorous. In the future, control

rneasures rrlay be necessary.

A sirnilar successional sequence was observed in the game

exclosure (tr.igure Il). After burning no vegetation was present.

It can be noted that all slash was felled in an up-downhill direction

to facilitate livestock movement throughout the area.
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Figure 1 1. Early successional stages in plant
development within the game exclo'
sure from 1964 to 1966.
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Foreground vegetation in I965 shows the blue wildrye seeding

treatrnent. In the background an abundance of buIl thistle is evident.

The 1965 view shows that thistle has been reduced and other species

are becoming rrrore irnportant in the study area.

Autecological Observation of Selected Species

The objectives of this research were not to becorne involved in

autecological evaluation; however, several species were of interest

primarily from the standpoint of their nitrogen-fixing ability and/or

their palatability to grazing anirnals. Species considered to be

worthy of additional study were Ross sedge, Canada rnilkvetch, and

redstern ceanothus.

Ross Sedge

This species .is abundant in the rnixed-conifer forest but is of

relatively litt1e irnportance for grazir.g. Low vigor a.nd inadequate

forage for grazing are respons,ible for this. Elk sedge is rnore ro-

bust and grows in larger clones which rnakes it a valuable forage

species in an uncut stand.

The clearcut-burn has released an abundance of nutrients for

irnmediate plant use. Rossr sedge has responded to this treatrnent

causing a tremendous increase in plant vigor (Figure l2a and b).

Most of the Ross sedge in the clearcut has leaves approaching
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Figure 12a. General view of Rcsr sedge rod
systems taken from clearcut and
uncut staDd.

Figure 12b. Close-up of 12a showing increased vigor of Rossr sedge
when growing in clearcut.
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one-foot in Iength. It appears as though overgrazing should not

severely limit this species as rnany of the lower leaves are not

irnrnediately available to livestock.

A prolific fibrous root systern characterizes this species.

The specirnen taken f rom the clearcut had roots penetrating hori-

zorrtally as much as two feet f rorn the culms but rooting depth was

not investigated.

Canada Milkvetch

Canada rnilkvetch is of special interest because of its high

palatability, high crude protein conten-t, and its apparent ability to

fix nitrogen. Prior to clearcutting and burning, milkvetch was absent

frorn the stand. It is believed that burning is of great importance in

the initiation of gerrnination.

Apparently viable seeds of this species were present in the

rnineral surface soil, but gerrnination did not ocgur or only occurred

infrequently in the absence of fire. Seed coats of this species are

very hard and irnpermeable to water, which without some rneans of

s,qarification, rnay lie in the soil for years.

It is postulated that Canada milkvetch was forrnerly quite

abundant in the study a'rea. As plant succession progressed, this

species could not tole'rate shaded conditions and was elirninated frorn

the comrnunity. Current burning research has been initiated in other
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srnall-burned plots.

Redstern Ceanothus

63

in order to study early plant recolonization 'in

This species, although found sparsely in the rnixed-conifer

forest, has much potential for increasing site quality. Its ability

to fix nitrogen has been dernonstrated in other areas of Oregon. An

abundance of nodules are present on its root systems as well as on

rnilkvetch. Figure l3 shows the partial root systerns of redstern

ceanothus, Canada rnilkvetch, and o]d-dead brush'roots taken f rom

a rnonolith. As .can be noted, a congested mass of roots are found

where a heavy cover of milkvetch and redstern ceanothus are present.

The white arrows to the right show locations of nodules. Maxi-

murr] depth of nodules was approxirnately 27 inches, where their

abund.ance was low. On the other hand, zone of rnaxirnum nodule

concentration was between six and ten inches--between two top

arrows. Figure 14 shows a close-up of the zone of rnaximurn nodule

concentration. A11 nodules appeared to be functional as ,coloration

was excellent.

The role that these two species rnight play in increasing soil

fertility has not been investigated. Research in other areas has

indicated that nitrogen-fixing species enhance plant growth and

developrnent, particularly on irnrnature soils. Since the Tolo silt
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Figure 13. Monolith of redstem ceeuothus,

Canada milkvetch, and old-dead
brush rooB showing large mass of
roots. Lower arrow irdicates loca-
tion of deepest nodule foqPd.

Area of maxlmum nodulation on redstem ceanothus and Canada

milkvetch between six and ten inches belo,r' the soil surface.
Figure 14.
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Ioarn is inherently low in nitrogen, profitable returns rnay be gained

by rnanaging to keep these two species on this site.

Anirnal Measurernents and Irnplications

One of the better rneasures of an arears productivity is to

rneasure total pounds of beef produced per unit area of land. Along

with this water consurnption, grazing patterns, species preferences,

and browsing influences could be deterrnined.

Impact of big garne anirnals and small rnarnrnal populations also

play an irnportant role in early plant success.ion.

Yearling Heifer Grazing Study

On JuIy I5, 1966, ten yearling heifers were randornly selected

frorn the replacernent heifers on the HaIl Ranctr. After shrinking

overnight, weights were taken and five were assigned to be placed in

each cattle exclosure. After grazing the cattle exclosures fo'r 28

days, both groups were cornbined and placed in the galne exclosure.

Table 4 shows the bi-rnonthly and total gains for all heifers for the

42-day grazing trial.

Results show that there is a great deal of variability between

individual anirnals. No reasonable explanation can be given for this

variation as all anirnals were handled sirnilarly. Pos sibly the amount

of forage ingested prior to the overnight shrink period., arnount of
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Table 4. Initial weiglrts and gairs of all heifers grazing clearcut exclosures in 1966 at:d t967.

Initial L4-day
weieht weisht

28-day
weisht

42-day
weieht

Total
sain

Exclosure #2
1 966

698

760
7st
702
661

729

795
768
74

737

798
781
745

7s8
828

795

778

59

68

4
76

77724 726 738
Total 3572 3760 3787 38% 324

Average 7L4.4 752 757.4 779.2 64.8+6.5

Exclosure #3

1966
676

679

749
778

730

706

72s

766

809

786

720

742

760
822
783

720
7N
777

828

7g)

44

61

68

50

60

Total 3572 2792 3827 3855 283

Average 714.4 758.4 766. 4 77L 56.6+4.8

Exclozure #2
1967

682
720
670
676

71.4

7to
706

744

766

697

72t
781
to/
7s8

7547
771

693
728
784
776

756

770

794

730
74
807

806

79s

80

74

60

72

93

%
89

Total 4878 5234 s262 5450
Average 696.9 747,7 751.7 778.6

572

81.5 +5. 1

Exclosure #3

t967

688

780
792
714

730
668

605

722

816

811

760

764
707

639

737
827

831

76s
781
722

66

744
850

E54

772

BO7

737

e,64

70

62

58

77

69
59

Toial
Average

4977
711

s2L9
745- 6

5309

7s8.4
5428
77s.4

451,

64.4+3.O

1.
'l-his was a 27-Cay gain rather than 28-day as in

the cattle exclosures.
1966 because tree browsiag harl begun in
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fecal-urinal rnaterial could have caused this variation.

A total of 60? pounds of anirnal product was harvested for the

4?-day grazing period. of this tota], 470 pounds were obtained

from the two cattle exclosures while the rernaining 137 pounds of

gain came frorn the garne exclosure. The prirnary reason for this

reduction in weight gains can be attributed to the extrerne dryness

and unpalatability of the avdilable forage in late August. T hrough-

out the grazir.g period a 1.45 pound per day gain was achieved' This

figure is cornparable to gains rnade on the meadows of the Ranch.

In 1967, 14 heifers were selected in a similar manner as in

I955 and were divided into two groups to be placed into the cattle

exclosures on June 30. Table 4 shows the beginning weights with

seasonal gains. This year I023 pounds of beef were produced on the

15-acre study area which was a notable increase over the preceding

year. Due to the dry conditions, heifers were left in the cattle ex-

closures f.or 2l rather dhan 28 days. At this tirne solne tree seed-

lings had been browsed. In order to elirninate this it was irnperative

to move the anirnals into the garne exclosure. Of the total anirnal

product prod.uced, 716 pounds came from the cattle exclosures'

Figure 15 gives an indication of the trend in animal gain cono-

paring bot:h grazing seasons and the three exclosures. This very

ably points out that I967 was a better forage year than 1966'
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Figure 15. weight gairs by heifers grazing in game-- L--and cattle exclosures 2

and 3--for L966 and 1962.

Patterns of Grazing

Since all slash trees were felled in an up-downhill direction,

little restriction to heifer firovernent throughout the exclosures was

noted. It was obvious, particularly in the deer exclosure, that the

least grazing occurred on the steep backslope. The footslope and

toeslope of the hill where the rnixed-grass species were planted was

the rnost attractive to grazing.

