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PREFACE

Range and dry-pasture lands in Montana are highly diver-
sified. Within the boundaries of the State, environmental condi-
tions exist that are representative of large par«s of surrounding
States and Canada. Consequently, the results of studies per-
formed in Montana are applicable to the Northern Intermoun-
tain Region, a large part of western North America, and other
parts of the world.

Over several decades numerous plantings have been made
by various State and Federal agencies to determine the produc-
tivity and adaptabiiity of forage plants to specified environmen-
tal and site conditions. In 1953, Agricuitural Research Service
(ARS), U.S. Department of Agriculture, was given the responsi-
tility for all Federal seeding research for rangelands used by
domestic livestock. The close association ARS had with Montana
Agricultural Experiment Station then made the consolidation
of this information from all sources within the State possible.

Since 1963 little new research has been done on rangeland
seeding, An era of extensive seeding studies initiated by Forest
Service, Soil Conservation Service (predecessors of Agricultural
Research Service), Bureau of Land Management, and Montana
Agricuitural Experviment Station has ended. Data assembled
for this publication are unavailable in usable form. In the
absence of publication, results from these tests will soon be lost,
and, at some later date, the same or similar studies will be
repeated. The task of summarizing and interpreting these
resutlts involved numerous drafts and revisions designed to
reduce the size of the publication and to increase its use.

This report was written to preserve the results of these valu-
able studies, to consolidate them, and to publish them where
they may be available to wide service areas, such as Extension
personnel, technicians of Soil Conservation Service, Forest Ser-
vice, and Bureau of Land Management. Agencies and individual
researchers, technicians, and ranchers throughout the world
who are concerned with the improvement of range and dryland
pastures will find the results of this work informative and valu-
able in helping to guide their selection of forage species to
specific site conditions.
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JFORAGE SPECIES
for the
NORTHERN INTERMOUNTAIN REGION

A Summary of Seeding Trials

By F. B. GoMM,! range scientist, Western Region,
Agricultural Research Service, United States
Department of Agriculture

The primary land use of the Northern Intermountain Region
is forrangelivestock. Assuch much of the economy of the Region
is derived from livestock and depends upon the productivity
of its rangelands. Although much of the once depleted ranges
have improved with management, the dryland areas of the Re-
gion are not preducing up to their potential. Artificial seeding
to increase forage and livestock production and to control erosion
is an important tool in rangeland improvement.

Much of the abandoned cropland has been planted back to
grass. Artificial seeding of high-producing forage plants on
deteriorated rangelands has also been generally accepted by
livestock operators and land management agencies. Too fre-
quently, however, the adaptation, growth habits, or productivity
of these plants has not been well known.

Because of the extreme diversity of site conditions, recom-
mending satisfactory species for range improvement is difficult.
To determine more accurately the adaptability and value of for-
age species and strains, several agencies cooperated in making
many tests. This publication presents the results from many
of these tests. Because of space involved, many studies and data
from several years research were omitted from tables when they
did not contribute significantly to the evaluation. A complete
list of these data, however, has been compiled and filed with
Arid Pasture and Range Investigations, Montana Agricultural
Experiment Station, and Intermountain Forest and Range
Experiment Station.?

' Stationed at Burns, Orep., formerly at Bozeman, Mont,
*Unpublished data in Annpual Progress Report 1963, U.S, Department of Agri-

culture, Agricultural Research Service, Forage and Range Research Branch,
Arid Pasture and Range Investigations.




2 Technical Bulletin 1479, U.S. Dept. Agr.

The presence of a plant in a given locality is dependent on
its introduction, establishment, and ability to survive and
reproduce under a compliex of environmental factors. The
natural plant community in which this plant grows is also a
product of all the envirenmental forces. Therefore, the establish-
ment of an introduced plant into an area of a defined association
probably would indicate the success or failure of seedings into
other areas of the same association.

From results of studies conducted under similar environmen-
tal conditions, one might, with caution and judgment, inter-
polate that similar results could be obtained at other locations
having similar site cenditions.

Although come species and strains appear inferior under the
conditions they were tested, under different conditions they
might be useful fovage specizs. Also, plant improvement through
breeding and selection, as well as new methods of cultural man-
agement, might make possible strains of forage plants to be
grown in areas where they do not now appear adapted.

ENVIRONMENTAL FACTORS

Because of the diversity among range sites, the magnitude
of environmental factors varies from site to site. A discussion
of some of these important environmental factors is presented
to help divide the State of Montana into areas of similar topog-
raphy, climate, soils, and vegetational zones as an aid for recom-
mending forage species.

Topography

Montana varies in altitude from 1,800 to 12,850 feet above
sea level (fig. 1). Approximately 35.2 perzent of the area is below
4,000 feet, 34.8 percent between 4,000 and 6,000 feet, 23 percent
between 6,000 and 8,000 feet, and about 7 percent above 8,000
feet. The lowest place is at the Idaho boundary on the Kootenai
River, and the highest point is Granite Peak in southwestern
Montana. The average elevation for the State is approximately
3,400 feet.

Seven mountain ranges in southwestern Montana rise to
elevations over 10,000 feet. A few other 10,000-foot peaks exist
elsewhere, but the area of these is small.

The Continental Divide crosses the western half of the State
from north to south. To the west of the divide, the Kootenai,
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Clark Fork, and Flathead Rivers drain to the Pacific Ocean.
East of the divide, the St. Mary River drains a small triangular
section of Glacier Park to the Hudson Bay, and the eastern
two-thirds of the State is drained by the Missouri River to the
Gulf of Mexico. Major drainages, which are tributaries to the
Missouri River, are the Jefferson, Madison, Gallatin, Sun,
Marias, Milk, Musselshel}, and Yeliowstone Rivers.

Except for the central-mountain region, the area east of the
divide is relatively flat with a general slope toward the east.
Relief is largely from river bottoms and small drainages. The
central-mountain region is a mixture of mountain ranges and
valleys. West of the divide, the elevation drops rapidly to the
west. In the southern section it rises again into the Bitterroot
Mountains. In the northern section the elevation of the inter-
mixed mountains and valleys drops rapidly to the west where
two major rivers leave the State.

About 15.5 percent of the State’s land is cropland, 56.7 percent
is nonforested pasture and range; and 10.7 percent is forest
grazing land. The rest is inaccessible to livestock.

Environmental Divisions and Climale

Montana can be divided into three regions based on environ-
mental factors and native vegetation (fig. 2). The western region
ir.;ludes the area west of the Continental Divide. The eastern
region includes the area east of the divide belowv 4,000 feet eleva-
tion and is generally northeast of a line drawn diagonally from
the Canadian border at Sweetgrass, Mont., to the southeastern
corner of the State. Between these two regions is the central-
mountain region, which is a transition zone of mountains, val-
levs, and high plains.

The climate is highly variable from site to site as might be
expected from the differences in elevation and slope. Annual
precipitation, length of growing season, and minimum and max-
imum temperatures for the State are shown in figures 8 to 7,
and annual precipitation records from selected stations are
given in table 1 (U.8. Department of Commerce 1855, 1965).9

Western region.—The climate west of the divide has been
described as a modified North Pacific Coast type with mild
winters, light winds, and precipitation more evenly distributed
throughout the vear. The humidity is higher and the growing

IReferences to Literature Cited, p. 307, are indicated by the name of the author
or authers and year of publication in parentheses.




Forage Species 5

season is shorter than in the eastern plains. Rainfall varies
with a 24-year (1931-55) average of 10.28 inches at Deer Lodpe
to 48 inches in the Bitterroot Mountains, The average for the
repgion is 19.04 inches of precipitation (U.8. Department of Com-
merce, 1960).

About 50 percent of the precipitation falls during the April
to September period. The frost-free period varies from 120 to
140 days in the valleys to less than 30 days in the mountains.
The average April to September temperature for the region is
55.7° F. In the valleys the mean maximum July temperatures
are about the same as eastern Montana, but mean minimum
January temperatures are not as low.

The western region is mostly forested, but large areas of grass-
land ocecur in the valleys.

Eastern region.~The average precipitation for most of the
eastern region is 13 inches and varies from 10.45 inches at Simp-
son to 15.99 at Vida. About 75 percent of the total precipitation
falls during the April to September period.

The frost-free period varvies from 114 to 150 days, and the
average temperature for the April to September period is about
58° F. The mean minimum January temperatures vary from
-6° to 12°. Winter temperatures in the northeast corner of the
State are usually the coldest. The eastern region is part of the
Northern Great Plains and is covered with short-grass-type veg-
etation. The area generally north of the Missouri River consists
of glaciated plains, while the area south is sedimentary plains.

Central mountain,—Both climate and vegetation are highly
variaile within the central-mountain region and within short
distances. The precipitation is highly variable. It varies from
less than 8 inches at the Wyoming border in Carbon County
to 25.77 at Hebgen Dam. Areas adjacent to the mountains arve
generally the wettest, but there are exceptions where “rain-
shadow effects” appear. The average annual precipitation for
the region varies from 14 to 20 inches, 50 to 70 percent of which
falls during the growing season. The frost-fice period varies
from less than 30 days in the high mountains to about 120 days
in the warmer valleys, and the average April-September temper-
atures are 54° to H9° F. Mean minimum July temperatures vary
from 72° to 90° and mean January temperatures vary from -2°
to 16°

The vegetation includes both bunchgrass and mixed-grass
types as in western Montana and short-grass types as in eastern
Montana,




- TABLE 1.—Annual precipitation (inches) from selected Weather Bureau station records in Montana,
‘ . 1936-63

Station : ‘40 ‘41

Billings ! 209 232
Bozeman 2 seeaeeenieas R 18.9 22.9
Butte - -
Cut Bank ! «ccoiomacra s - . 12.6 11.0
Dillon ? 10.7 10.6
Glasgow ! meceeemcim e .- --
Great Falls!? - -
Hebgen Dam S 343 29.2
9.6 13.7
Havre - - --
Kalispell ! —eemeceiim e - --
Lewistown ! - . 157  21.2
Malta . : 16.2 - 13.3
Miles City 1 . . 14.4 181
Missoula . . 12.0 16.8
Sidney : - --
Billings ? . . . 19.9 . 10.6
Bozeman 2 18. R . . 191 113
. . A K 12.8 105
Cut Bank!? . . . . 109 - 16.6

a8y ded 'S ‘6LYT umL[ng [Bduyoay,




2 Montana State University.

Dillon 1 cecemmmnrniannn 8.3 7.6 8.1 6.9 8.1 10.2 66 104 9.8 105 6.9 8.9 109 143 9.4
Glasgow ! -- - - - - - 9.2 104 7.1 9.7 1.3 6.9 - 178 147 104
Great Fallg ! <sseee - = 21.6 9.0 -208 157 156 108 - 162 161 13.6 9.5 105 16.0  12.00 147
Hebgen Dam . --eeer 208 299 231 250 212 259 244 254 251 29.8 257 330 28.5  83.2 270
HelenaV seieesice- 11,9 12,0 9.0 89 = 105 119 9.1 -14.6 . 129 9.4 7.5 g2 119 116 108
“Havre weeeesiommees s 17.0 73 14.0 139 . 160 93 118 112 134 ° 107 74 116 9.5 . 11.8
Kalispell  cereemeeeen - 216 112 146 153 169 171 124 180 21,0 142 - 164 115 152 158
Lewistown 7 «eeeemer 159 149 13.8 20.0 164 171 112 18.6 14.2 185 126 134 256 14.3 ~ 18.8
Malta ----mesmmeizenees 10.8  11.4 100 149 146 119 74 109 9.2 9.7 7.4 88 212 122 121
Miles City ! -—--- 13.7 149 9.9 166 10.4° 130 9.6 126 132 9.5 7.0 - 1.9 .19.0 150 13,

Missoula  —------ctom-- 12.9 15,1 8.9 10.6 14.4 17.1 166 11.6 15.2 16.5 6.9 14.1 12.0 14.9 13.1
Sidney < +--eeseneeecneas - 9.2 8.5 20.6 13.7 13.1  11.0 13.6 10.9 114 11.2 9.8 18.8 14.2 12.8

! Airport.

sopedg advioy




Technical Bulletin 1479, U.S. Dept. Agr.

FIGURE 2.— Climatic and erivironmental divisions of Montana. (Base map drawn by E. S. Smyrl, Dept. Earth Sei.,

Mont. State Col., Bozeman, Mont.)
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Climate and vegetation in isolated mountains that lie in east-
ern Montana, such as the Bear Paws and Rosebud Mountains,
are similar to those in the central-mountain area.

Soils

Environmental factors linked with elevation and topography
influence the growth of plants. In certain locations soil alsc
has a pronounced influence on the type of vegetation.

The soils of Montana are largely of the Brown and Chestnut
soil groups (Aridisol and Mollisol) developed from four major
ages of rock formation. Generally, the area west of the Continen-
tal Divide consists of parent material from the late Precambrian
period, the central half of the State from the Mesozoic, and the
eastern fourth from the Cenozoic periods. The southwestern
and central-mountain areas are mottled by the Cenozoic,
Mesozoic, and Precambrian intermixed with Paleozoic and crys-
talline rock.