No shade was available on the study area, therefore, the

heifers often rested and rurninated at the top of the slope throughout

the hotter period of the day. Most grazir,g either occurred before
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nine in the rnorning or after five in the afternoon. Lf a cloud cover

was present, the heifers would begin to graze again. Due to air

temperatures of over I00'tr". on several occasions in 1967, Erore

grazing was restricted to cooler peri.ods of the day than in I966.

Apparent Animal Preferences

W'hen turned into the study area, no noticeable species prefer-

ence could be noted. At first the heifers grazed unseeded and rnix-

turB plots. Later in the day a few anirnals were observed eating

seed heads of rnountain brome. After becorning adjusted to the

pastures and forage available, definite preferences were observed.

Ross sedge, throughout the grazing period both years, was the

preferred species. Animals were observed selecting alrnost a corn-

plete diet of sedge at times and later would begin grazing seeded

species. Figures l5 and 17 show the degree of utili"zation of Ross

sedge bef ore and two weeks after grazing i.n cattle exclosure two.

When the sedge had been utilized to this degree, rnixture species

were grazed rnost readily. 'r,!/hen sedge plants were partially covered

by buII thistle, the anirnals grazed the sedge in such a tnanner as to

avoid the sharp spines. Orchardgrass was the prefer.red seeded

species.

After the first two-week grazing period in L)$'1, the top or:e -

third of pinegrass had been utilized. Seldom did the anirnals gra"ze
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Figure 16. Ctraracteristic grorirth of Rossr sedge before livestock grazing.

Figure 17. The same plot after two weeks of grazing showing Rossr sedge
heavily utilized.
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more than one-half of the pi.negrass, even when good forage was

sparse.

It should be rnentioned that preferences as observed in these

two years rnight not have been so obvious if an earlier turn-out date

was used. Most seeded grass species were in the early-seed-head

stage of developrnent when gra.zlng began" Mountain brorne and blue

wildrye growing on the steep slope rnatured rapidly and were unpalat-

ab1e. Future plans are to graze the area earlier in order to get

better forage quality and a rnore even utilization. Nevertheless, in

both years, none of the seeded species were rnore than rnoderately--

50 percent rernoved, by weight--utilized" Mountain brorne and blue

wildrye were just lightly used.

Canada rnilkvetch provided arr abundance of, very high quality

forage, particularly i.n the garrre exclosure" F{eavy game use in early

spring had rernoved rnuch of tlai.s speci.es pri.or to livesfock gtazing

in the cattle pastures. Crude protein analysis of this species indi-

cated that it was by far the highest protei.n source i-n the area. After

seed pods were forrned, anirnals were observed to be eating these.

very little use was obtai.ned frorn the rernaining forbs. The

weedy annuals, cheatgrass and auturnn witrlowweed, present in large

quantities, were not grazed. Of e otlrse, buII thistle was never or

only slightly utilized.

Sparseness of shrub growth in the cattLe exclosures, resulting
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f rom heavy game use, rnade this a relatively unimportant component

in cattle diets. The talI shrubs, ninebark, oceanspray, snowberry

(Syrnphoricarpos .lb"q), redstern ceanothus and willow (Satix spp. )

were severely hedged by eIk and deer while birchleaf spirea and

rose were not. Snow cover is believed to be the primary reason

for Iack of browsing on these two species.

In the garne exclosure, on the other hand, a profuse growth of

shrubs was present. Livestock browsed these to some extent but it

appears that the degree of utilization may not control the shrub growth

cornpletely. Some willow and ninebark plants are growing beyond the

reach of cattle. Utilization of other species should prevent excessive

competition among the shrubs, trees, and grass species but only if

livestock are carefully controlled and rnanipulated.

Perhaps the t'ice-crearnt' woody species in the study area'is

blup elderbe'rry (Sarnbucus cerulea). This species has practically

been eliminated ,""* *" ""rrr" "*"r"sures and is receiving excess,ive

use frorn cattle in the garne exclosure. As can be noted in Figure 18

growth is very vigorous p'rio'r to grazing, However, after two weeks

tle sarne plant appears as in Figure 19. Branches of over one-half

inch in diarneter have been browsed. The only remaining leaves are

those above reach of the'cattle. Eventually this severe browsing

rnay weaken and kill the plants.

During 1966 very little browsing of the tree plantations could be
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Figure 18. Blue elderberry, the wody species Preferred by livestock
before grazing ir L967.

Figure 19. The same blue elderberry plants severely browsed by livestock.
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attributed to livestock. OnIy two out of 1347 trees had been killed by

cattle browsing. Fourteen tree fatalities resulted frorn trampling

effects which were rnore severe in the garne exclosure than cattle

exclosures. A steeper slope, heavier livestock conqentration, plus

a very dry surface soil in August all contributed to the trampling

damage in the garne exclosure.

Heifer Water Consurnption in I966

Water intake measurernents revealed that no significant diffe'r-

ence in water consumption occurred throughout the 42-day grazitg

period. The five heifers drank 7. I and 6. 7 gallons per day while

grazing in exclosures two and three, respectively. W'hen cornbined

and placed in the game exclosure, water consurrrption rose to 7.4

gallons per day. This increase in consumption could be attributed

to an increased dryness of forage. Maxirnum air ternperatures

were sirnilar throughout the period. Figure 20 shows water con-

sumption by exclosure being grazed for 1966 and 1967. Appendix D

includes detailed figures on the variability. in water consurnption and

the time readings were taken for both years of the study, For the

entire grazirg period, approximately 2983 gallons of water were

drunk by ten heifers. When calculated on a per head per day basis,

each heifer consurned an ave'rage of 7. I gallons per day which approx-

irnates one gallon of intake per 100 pounds of body weight.
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1967

1966

o

32

Exclosure number

Figure 20. Average daily water conzumption by heifers for two yea$ of study

in game-- 1-- and cattle exclosures.

Heifer W'ater Consumption in 1957

Throughout the 35-day grazir.g period, approxirnately 3743

gallons of water were consurned by 14 yearling heifers. Air tern-

peratures were somewhat higher this year than in 1966 but the forage

moisture content was similar. Average daily consurrrption per heifer

per day increased to 7. 6 gallons. Perhaps a higher evaporative

ability of the air caused some of the increase over 1966, but it is

believed that consurnption was higher due to the increased air tem-

peratures.
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Other Marnrnal Influences

It is difficult to evaluate the effects of use on these lands by

non-dornesticated marnrnals, Man norrnally has Iirnited influences

on rodent and big garne use in an area unless specific control meas-

ures are undertaken. The purpose of this reseafch was not to obtain

detailed rneasurernents of these rnamrnals and their influences, but

to include obse.rvations on their role in rnodifying plant succession.

Deer and Elk Use

The Hall Ranch provides a horne range for-resident deer popu-

lations. Numbers and effects of rnule deer (Odocoileus hernionus

Raf. ) have not been evaluated or assessed for this area of the 14ra11owa

Mountains. Estirnates could be rnade based on hunter success ratios

but these are often quite inaccurate. Fluctuations in food supply and

other factors rnake a precise survey difficult using present methodol-

ogy.

Rocky Mountain elk (Cervus canadensis Erx. ) nurnbers are even

more difficult to rneasure than dee,r as the annual rnigration varies

considerably. Snowfall accurnulation is the prirnary factor controlling

date and rate of down-elevation rnigration. The HaIl Ranch supports

an elk population part of the winter and early spring; however, only

casual observations have been used to estirnate numbers of elk using
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forage on the Ranch.

The clearcut-burn has provided an ideal forage supply for big

garne. An abundance of shrubby regrowth and forbs plus the planta-

tion of tree seedlings rnakes the clearcut a haven for game concen-

trations.

A pellet group counting technique was used to evaluate relative

garne use on the experirnental area. This rnethod is used quite ex-

tensively in the West in spite of its inadequacies. Sorne of the rnajor

difficulties are: (l) rate of defecation by garne anirnals on di-fferent

forage types, (Z) aging of pellet groups, (3) sirnilarity between young

elk and adult deer fecal deposits, and (4) difficulty of identifying a

single pellet group. Ability and experience of the personnel doing

the sarnpling is of utrnost irnportance in this type of work.

On April 21, 1966' counts of e}k and deer pellef groups were

rnade on I3, L /2o0-acre permanent belt transects in cattle exclosure

two. After recording the groups, all pellets were rernoved frorn the

plot. This enabled us to obtain future counts without old pellet groups

accurnulating on the plots. On an undisturbed pine site adjacent to

the clearcut, 15 plots of sirnilar size were ana|yzed.as on the clear-

cut to get cornparative figures of garne use.

Table 5 shows the nurnber of pellet groups observed on the

clearcut in April, I966, and May, 1967. Also values are given for

the undisturbed pine site. These results clearly point out that deer
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are the rnajor garrre anirnals using the study area. Using I2.7 pellet

groups per day as a norrnal defecation rate, Il0 deer days per acre

was attributed to deer on the clearcut-burn. On the other hand, only

29 deer days pe'r acre were found on the adjacent pine site. Sirni-

larly, l2 percent of the pe1let groups on the clearcut were left by

e1k cornpared with ten percent on the pine site. The May, 1967 re-

sults on the clearcut showed only 15 deer days per acre use. As

can be noted, this is approxirnately a seven-fold decrease in deer

use. This finding is questionable as one would not normally expect

such a large reduction in deer use. Possible explanations for this

decrease are: (l) extrernely concentrated game use during the winter

of. 1965 reduced the arnount of shrubby growthr thus making the area

less attractive for future use; (2) since there is difficulty in telling

age of pellet groups, the 1966 sarnpling rnay have been an accurnula-

tion of two years use; and (3) possibly lower garne numbers were

present in the area because of a general lack of feed on all the foot-

hill range. It is believed that a cornbination of these factors and

not differences in snow cover have contributed to this reduction in

garlle use.

Figure 2l three-dirnensionally represents the'cover, frequency,

and height growth of the three rnost irnpo'rtant browse species on the

clearcut, Superirnposed within the larger blocks--garne exclosure--

are quantities of shrubs found in the cattle exclosure. This
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Figure 21. Relative importance of ninebark (Phma), redstem ceanothus (Cesa), and

birchleaf spirea (Spbe) in game and cattle--shaded--exclosures,
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information shows the differential production of shrubs when garne

anirnals are excluded frorn browsing arL area. Frequency of redstern

ceanothus and birchleaf spirea was sirnilar in both the game and

cattle exclosure, while ninebark f requency was considerably less

in the cattle exclosure. However, cover and height values in all

cases point out the differential effects of game veraus no garne use.

Interactions concerning competitioncf shrubs with tree species are

likely to be present, but at this stage, evaluation is difficult.

Observations of Srnall Mamrnal and Bird Effects

It is evident that deer and elk had the greatest influer.^ce on

vegetational developrnent in the study area. However, rodents such

as the Colurnbian ground squirrel (Citellus colurnbianus Ord) and

yellow-pine chiprnunk (Eutarnias arrroenus J. A. A11en) caused only

isolated vegetation effects. Porcupines (Eret1nizon dorsaturn L. )

and rabbits (Lepus sp. ) were obse'rved to be only of rninor irnportance

in their effects on vegetation. Overall, the most destructive small

mamrnal was the badger (Taxidea taxus Schreber). Numerous badgers

were observed throughout the study period to have a pronounced de-

structive effeet on vegetation.

Ground squirrels are conrrnonly attracted to highty disturbed

areas in northeaste'rn Oregon and consurne a gleat deal of vegeta-

tion. The fo'rb preferred by these herbivores was probably rninerrs



8Z

lettuce which was heavily used. Young succulent blades of grass

were also re adily eaten by the grourrd squirrel. 'ffhen the permanent

belt transects used in the vegetation analysis passed over a rodent-

grazed area, it was difficult to identify plant species since grasses

were eaten to the ground leve1 and all f orbs were normally absent.

Badgers, being carnivorous, were attracted to the clearcut

by the high population of ground squirrels. While digging in the loose

ash soil, they uprooted or buried large areas of vegetation. As the

ground squirrel population decreases, badgers should becorne less

plentiful, but they still have a noticeable effect on plant succession.

One of the rninor influences on the vegetation is the chipmunk.

These rnarnmals, being prirnarily seed eaters, rnight play an impor-

tant role in succession on unseeded plots if their seed caches would

gerrninate.

The effect of birds on the rate of plant succession can be as -

sessed only from an observational point of view. Due to the abund-

ance of bull thistle seed production in 1 955, a large population of

pine siskin (Spinus pinus Wil. ) fed on the study area for a conside'r-

able period. It is believed that this effect was of only rninimal irn-

portance.
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Envi ronmental Meas ur ernent s

Environrnental measures have been made in an atternpt to eval'

uate the changes when an area has been clearcut. It was not possible

to get precise rneasurements of soil and air ternperatures, solar

radiation, and soil rnoisture trends as instrurnentation was insuf -

ficient in nurnber to detect variability in the existing extrerneLy

heterogeneous conditions. In all cases, areas which represented rela-

tively undisturbed conditions were used; therefore, only gerleraliza-

tions can be rnade about environmental measures reported in this shldy.

Soil Ternperatures

A very noticeable difference was observed between soil tern-

perature readings at a two-inch depth in the clearcut and adjacent

uncut forest (Figure 2Zl. Clearcut readings were based on an aver-

age of four therrnorneter readings whereas uncut forest soil ternper-

ature readings represent a rnean of two sensors.

In all cases, soil ternperatures were higher in the clearcut

than in an uncut stand. A Z.4oC. difference was the least observed

between the two areas on August 15, L966, while the rnaxirnurrr differ-

ential temperature was 6.4oC on July 4. Sirnilar data were collected

in L967, but the rnaxirrlurrl difference was not as pronounced. 'Weekly

readings of each therrnorneter are shown in Appendix H.
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These data clearly show that the surface soil rnicroclimate

has been altered by clearcutting the area. The effect that this has

on rnicrofaunal action is unknowni however, it can be assumed that

alterations have taken place. Perhaps of greater irnportance than

direct ternperature effects is the influence on surface soil evapora-

tion. There rnay be a large'r vapor Ioss of water f rorn the clearcut

soil surface or, on thecontrary, a rnuLching effect in the clearcut

would actually conserve vapor loss.

Clearcut

Uncut

7-4 7-18 8-1 8- 15 8-29 9-t2

Sampling dates

Figure 22. Soil temperatures recorded at approximately two inches below the
soil surface.
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There apparently are two reasons for havirg a cooler surface

soil in the uncut than in the clearcut stand. These are: (I) Iess

solar radiation has penetrated the canopy, thus reducing the heat

load in the soil; and (2) the insulating effect of lltte'r on the forest

floor which prevented a cornparable rise in the soil ternperature.

The forrner explanation is believed to be of rnajor irnportance.

-4g-l:rgee.3Is-

Air ternperatures were recorded at two lo.cations and helghts

above the soil surface in the elearcut and unCut forest only during

1967. Figure 23 shows the average rnaximum and minirnurn ternpe'r-

ature for each weekly interval at the three-foot height. Results

clearly point out that higher rnaximurn ternperatures consistently

occur in the clearcut. The largest differential rnaxirnurn tempe'ra-

ture between the clearcut and uncut occurred the week prior to

June l9 when a 5.6'C difference was measured. On two other

occasions a 5.0"C difference was found.

The rninirrlurn ternperature response at three-foot showed no

marked difference between, areas. Reradiation f rorn the clearcut

was greater than in the uncut forest but herbaceous vegetation rnust

have restricted this loss so that rntnimurrl ternp'eratures remained

ahorrt equal.

Tabte 6 lists the maxlrnum and rninlrnum tempe'ratures in both
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areas and also shows the temperature differential between the three-

foot and one -foot level. Sorne interesting relationships can be seen

here. On nearly all occasions the highest maxirnurn ternperature in

the forest was recorded at the one-foot level, Lowest maximurn

readings, on the other hand occurred at three-foot above the soil

surface. In the clearcut the highest rnaxirnum temperature occurred

at the three-foot leveI until the rniddle of JuIy. After this time maxi-

rnurrr highs were recorded one-foot above the soil. Except on Septern-

ber lI, the coldest temperatures in the clearcut occurred at the orl€:

foot level. This minirnurn temperature differential between the one-

and three-foot level was 4. 2o C on JuIy 3.

O-o Clearcut

'Uncut

U
o
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25

20
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o
6-19

Figure 23. Maximum and minimum air temperatures at three-foot abovg the soil surface

in clearcut and uncut stand.
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Interpretations of what has caused these responses are not

irnrnediately clear. It is believed, however, that level of rnaximurn

energy exchange between atmosphere and soil are different in both

cases. That is, this rnaxirnurn energy exchange level oqcurs on the

soil surface under the forest canopy, but is found above the layer of

herbaceous vegetation in the clearcut. As the vegetation becarne

drier in the clearcut, the level of rnaxirnurn solar energy exehange

shifted to the soil surface. The ,cooling effect of transpiring vege-

tation has also probably caused some apparent anornalies in these

data.

Soil Moisture

Since two different methods have been used to measure soil

rnoisture, each will be described separately. In 1966, the gravi-

rnetric rnethod was used while resistance blocks were used in 1967.