Many soil series associations have developed in the State. In
this study the soils have been combined into 11 major soil classifi-
cations (fig. 8). Generally, the area east of the mountains and
neorth of the Missouri River is of moderate dark-colored loams.
Three major typesof vegetation, the northern, the northeastern,
and the Judith Basin grasslands, are associated with these soils.
In the southeastern fourth of the State thin loams over bedrock
are the dominant soils. Types of vegetation associated with these
thin loams are eastern ponderosa pine, ponderosa savannah,
prairie grassland, and southeastern grassiand. The coniferous
forest types occur on light-colored timbered soils, and the alpine
grasslands arve found on the thin soil and rocky lands of the
high mountains. The valleys are somewhat mottled with alluvial
soils, black loamy soils, and moderate dark loamy soils. The vege-
tation supported on these soils is also somewhat zoned depend-
ing on site, moisture conditions, and salt concentrations.
Severely evoded, steep and broken lands along the Missouri and
Yellowstone drainages support the badland grasslands and the
scrub-pine type of the Missouri breaks.

At several locations throughout the State thin clay soils over
shale exist. These soils vary in alkalinity and generally support
saltbush and cther alkali-tolerant plants. Salt-tolerant plants
are also found on alkaline, strongly developed clay-pan soils
in Phillips, Hill, and Lake Counties and on the periphery of
mountain valleys where salts have accumulated in the soil.

A small area of light-colored soil is located on the Wyoming
border in Carbon County where precipitation is the lowest in
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FIGURE 3.—Average. annual precipitation (inches), 1931-35. (Adapted from Climates of the States, Montana. U.S. Dept.
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Forage Species 11

the State. The vegetation is elosely associated with that of the
saltbush-sagebrush and the beartooth juniper types.

Vegelation Distribution

In Montanag, four natural range regions are recognized: North-
ern coniferous forest; bunchgrass; shortgrass; and northern
desert shrub. These four regions have been divided further into
22 types of vegetation (fig. 9).

PROCEDURE

Studies were located threughout the State on many sites
characteristic of areas that could benefit from the introduction
or reestablishment of forage plants (fig. 10). These studies have
heen prouped according to the natural associations of vegeta-
tions, which are believed to have originally dominated the differ-
ent sites.

Various data were recorded depending on the primary purpose
of the study. Adaptation of species was determined by plant
counts, by percentage of row occupied with seeded species, or
in some instances, by adjective or numerical ratings.

The different vatings systems may be compared as follows:

Comparable stand evaluations

Average number of Rating
Percent of rows seedlings per
occupied foot of row ! Adjective 2 Numberical

HOPRIG e BN S 0 RO

TETEmgOOaOED

: Rating where plants are uniformly distributed.
*E = excellent; G = pood; F = fair; P = poor.
* Less than b percent stand,

Herbage vields were taken by clipping samples near ground
level.
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Forage Species 13

Other pertinent data obtained from the various studies, such
as palatability ratings, chemical composition, phenological
development, and grazing values, are given as observed.

RESULTS

Alpine Grassland

This type of vegetation occurs above timberline. Primarily,
it is located north of Yellowstone National Park, but it is also
found in small areas on isolated mountain peaks throughout
the western part of the State. It comprises approximately
576,800 acres at elevations varying from 6,000 feet in the north
to 10,000 feet in the south. Growing conditions are severe, The
soils are residual, undeveloped, thin, and rocky. The precipita-
tion falls mostly as snow and varies from 20 to 50 inches. The
winter winds blow the snow from high ridges and pack it in
low areas and ravines where it may remain as snow banks and
driftslate into the summer. The growing season isshort, ranging
from 16 to 60 days.

The dominant vegetation is mostly alpine species of Pog,*
Phleum, Agrostis, and Carex mixed with a multitude of forbs.

Seeding studies have not been made on this type. Nor is it
presently feasible to attempt seeding, since it is relatively inac-
cessible. Even where accessible, the soil is too rocky to cultivate,
and it is doubtful if species other than those native to the site
would be adapted.

Subalpine Forest and Grassland

The subalpine is characterized by Pinus albicawiis near tim-
berline and by Picea engelmanni, Abies lasiocerpe, and Pinus
Sflexilis at lower elevations. Carex geyeri and Calemagrostis
ritheseens comprise much of the forest understory. Throughout
the type, grassy parks of various sizes create complex mosiacs
of forest and grasstand. Festuca idahoensis, Bromus caringtus,
Pilewm alpinun, Melica spectabilis, and Trisetum spicatum are
the dominant grasses. Many forbs are also found, including
Gewm triflorum, Claytoniu lunceolata, Lomatium dissectum and
species of Dodecatheon, Mertensia, Potentilla, and Delphiniumn.

This type of vegetation is located on the high mountain ranges

+ Common names together with botanical names and authority are given at
the end of this bulletin,
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Forage Species 15

particularly along the Continental Divide, the Bitterroot Moun-
tains, and the Absorka Mountains, Smaller areas are also found
in the Crazy Mountains, the Little Belt Mountains, and at eleva-
tions above 6,000 feet in the north and 7,500 feet in the south.
It includes approximately 4,735,700 acres,

The precipitation varies from 20 to 50 inches annually, most
of which falls as show, The growing season is less than 60 days.
The soils are variable in texture, color, and depth depending
on parent material and topography, but most of the depleted
sites have fine-textured soils. Generally, they are loose and flufty
when disturbed by plowing, but they may become hard atter
setting through the winter.

Sheep, big pame, and some cattle utilize the herbage during
the summer months. In the past, some areas have been overused
to the extent that few productive grasses remain, and erosion
has become a serious problem. These areas are important
watersheds. Therefore, a satisfactory cover should be main-
tained to retard evosion, increase water infiltration, and improve
the waterholding capacity of the soil so that water release to
downstream users can be extended later into the summer.

Growth and seed production of desirable native forage plants
are limited by the short growing season, low tempevature, and
other adverse climatic factors, and revegetation by natural
means is slow and undependable.

Although the subalpine type is extensive in Montana, rela-
tively little testing or range planting has been done. The inacces-
sibility and harshness of the site and the relatively low economi-
cal returns have discouraged work on revegetation.
Nevertheless, experimental studies have shown that this type
can be improved and that mechanical seeding offers the best
method of revegetating devpleted sites.

In these studies, establishment success and plant vigor were
directly related to competition from native species as affected
by seedbed preparation. More plants established, and they were
more vigorous where the seedbed had been plowed and disked
as compared with the check treatment. Plant vigor was also
affected by site. On south exposures the plants were taller, had
greater basal area, and yielded more herbage than plants on
the level and north exposures. On the north exposure, they were
generally lower in vigor than those on level exposures.

Planting by drilling was generally more reliable than planting
by broadcasting; however, broadcast seeding was successful at
Carrot Ba="... Plantings were most successful where the seed
was covered with soil and the soil was firmed or packed after
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Forage Species 17

planting. In deep-furrow seedings, the plants were more vigor-
ous in the furrow bottoms and on furrow slopes where they
were shaded from the afternoon sun,

Generally, mulches in combination with fertilizevrs improved
seedling establishment. Branches and felled trees that shaded
the ground also improved establishment.

In each study of the subalpine type, Bromus inermis and
Alopecurus pratensis responded well and appear widely adapted
to the subalpine conditions. They were both able to spread, A.
pratensis by seed and B. inermis by rhizomes, to adjoining plots.
Other species that appeared adapted to the more favorable sites
were Bramus erectus, Poo pratensis, Agropyron trachycaulum,
A, subsecundum, A. dasystachyum, A, smithii, and Dactylis
glomeraia, Several species started well but were short lived,
ortheir stands were sericusly reduced within 5 years after plant-
ing. They were Agropyron inerme, A. sthiricum, A. spicafum,
Agrostis alba, Arrivenatheriom elatiug, Bromus carinatus, Fes-
tuca idahoensis, F. scabrelln, Poa ampla, P_compresse, Melilotus
offtcinalis, Trifoliwom fragiferum, T. repens, and T. pratense.

Carrot Baxin

Study location.—Located at the head of Sage Creek drainage,
a tributary to the Gallatin River, Gallatin County, sec. 1, T.-
10 8., R.3 E. (location 1, fig. 10).

Flevation.—9,000 feet.

Average precipitation.—Annual, 25 inches; April-September,
43 percent {estimated).

Soeil.—Red sandy clay loam over sandstone and shale. Soil
depth varies from several feet to bare rock.

Tapography.~—Rolling slopes dissected by gullies, slopes up to
30 percent,

Type of vegetation.—Subalpine forest and grassiand.

Dominant and assecigted speeies.—Pinus albicaulis and Abies
lasiocarpa ave the dominant trees, and Lomatium dissectum,
Claytonia lanceolata, Agoseris glavea, Dodecatheon spp.,
Deiphinium bicolor, Melicq spectabilis, Poa spp., Festuca
idahoenis, and Agropyron subsecundwm oceur in the grasslands.

Previous use.—Apparently overgrazed. Denuded soils and
snowbank areas were prevalent throughout the basin.

Study.—Carrot Basin planting methods.

Date planted.—July 19, 1952.

Proceditres.—Six seedbed treatments were compared: one was
plowed with moldboard plow then disked once over with a tan-
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dem disk. Treatments 2, 3, and 4 were disked once, twice, and
three times over respectively with the tandem disk. Treatment
5 was disked once over with a horse-disk, and treatment 6 was
an untreated check.

Summary of results.—Results of this study were published
(Gomm 1962), Plowing-disking was the superior seedbed treat-
ment as measured by control of native vegetation, seedlingemer-
gence, plant vigor, and herbage yield. Reduction of native vege-
tation by cultivation inereased the number of established seed-
lings, and the vigor of seeded plants was directly affected by
the method and degree of cultivation (fable 2). Averape leaf
heights in August 1953 increased from 3.9 inches on nontreated
soil to 6.5 inches on the plowed and disked seedbed, and produe-
tion increased from 97 to 1,319 pounds air-dry herbage per acre,

Broadcasting produced stands equal to those planted by drill-
ing.

Alopecurus protensis and Bromus inermis were generally
adapted for planting at this site. On the more favorable sites
Bromius evectus, Poa pratensis, and Agropyron subsecundum
also appeared adapted.

TABLE 2.—The effect of seedbed treatments on the reduction of
native vegetation and on the establishment, leaf height, and
herbage yield of grasses seeded at Carrot Basin'

Ground cover

density of Basal Air-dry
Seedbod native Plants per area Leaf  herbage
trealment vepetntion  sguare foot pccupied  height per acre
1852-53 19562 1953 1956 1953 1954 1958
Pet No. No. Pet. Inch L& Lb.
Check —-rvmsen 36.2a 0.3a 0.la 0.8a 3.9a Ta  97a
Plowced and
disked --—emmmes T.ud 5.0c 4.2¢ 13.4d 6.5¢  599L 1,319¢
Disked with
tondem disk:
3 times - 12.0ed 5.4e  3.8¢ 0.8¢c 5.8bc  518b1,094b
2 otimes —--eee- 12.6ed 4.5bhe 3.3c 8.ic 5.6be  492b 998L
JER AT} T J— 22.6b 2.7 l.dab 2.9h 4.8ab  6Ba -
Horse-disked «w 21,4be 3.0b 1.9b 2.5ah 50b 110a -

LWithin columns, vahues followed by the same letter are not significantly
different at the d-pereent ievel. Values are averages of Bromus fuermis and
Alopecuaris pralensis.
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Generally, the grasses established best, developed fastest, and
yielded most on the south exposures and least on the north
exposures.

Study.—Carrot Basin adaptation nursery.

Date planted.—July 1952; September 1952.

Procedures.—Twenty-two grasses and Astragalus falcutus
were planted into a plowed-disked seedbed. Seeds were drilled
one-half to three-fourth inch deep in rows 20 inches apart and
20 feet long. There were three rows per plot without replication
oftreatment. July and September plantings of each species were
made adjacent to each other. '

Summary of results. —Results of this study were published
(Gomm 1962). Based on ratings made in 1956, the species were
grouped according to their apparent adaptation (table 3). Group
I included those species which significantly increased their
stands and were considered adapted to the site. They were
Alopecwrus pretensis and Bromus itnermis. In group I1 six other
species, Agropyron smithii, A. subsecundum, A. trachycawlwm,
Bromus maryinatus, Dactylis glomerata, and Poa pratensis
maintained their stands except for minor variations. These
grasses were considered adapted to the more favorable sites.

Groups IIT and IV included those species that failed and are
probably not adapted to the area. The soil at this site, however,
was extremely loose when observed in 1956 and the relatively
poor initial stands of some species could be attributed in part
to a loose seedbed.

Lazyman Hill

Study location.—Located east of the Gravelly Range Road at
the top of Lazyman Hill, Beaverhead National Forest, Madison
County, NW1/4 sec. 9, T. 10 S, R. 2 W. (location 2, fig. 10}.

Elevation.—9,350 feet.

Average precipitation.—Annual, 20 inches; April-September,
40 percent.

Soil.—A residual, mellow, dark-brown, silty loam high in
organic matter apparently developed from red shale material.
The “A” horizon is 6 to 8 inches deep with few rocks. Rocks
become more abundant below 8 inches.

Topography.—A general 1l-percent slope to the west-
southwest near the summit of the mountain range.