Throughout the surnmer of. 1966, a noticeable decrease in soil

rnoisture in the clearcut and uncut stand was measured (Figure 24).

In early June the clearcut p.rofile was nearly saturated while the soil

in the forest was quite dry at an early date in the growing seasQn.

The reason f or this early season differential was the lack of winter

precipitation to adequately saturate the soil (Figure 4). Low canoplr

interception of precipitation by vegetation enabled the forest soil to

become recharged in the'clearcut.
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Figure 24. Soil moisture trends in study area throughout 1966.
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Figure 25. Soil moisture trends in clearcut and uncut forest throughout 1967

using resistance blocla.
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However, as the growing season progressed, the soil rnoisture

supply was drawn frorn both areas. In late August there was little

difference in soil rnoisture between the clearcut and uncut stand at

all depths sarnpled. This clearly points out that rnuch more soil

water was rernoved by the clearcut vegetation than by forest vege-

tation. Permanent wilting points were not determined, but it ap-

peared that the soil was very near this point in August.

The apparent increase in soil rnoisture at the 24 to 36-inch

depth between June 20 and July 4 on the clearcut has to be a samp-

ling error. Since no rainfall was received, it would be impossible

to have this increase in soil rnoisture content.

Frorn Novernber, 1966, until February l, 1967, 12.4 inches

of precipitation were recorded on an area 200 yards from the study

area. This arnply saturated both the clearcut and uncut forest soil

profiles, Figure 25 shows the soil rnoisture trends in both uncut

and clearcut area f.or 1967, On June 19, all depths gave a high

reading on the resistance meter. This would eorrespond to approxi-

mately 50 pere ent soil moi.sture.

Throughout July a steep downward trend in soil moisture was

noted, particularly at six and I2-inch 1evels. Near the end of

August, only the 36-inch level had any appreciable soil moisture

Bupply remai.ning.

It is quite clear that the surface one-foot of soil dries more
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readily due to the heavy herbaceous stand in the clearcut than in the

forest. On the other hand, the clearcut p,rofile was more moist at

36 inches than was the forested soil. These results point out that

grass and herbaceous vegetation in the clearcut are primarily surface

rnoisture users while shrubby growth in the forest uses more subsoil

moisture.

No corrections for soil temperature changes have been made

in the resistance rneter readings as this accuracy was not deemed

necessary. Also, no curve has been constructed to convert resis-

tance readings into soil rnoisture content percentages- Roughly,

howeve'r, 20 microarrrperes would co'rrespond to 13 percent soil

rnoisture which is near the permanent wilting point.

These results substantiate the findings of Hallin (1957) who

found similar soil rnoisture statuses in soils beneath a cut-over and

adjacent uncut Douglas-fir stand in southwest Oregon. The abundance

of herbaceous vegetation in the cut-over stand was concluded to re-

quire as rnuch soil rnoisture as old growth trees.

SoIar Radiation

Results show that differential energy loads reached the radi-

orneters placed in the clearcut and uncut forest. Figure 26 shows

that incorning radiation exceeded reflected radiation in the clearcut

at 7:30 A. M. This continued until 5:45 P. M. when Elore heat was
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lost f rorn the systern than was received. In the forest, incoming

radiation exceeded outgoing frorn 11 A. M. to approxirnately 2:15

P. M.

These results are not too rneaningful from a quantitative stand-

point as no conversions to calories per square centimeter have been

established. Qualitatively speaking, it can be observed that the

canopy modifies and reduces the arnount of energy reaching the soil

surface. This would play an irnportant role in soil rnoisture evapo-

ration, plant transpiration rates, and snowmelt.

- 

Ingerning radiation

clu^rort /.--' ll'

6am 7 I 9 10 11 12 lPm 2 3 4 5 6 7

Time of observations

Figure 26. Incoming and outgoing solar radiatiqn reaching the forest and clearcut

radiometers. (s) indicates radiometer is in direct sunliglrt.
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Snow Accumulation

In the absence of snow gauges all results in this study are

observational. More total snow appeared to reach the soil gurface

in the clearcut than under the uncut forest. Canopy interception ex-

ptrains this. In the clearcut little drifting occurred, although more

snow accurnulated in the game exclosure which was closer to the

uncut stand than cattle excluded areas.

Although less snow reached the forest floor, it remained longer

in the spring than snow on the clearcut. Approxirnately a two week

delay in rnelting was noted in the uncut stand.

Because snow remained in the game exclosure longer than in

the cattle exclosures, plant growth was delayed in the spring. A1-

though this appeared to have no effect on grazing results, it is be-

lieved that vegetation data were affected. Annuals, iD particular,

gerrninated and began growth earlier in the cattle exclosures.

Soil profile rnoisture replenishrnent within the clearcut and

uneut forest did not appear to be affected by snow accumulation.

Total winter rnoisture was adequate to saturate the soil exqept dur-

ing the winter of. 1967. SoiI in the clearcut is supersaturated in

early spring as indicated by f ree water that can be squeezed frorn

the s oil.
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Soil Profile Characteristic s

A wide range of variants and phases are included within the

central concept of the Tolo silt loarn soil. To be called Tolo, the

soil rnust be over 20 inches deep and have properties which make it

a distinct soil series.

A three-inch auger was used to determine soil depth variability

in this study. Shallow phases of the soil were found on the upper part

of the steep backslope. In the clearcut, typical backslope soil depth

averaged 37 inches. The range, however, was from 22 to 43 inches.

In the footslope area a deeper soil was present. Fo'rty-seven

inches was the average soil depth found at I2 Locations.' This figure

is conservative as the auger was placed to over 60 inches on three

occasions without contacting any obstacle.

Appendix F gives the description of the profile viewed in Figure

Z. X-ray diffraction research should be conducted to see if the rna-

terial below I8 inches is actual"ly a lithologic discontinuity. Some

forrner surveys indicated that buried soil exists in this area. Since

it is believed that the ash resulted f rorn aeolian depoqits rnineralog-

ically different than the underlying material, a lithologic discontinu-

ifiy would be the correct description.

Cherty-basalt f ragments varying f rorn I /4-inch to over two

inches in diarneter are present throughout the Tolo soil profile in
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the study area. These fragrnents are not too evident when excavating

pits, but rnonolith washing revealed. an abundance of these. Origin of

these is not clear. Colluvial rrrovement of the aeolian deposited ash

rnight be a satisfactory explanation, but fragrnents are sharp which

indicates that little rrrovement has taken place. Further work con-

cerning origin and mode of transport of the ash rnust be conducted

before conclusions are drawn.

'W'ithin the soil profile, pockets of heterogeneous material are

present. These appear ashy but colors vary as rnuch as two hues

frorn the surrounding soit. Sorne factor other than rodent burrow-

ing activities is believed to be responsible for this source of varia-

tion.

Chernical Analyses

Results of soil chernical analyses on sarnples taken near the

center of each horizon as described in Appendix are included in

Table 7.

Soil chernical analyses as such do not enable one to evaluate

site productivity. Colloidal clay, pH, soil water, and microbial

interactions are often so intricately complex that these data are of

little value. Basically then, available soil nutrient statuses are

not a stable entity, and rnust be tested by plant growth.in the green-

house and fieId. An estimation of the general fertility of the s,ite can
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be deterrnined by soil chemical anallsesr however.

Results given in Table Z show that the four basic rnineral nutri_

ents are available in quantities adequate for plant growth. Tisdale

and Ne1son (I966) rnentioned that generally never rnore than a few

parts per rnillion(ppm) and frequently Iess than one pprn of phos-

phorus ions in soil are available for plant use. The Tolo silt loam

apparently has adequate phosphorus for plant growth.

Thompson (1957) reported that typical Prairie soils contain

0.2 to 0.3 millequivalents (me) of potassium per 100 g of soil.

Again the study area soil was found to contain eight to ten times this

amount. Sirnilarly, calciurn and rnagnesium levels in this ash soil

are high.

No test for nitrogen was conductecl; however, fertilizer experi-

rnentation on an area contiguous to the study area showed marked

yield increases of adapted grasses to nitrogen fertilization. This

response to nitrogen emphasizes the value of having nitrogen-fixing

species on the site.

Vegetation -Grazing Inte rac tions

At this early stage, it would be difficult to formulate a suitable

management plan based on these research findings" Results are

still prelirninary and implicatiqns involving the use of livestock as

a tool to integrate forest and grazing rnanagerrrent are not cornpletely
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clear. Enough inforrnation has been collected to suggest that live-

stock grazing is cornpatibie with good forest rrranagement, but num-

bers of anirnals and the best season to use the clearcut-burn have

not been fully decided.

Frorn inforrnation gathered up to this tirne, it appears that too

rrlany anirnals grazing in a confined area will browse tree seedlings.