Type of vegetation.—Subalpine forest and grassland.

Dominant and associated species.—Festucn idahoensis, Geum
triflorum, Agropyron trachycaulum, Pow alpina, and Achillea
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lanulosae are prevalent in the open grassland area. Pinus albin-
caulus is prevalent on the northern slopes nearby.

Previous use.—Rangeland grazed by sheep periodically from
July 1 to September 1 each vear. The study area is adjacent
to a stock driveway.

Study.—Lazyman Hill adaptation nursery.

Date planted. —July 7, 1842,

Procedures.—Thirty-eight species were planted in plots 6 by

TABLE 8.—Stand and persistence of grasses from spring and fall
seeding in 1952 at Currot Basin

Seeded, July Seeded, September
Stand 1953 Stand 1956 Stand 1953 Stand 1956

Species

Pet. Pct. Pet, Pat.

1. All plantings successful:
Alopeeurus protensis -——-- 50 30 40 80
Bronwug inermis —-c-ememmees 30 36 80 75

TL Initial stands

maintained:
Bromus wmarginatus 60
Dactylis glomeraty --am--emee 70
Agropyron smithii --- 1
Al subsecundunt - 1
A trachyeewdum 2
Pou prafensis —— e 8
1T{. Fair to good initial
stands but failed by 1956:
Agropyron desertoram --—--
A, intermedium
A intermedinm
(A eer)
A Erichophortinn emeeemeeeenee
Bromus ervecins
B. carinntus
Festueq armondinacea
Phlcum pratense —-—me—me-
IV, Poor initial stands or
failed compielely:
Alopecurus arundinacee --
Arrhenatherum elativg  ---
Elyrmus juncens -————
Fesinee oving  —---m-emememeee
F. ovine duriuscule
Poa ampla ——-—memem s
Astragatus faleatiis --—ee-
Agrapyron elongatiom ------
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FIGURE 10.—Location of experimental plantin

gs. (Base map by E. S. Smyrl, Dept. Earth Sci., Mont, State Col.,
Bozeman, Mont.)
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14 feet. Three rows per plot were spaced 2 feet apart. Furrows
1 inch deep were dug with a three-cornered hoe, and seeds were
scattered in the furrows so that depth of planting ranged from
1/2 to 1 inch. After planting, the furrows were raked and the
soil pressed with the rake. Before seeding, the ground was
broken from native sod in September 1940. Because of the live
sod, clods, and roots present in the spring of 1941, the area was
disked and floated during thz summer of 1941. At planting time,
in 1942, some old root clods remained, but most of them were
rotted and broken. No live grass clumps remained.

Swimmary of results.—The results of this study from 1942 to
1951 were published (Peterson 1953). The species have been
grouped according to stand changes over a 14-year period {table
4

Group I {(species that maintained their stand throughout the
14-year period) were Bromus tnermis {Common and Parkland),
B. erectus, Alopecurus pratensis, Agropyron dasystachywm, Poa
pratensis, Elymus juncews and Festuca rubra. Of this group,
A pratensis and B. inermis appeared best adapted to the site
and had spread to adjoining plots. Apparently E. jiniceus and
F_rubra declined because of heavy competition from A. pratense
and B. inermis. All the other species in groups II, III, and IV
had died out or could not compete with A. pratensis and B.
inerniis at this site.

Group Il included species that maintained their stands well
through 8 years but declined rapidly in the 10th. In this group
wetre Festuca oving, Agropyron cristatum (Fairway), Bromus
cwrinatus, Agropyron infermedium, A. trachycaulum, A. sub-
secundum, A. trachycaulum viclacewm, Hordevm bre-
visubulatum, Blymus virginicus, and E. sibiricus. Group II1
included species that maintained their stands for 4 years but
failed by the 9th, and group IV species, showed severely reduced
stands within the first 4 years.

The study was plowed out in 1956. The plowing was poorly
done and B. inermis and A. prutensis had reestablished them-
selves by 1963,

Round Hill

Study location.—Located about 1 mile southwest of Lazyman
Hiil on the Gravelly Range of the Beaverhead National Forest,
Madison County {location 3, fig. 10), sect. 7,T.10 8, R.2W.

Elevation.—8,600 feet,

Average precipitation.—Annual, 20 inches; April-September,
40 percent,
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TABLE d.—Establishment and persiste nce of grasses and legumes
planted July 1942 at Lazyman Hill, a subalpine grassiand site

Species

Stand

1942 1930 1935

L. Successiul plantings:
Bromus inermis

Pet Pet. Pet,

B. inermis - Parkland

100 100 95

Apgropyron dusystachyn

a7 100 95

Poa pratensis

100 a0 80

Alopecurus pratensis

78 895 8¢

Bromus ereclhiy

g2 100 80

97 100 G0

Elymus junceus
Festucn rubra

100 80 50

[i. Plantings maintained 9 yoars:

98 80 40

Agropyron cristalum
A tnlermedinm

A puneiflorwm (A, trachyeaidum)

A, subsecundum
Al violacenm (A, trachycunhon) !

Bromius cerfnalies - native

Elymus sibirieus
E. virginicus

Festuca ovina diriuscula

Hordeum brevisubulatum
111 Good stands for 4 years then failed:
Agropyran desertorum

A, smithil

Al spicatin

Flymus daelatricus
Festuca Tdakoensis

. senbrella

Pilewm pralense
Lotus corniculatus

IV. Good initial stand but failed within the first
4 years:
Agropyron inerme

A, sibiriewm

Agrostis alba

Arrhenatherum elatius

Dactylis glomerata
Festuca elatior

Poa anipla

P. compressa

Melilotus officinalis

Trifollum fragiferum

Trifotivin prutense

T. repens

96 80 25
100 G0 0
100 BQ 1
100 100 1
100 100 1

93 60 1

52 30 0

96 60 1
96 95 1
100 ad 1
100 20 20
95 40 1
100 10 0
100 40 1
82 20 1
80 10 1
100 20 1
86 10 0
98 0 0
130 0 0

91 0 0

95 0 0
100 ¢ 0

a2 0 G

33 0 0

65 0 0
100 0 0

96 0 Q
100 0 0
100 0 ]

' Names in parentheses are the correct species names.
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Soil.—Light-brown clay-bearing mass apparently derived
from shalelike parent material.

Topography.—Variable slopes from 10 to 40 percent to the east,
south, west, and northwest.

Type of vegetation.—Subalpine forest and grassland.

Dominant and associated species.—Agropyron spicatum, A.
trachycaulum, Festuca idahoensis, and species of Geranium,
Aster, Potentilla, Galiwm, Achillea, Poa, Invesia, Lupinus, Cer-
astivm, and Chrysothaminus.,

Previous use.—Heavily grazed by sheep. The area is grassland
near springs used for watering.

Study.—Round Hill summary of plantings.

Dute plunted.—June 1937 and October 1949,

Procedures.—Several seeding treatments were made over
several years.

General results.—Although some plantings were not complete
failures, the results were, however, generally unsatisfactory.
The most important findings are as follows:

1. Contour furrows plowed with a walking hand plow at 9-foot
intervals were not deep enough to stop erosion and allow estab-
lishment of grasses on the peor soils of these bare 30 to 40
percent slopes.

2. Handmade furrows3to5inchesdeepat2 to 3 foot intervals
were only slightly effective when planted fo grasses.

3. Check dams constructed of burlap bags filled with soil and
impregnated with seed failed because of excessive runoff. Seed-
lings grew out through the bags. This might be an effective
method of establishing grass on check dams under less severe
econditions.

4. Broadeast plantings on unprepared bare soil failed com-
pletely regardless of species. The failure was attributed to lack
of soil covering the seed and the lack of moisture in the hard
dry soil during the seedling stage.

5. Although hay mulch of Agropyron cristatum failed te pro-
duce seedlings, the hay-muleh method, held in place with.cotton
netting, may be suitable for small exposed areas. The failure
to produce seedlings was attributed to nonviable seed in the
hay.

§. Furrows influenced the establishment and vigor of seed-
lings. Plants were best on banks shaded from the afternoon
sun and poorest on the opposite bank.

7. Large tractor-made contour trenches aggravated the ero-
sion problem. They filled in so that water accumulating in the
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trench washed through the banks at low spots, thus causing
erosion to the shale material below.

8. Bromus inermis, B. inermis (Parkland), Arrhenatherim
elatius, Agropyron cristatwm, and Bromus carinafus produced
the best stands in the order named.

9. Agropyron trachycowlhom, 4. spicatum, Festuca ovina, Poa
pratensis, Melilotus officinalis, and Medicago falcate gave fair
stands in trenched areas.

10. Agropyron intermedium planted in rows established a fair
stand in the first year, but the plants were dwarfed.

11, Oryzopsis hymenoides and Poa bulbosa failled to become
established and to maintain themselves in contour furrows.
These two species established only a few seedlings during the
first year.

Geyser Cone

Study location.—Located in the Gravelly Ranpge of the
Beaverhead National Forest, 30 miles south of Ennis, and 4
miles north of Black Butte Mountain, near Monument Ridge,
Madison County, W1/2 sect. 27, T.108., R.2W. (Location 4, fig.
10}

Elevation,—Approximately 9,000 feet,

Average precipitation.—Annual, 21 inches; April-September,
40 percent.

Soil.—Sandy clay-loam derived from red shale.

Topography.—Gullies with north and south facing slopes of
0 to 35 percent.

Type of vegetation.—Subalpine forest and grassiand.

Dominant and associated species.—Pinus albicaulus, P.
flexilis, and Abies lasiocarpa are the dominant trees. Fesfuca
idahoensis is the dominant grass that is found in mixture with
Gewm triflorum, Lupine spp.,, Agoseris glauwca, and Ivesic spp.

Previous use.—Possibly overgrazed before 1930; largely pro-
tected from grazing since 1930; snowbank areas.

Study. —Geyeer Cone summary of plantings.

Proceduwres und results.—Five studies were made to determine
adapted species and methods of seeding severely depleted sites
of this area.

These studies are reported as follows:

Species, method, and fertilizer study - 1957
Native grass hay mulch - 1858

Species test - 1959

Species test - 1960

Species test - 1961

o Qo o
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Species, method, and fertilizer study-1957.—Ten seedbed treat-
ments were applied in plots 10 by 25 feet; five species of grass
were each seeded in two rows 1 foot apart, and five fertilizer
treatments were applied acress planting treatments. Treat-
ments included the following:

A, Planting treatments:

1. Plowed September 9, 1857, summenr-fallowed, and planted
September 4, 1958

2. Plowed and planted to wheat September 9, 1957, then
planted to grass September 4, 19568

3. Plowed September 9, 1957, planted July 7, 19568

4. Sprayed with 2,4-D (2 pounds per acre)July 7, 1958, planted
September 4, 1958

5. Plowed, planted, and covered with sawdust 1/4 inch deep
September 9, 1957

6. Contour turrow 4 inches deep, 5 furrows per plot, planted
to grass September 9, 1957

7. Transplant 2-inch sod plugs of Bromus inermis September
9, 19517

8. Pilow and drill to grass September 9, 1957

9. Excavate a hole 2 by 6 feet by 1 foot deep and fill with
fertile valley soil before planting to grass September 8, 1957

10. Check - no seedbed or planting treatment

B. Species - Agropyron trachycaulion, Alopecurus pratensis,
B. inermis (seed and transplants), Fesfuea rubra, and Poa pra-
tensis,

C. Fertilizers and rates per acre:

1. Nitrogen - 180 pounds N

2. Phosphorus - 200 pounds P:0s

3. N + P-100 pounds N and 200 pounds P2Os

4. Complete - 100 pounds N and 200 pounds P20s and the follow-
ing elements:

S - 100 pounds sulfur

B - 20 pounds sodium borate

Cu - 50 pounds copper sulfate

Fe - 50 pounds ferrous sulfate

Mg - 50 pounds magnesium suifate

“In - 50 pounds manganous sulfate

Mo - 1 pound ammonium molybdate
Zn - 50 pounds zinc sulfate

Results to 1960 were summarized and published (Hull et al
1962,

In 1958 the valiey soil produced the greatest number of plants
per foot, and July seedings appeared to be superior on residual
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soils. There were no apparent differences among the other seed-
ing treatments.

Although fertilizers did not affect plant emergence, differ-
ences in plant color were evident. Nitrogen-treated plants were
dark green while those not receiving nitrogen were light green.
The minor elements in the complete fertilizer had no visual
effect on plant growth or development.

Generally, Bromus inermis and Alopecurus pratensis had the
most uniform stands and the most seedlings per foot of row
space, Festucarubra, however, appeared equally as good by total
number of plants, but they were in bunches with large void
areas in the row, It is possible that greater care in planting
F. rubra would have improved its stand.

Most of the B. inermis transplants became established. The
number of established plants was not affected by fertilizer treat-
ment, but those that received nitrogen were greener, taller, and
more robust than those that received no nitrogen,

In 1959, the July seedings continued to be the superior treat-
ments with good to fair stands of all species except Poa pratensis.
The success of established stands was also dependent on site
conditions, with northern exposures having the best and south-
ern exposures having the poorest stuands.

Transplants of B. inermis were also fair to good depending
upon the site. Some transplants at all sites had winterkilled,
but survival was highest on the north exposure and lowest on
the south exposure.