It is believed, however, that all anirnalg do not respond in a like

rnanner. For instance, a sizeable nurnber of young tree seedlings

were browsed in cattle exclosure two in 1957 while little damage

occurred in exclosure three. l4lhen all heifers were combined and

placed in the garne excluded area' irnrnediate tree browsing began

which indicated that not all anirnals were responsible- Ponderosa

pine was browsed rnost heavily with Iodgepole pine also getting coD-

siderable use. Douglas-fir, Western white pine, and Western larch

were only occasionally browsed. This would lead to the conclusion

that cattle do have the ability to discern different herbaceous and

woody species. W'hether this is a taste or visual phenomena cannot

be definitely answered.

An earlier turn-out date is suggested in order to obtain

even utilization of seeded grass species. Most grasses were

ing coarse at the early-seed-head stage of developrnent which

the plants to be less pref erred by the grazing anirnal.

To precisely evaluate the differential f o'rage production

rnore

becorn-

caused

between
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garne and cattle exclosures, all pastures shouldbe grazed simultane-

ously. This would enable one to obtain a statistical test of weight

gains between areas. Also the influence of big garne browsing would

be rnore fully understood. Possibly gatne and livestock compete rnore

intensely for forage than is presently believed. These answers will

be obtained through continued research,

Application of Results and Future Needs

These results have provided a frarnework upon which other fac-

tors can be studied in greater detail. SoiI rnoisture trends, seral

vegetation developrnent, garrle influence on vegetation 4nd othe'r rela'

tionships have been studied. In each instance follow-up .researeh

needs to be carried out.

Privately owned lands of this type can be irnproved by clear-

cutting, burning, and seeding. If burning and seeding practices are

not used, it is believed that the full potential of this site would not

be realized. Broadcast burning is thought to be of irnportance in

two respects. These are: (I) nutrients are irnrnediately available

for plant use, and (2) seed germination of the nitrogen-fixing species

requires scarification--in this,case fire. Seeding is essential to

curtail the invasion of weeds and to provide irnrnediate usable forage

for livestock grazing.

Of the seeded grass species, orchardgrass is preferred by



100

livestock. Frorn a nutritional standpoint, it contains as much crude

protein as other species with the possible exception of srnooth brome.

However, if a good stand of brome became established, more compe-

tition would occur with regenerating tree species. Timothy, rnountain

brome, tall oatgrass and blue wildrye do not appear to be as suitable

as orchardgrass for seeding these lands but earlier grazing rnay

provide different results.

Priorities in future research should be to conduct nitrogen-

fixation and garne-livestock-forage interaction trials. If milkrretch

and redstern ceanothus are fixing sufficient atrnospheric nitrogen to

increase site fertility, a new outlook on this type of culture rnay

occur. Artificially applied nitrogen sources are expensive and the

carry-over effect is short lived. New Zealand researchers have

definitely shown that nitrogen fixation is necessary to obtain maxi-

mum forage from their lands. rt is believed that similar results

could be found in rnixed-conifer forest sites of northeastern Oregon.

The feasibility of this type of study rnight be questioned by

sorne. Conversely, these same persons might not be aware that this

mixed-conifer forest is of no or only little value in its present condi-

tion. Apparently rnixed feelings occur between forage and tirnber

rnanagers who rnay be competing for the usq of this site. Researchers

and devoted land managers should strive to integrate their pro-

grarns to rnake livestock grazitg and forest rnanagernent cornpatible.
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if rnaxirnum profits can be obtainedUntil this is done, it is doubtful

frorn the mixed-conifer forest.
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SUMMARY

Objectives of this research were to evaluate the cornpatability

of livestock grazing on seeded and native grass species in planta-

tions of four tree species; follow and document early plant succes-

sion; evaluate grass seedings frorn standpoint of cornpetition with

natural species, animal preference, and yield; and rnake observa-

tions and rneasurements on game use in the rnixed-coniferous forest.

On the Eastern Oregon Experirnent Station HalI Ranch, ten

miles southeast of Union, Oregon, a 30-acre tract of the mixed-

coniferous forest was clearcut in the s,urnrre r of 1963. Merchantable

timber was removedl slash broadcast, and remaining trees were

felled in an up-downhill direction. Slash dried overwinter and

spring, and the area was broadcast burned in the summer of. 1964,

Intensive research was initiated on l5 acres which had been

enclosed in three, five-acre exclosures--one garrre and two cattle.

\4rithin each ecclosure five, one-acre plots were established for the

tree plantations. After burning, seeding treatrnenLs were randornly

assigned to one*half of each plot. The bottorrr one-half of each

seeded area consisted of a mixture of tirnothy, taII oatgrass,

srnooth brorne, orchardgrass, and white Dutch clover. The upper

seeded area was split into subplots seeded to pure stands of moun-

tain brorne and blue wildrye.



19,1

During April, 1965, two to three -ye-ar old Douglas-fir, western

larch, western white pine, and conderosa r:ine were planted in a six

by seven-foot gricl to give880 trees per acre, Orehr:ndred trrer$y Engel-

rnann spruce, grand fir, and lodgepole pine were planted at the upper

portion of each exclosure to give a total planting rate of 1000 tree

seedlings per acre.

Fifty-five permanent belt transects, one by 100-foot, were

established to record changes in vegetative cover and frequency f rorn

1965 to I967. Herbage yields were obtained by weight estirnates

checked by occasional clippings. Samples were also gathered to

deteri:oine crude protein content.

Yearling heifers were gra.zed in the two cattle exclosures sepa-

rately in 1965 and 1957 before combining them for grazing in the

garne excluded area. A 42-day grazing period was used in 1966 and

a 35-day period in 1967. $reight gains were taken at two-week inter-

vals.

Data were taken on daily water intakes, forage preferences,

an.d grazing patterns. Relative measurrnents of big garne and small

anirnal influences were also obtained.

Environrnental rrleasurernents were taken in the clearcut and

adjacent uncut rnixed-coniferous forest to better understand changes

and alterations caused by clearcutting and burning these areas.

Soil ternperatures at two inches below the soil surface were recorded
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using six-inch maximum reading thermQmeters while dial-type

rnaxirnum -rninirnurn the rrnorneter s rec orded air ternperatur e s at

one and three feet above the soil surface.

Soil rnoisture rneasurerrlents were taken at eight locations in

the clearcut and two locations in the uncut fo,rest using the gravi-

rnetric rnethod in 1966 and resistance blocks in 1967.

solar radiation was deterrnined in August' 1967r using net

radiometers located three feet above the ground surface. Two loca-

tions in the clearcut:and adjacent forest gave comparisons'in total

heat loads reaching this level.

BulI thistle was the most abundant forb throughout the study

period. Its f requency increased f rom 26 percent in I965 to 59 perc'-:::

cent in 1g67. Other forbs with a frequency of over len perpent

throughout the three-year study period were Canada milkvetch and

strawberry. Hook violet, littleflower collinsia, auturnn willow-

weed, and sheep sorrel were other dorninant forbs in the study plots.

Rossr sedge was the rnost abundant native grass or grass-like

species while pinegrass frequency was low. Mountain brome, blue

wildrye, tirnothy, and orchardgrass were abundant seeded species.

The three rnost important shrubs were found to be redstem

ceanothus, ninebark, and birchleaf spirea.

Foliage cover of buIl thistle was consistently lower in the seed-

ed than unseeded plots. Also this species cover was two tirnes
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greater in the .cattle than game exclosure. Cover of Canada milk-

vetch and all srrlrub species were greater within the area frorn which

garrre had been excluded.

Herbage yield data showed wlde fluctuations f,rom year to year.

In general, rnost of the production in the unseeded areasduring 1965

could be attributed to bu1l thistle. As succession progressed thistle

becarne less and the native perennial species more irnportant.

Irrespective of seeding treatrnents, twice as much shrubby

growth was present in the area where game were excluded Compared

with the cattle exclosures. Differential production of Canada milk-

vetch between exclosures was even rno're pronounced.

Crude protein content of forages showed Canada milkvetch to

contain the highest percentage of alL species. Redstern ceanothus,

the other nitrogen-fixing species, contained less crude protein than

milkvetch but substantial increases were found each year. Seeded

grass species were mere sensitive to a low soil nitrogen content

than native species.

The yearling heifers averaged I.45 pounds per day gain Qver

a 42-d.ay grazingperiod in 1956 while a ?,09 pound per day gain for

35 days was obtained in 1967. Late grazing pe'rmitted mountain

brome and blue wildrye to rnature beyond the preferred stage. Pre-

ferred forage species were Rossr sedge, orchardgrassr blue elder-

berry and Canada rnilkvetch.
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Each heif er, on the average, drank 7. 1 gallons of wate'r per

day in 1965 and 7,6 gaLions in 1g67. Increased air ternperatures

throughout 1967 were,believed to cause this increase. Water con-

sumption averaged one gallon per I00 pounds of live animal weight

in both years.

Pellet group counts indicated that game use was heavy in the

cattle exclosures. The abundance of Canada rnilkvetch and shrubby

regrowth has been reduced in the cattle exclosures by the possible

attraction of garne onto the area.

Small rnammals influenced early plant successlon by their dig-

ging and feeding activities. Badgers destroyed more vegeta.tion than

all other species.

Soil ternperatures at a two-inch depth were consistenly"Z,4 to

6.4'C. --higher in the clearcut than uncut stand. Two reasons that

rnight account for this were: (1) less solar radiation in the forest

and (?l an insulating effect of litter under the forest canoPy,

Maximum air ternperatures at three feet above the soil surface

were as rnuch as 5. 6" C. warrrrer in the clearcut whereas minimum

air temperatures were similar in both areas. The level of maxirnurn

solar energy exchange between the atmosphere and soil surface or

atrnosphere and herbaceous vegetation canopy occurred in the clear-

cut tluring JuIy.

Soil rnoisture leveIs were sirnilar in both areas during late



107

surnmer. Herbaceous and shrubby vegetation in the clearcut ap-

peared to use as much or rnore rnoisture than the trees in the uncut

stand.

Incorning radiation exceeded outgoing radiation frorn 7:30 a. rn,

to 5:45 p.rn. in the clearcut and frorn ll a.rn. to 2:15 p. rn. in the

forest. This is believed to play an irnportant role in evapotranspirS.-

tion and snowrnelt. More snow accurnulated in the clearcut than un-

cut area, but snow cover remained. longer in the forest which influ-

enced phenological developrnent of plants.

Many variations existed in the soil profile but no causal factors

were isolated. Chernical analyses of the soil showed phosphorus,

potassiurn, calciurn, and magnesiurn leve1s to be adequate for plant

growth.

This study is still in the prelirninary stages and no concrete

recommendations for rnanagernent are, as yet, in order. It is be-

lieved that livestock can be successfully rnanipulated to integrate

forest and. grazing rnanagernent. Specific planted tree seedlings

were browsed. but an earlier turn-out date and a lower concentra-

tion of livestock nurnbers shguld rninirnize this forrn of darnage.
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Scientifib Name

BROMUS MARGINATUS (Nees)

ELYIvIUS GLAUCUS (Bucld. )

PHLEUM PRATnISE (L. )
DACTYLIS GLOMERATA (L. )

BROMUS INERMIS (LeYss. )

FESTUCA OCCIDEI'{TALIS (Hook. )

MELICA BULBOSA (Geyer. )

ARRHENATHERUM E-ATIUS P. ) Presl.

POA PRATENSIS (L. )
DESCHAMPSIA ELONGATA (Hook. ) Munro exBenth.

BROMUS TECTORUM (L. )

AGROSTIS D(ARATA (Trin )

POA COMPRESSA (L. )

CALAN,IAGROSTIS RT BESCEIIS (Buckl. )

STIPA COLUMBIANA NE,SONI (Soibn ) Hitchc.

POA SP.

HORDzuMJUBATUM (L.)
FESTUCA PACIFICA (PiPer)

BROMUS BRIZAEFORMIS (Fisch. E Mey. )
SITANION HYSTRIX (Nutt. ) J. G. Sm.

BROMUS MOLLIS (L. )
ACROSTtrS SCABRA (Willd. )

TRISE'fUM CANESCENS (Buckl )

BROMTIS RACEMOSUS (L. )
CAREX CONCINNOIDES (Mack. )

CAREX GEYERI (Boott. )

CAREX ROSSII (Boott. )

JUNCUS SP.

LUzuLA MULTIFLORA CoMoSA(E. MeY.)

Fem. E Wieg.

CIRSIUM WLGARE (Savi) AirY-Shaw

AST RAGALUS CANADENSIS MO RTONII (Nutt)Wats;

FRAGARIA SPP.

VIOLA ADUNCA ADUNCA (Sm. )

COLLINSIA PARVIFLORA (Lindl. )
RUMEX ACE'TOSELLA (L. )

ARNICA CORDIFOLIA (Hook. )

AREIiARIA I\4ACROPHYLLA (Hook )
EPILOBIUM GLABERRIMUM (Barb. )

ANEMONE OREGANA (GraY)

GALIUM TRIFLORUM (Michx. )

Common

Common N?{ne

Grass and Grass-like
Mourtain brome
Blue wildrye
Timothy
Orchardgrass

Smooth brome
Western fescue
Oniongrass

TalI oatgrass

Kentucky bluegrass
Slender hairgrass
Cheatgrass brome
Spike bentgrass

Canada bluegrass
Pinegrass

Big sub alpihe needlegrass
Bluegrass

Foxtail barley
Pacific fescue
RattLe brome
Bottlebrush squirreltail
Soft brome
Winter berfgrass
Tall trisetum
Smooth-flowered soft cheat
Northwestern sedge

Elk sedge

Ross sedge

Rush

Hairy common woodrush

Fo&s
Bull thistle
Canada milkvetch
Strawberry
Hook violet
Littleflower colliruia
Sheep sorrel
Heartleaf arnica
Large-leaved sardwort
Smooth willow-herb
Oregon anemone
Fragrant bedstraw



Commou Name

Forbs (Continued)
Lowland cudweed
Autumn willowweed
Glarmel mullein
Fendler meadowrue
Common dandelion
Pricldy lettuce
WiId pea

Bicknellts geranium
Varied-leaved phacelia
Horseweed
Minerslettuce
Western yarrow
Gland cinquefoil
Little tarweed
Slender cudweed
Clo'ver

Western hawlaareed

Rattlesnakeplantain
Canada thistle
Slender cryrytantha
Prostrate knotweed
Yellow -fl owered peppergrass

Rush pussytoes

Purplish sweet cicely
Common plantain
Short-stemmed navarretia
False Solomonrs seal
Washin6on lupine
Bigflower collomia
Wormleaf stonecrcp
Daisy fleabane
Northwest cinquefoil
Fireweed
Douglas knotweed
Tumblemustard
Ragwort
Pigweed
Western burnet
Speedwell
Pale lambstongue fawnlily
Yellow salsify
Tow ermustard rockcress
Longube twinflower

Shrubs and Trees
Willow
Snowbrush ceanothus

rr6

Scientific Name

GNAPI{ALIUM PALUSTRE (Nutt. )

EPILOBIUM PANICULATUM (Nutt. exT. EG. )
VERBASCUM THAPSUS (L. )
TFLALICTRUM FENDLERI (Engelm. ex Gray)

TARAXACUM OFFICINALE (Weber)

LACTUCA SCARIOLA (L. )
LATHYRUS SPP.

GERANIUM BICKNELLII (Britt. )

PHACELIA HETEROPHYLLA (Push)

CONYZA CANADEI'iSIS (L. ) Crcng.

MONTIA PERFOLIATA (Donn) How.

ACFIILLEA MILLEFOLIUM LAt{t LOSA (Nutt. ) Piper

POTENTILLA GLAI.IDLLOSA (Lindl. )
MADIA HCGUA (J. E Sm. ) Gray

GNAPHALIUM MICRoCEPHALUM (Nutt. )

TRIFOLIUM SPP.

HIERACIUM ALBERTINUM (Farr)

G@DYERA OBLONGIFOLIA (Raf. )
CIRSIUM ARVENSE (L. ) Scop.

CRYPTANTHA AFFINIS (Gray) Greene

POLY@NUM AVICT LARE (t. )

LEPIDruM PERTOTIATUM (L. )
ANTENNARIA LUzuLOIDES (T. 6 G. )

OSMORHIZA PURPUREA (C. 6 R. ) Sul6d.

PLANTAC,O MAJOR (t )

NAVARRETIA DWARICATA (Torr. ) Greene

SMILACINA STELLATA (L. ) Desf.

LUPINUS POLYPHYLLUS BURKEI (Wats)C. L. Hitchc:
COLLOMIA GRANDIFLORA (Dougl. ex Lindl. )

SEDUM STENOPETALUM (Ptrrsh)

ERIGERON SP.

POTB'ITILLA CRACILIS (Doug1. ex Hook. )

EPILOBTUM AI{GUSTIFOLIUM (L. )
POLYC,ONUM DOUGLASII (Greene)

SISYMBRIUM AJ,TISSIMUM (L. )

SEI{ECIO SP.

AMARANTHUS SP.

SANGUISORBA OCCIDENTALIS (Nutt. )

VEROMCA SERPYf,LIFOLIA HUMIFOSA (L. )
ERYTHRONIUM GRAI'IDIFLORUM PALLIDUM

TRAGOPOCON DUBIUS (Scop. ) (St. ) John
ARABIS GLABRA (L. ) Berrft"

LINNAEA BOREALIS LONGEORA (Torr. )

SALIX SPP.