Winter snow came unusually early during 1961 before herbage
production was sampled. However, plowing and drilling in July
continued to be the superior seeding method and A. pratensis
and B. inermis continued to be well established.

Native grass hay mulch-1958.—In the fall of 1958 mature
Agropyron subsecundum, heavy with seed, was harvested at the
Crockett Lake study area. The hay was scattered on a bare
unprepared seedbed. In July 1959, a thick stand of seedlings
had emerged, which persisted through 1960 and 1961. The plants
were small, however. In 1962 many of them had died but those
remaining appeared more vigorous than they had in 1961.
Production, however, was low.

Species test-1959.—Five species, Agropyron spp. (Arctic),
Medicago sativa (Rambler), Hesperochloa kingii, and Melilotus
officinalis (PI-187985-L537 and Madrid) were planted in the
spring of 1959. Of these, only H. kingii showed promise of estab-
lishing, Scattered plants of H. kingii continued to persist
through 1962, but none of the other species survived.
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Species test~1960.—0n September 7, 1960, five grass species,
Agropyron intermedium, A, subsecundum, Bromus inermis,
Alopecurus pratensgis, and Hesperochlou kingil, were planted in
three replications. Replications 1 and 2 were located on a west
exposure with 20 percentslope while replication 83 wason a south
exposure with 48 percent slope. Species treatments were split
by applying a straw muleh to half of each treatment.

By October 7, 1960, A. infermedium showed good germination
amdd emergence, but the other grasses had not emerged. In 1961
ardd 1962 only a few of each of the grasses were found and all
the plantings were considered unsuccessful. Apparently, mulch-
ing with straw did not improve the stands.

Species test-1961,—0n June 28, 1961, seven grasses and seven
legumes were planted. The grasses were Agropyron spp. {Arctic),
A inernee, A, intermedinm, Bromus inermis, Bromus spp.
(Alaska), Hesperochloe kingil, and Alopecurus pratensis. The
legumes were dMedicago falcata (Ovenberg), M. sativa (Vernal),
Ouobrychis vicicefolia, Trifolium pratense (Aigzag), Astrugalus
senulbilocularis, Al fuleatus, and A. cicer.

In the fall of 1961 good seedling stands of A. intermedium,
B. inermis, and Agropyron spp. {Arctic) had emerged.
Occasionally, scattered seedlings of the other grasses were also
found. In 1962 the grasses continuved to appear as seedlings with
a siight veduction in stand.

Of the legumes only 0. viciaefolica had good stands emerge
in 1961. A few scattered plants of M. fulcata (Orenberg) and
A. cicer were also found. [n 1962 only a few of the O. vicicefolia
seedlings remained.

Red Spots

Study location.—Located at the head of Ruby Creek and Red
Creek in Gravelly Range of the Beaverhead National Forest,
Madison County, sect. 21, 22, 27, 28; T.108., R.2W. {location 4,
fig. 10).

Flevation.—8,500 to 9,500 feet.

Average precipitation.—Annual, 21 inches; April-September,
1{ percent.

Seil.—Red clay loam to red shale.

Topography.—5 to 80 percent slopes vo the southeast, east,
and northeast.

Type of vegetation.—Subalpine forest and grassland.

Dominant and associated species.—Festuce idaehoensis and
species of Lupinus, Carex, and lvesia.
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Previous use.—Depleted range from sheep grazing; driveway
in snowbank areas.

Study.—Red Spots snowbank plantings.

Date planted.—August 16 to September 20, 1948, and August
20 to September 20, 1949.

Procedures.—A mixture of seed was planted at 20 pounds per
acre with acyclone hand broadcaster. Seeding was done on areas
of various sizes where the seedbed had been variously treated.
Species were ineluded in the mixture in the following propor-
tions:

Species
Parts

Agrostis alba
A tenwis - - -

Bromus inermis e 2
Dactylis glomerala ----
Festuca rubre fallay e
Phalaris arundinacea
Phleum pratense
Poa ampla
P. pratensis --—-- ----
Trifolivm repens

b &0 oen O - 0N O e G

Seedbed preparation included the following treatments:

1. Furrows were plowed on the contour spaced 3 to 12 feet
apart depending on slope. The steeper the ground the closer
the furrows. Contours were dammed at §-foot intervals. Seeds
were nof covered after planting.

2. A 4-foot disk was pulled behind a D-4 tractor. Disking on
the contour was unsuccesstul because the slope was too steep
and irvegular to follow the contour. Seeds were not covered after
planting.

3. A spiketooth harrow was pulled approximately along the
contour scratching from 1 to 2-1/2 inches deep, Seeds were not
covered after planting.

4. Unprepared seedbed. Seeds were not covered with soil after
planting, but special areas were variously treated with sawdust
or straw mulches and fertilized.

Results.—The areas that were plowed on the contour produced
good stands of seedlings in the furrows especially where they
were dammed. One area that had been plowed and the seed
had been covered with a thin layer of sawdust was better than
those without the sawdust treatment. Disked treatments were
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moderately suecessful. The harrowed and noncultivated treat-
ments failed, but a few plants emerged, Their survival, however,
was low.

In areas where soil was prepared to conserve water and where
fertilizers were used, good stands of grass were established.

Straw mulching without fertilization had little effect on stand
establishment, but with fertilizers, it gave good results,

Sawdust mulching without fertilization was detrimental to
stand establishment, but sawdust with fertilizers gave good
results,

By 1651, plowing with furrows on the contour was the most
successful seedbed treatment, but native weeds were reestab-
lishing on all disturbed areas.

By 1957 and again in 1963 B. inermis was the only species
that appeared adapted to the area. It was well established in
the bottoms of the contour furrows but was not spreading to
areas between the furrows. Also the stands were thin; produec-
tion was low; and only a few seed heads were produced.

Elk River

Study location.—Located south of the gully where the road

crosses the main fork of Elk River in the Gravelly Range of
the Beaverhead National Forest, Madison County, SE% sect.
16, T.118,, R.2W. (location 5, fig. 10).

Eievation.—8,700 feet.

Average precipitation.—Annual, 20 inches; April-September,
40 percent.

Soil.—Red clay intermixed and underiain with red shale.

Topography.—North-facing 30 to 60 percent slopes.

Type of vegelation,—Subalpine forest and grassland.

Dominant and assoclaled species.—Festuca idahoensis.

Previous use.—Depleted sheep range; subject to deep snow-
drifts.

Study.—Elk River snowbank plantings.

Date planted.—September 15, 1947,

Procedures.—Bromus inernis was planted in a Ye-acre area
at 10 pounds per acre with a cyclone seeder. The seedbed, which
was practically denuded of vegetation, was brush-dragged
before and after planting.

Part of the area was fenced to exclude livestoek. On the area
that was not fenced, furrows were plowed on the contour before
planting and trees were laid up and down the slope to divert
the travel of S$heep crossing the slope.

Summary of results.—In 1949, a few plants of B. tnermis were
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found in the exclosure but the planting generally was not satis-
factory. On the unfenced area sheep were allowed to graze, but
despite their trampling, a fair stand of B. inermis grew in the
contour furrows, Under the protection of the trees, a good stand
of native grasses and B. inerniis became established.

Douglas Fir-Larch Forest

This predeminant forest type, located on the west slopes of
the Continental Divide north of Missoula, Mont., encompasses
approximately 4,787,000 acres. Pseudotsuga menziesi! and Lariy
oceidenialls are the main tree spectes. Pinus albicaulis becomes
an important subspecies in the northwest corner of the State,
and Pinus contorfe becomes more important as a fire species
to the south. Oceasionally, Thuja plicata, Abies grandis, Tsuga
heterophylla, and Taxus brevifolia are also found. The under-
story consists primarily of Calamagrostis rubescens, dlahonia
aquifolium, and Arctostaphylos spp.

The elevation ranges from 3,000 to 6,000 feet; precipitation
varies from 16 £o 40 inches, and the growing scason varies from
30 to 80 days.

The topography is generally too steep or too rough to be cul-
tivated and seeded. Nevertheless, native and introduced grasses
become readily established in cutover or burned areas.

The soil is a light-colored timbered soil derived from glacial
till that contains a large percentage of rock fragments mainly
from quartzite and argillite. Dolomite and limestone fragments
are found in the lower subsoil. Soil series include Waite, Yeoman,
Walters, and Whitefish.

Because of the general forest type and associated topography,
revegetation to grassis notconsidered practical except following
firesorlogging. Species that appear from management plantings
to be adapted include Trifolium repens, T. hybridum, Phleum
pratense, Poa pratensis, P. compressya, and Festuca elatior. Hand
broadcasting and aerial seeding have been successful. Seeding
should be done as soon after the fire or logging as possible so
that the seed will be covered with ash or sluffing soil.

Lodgepole Pine-Douglas Fir Forest and Grassland

This type of vegetation, covering over 9,735,000 acres, is the
most widespread forest type in Montana. It is located on both
sides of the Continental Divide in mountainous areas at eleva-
tions from 5,000 to 10,000 feet, Precipitation varies from 16 to
40 inches, and the growing season varies from 30 to 110 days.
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Pinus contorta is the dominant tree species, especially in pre-
viously burned areas, In the north it grows in fairly pure stands
at the higherelevations, while at the lower elevations it is found
in association with Pgeudotsuga menziesii and Pinus ponderosa.
In the south it occurs primarily as pure stands, but may be
intermixed with P. menziesii, Populus tremuloides, Picea
engelmanni, and Ables lasiocarpae. Vacciniiom spp., Physocarpus
malvaceus, Symphoricarpos spp., Sambucus microbotrys,
Lupinug spp., and Celaemagrostis rubescens are often found as
understory.

Open mountain grasslands and parks are found throughout
the forest type where Carex geyeri, Agoseris glauca, Festuca
idaltoensis, and species of Arnica, Aster, and a number of other
herbaceous plants are found. In some openings Wyethiu spp.
dominates the area, Artmesia tridentete may also become an
important species on the drier sites.

Much of the cutover forest and associated grasslands have
deteriorated through overgrazing by big game or livestock and
are in need of more closely controlled management. Mechanical
seeding is net recommended generally because natural recovery
is usually successful. However, where the site is so deteriorated
that most of the perennial grasses have been eradicated, or
where erosion is a4 serious problem, artificial seeding should be
considered. Experimental studies have given variable results
from seedbed preparation treatments. In the Bridger Range
near Bezeman, Mont., seedings failed when grasses were planted
into dense stands of Browmus fectorum. Seedings also failed in
the Selway Forest in Idaho where there was no seedbed prep-
aration. Near Wise River, Mont., good stands were obtained
where seed was broadcast on an unprepared but loose seedbed,
At this site, however, seeded species were most abundant where
native vegetation was least dense.

Conclusionsdrawnfromthe severalstudiesdone onopen grass-
lands of this type indicate that (1) a seedbed should be prepared
where the density of the native vegetation is great and where
the topography is not too steep. Work should be done on the -
contour. (2) Drilling is the best planting method, but where drill-
ing is impractical, broadcasting is suitable if the slope of the
land and condition of the soil provide natural covering of the
seed. Otherwise, some method of dragging should be used to
cover the seed.

Several species appear well adapted for planting in the open
grasslands of this type. Those that appear best adapted include
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Agropyron intermediiom, Alopecurus pratensis, Arrhenatherum
elatius, Bromus erectus, B, inermis (Lincoln and Manchar va-
rieties}, Elymus junceus, Festuce ovina durtuscula, Phleum pra-
tense, Dactylis glomerata, and Poa compressa. Agropyron deser-
torum (Nordan and Standard varieties) appeared good at some
locations but did not maintain good stands particularly at the
more moist sites where other introduced and native grasses
crowded them out. Medicago fulcata also appeared to establish
good stands for a few years.

Introduced species produce good herbage vields in this type.
Yields of 1to 2 tons per acre can be expected from new plantings.
As stands beconie older, produection declines after the third and
fourth growing season. However, in normal years 1,000 to 1,500
pounds of herbage can be expected.

Application ofnitrogen fertilizer increased yields significantly
at the Crockett Lake area. Residual effects expressed as
increased herbage and change in species composition were pres-
ent 12 years after the initial applications and as increased pro-
tein content from 4 to & years after appiication,

Wapiti

Study location.—Located near the Wapiti Road approximately
one-half mile from the Wapiti-Taylor Fork junction in the Galla-
tin National Forest, Gallatin County, sect. 18, T.98., R.4E.

Elevation.—Approximately 7,500 feet.

Average precipitation.—Annual, 20 inches; April-September,
50 percent.

Soil.—Clay leam; rock near surface at top of the ridge.

Topography.—b- to 10-percent slope to the east.

Type of vegetation.—Lodgepole pine-Douglas fir forest and
grassland.

Dominant und associated species.—Festuca idahoensis,
Agropyron smithii, A. spicatum, Koeleria cristate, Chrysotham-
nus spp., Artemesic tridentate and Oxyiropis sericea are domi-
nant species in the open grassland. Pinus contorte is the domi-
nant tree in the nearly forest.

Previous use.—Qvergrazed range by livestoek and elk (wapiti).

Study.—Wapiti adaptation nursery.

Date planted.—June 5 and September 16, 1957,

Procedures.—The seedbed was prepared by disking and har-
rowing in October 1956. Twenty-five species of grasses and
legumes were planted by drilling with a hand drill in plots 38
by 30 feet with three rows per plot spaced at 1-foot intervals.
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Fall and spring seedings of each species were made adjacent
to each other in a randomized block-split plot design with three
replications.

Summary of results.—Plots planted in the fall of 1957 were
rated as complete failures. The failures may have been from
the lack of seedbed preparation just before planting and the
resulting competition from weeds.

In the spring seeding, Medicago falcata, Dactylis glomerata,
and Melilotus officinalis produced the vest initial stands while
Agropyron spicatum and Pog pratensis failed completely.

By 1961 stands of most species had improved. Those that
appeared well adapted to the site included Agropyron deser-
torum (Standard and Nordan), A. intermedium, Bromus inermis
(Lincoln and Manchar), B. erectus, Elymus junceus, Festuca
oving duriugeule, Alopecurus pratensis, and A. arundinacea
{table 5). Those that established good to fair stands but failed
to increase in stand were Agropyron trichophorum, Dactylis
glomerata, Festuca rubra, Medicago falcata, and Poa ampla. The
rest of the species generally failed, however, the few listed below
produced fair yields.

Herbage yields were highest in 1959 for most species. They
generaily decreased in 1960 and 1961 but increased again in
1962. Only the 1959 yields and the 1959-62 averages are given
in table 5. The highest producing species were M. falcata and
A. desertorum (Nordan and Standard) in 1959, A. desertorum
(Standard) in 1660 and 1962, and F. ovina in 1961.

Although Agropyron elongatum established a poor stand, it
produced 1,500 pounds of herbage in 1959 and 919 for the 1959-62
average. Other species that established poor stands but main-
tained fair yields were A. inerme, A. elatius, Stipa viridula, and
Festuca arundinagcea.

Study.—Wapiti broadcast seedings.

Date planted. —October €, 1956.

Procedures.—Part of the area was disked, harrowed, and
broadcast seeded to a mixture of grasses. Species and seeding
rate per acre were Bromus inermis, 3 pounds; Agropyron
intermedium, 2 pounds; Festuce ovina, 1 pound; and Poa ampla,
1 pound.

Randomly located samples were harvested by species in each
of tour treatments (seeded grazed; seeded protected; native
grazed; and native protected), The unprotected areas were
grazed heavily in the fall and early spring by big game and
horses.
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Summary of results.—Samples harvested in 1959, 1961, and
1962 showed higher yields from protected areas of both the
seeded and native stands (table 6). Increased yields were mostly

TABLE 5.—E'stablishment and herbage yield of seeded species on

deteriorated rangeland at Wapiti, a lodgepole-grassland site

Yield per acre,

Species oven-dry
1957 1861 1859 1959-62 av,
Pet. Pet. Lb. Lb.
[. Suecessful plantings:
Bromus inermis -

Linepln - 53 Q2 2267 1,350
B. inermis - Manchar - 533 90 2,233 1,454
Alepecurus pratensis ------- 51 88 2,100 1,328
Bromius erectus ----—----emme- 55 83 1,600 1,147
Festuea ovina

duriusenla e 51 85 1,438 1,383
Alopecuirus arundinacea -- 16 82 1,633 988
Agropyron deserforum -

Stan. 51 80 3,466 2,028
A, intermediingn —ecaaeaeas 50 77 2,633 1,436
AL desertoruny -

MNordan - 56 7o 3,833 2,008
Elymus junceus -weeescaee 28 65 1,033 T48

[, Fairto good stands but not

increasing:

Dactyiis glomeratq --—e—-v- 83 63 1,333 843
Medicagoe feleuta -

Ladak 90 o8 4,467 1,762
Agropyron trichophorum - 43 30 2,266 1,148
Fegtitea rudreg ---comeeeme s 46 47 1,100 827
Pott @npla +eveememereemeeeee 36 37 1,633 1,028

111, Poor stands established
but vielded well:
Agropyron elongatunt ---—-- 13 13 1,508 919
Ao Inerme - 10 3 1,367 920
Avrrhenatherem elatins - 30 7 1,233 830
Stipa viridula -we-eeeeeee 18 20 1.400 812
Festuce grundinaceq ------ 56 12 1,132 725
IV, Generally failed:
Agropyron smithii a3 £ 66 400
A, gpleatlim ———eeeceeeaae 4] 4 367 466
Elymus triticoides - ] 2 567 2060
Poa pratensgis —w----emeeeee. - ¢ i 0 g
Melilotus officinalis -=—- 23 1 300 75
Least significant difference
at 5-percent level --———- 26 16 1,005 764
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due to increases in production from the introduced and the
native grasses. In unprotected areas the forbs increased in quan-
tity each year and became an important part of the stand by
1962, In the seeded protected area the introduced grasses

dominated the stand with very little invasion from native
species.

Crockett Lake

Study location.—Located at the head of Dry Hallow in the
Beaverhead National Forest approximately 1/5 mile south of
the Gravelly Range Road, Madison County sect. 14 NW, T.8S,,
R.2W. (location 7, fig. 10).

Average precipitation.—Annual, 20 inches; April-September,
40 percent.

TABLE 6.—Herbage yields of native and introduced plants on
deteriorated rangeland as affected by grazing at Wapiti, a lodge-
pole grassland site

Yield per acre
1959 1961 1962

Grazing treatment and species

L. Lb. Lo.
Seeded protected, all introduced grasses -—-—-—-—- 2,000 1,113 1,600

Native protected:
Total 813 1,101 1,450
Agropyron smithii 34 48 200
A spleatum 112 34 200
2Festuea idahoensis 346 508 600
Roloria eristute 38 31 200
Al forbs 239 480 200
Chrysothamnus spp 44 1] a0

Seeded grazed:

Total 1,177 1,159
All introduced grasses 1,138 Bal
Al forbs 19 150
Al native grasses 20 150

Native grazed:
Total 1,17¢
Agropyron smithii ! 150

A ospleatian
Festuea idahoensisl
Roleria cristata
All forbs
Chrysothamnus spp
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Elevation.—7,500 feet.

Soif.—Silty loam high in organic matter. Fractured quartz
rock occurs throughout the profile.

Topography.—b-percent slope to the west.

Type of vegetution.—Lodgepole pine-douglas fir forest and
grassland.

Dominant and associeted species.—Festuee idehoensis,
Agropyron subsecundum, A, spicatum, Geum triflorum, Agoseris
glawca, Achillea lanulosa, and Cerastium spp. are dominant with
some Artemesiv tridentate in the prasslands. Pinus contorta and
P. flexilis dominated the adjoining timbered areas.

Previous use.—Rangeland in good-to-excellent condition
grazed by cattle.

Study. —Crockett Lake fertilizer—species planting,

Doate planted.—September 18, 1956.

Procedures.—A fine, firm seedbed was prepared by moldboard
plewing and by disking. Ten species of grass were planted in
a randomized block-split plot design with fertilizer as major
plots and species as subplots. Species plots were 3 by 20 feet
with three rows per plot spaced at 1-foot intervals. Seeding was
done with a belt-type hand seeder. Fertilizer treatments were
applied in September 1956, at three rates (500 pounds N with
225 pounds Pa0s per acre; 100 pounds N with 45 pounds P20s per
acre; and check with no fertilizer.)

Swumniary of results.—All species established excellent stands
ranging from 73 to 97 percent of rows occupied. Most of them
continued to maintain or improve their stands through 1962
(table 7). Festuca arundinacen appeared the least adapted;
stands reduced from 92 to 3 percent between 1957 and 1960.
Poo ampla, Festuca rubra, F. oving, Agropyron desertorum, and
A. trichophorum also suffered some loss in stand while Poa
pratensis, Bromus inerniis, and Alopecurus pratensis filled in
to nearly complete stands.

Significant differences caused by fertilizers occurred during
establishment and in mature stands. Early in the study, interae-
tions of species times fertilizers were significant but these differ-
ences disappeared as the stands matured, Generally as fertilizer
rates increased, stands decreased. For example, Festucae ovina
duriuscule decreased from 83 percent stand in 1957 to 14 percent
in 1960 due to the high rate of fertilizers. At the other rates,
it decreased from 90 to 70 percent then maintained its stand
through 1962, At the high rate, it recovered to 75 percent in
1962, similar in stand to the other treatments.
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TABLE 7.—Stand, yield, and protein content of seeded grusses
as affected by fertilization at time of planting*

Yield per acre Protein per acre
oven-dry herbage 1980-62
Species Stand No No

1962  fert. Med. High fert. Med. High

Pet. L&, Lb. Lb. Lb.  Lb. L,

Fegtuea pring
dwrinsenla —emeneemmenees 72 1,928 1659 1,388 T 4.0 %1
Rronuy ineratis

{Lineoind e 160 1828 2,356 2937 68 9.1 9.7
Agropgron intermedinm - T LGl 2825 3,044 8.3 3.0 108
Alopectrus prafoisis cmemeeema- 100 1,254 1,786 2,047 8.2 8.7 9.8
sgropyron deseriornn

(Nordan) -r-eseecimimeeeeeeee 58 1,118 1,879 1,910 8.9 8.4 8.6
Pow wmpla

(Sherman) -ov—wesiennees 49 1,087 978 1378 TR %48 8.5
£, prafensis (Troy) - - 100 1,007 1424 1,955 7.6 3.9 8.5
Festhed rubra ceeamveeeeeeeere 63 852 736 1,481 9.1 8.2 9.9
Agropyron frichaphorum - 69 T8¢ 1,694 2,550 8.4 88 102

Mean, 8 %1268 1,681 2,077 8.4 8.0 4.6
Festiuca arundingeeq s 3 481 205 192 8.2 299 9.4

' Planted and fertilized in September 1956, Fertilizer rutes in pounds per
acye were as follows:

N Pais
S TS [ p— 500 225
Mediom -- 100 15

? First 2 years only; yields were negligible in 1862,
# For comparison, native Agropyron subsecundum produced 964 pounds and
native range, 794 pounds per acre.

Herbage yield differences were significant in 1959 among
species but not among fertilizer treatments. In 1960, 1961, and
1962, however, yield differences among speecies and fertilizers
as well as interactions were significant. Generally, yields
declined in 1960 and 1961 and increased again in 1962. This
appeared true for all fertilizer treatments. The difference among
vears might have been due to increased precipitation received
in 1962.

Except for F. ovine and F. arundinacea, average yields for
1959-62 (table T showed increased herbage production with high
fertilizer rates. Production of F. ovina declined with increased
fertilizer. In all years the seeded grasses, with the exception




42 Technical Bulletin 1479, U.S. Dept. Agr.

of F. arundinaceq, F. rubra, and P. ampla, produced more her-
bage than volunteer native Agropyron subsecundum or native
range complex,

Stage of maturity did not appear to be affected by rates of
fertilizers. Height measurements, however, were increased
slightly with the application of fertilizer for all but the Festuca
and Poa species,

Herbage samples harvested in 1960, 1961, and 1962 were
analyzed for erude protein, Generally, protein increased with
increased fertilizer rates (table 7). In 1960 differences in protein
content were significant among species. F. rubra was higher
in protein than the other grasses. But there was less difference
among species at the high and medium rates than without fer-
titizer. In 1961 and 1962 differences in protein content were
not significant among the species.

Residual effects from fertilizers influenced the protein content
through 1960. By 1961 the residual effect of the medium rate
did not increase the protein content vf several grasses. The high
rate, however, continued to show residual effects in 1961. In
1962 the protein content of the herbage was variable with no
indication that any residual effect occurred from fertilizing at
any rate.

Henley Ridge

Study location.—Located on the Jerry Creek allotment of the
Wise River District, Beaverhead National Forest, located 3 miles
west of Little Granulated Mountain, Beaverhead County, sect.
31, T. 2N, R.11W. (location 9, fig, 10).

Elevation.—7,500 feet,

Average  precipitation.—Annual, 16-18 inches; April-
September, 77 percent.

Soil.~—Gravelly toam,

Topography.—1 to 10 percent to the southwest.

Type of vegetation.—Lodgepole pine-Douglas fir forest and
grassiand.

Dominant and associated species. — Festuca idahoensis, Poa
spp., Koleria cristata, Artemesie tridentata, Stipa columbiana,
and Browmus carinatus are dominant in the open grasslands,
Pinuscontorta isthe main tree species in the surrounding forest.
Psendotsuga menziesii and Abies lasiocarpa are also found.

Previous use.—~Qvergrazed rangeland.

Study.—Henley Ridge adaptation planting,
Date planied.—Qctober 11, 1946.
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Procedures.—Ten species were broadceast seeded onto 1/20-acre
plats at 20 pounds per acre. Seeds were not covered. Seeding
was made on a £ £o 3 inch snowcover. Before the snowecover
and planting, the avea was double disked with a cutout disk.

Summary of results.—The initial seedling establishment was
not cbserved. By the second year Bromus inermis, Festuca arin-
dinaceq, . ovina, Poa bulbosa, and P. stenantha had established
good stands while Agropyron intermedium, Alopecurus pra-
tensls, and Poc compresse established fair stands. Agropyron
eristatum and Poa anipla failed.