CEANOTHUS VELUTINUS VELUTINUS (Dougl.

ex. Hook.)



Common Name

Shrubs and Trees
Mallow ninebark
Baldhip rose

Common sno$Jbeuy

C-reambush rockspirea

Birchleaf spirea

Saskatoon servicebemy
Big whortleberry
Blueberry elder
Creeping western b arb erry
Rubber rabbitbmsh
Stieky currant
Redstem ceanothus
Wax currarf
Irferior Douglas-fir

Engelmann spnrce
Ponderosa pine
W'estern white pine
Western larch
Grand fir

lI7

Scientific Name

PHYsocARzus MALVACEUS (Greene) Kurtze

RoSA GYMNOCARPA (Nutt )

SYMPHORICARPOS ALBUS (L. ) Blake

HOLODISCUS DISCOLOR (Ptrrsh) Maxim.
SPIRAEA BETULIFOLIA LUCIDA (Dougl. )

C. L. Hitchc"

AMELANCHIER ALNIFCILIA (Nutt. )

VACCINruM MEMBRANACEIIM (Dougl. ex Hpok )

SAIvIBUCUS CERULEA (Raf. )
BARBERIS REPE}{S (Lindl. )
CHRYSOTHAMNUS NAUSE1OSUS (Pa11. ) Britt.
RIBES VISCOSISSIMUM (Putsh)

CEANOTHUS SAI'IGUINzuS (Pursh)

RIBES CEREUM CERUJM (Dougl. )
PSzuDOTSUGA MENAESII GLAUCA (Beissn" )

Franco

PICEA ENGELMANNII (Parry)

PINUS PONDEROSA (Laws. )

PINUS MONTICOLA (DoWI. ex D. Don)

LARIX oCCIDENTALIS (Nutt. )

ABIES GRANDIS (Doug1. ) Lindl.
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FORBS

APPENDIX B

Total Frequency of all Species Recorded in 55-100r x 1t Belt

Trarsects on Hall Ranch Clear-cut Burn from 1965 - 7967.

1 965 1966 t967

Hia % Freo" Hits o/o Freq. Hits % Freq.

CIRStrUM WLGARE
ASTRAGALUS CANADENSIS

MORTONII
FRACARIA SPP.

VIOLA ADUNCA ADUNCA
@LLINSIA PARVIFLORA
RUMEX ACE'TOSH,IA
ARNICA CORDIFOLIA
ARET$ARIA MACROPHYTU,
EPILOBIUM GLABERRIMUM
ANEMONE OREGANA
GALruM TRIFLORUM
GNAPHATIUM PALUSTRE
EPILOBruM PANICULATUM
VERBASCUM TI{APSUS

THALtrCTRUM FENDLERI

TARAXACUM OFFtrCINALE

LACTUCA SCARIOLA

LATHYRUS SPP.

GERANIUM BICKNELTII
PHACELIA HTT EROPT{YLLA

CONZYA CANADEI{SIS
MONTIA PERF1OLIATA

ACHILLEA MILTEFOLIUM
LANULOSA

POTENTILLA GLANDULOSA
MADIA EXTGUA

GNAPHALruM MI C RO CEPHALUM
TRIFOItrUM SPP.

HIERACIUM ATBERTINUI{
C,OODYI,RA OBLON GIFOTIA
CIRSIUM ARVE\SE
CRYPTA].JTHA AFFINIS
POLYGONUM AVICULARE
LEFIDIUM PERFOLIATUM
ANTENNARIA LUZUTOIDES

OSMORHIZA PURPUREA

PLANTAGO IvLdJoR

NAVARR E'TIA D trVARI CATA
SMIIACINA STELLATA
TUPINUS POLI?HI'ITUS BURKEI
COLLOMIA GR,ANDIFI.ORA
SEDUM STENOPETALUM

1448

565

563

521

443

321

274
168

136

728

LOz

88

82

7l
62

60

59

L7

2t
t9
43

34

30

4
9

43

59

8

t
15

26

10

l
4

4
1

2

7

t
2

3

26.33

1o.27
to.24
9.47
8.0s
5.84
4.98
3.05
2.47
2.33
1.85
1.60
t.49
t.29
t. L3

1.09
L.07
.31
.38
.35
.78
.62

.55

.07

.16

.78
t.07
.15
.02
.27
.47
.18
.02
.07
.07
.02
.o4
.13
.02
.o4
.05

2

6

2

J

3

10

.04

.t2

.04

.05

.05

.18

5

4

2

L

3

37

2

-:;,

.07

.o4

.02

.05

.67

.o4

Zezt 52.20 3225 58.64

2029 36.89
943 t7.Ls
s16 9.38
902 16.40
605 11.00
447 8.13
236 4.29
264 4.80
211 3.84
94 t.7L
15 .27

L?72 24.95
82 1.49
71 t.29
104 1.89
a, .76

106 1.93
L6 .29
80 1.45
47 .85

298 5.42

230 4.t8
14 .25
t2 .2?
7t t.29
10 .18
2 .O4

30 .ss
L24 2.25

s .09

t34s 24.45
779 14L t6
sso 10.00
519 9.44
s29 9.62
388 7.Os
796 3.56
282 s.13
t87 3.40
127 2.31
79 .35

750 t3.64
88 1.60
78 1.&
83 1. s1

38 .69
70 1.27
8 .15

t6 .29
29 .53
LOz 1.85

105 1.91
L2 .22
27 .49
25 .45
4 .so
4 .O7

23 .A
s9 L.O7

10 .18



lrg

FORBS 1!)65 1966 1!X7

Hits % Freq. Hits % Freq.. IIU 
----%-ereq

ERIGERON SP.

POTENTILLA GRACILIS
EPILOBIUM ANGUSTIFOLIUM
POLYGONUM DOUGLASSII
SISYMBRIUM ALTISSIMUM
SENECIO SP.

AMARANTHUS SP.

SANGUISORBA OCCID BITALIS
VERONICA S ERPHYLLIFOLIA

NUMIFOSA
ERYTHRONruM GRANDIFLORUM

PALLIDUM
TRAGOPOGON DUBIUS
ARABIS GLABRA
LINNAEA BOREALIS LONGIFLORA

GRASSES

BROMUS MARGINATUS
E,YMUS GLAUCUS

PHLzuM PRATENSE
DACTYLIS GLOMERATA
BROMUS INERMIS
FESTUCA OCCIDEI{TALIS
MELICA BULBOSA

ARRHEI\ATHERUM ELATruS
POA PRATEI\trSIS

DESCI{AMPSIA E"ONGATA
BROMUS TECTORUM
AGROSTIS EXARATA
POA COMPRESSA

C.AREX GEYERI
CAREX ROSSil
CALAMAGROST IS RUBES CENS

STIPA COLUMBIANA NELSONI

POA SP.

HORDEUM JUBATUM
FESTUCA PACIFICA
BROMUS BRIZAEFORMIS
STTANION HYSTRIX
BROMUS MOIItrS
CAREX CONCINNOIDES
AGROSTIS SCABRA
LU ZULA MULT IFLO RA COMOSA

JUNCUS SP.

BROMUS RACEMOSUS

TRISETUM CANESCENS

_ 1 _':',

26 .47

L .O2
1 .O2
3 .0s

24 .44
L7 .31
2 .O4
t .o2
L .O2

2 .04

4 .O7
7 ,L3

__? _::n

1139 20.71
Ltsz 20.95
tt26 20.47
718 13.05
190 3.45
2t3 3.87
45 .82

360 6.55
t8 2.69
470 8.5s
988 t7.96
36 .65
tL .20

199 3.62
L577 28.67
t6 2.65
27 .49
14 .25
18 .33
13 .24
2 .O4

2 .O4
690 12.55
7t .20
26 .47
3 .Os

27 .49
13 .24

2

I
5

13

10

2

--1

--;

.04

.02

.09

.24

.18

.04

_'_l'

-:;,

809

930

7032
s40

7

82

5

64
59

tov
101

30

3

153

t8/6'
L43

L9

8

9

IT
t
2

:

t9

1

14.7t
16" 9t
18.75
9.82
.13

1.49
.09

t. L6

r.07
1. 95

1.84

"55
.05

2.78
33. 56

2.60
.35
.15
.16
.20
.02
.o4
.05

It

-.;' 
,

1006

706,4

103s

63s
109

129
2L

212

94
303

360

27

8

269
1628

160

31

9

16

7

4
2

686

5

26

3

5

L3

18.29
19.3s
18. 82

11.55
1. 98

2.?5
.38

3. 85

1.7 L

5. s1

6. 55

.49

.ls
4.89

29.60
2.91

.56

.16

.29

.13

.07

.04
12.47

.09

.47

.05

.09

.24

!
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120

1%5 t966 1967

Hits % Freq. Hits % Fteq, Hits o/: fueg.-

SALIX SPP.