Native species of Stipa columbiane and Bromus carinatus
formed good stands throughout the area. In an adjoining area
planted to a mixture of Agropyron eristatum, A. trachyeauwlum,
R. inermis, and Phlewm pratense, good stands of P, prafense
weare established, while B. inermis and A, trachycaulum tormed
falr stands. A eristatron was not found.

Bean Ridge and Grassy Granulated Mountain

Study location.—Located in the Wise River district of the
Jeaverhead National Forest, Beaverhead County, sect. 1 and
2, TN, RO LIW. (location §, fig, 10).

Elevation.—7,500 to 8,000 feet,

Average precipitation.—Annual, 16-18 inches; April-Septem-
ber, 7T percent.

Soil.—A laoose, stony loam.

Topography.—Variable slope and exposure.

Type of vegetation.—Lodgepole pine-Douglas fir forest and
grassland.

Donmtingid and associated specics.—Festuca idahoensis, Pou
spp. Nelerie eristata, Artemesice trideatete, Stipe columbiang,
and Brontus cqorinatus. Pinus contorte is the dominant tree in
the nearby timbered areas. Pseudofsugae menziesii and Abies
lasiovarpa are also found.

Previous use.—Depleted rangeland grazed by livestoek and
big game,

Ntudy.——Bean Ridge and Grassy Granulated Mountain Range
Plantings.

Duate planted.—Fall 1948,

Procedures.—A mixture of four grasse= was broadceast seeded
on unprepared seedbed over a 100-acre area, Grasses planted
werve frontus inernds, Dactylis glomerata, Poa pratensis, and
B bhulbosa.
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Summary of results.—A pgood stand of seeded grasses
established on the steep, loose, east-facing slopes where
plants ranged from 10 to 25 plants per square yard. On level
grassy parks, however, where the soil was relatively stable and
the area was well occupied with dandelion and other weeds,
few seeded grasses established.

Jerry Creek

Study location.—Jimmy New Creek area) Wise River District,
Beaverhead National Forest, Beaverhead County, sect. 11,
T.2N., R.11W. (location 9, fig. 10).

Elevation. —17,800 feet.

Average precipitetion.—Annual, 16-18 inches; April-Septem-
ber 77 percent,

Soil.—A loose, stony loam of moderate brown color eroded
by sheet and shoestring gully erosion.

Topography.—60 percent slope to the southwest.

PType of vegetution.—Lodgepole pine-Douglas fir forest and
grassiand.

Dominant and associated species.—Agoseris, Gayophytum,
Polygonum, Pentstemon, Potentilla, Fragaria, Antennaria,
Achillea, Lupinus, Poa, Bromus carinetus, Carex, and
Chrysothamnus. Pinus contorta is the dominant tree in the
nearby forest. Pseudotsuga menziesii and Abies lasiocarpa are
also found.

Previous use.—Depleted {rom heavy use by livestock and as
a natural stock passageway.

Study.—Jerry Creek Aliotment range plantings.

Date planted.—-October 9-14, 1940,

Procedures.—A mixture of five grasses was planted by broad-
casting at 5 pounds seed per acre over a S-acre area. Because
of the steep slope, no seedbed was prepared or the seeds covered.
Included in the seeding were Agropyron cristatum, 4 parts;
Arrhenatherion elatius, 1 part; Browmus carinatus, 2 parts; Dac-
tylis glomerata, 1 part; and Poa compressa, 1 part.

Summary of resuits.—In the first growing season after plant-
ing, the seeded species were well distributed over the area.
They were most abundant where the native vegetation was the
least dense. In succeeding years, D. glomerata and P. compressa
made the best growth. Bromus inermis {which must have been
planted in the place of B. carinatus) made a fair showing, while
A. cristatum and A, elatins were rather poor. Estimated herbage
production in 1946 was 400 to 500 pounds per acre.
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Little Granulated Mountain

Study location.—Located % mile west of Jimmy New Creek,
Wise River District, Beaverhead MNational Forest, Beaverhead
County, sec. 10, T.2N., R.11W. (location 9, fig. 10).

Elevation.-—1,550 feet.

dAverage  precipitation.—Annual, 16-18 inches; April-
September, 77 percent.

Soil.—Dark-coloved pebbly loam. Much of the topsoil has been
lost through sheet erosion, but the soil is fairly deep and produc-
tive. Subsoil consists of small rocks and pebbies.

Topography.—Four to 10 percent slope to the south.

Type of vegetation.—Lodgepole pine-Douglas fir forest and
grassiand.

Dominant and associated species.—Agoseris, Polygonwm,
Potentilla, Frageria, Antennaria, Achillea, Lupinus, Peoa,
Fostuea and Carex. Pinus contorta is the dominant tree in the
forest.

Previous use.—Depleted from heavy use and trampling by cat-
tle and horses during the spring, summer, and fall.

Study.—Little Granulated Mountain range plantings.

Date planfed.—Qctober 14, 1940.

Procedures.—The area was double-disked with a light 6-foot
horsedrawn disk to preparve a seedbed. Three mixtures of grasses
were planted by broadeasting at 5 pounds of seed per acre onto
3-acre plots. Seven additional plots of grasses were planted sin-
gularly by broadcasting on 1/40-acre plots. No attem pt was made
to cover the seed. No provision was made to protect the seeded
areas from grazing, but the number of animal units was reduced.

Summary of results.—In the first growing season all the seed-
ings appeared well established. Agropyron intermedium, A. cris-
tatum, Arrhenatherum elatius, Bromus erectus, B, inermis, Dac-
tylis glomerata, Elymus sibiricus, and E. virginicus established
stands with 12 or more plants per square yard., By the end of
the second growing season, D. glomerata was considered the
best established grass in the mixtures. B. inermis and Poa com-
pressa also became well established in the mixtures. In the pure
seedings, A. infermedinam, B. erectus, and P. compress¢ were
the most cutstanding species.

By the sixth growing season, P. compressa, D. glomerate, and
Poa pratensis {which had increased from impure seed) continued
to appear well established with good stands. On the other hand,
A. eristatwm had become a minor component of mixtures,
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although it was a major part of the original mixture. Bromus
carinatus was apparently lost from the seedings.

Throughout the study livestock utilized the grasses during
the grazing season. Those species most heavily utilized were
D. glomerata, B. evectus, A. intermedium, B. inermis, and P.
compressa. B sibivicus, E. virginicus, A. eristatum, and &. elatius
were the least utilized.

General conclusions were:

Seedbeds should be prepared where the density of native vege-
tation is great. Double-disking appeared sufficient to prepare
the scedbed, and work should be done on the contour.

Seedings should be protected from grazing until the seeded
grasses are well established.

Of the species tested, D. glomerata, P. compressa, and P, pra-
tensis were the best adapted. Those that showed some promise
included B. inermis, B. erectus, A. intermedium, and A. elatius.
A eristatiom apparvently is either not adapted to the conditions
of this site or it cannot compete with the more adapted species.

Seiway

Study location.—Located on Cow Creek Ridge near Bear Creek
Range Station, Selway National Forest in [daho, sec.-9 and 10,
T.8IN,, R.13E. Boise Meridian (location 10, fig. 10). Dry site:
Near top of ridge 400 vards north of Pettibone Creek bridge;
Moist site: % mile up Pettibone Creek trail.

Elevation.—1,5600 feet.

Average precipitation.—Annual, 20 inches; April-September,
45 percent.

Spil.—Coarse decomposed granite. The soil surface was raw
and bare except for pine needles on the dry site. The moist site
had the same soil but with more humus.

Topography.—Dry site: 60 to 70 percent slope to the south;
moist site: 5 to § percent slope Lo the southwest.

Type of vegetation.—Lodgepole pine-Douglas fir forest and
grassland.

Dominant and associated species.—Pinus contorta, Calamag-
rostis rubescens, Carex geyert, Poa spp., and Festruca idehoensis;
some Danthonia spicata, Koeleria cristate, and Agropyron
spieatunt. Also some Bromus tectoriem had invaded.

Previous nse.—Game range.

Study.—Selway adaptation plantings.
Dete planted.—Qctober 5, 1943.
Procedires.—Twenty species were planted in 15- by 30-foot
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plots on dry and moist sites. Seed was broadcast by hand on
an unprepared seedbed and then covered by raking with a gar-
den rake.

Sumneary of resulis.—The seedings failed. In the first growing
season Klymus x Secale was the only species found on the dry
site. On the moist site it only rated poor, and Medicago fuleata
was the only other species found. M. falcata produced a fair
stand, but the plants were small and yellowish.

By 1947, only a few Agropyron cristaiuwm plants were found
on the dry site while a few plants of A. eristatum, Arrhenatherum
elatinug, Bromus carinatus, B, erectus, B. inermis, Ductylis
glomerata, Phicunt pratenses, and Poa ampla were found on the
moist site.

Western Ponderosa Pine Forest and Grasslamd

Pondercosa pine is found on both sides of the Continental
Divide. However, the “bull pine,” Pinus ponderase variety
scopitiorum, f eastern Montana is considered to be distinctly
different froi the western yetlow pine of western Montana.

The vegetative type referred to here is of the western strain
only and is located west of the divide except on the east slope
in the north and in the Big Belt Mountains. It is found at eleva-
tions of 3,000 to 5,000 feet and includes approximately 4,965,000
acres. Precipitation varies from 12 to 30 inches, and the growing
season ranges from 40 to 140 days. The soils are generally light-
colored timbered soils or thin loamy soil over bedrock.

Pinus ponderose is the dominant species, In the north it is
in association with Pseudotsuga nmenziesti, Larix occidentalis,
ang Pinus contorta. Calamagrostis rubescens and Carex geyeri
are found in the understorv. The type predeminates as forest
but is intermixed with open grassiands and parks. Most of the
lowlands have been cleared for cultivation,

The dominant species of grass of the grassland are believed
to have been Agropyron spicatum, Poa secunde, and Festuca
{dahoenrsis in association with Stipa comate, Poa spp., Flymus
cinerius, Koelerig eristata, Aster spp., Solidago spp., Purshic
tridentata, and Arfemesia tridentata.

Today, muchofthe uncultivated grasslands have beeninvaded
by Bromus tectorum to the execlusion of most other grasses.

Because of the steep slopes associated with these depleted
erasslands, revegetation by mechanical means is often hazard-
ous and unsuccessful. Most commercially buiit equipment is
inadequate for preparing seedbeds and removing the competing
B. tectorumn from the steep slopes.
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The scarification of the soil caused by logging and the necessity
of reestablishing cover following burns have prompted seedings
within the forest type.

The grasslands associated with the ponderosa pine forests
often grade into the Intermountain Valley grassiands. Studies
that apply to these associated grassiands are discussed in the
Intermountain Valley grasslands section (p. 75).

Conditions for revegetation in the forested type arve generally
favorable for natural recovery following logging or burns. Artifi-
cial seeding, however, becomes an important too! in healing the
disturbed areas while the native grasses and associated plants
become reestablished. Eventually, most of the seeded grasses
will be crowded out and replaced by the native species or by
Pou pratensis ov Phlewmn pratense that appear naturatized to
the area.

Where replacement of native species with introduced rasses
is desired for forage produection, the seedbed should be plowed.
Drilling the seed is recommended. However, fair-to-good stands
have been obtained by broadcast seeding. Failures from broad-
casting the seed oceurred particularly from spring seeding and
generally where the broadcast seed was not covered.

Species that appeared well adapted to this type include native
strains of Calamagrostis rubescens, Festuca spp., Agropyron
inerme, and intreduced strains of Dactylis glomerata, Agropyron
pungens, A, spicatum, Arvhenatherum elatius, Bromus erectus,
B. inermis, Festuca ovina, Phlewm pratense, and Poa pratensis.
On the drier sites Agropyron desertorum and A. eristatum did
well, but they appeared to thin out as competition from native
grasses increased,

Missoula

Study location.—Located 7 miles up Rattlesnake Creek from
Missoula between the ereek and the county road, Missoula
County S1/2 sec. 19, T. 14N,, R. 18W. (location 11, fig. 10).

Flevation.—3,800 feet.

Average precipitation.—Annual, 14 inches; April-September
b8 percent.

Seil.—A dark-brown alluvial soil of a gravelly loam texture.

Topography.—0- to 5-percent slope, mostly to the south.

Type of vegetation.—Western ponderosa pine forest.

Dominant and associated species.—Pon pratensis, Phleum
pratense, and species of Carex and Trifolium. The area was
probably once oceupied by Pinus ponderose that dominates the
surrounding forest.
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Previous use.—Irrigated for native hay; probably claimed from
the forest.

Study.—Summary of species adaptation nurseries; five nur-
sery plantings were made from 1938 to 1941 to determine the
effect of season of planting and cultivation for weed control
on the establishment of seeded species. Plantings &, 4, and 3
were duplicated. All weeded plots were treated by cultivating
petween the rows from planting time until 1942,

Planting No. 1

Duate plunted.—May 25 to June 3, 1938.

Procedires.—Twenty-one species were planted in 20-by 20-foot
plots and two mixtures in 40-by 44-foot plots. Seeding was in
handmade rows 18 inches apart. The two mixtures were simple
legume-grass mixtures with the legumes and grasses seeded
in alternate rows. Before planting, the area was plowed, har-
rowed, disked, harrowed again, and floated to prepare a good
secdbed.

Planting No. 2

Date planted.—November 4, 1938; December 9, 1938; April 10,
1939; May 10, 1939.

Procedures.—Weeded plots: Seventy-seven species were
planted in four row 8- by 16-foot plots. Fach row was planted
on different dates from November 1938 to May 1939. The rows
were spaced 2 {eet apart. Seed was seattered in handmade fur-
rows and covered with one-half to three-fourths inch of soil
depending on size of seed. Before planting, the area was plowed
in the fall and harrowed to form a good seedbed.

Nonweeded plots: Sixty-three species were planted in a block
adjacent to the weeded plots. Planting procedures were the same
as for the weeded treatments.

Planticg No. 3

Date planted.—April 10, 1939,

Procedures.—Bighteen species were planted in plots 4 by 16
feet with two rows per plot and 2 feet between rows. Seeds were
seattered in handmade furrows and covered with 1/2 to 3/4 inch
of soil. The seedbed was plowed and harrowed in the fall of
1938,
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Planting Neo. 4

Date planted.—April 4, 1940.

Procedures.—The area was plowed and harrowed in 1939 and
culfivated in the spring of 1940. Twenty species were planted
in plots 4 by 16 feet with two rows per plot and 2 feet between
rows. Seeds were scattered in handmade furrows and covered
with soil.

Planting No. 5§

Dute planted. —October 17, 1941,

Proeedures.—Twenty-one species were planted in plots 4 by
16 feet with two rows per plot and 2 feet between rows. Seeds
were scattered in handmade furrows and covered with soil. The
seedbed was plowed and harrowed in 1938 and cultivated in
1941.

Summary of results.—The weed-free plots established better
stands than the weedy ones; however, several species consis-
tently established and maintained good stands under weedy as
well as weed-free conditions (table 8). Those that established
most readily were Poa pratensis, Agropyron desertorum, A. inter-
medium, A. pungens, Arrhenatherum elatius, Bromus srectus,
B. inermis, Festuca ovina, Elymus junceus, and and A.
cristatim.

Many other species also established well under weed-free con-
ditions. A few established well in some plantings but failed in
others; most noticeable among them were Festuca wdahonesis,
Agropyron inerme, and Poa compressa.

The legume or broadleaf plants, aswell as many of the grasses,
were not able to establish and maintain stands. Group IV lists
those species that established fair to good initial stands but
failed or maintained poor stands under weed-free conditions.
Group V includes those that established poorly or failed com-
pletely. '

Although row plantings of Phleum pratense and Poa com-
pressa rated poorly in some seedings, they were invaded from
outside aveas. By 1948 the plots were heavily invaded, primarily
by Phlewmn pratense and Poa protensis. Other invading species
included Alopecurus pratensis, Bromus inermis, B. tectorum,
Poa compressa, and Achillea lanulosa.

In mixture plots, Medicago falcata was lost except for a few
plants; A. ¢ristatiomn was good, and B. inermis was invading and
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TABLE 8 —Fstablishment of seeded species in the ponderosa
pine forest type at Missoulu as affected by weeding

___Stand occupied per row
Species Weeded Nonweeded
1934 1546 193g 1946

Pect. Pel. Pet, Pel.

[. Well established under
weedy conditions:
Pou pralengiy —e-s-cm---—
Agropyron desertorum
A, interntedivm -e-memeeemreee
A pungens
Arrfrenetherum elutius
Bromus crectus
B, inermls cemsmmcmammionaas
Flesttice ovina
duriusetde —-eememememenn
Elipmus juneeus ——-e--e-een-
Agropyron cristatian ------—
Poa eompressa
Agropyron inerme --
A, trichophorim e
Festuea idahocnsis
Poa vmpla
Agropyron eristaium -

{[. Fair to good stands estab-
lishad under weed [ree but
only fair under weedy
conditions:
Bromus marginaius
Agropyron spleatum -
Efymus cinerens
Ductylis glomerata --s----e-
Agropgron subsecundum -
A sibiricum
A, smithii
A, spleatum * ~—-——
Elynis glaucns -s-w-seeeeems
Festuca ovirng sufeaty -
Agropyron

dasystachgum !
AL HGEMICHM —mmmemerm e cemans
Hordeum

brevisubulatum

Poa juncifofie -eeeeseeeeas

Footnotes nt end of table,
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TABLE 8.—FE siablishment of seeded species in the ponderosa pine
forest type at Missoula as affected by weeding —Continued

Stand occupied per row

Species Weeded Nonweeaded
1939 1946 1939 1946
Pet. Pet. Pet. Pet.

IT1, Adapted under weed-free
conditions only:

Agropyron paueifiorum b - 180 85 ' 40 20
Ao violaeemm | e L] 60 190 20
Elymus virginieny —-emeee-- 97 80 98 20
Phalaris wrundinageeq - 32 30 64 0
Phicum boelaneri ——-eeeeeee 60 50 49 L0
L 3 Y T S ———— 60 85 36 15
Pou scabrefle -—memeemeeeee 15 55 g2 5
Festuca ribra ---- “— h5 80 * z
F.oorundinaeeq - 100 30 59 b
Agropyron ceninim --—- 86 5 93 ]
Stipa vaseyl robusta  —-—---- 83 70 2 2
Elymus tritichoides -~ 61 85 ¢ 2
Stipu viridily —eeeen G0 50 30 7
Elymus sibiricus e - 01 30 98 1
IV. Fairto good stands estab-
lishad initially but gen-
erally failed:
Agropyron ailtire ——em-eee— 80 ¢ 92 B
Ao elongatum e 40 25 34 i0
A semicoStabUmL ——-cemememnee 94 0 97 0
Agrostiy alba --meesaeeee o4 40 61 1
Alopecurus ventricosus —-- 50 0 25 10
Avena durbaty ——eeeeeeo 92 o 100 0
Bontelous gracilis  —eeeee 42 15 z 2
Bromis corinatus 1 —oeeeeee 1100 [ ' 80 0
Elymus congdensis -eoeeeao 82 1 100 20
E. dohiriens e a3 15 96 10
E. giganteus —emeemeee—ee 97 40 98 10
Elymus x Secale -mcemeeeeae. 7% 0 2 z
Festuen efatior 87 1 95 i1
Hordewm brevisubilatiom - 186 0 ] 1
H. bulbogum, ——-eeeeeereees 98 o a9g 1
Loliwm pererne 97 0 98 0
Panicum antidotaly e 73 0 27 0
F R L T 1 4 T R — 65 25 2 2
Phicunt pratenge - 75 30 90 1
Poa cunbyi —emmeee 49 40 5 10
P, nevadensis ——mmememaenes 47 i} 80 ]
P. secunde ————emee e 53 0 55 o
S T YIT. ET12 17, S —— G5 0 80 0

Footnotes at end of table.




Forage Species 53

TABLE 8.~—E stablishment of seeded species in the ponderosa pine
forest type at Missoula as affected by weeding —Continued

Stand occupied per row
Species Weeded Nonweeded
1939 1946 1939 L4946

Fet. Pet. Prct. Pect.

1V, Fair to good stands estab-
lished initinlly but gen-
eralty failed --Con.
Luthrus muritimus ——-—-— a1
Lotus cornicnlutiy a8
Medicugo fuleatuy  —------——x 87
Melilotus officinalis ——e-—-- 190
Trifolium frogiferum —-— 81
T. hybridum - es 73
T. pralense —-m---e—-eme e o3|
T, repens -c-merevemsnmmmnameeen 1

[ R R - o e )
(== R O L e R

V. Il'eorly established or failed:
Agropyron ripurtitm b
Andropogon scopuaring —-—
Bromis ciliatus
Elymius psuedoagropliron -
Festuca scabrelle
Rolerin cristala
Oryzapsos fypmencides —--
Poa ampla —-—mermeeem—
P. bulbosa =memmescmmecmmmenee
P ocompressa
I, nerrvosn
P, spondylodes. -——--m-meemmmr
Puceinellic nuttullicn -
Sporobolug cryplundrus -
Stipa romata wm-m-emmmerees
Astragnlus chinensis
A, cicer
AL FibYE e e naieas
Atriplex spp. -—emmmemmeme—ees
Legpedeza stipudacea -------
Lupinus spp. ! —-ceemmemens
Latus corniculaties
Medicago fuleata —-—--meeee
M. tupiding e memsenean
Melititotus alba =-smcsemmeee-
M. officinalis —em-ememeeeeemeeee
M. sunveolens
Erodinm moschatum
Purshie tridentate ----—- -~

=} —
- RSO
0o D

-
e

h o
- OoOOO RSO0 DD 0 RO DS [CRw= o B - S v B R Y

1]

.
(= R T R PR TTRRPI, B L I L O

!—-QOODOOGODQOUIDDDODOQDQODDODOO
[F=]

' Species planted Qetaber 17, 18415 values for 1943.
? Plots not planted.
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filling between the rows. In mixture plots where B. inermis
was the grass species, it was in nearly full stand.

Feronato

Study location.—Located 5 miles south and 2 miles west of
Florence, Mont., Ravalli County, SWi/4 sec. 5, T. 9N., R. 20W.
(location 12, fig. 10).

Elevation.—3,500 feet.

Average precipitation.—Annual, 15 inches; April-September,
B3 percent.

Soil.—Light-brown gravelly sandy loam with granitic rock
near the surface; slightly acid (pH 6.0 - 6.5).

Topography.—15 to 20 percent slope to the east.

Type of regetation.—Western ponderosa pine forest.

Dominant and associated species.—Pinus ponderosa is the
dominant tree species. Salix spp, Rosa spp, Amelanchier spp,
Mahoviaaquiflorwm and A retostaphylos wva-ursi are understory
shrubs, and Pow secunda, Koeleria ¢ ristata, Calamagrostis rubes-
cens, Poa pratensis, Bromus fectorum and Stipa oceidentalis
are the main grasses. Carex species are also found.

Previous use.—Cutover forest used for grazing.

Study.—Feronato adaptation planting,

Date planted.—November 9, 1945, and April 3, 1946,

Procedures.—The seedbed was prepared by bulidozing the sur-
faca just enough to peel off the existing vegetation.

Fail seeding: 18 species were planted in plots 6 by 20 feet.
Four rows per plot 14 by 20 inches apart were made with a
hoe. Seed at a “heavy” rate was scattered in the furrows and
covered by raking.

Spring seeding: Seven species were planted by broadcasting
on plots 9 by 27 feet, Previous to planting, the area was spring-
tooth cultivated. The seed was not covered after planting.

Summary of results.—The spring-seeded plots were largely
fatlures. These failures were attributed to the method of plant-
ing rather than to adaptability of species,

Only two of the fall-seeded species produced good stands the
following year, and they maintained good stands through the
next 4 years, Three other species als¢o increased from fair to
goed stands during the same peried. Ten grasses maintained
or improved their stands and generally appeared adapted to
the area. Of these species, Agropyron intermedium, produced
the best stands in the fifth year, while F'. ovina made the greatest
stand increase over initial seedling establishment (table 9).

Species that failed or produced poor-to-fair stands in the 5
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TABLE 9.—Establishment of species plunted inthe fatl on cleared
timbertand in the ponderosa forest type near Florence, Mont.

Stand per row
1948

Species

Pet.

Agropyron hitermedinm

{Ree} 80
{hactylis glomeraln c—mmem—ean 3 20
Bromus erectus 3O
Fogtuen oring darinsesla -— 25 50
Agropgron eristudnm 60
A truchyeadfum —meeemeeeeee 80
Alopecirns prafensis e 60
Arrhenathernm elativs 30
Bronus inevmts

(LINeoIn) - . 60
Dueetylis glomerctu

(Aberystwyth) : 40

years included fall plantings of Eragrostis trichoides, Festuca
arundinaceu, F. idahoensis, Phaleris arundinacew, Phleum

pileoides, and Medicago falcate and spring plantings of Phleum
boehmeri, P. phleoides, P. pratense, Poa bulbosa, Lotus spp.,
Onobryehis vulgaris, and Trifolivm subterraneunt.

Study.—Feronato logped forest planting.

Date plunted.—November 9 and 14, 1945; April 3, 1946,

Procedures.—The study was designed to compare (1) spring
versus fall planting on the establishment of six species and one
mixture, (2) effect of covering seed by brush dragging versus
no eovering and {3) planting on soil prepared by peeling with
a bulldozer blade, by tearing with a road ripper, and on unpre-
pared soil. Seven grasses were each planted in three replicated
plots in a complete randomized design. Fall-seeded plots were
16 by 86 feet (1/40 acre), and spring-seeded plots were 16 by
33 feet {1/80 acre). All seedings were made by broadeasting, and
one-half of each plot was brush dragged to cover the seed.

Previous to planting in the fall, the seedbed was prepared
by peeling the surface layer by bulldozing. In the spring, the
species mixture was planted on plots prepared by (1) bulldozer
bilade, {2) road ripper, and (3) spring-tooth cultivator.