CEANOTHUS VELUTINUS
VELUTINUS

PHYSOCARPUS MALVACzuS
ROSA GYMNOCARPA
SYN,IPHORICARPO S ALBU S

HOLODISCUS DISCOLOR
SPIRAEA BETULIFOLIA LUCIDA
PSEUDOSTUGA MEI$ZIESII

GLAUCA
AMELANCHIER ALNIFOLIA
VACCtrNIUM MEMBRANACEUM
PICEA E{GELMANNII
SAMBUCUS CERI.]LEA

PINUS PONDEROSA

BERBERIS REPENS

PINUS MONTICOLA
LARIX OCCIDENTALIS
CHRYSOTHAMNUS NAUSE1OSU S

RIBES VIS@SISStrMUM
CEANOTHUS SANGUINEUS

RIBES CEREUM CEREUM

ABIES GRANDIS

LLz 2.O4

678 t2.33*
547 9.95
7L t.29
85 1.55
43 .78

493 8.96

75 1.36
4 .O7

L2 .22
6 .t2
s .09

18 .36
8 .1s

20 .36
t .o2
1 .O2

721 2.20

---g --- 1/

76 1.38

39 .69
61 8.38
7L L.29

103 1.87
4 .80

496 9.O2

& .73
t .o2
7 .t3
2 .O4
4 .O7

L6 ;29
8 .15

13 .24
t4 .25
3 .05

Lt6 z.tt
454 8.25
10 .18
| .o2

tt2

t7
471

74
98

65
506

43

4
L2

4
4

20

8

t7
L7

7

207

622

3

2

2.04

.31
8. s6

1. 35

1.78
1. 18

9"20

.78

.07

.22

.07

.07

.36

.15

.31

.31

.13
3.76

IL.3L
.05
.04

lr ^.These data were included with Ceanothus velutinus velutinus
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DATE

7-Ls
7-16
7-t7
7-L9
7-20
7-22

7-24
7-25
7-27
7-29

7-3L
8-1
8-3
8-5

8-6
8-8
8-10
8-1 1

8-13
8-15
8-17
8-18

8-20
8-22
8-23
8-24
8-25

TIME

9z4O am
8:30 am
5:00 pm
3:15 pm
4:45 pm

10:15 am
4:10 pm
4:15 pm

12100 am

9:30 am
4:50 pm
4:10 pm
8:30 am

3:30 pm
9rO0 am
3:00 pm
2:00 pm

9:15 am

9:40 am
11:00 am
8:40 am
1:00 pm

APPENDIXD

Water Consumption by Heifers Clearcut - t966

Cattle Exclozures

2

32 gal.
2t
28

47

&
70

238

75
62

76

79

283

72

67

87
65

291

53

25

78

26

L82

994

Deer Exclosure
1

103

143
145

g
524

78

163

85
93

194

s2?

70
49
63

60
242

3

34 gtL
2L

35
60
36

50

236

s7
59

76

45

237

64
65
69p

227

942

to47

29g3 is total drank by 10 heifen for 42 days. This is 71.02gallors/dey a 7,L gallors/daylheifer.
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Water Consumption by Heifers Clearcut - l%7

Cattle Exclosures
DATE TIME

9:30 am
9:15 am
8:30 am
8:15 am
8:30 am
8:{O am
8:4O am

9:00 am
8:15 am
9:00 am

8:35 am
8:45 am

11:10 am

8140 am

8:40 am
8:25 am
8:20 am
8:35 am
8:20 am
4:50 pm

8:35 am
9:50 am
8:30 am
8:30 am
8:30 am
8:35 am
8:35 am

7t45 an
8145 am
8r4O am
8:4O am
8:25 am
8:30 am
8:35 am

7-L
7-2
7-3
7-4
7-5
74
7-7

7-8
7-9
7 -to
7-Lt
7-12
7-L3
7-t4

7 -t5
7 -t6
7-17
7-L8
7 -t9
7-20
7-20

7-22
7-23
7-24
7-2s
7-26
7-27
7-28

7-29
7-30
7 -31
8-1
8-2
8-3
8-4

3

55 gal
70
58

57

64
36

E
415

51

N
62
66
55

68
53

395

L9

60
45

34

47
44

3
292

L
55 gal.
70

t7
55

67
47js

N9

45
60
70
66

70
60
67

438

45

55

31

51

53

51

18

304

Deer Exclosure
1

99

L32

LOz

98

Lt7
It9
g
794

80

L3L

102

109

84
t26
6+

696

14 heifers dranlr a total of 3743 gallors of water in 35 dap. This is 267.36 gallons/heifer'

the 35 day period, this averages 7.64 gallons/day.
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0-9rt

9-18x

II B L8-28N
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APPB.IDIX F
Modal Soil hofile Description of Tolo Silt Loam in Clearcut

Bumed duff

Dark brown (10 YR 3/3, moist), silt loem, structureless, loose, friable,
non-sticky, non-plastic, gradual-smooth bourdary. Many fine hrbular

pores, roots abundant, pH 6.5.

Dark-yellowish bron n ( 10 1/R 4/ 4, moixl, silt loam, very weak medium

zubangular blocky structure, loose, friable, uon-sticky, non-plastic, roots

abundant, pH 6.6.

Dark-reddish brown (5 YR 4/3, moist), clay loam, moderate-medium

subangular blocky structure, flrm, sticky, plastic, mauy fine tubular pores,

clear wavy boundary, shrub rods present. pH 6. 5.

Brown (7. 5 YR 4/2, moist), silty clay loam; medium subangular blocky
structure, firm, sticky, plastic, many shnrb roots. PtI 6. 4.

Boulders occupy most of t}e soil volume, however an auger was plrt down

between boulders to 84 inches at this location.

Range in Characteristics - This soil raries from 20 to more t}au 80 inches in deph, Below 50 lnches

large basaltic boulders are common.

Relief - on fooBlope, slightly concave

Drainage - highly permeable througlrout, infituation high

Vegetation - Grand fir, Douglas-fir, Western larch, and few ponderosa pine

Use - himarily forested land

Distribution - Throughout northeestem Oregon and Southeestern Washington. Is found almoct
entirely on north and northeast expo$ures. In some areas, ravines and ridgetops codein
ash deposits.
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APPENDIX G

Airalysis of variance tables for cover aod frequency data of bull thistle

Source d. f.

Thistle frdquency in cattl.e exclosures

SS MS

Replication
Treatment
Error (A)
Years
Error (B)

Years x Trt.
Error (C)

Total

5
c

10

2

10

4

53

4961. 8
ttz.4

1345.2
t32.89

534. 6

826. 9
t904.2

rzg74, L

992.,1

5s. 2
i34. 5

u1'.i,14. 5

53. 5

246.7
9i{. 2

1
l. 3i

".4
p4.31

?.17

Source

siipificant at . 05 le\rel of significance

Thistle freo.uency in game excl<xure

ss Ms

Replicaticn
Treatment
Error (A)
Years
Error (B)

Years x Trt.
Emor (C)

Total

4
2

I
2

I
4

1L1

44

4175, t
i889. 2

30i8. 4
s837.7
3224.4

499. L

.i.Cr34. I
20298

1043. 8

944. e

376. B

291.8.9
403. i
!24.8
1O3.4

2.77
2. 5s

a

7.24'

t.2t

7

significant at . 05 tr evel of significance

Source o. I.

Thistle cover ia cattle exclosures

ss I\4S

Rellication
2'I'reatment

Error (A)
Years
Error (B)

Years x TrL.

Error (C)

Total

c

2

10

t
r
J

2

1i)
i{

147,4
498.2
353. 6

90. 0
i5. 0

135. 1

61.5
1300.8

29. s
249, i

35. .4

90.0
3.0

67.6
6.2

.83
7.o41

30. o1

10.991

lsignificant 
at . LlS level of significance

2 orly baclslope treatmerts--top urseeded, blue wildrye, and moufrain brome--
were used in these anal),ses.
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APPENDIX G (CONTINUD)

Thistle cbver in game exclosure

Source d. f. MSSS

Replication
Treatment
Error (A)
Years

Error (B)

Years x Trt.
Error (C)

T otal

4
2

8

1

4
2

8

29

2s4.3
515. 6

376.7
t12.6
105. 9

144. I
tgt.6

1700.8

63.6
2s7.8
47.1

ttz.6
26.5
72.O
23.9

1.35
5, 481

4.2s

3.01

lsignificant 
at .05 level of significance
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