Sunomary of results.—Stands of most species were relatively
poor, although moisture was apparently not the limiting factor.
The methods of seeding were apparently not conducive to good
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establishment, but broadcasting in the fall was superior to
broadeasting in the spring. Where brush dragging followed
broadcasting of the seed fall treatments were almost the same.
In the spring, however, broadcasting without dragging failed.

Ripping was the best method tested for preparing the seedbed.

From this and previous studies, the species that appeared
best adapted to the area weve Ductylis glomerate and Agropyron
tntermedinm (tables 9 and 10).

Blackiail

Study tocation.—Located on the Sleeping Child Creek Range,
Bitterroot National Forest, 11 miles southeast of Hamilton in
Ravalli County, sec. 1 and 12, T, 4N., R. 20W, {location 13, fig.
10).

Eleveation.—5,000 to 5,500 feet.

Averdge precipitafion.—Annual 14 to 16 inches; April-
September 56 percent.

Seil.—Sandy loam of granitic origin; fairly deep, although
rocky beneath the surface.

Topography.—Slopes average about 50 percent; exposures
vary from northeast to northwest.

Type of vegelation.—Western ponderosa pine forest.

Dominant and ussociated species.—Pinus ponderosa, Psendot-
suge menziesii are the dominant tree species. Calumuagrostis
ribescens, Festucae iduhoensis, Carver, Koeleria eristata, and
Aretustaphylos wra-ursi are found in understory or in openings.

Previous use.—The area was logged in 1939, About 30 to 40
TABLE 10.—Establishment of grasses seeded by broadcasting in

the fall and dragging on cutover timberland in the ponderose
prue type near Florence, Mont,

Stand establishment
Species Fall plunted Spring planted
1946 1948 1950 1946 1948 1950

Pel. Pet. Fet. Pel. Pet. Pet.

Dactylis glomerata ——-—w—- G2 70 57 22 33 25
Agropyran intermediunm - 53 53 50 5 7 8
B romus inermis

(LineoIn} -~ e 23 32 27 22 23 17
Phiewm pralense --——wwm—e 25 43 25 28 22 8
Bromus ereetls --m—ecmceemeeaee 47 53 20 26 13 4
Agrapyron crislafum  ---—-—--- 25 30 20 12 10 10
Mixture (ripped arca) - 25 50 ! ! ! !

t Not observed,
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percent of the ground surface was burned in slash disposal or
torn up by the skidding operation.

Study.—Blacktail logged areas plantings Section 12 T4N
T20W,
Date planted.—April 26, 1940,

Procedures.—No further seedbed preparation was done
beyond logging, Six grasses, two legumes, and a mixture were
broadeast ot approximately 7 pounds of seed per acre in plots
of approximately 0.2 acres except for Agropyron intermedium
and A, eristation, which were planted in plots of 0.02 and 26.5
acres, respectively.

Sunimary of results.—Precipitation from May through August
of 1940 totaled 1.27 inches, only 28 percent of normal. Because
of the dry weather, plant establishment was not as good as one
might normally expect.

In 1941, seedlings of each grass werve found. Apparently, these
gseedlings were from seed that had not germinated until fall.
The two legumes germinated early in the 1940 season.

Exposure influenced the establishment of all species during
the extremely dry summer. Plants established best on north
and east exposures and poorest on the steeper west exposure.
South exposures were not represented. Seedlings did best where
boughs, stumps, or logs offered some protection from the direct
rays of midday and afternoon sun.

While most plantings were on skid trails, burns, and disturbed
areas, some seed was also sown on undisturbed areas wheve
the average ground cover was about 25 percent. Nothing estab-
lished on these undisturbed areas, but seedlings established well
on the disturbed or burned portions of the area where competing
vepetation was reduced. They even established on the ecompact
soil in logging roads. The grasses established best on disturbed
mineral soil and near the edge of burned spots where ashes
and charcoal were thin. Melilotus officinalis, on the other hand,
did best on burned spots, even in beds of heavy ash and charcoal.
M. officinalis died out by 1946 and Medicago falcata, the only
other legume planted, failed completely.

Agropyron eristatiem established the best initial stand of the
grasses and maintained a good stand through 1946. It was as
vigorous as Agrepyron inerme, Arrlitenatiierum elativs, Bromus
caringtus, or B. inermis and surpassed all of them in numbers
of seedlings per unit area. It also established good stands of
seedlings on all but the steep, open, west-facing slopes. Even
there, it established fair to good stands,
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A. inerme also appearved well established, but it did not estab-
lish well on the west-facing slope.

A Infermedinm, A, elatius, B. cerinatus, and B. inermis were
planted on the most severe exposure, the west-facing slope.
Although stands were relatively poor, established plantsofthese
species were vigorous. The severity of the site and the droughty
condition during establishment undoubtedly were major factors
in their poorer showing.

To determine the ability of the seeded species to compete with
natives, intercept-line transects were established in 1942. Plant
numbers and the basal intercepts were recorded (fable 11). A.
inerme maintained its stand through the 3-vear period, 1942-44,
while Celamagrostis rubescens and the shrubs increased. On
the A. infermediate and B, inermis plots, the shrubs, mainly
Aretostaphylus wra-ursi, increased. In the mixture plot, 4. ¢ris-
tatum declined; Medicago falcata and Melllotus officinalis were
lost from the stand, but A. elafius increased slightly. Of the
native grasses, Festuca idahoensis increased considerably while
C. rubesceng maintained its stand. The shrubs inereased both
in numbers and in intercept.

Study.—Blacktail skid trail planting sec. 1, T. 4 N, R. 20 W.

Topography.—5 percent slope to the north,

Previous use.—The area was logged and the slash burned in
1839. The study area was part of a skid trail

Date pianted.—October 22, 1540.

Provedures.—Nine grasses were planted in plots of 6-square
rods. The seed was broadeast with a “eyclone” seeder at a rate
of & to 6 pounds per acre. No other seedbed preparation was
made, and the seed was not covered after broadceasting,

Sumnmary of results.—Good initial establishment of all species
except Agropyron intermedium and Elymus glauwcus was
obtained (table 12}, The distributicn of plants on the plots, how-
ever, was spotty and their vigor was poor, but near the edge
of the skid trail where plants became established on top soil,
they were large and vigorous. This would indicate that the soil
of the roadbed (raw subsoil) may be lacking in certain nutrients.
It is also possible that the packed roadbed caused mechanical
resistance to root growth or to moisture infiltration. The differ-
ences in numbers of plants between years are partly due to
the spottiness of the stands and should be considered when
evaluating the species for adaptability.

By the fourth growing season (1944) Bromus erectus appeared
to have established the best stand. Agropyron cristatum, A.
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inerme, 4. subsecundum, and Arvhenafherum elatinsg also had
good stands. Although Agropyron intermedinm had fair to good
stands, it was rather patchy. It did not appear as vigorous as
the other well-established species. Only oecasional unthrifty
plants of Bromus inermis, Elymus gluucus, and E. virginicus
were found,

In 1945 and 1946 the plantings generally rated lower than in

TaBLE 11.—Vegetational composition, number of plants, and
interception of seeded and native plants on logged ponderosa
pine type tn the Blacktail area

Plants per Av, interception per

Seeded nnd observed species 20 feet 20 feet of transect
1942 1944 1942 1944

No. No. . Ft.

Agropyron iempe !
Al Drerite coreme————— 8.4 5.8 (.40 0.46

Calemoegrostis rubesceny - 4.2 8.0 A8 .29
Carex goyer] ——-eeecme—. 1.6 1.0 07 06
FeSbUett SPP woommermmeeeeae A 29 03 05
Agropyron erislaium - 2 - 04 -
Bromus carinntusy -commeemn 2 2 .02 .02
Others (shrubs) ~——memeees - 8 3.2 04 1.01
Others (weeds) --amemmeeeeen 2.0 - .06 -
Agropyron intermedinn:

A, interpiediunm  cmemeemeeeeee 7.0 10.5 81 A4
Calemuagrosiiy

PUBEBCONE rmrrmemrmmrremmramneen 1.0 2.0 .16 .03
Arclostaphylus

[ N T T L (O D 1.5 2.5 .19 i
Pou spp 5 1.5 .02 04
Others (shrubs) --e-meeeeveee- - 1.5 - .05
Cthers (weeds) ---me-emceeeceee - ) - .02

Bromus inermis (Parkland)

B. [Rermily s s 7.8 8.0 .39 15
Culenagrostis

rubescens e 6.6 6.8 25 16
Arctostaphylus

TETT SETE . 3 ————— 5.2 3.8 29 2.60
Poae spp 1.0 2 03 .002
{Tarel Guyeri -—-e—ssssseamas - ot - 006
F T R (- o) + S — - 2 - -004
Others {shrubs) -~---meeeeeee 1.1 1.4 .03 .23
Others (weeds) -w-reeeee—er .8 - 02 -

Footnotes at end of table.
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TABLE 11. —Vegetational composition, number of plants, and
interception of seeded und native plunts on logged ponderosa
pine type in the Blacktail area — Continued

Plants per Av. interception per

Seoded and observed species 20 feet 20 feet of transect
1942 1944 1942 19447

No. No. Fi. Ft.

Mixtupresd

Arrhenatherum claling —- 2.0 5.5 0.10 0.18
Hromus caringtiy ----—-—-—- 3.0 4.0 .15 A8
Agroppron eristating —-—— 3.0 1.2 14 04

Melitotus officinalls -om—e- A - .0l -

Medicago fuleate  ——m——mmm- - 2 - KN -
Fertica Spp -—seoscmmomemeas 1.4 11.8 RiE| 32
Calamagrostis rubescens - 2.4 3.8 .08 .08
CUurer geyeri —meeeeeeea-- 8 8 04 .08
Others (shrubs) —- oo 3.8 9.5 A1 2.44

'Values arve averages from five 20 foot transeci lines, except for dgropyren
infermedinm that ure from two 20 foot transect lines.

? Tieinterceptis the distance alongthe transect line occupied by a plant.

3 Mixtures included the follewing species in equul parts: Agropyron
cristation, Arvhenatherum elotius, Bromus cerintlus, Medicago felcate, and
Melilotus officinalis,

1944; B. erectus, A. subsecundum, A, cristetiom, and A. inerme
continued with good stands.

Grazing by livestock in 1944, 1945, and 1946 indicated that
Bromus erectus was the most preferred. The other grasses were
preferred in the following order: Agropyron intermedium,
Arrhenatherum elatius, Agropyron cristatum, A, inerme, and A.
subsecundum,.

Hart Creek

Stucdy location.—Located on the Hart Creek-Cameron Creek
Ridge of the Bitterroot National Forest, Ravilli County, sec.
2, T.2 N, R. 19 W, (location 14, fig. 10)

Elevation.—4,600 feet.

Average precipitation.—Annual, 16-18 inches; April-Septem-
ber, 56 percent.

Sopil,—Woodrock loam series.

Topography.—0-to 30-percent slopes of south to west exposure.

Type of vegetation.—Western ponderosa pine forest.

Deominant and associated species.—FPinus ponderosa, pseudot-
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sugn menziesii, Symphocarpos spp., Festuce idahoensis, and
Culomagrostis rubescens
Previous use.—Logged area with loose soil in skid trails,

Study.—Hart Creek skid trail plantings.

Duates planted. —September 22, 1943, and May 4, 1944,

Procedures.—In the fall planting, 44 species were planted in
square rod plots, and in the spring 12 species were planted in
irregular and uneven sized plots. The seed was broadecast by
hand at the rate of 6 to &8 pounds per acre. One-half of each
plot was raked to cover the seed. No further seedbed preparation
was made to the skid trails before planting.

Summary of results.—Except for Agropyron subsecundum,
most of the grasses planted in the fall established good to excel-
lent stands on the raked plots in the first year. Generally, they
were poorer on the unraked plots. Most of the legumes estab-
lished poorly. Trifoliwin fragiferum, T. Jybridunt, and T. repens
were the only ones that initially established good stands (table
13)

Except for Elymus junceus, all the spring-seeded species
established good to excellent stands the first year.

Those that appeared to establish the best were Agropyron
smithii, Ductylis glomerata, and Festuca ovina. Stands of

TABLE 12.—FEstablishment of seeded grasses on a skid trailin
the Blacktail avea of the ponderosa pine forest type

Plants per

Species square yard? Stand rating?
1941 1943 1844 1946
No. No.
Browmis ereclus 178 385 G T
Agropyron subsecundiomn ————-— —_ 9.8 15.8 G 7
Al eristatum 4.8 13.4 G 6
Al fnermne 5.2 6.0 G 6
Arrhenatherum elefing ———emem—aeeee 8.8 12.0 G 5
Bromus [nermis {Parkland} ——-—--- 9.6 3.0 P 4
Agropyron infermedinm —-—-—---emm-eees 22 2.7 F 4
Elpnus glaucus 8 1.2 P 4
E. virginicus 4.8 3.2 P 3

t Values are sverages for 3-yard square quadrants in 1941 and four quadrants
in 1943,

 Rating: G=good; P=poor; F=fair; numerical rating is on scale from 0 to 10
with 0 ={ailure and 10=100-percent stand.
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Agropyron spicatum, A. trichophorum, Arrhenatherum elatius,
Festuca idahoensis, and Poa pratensis were also rated high.

By the ninth growing season, A. subsecundum and A. cristatum
improved to fair stands. Those species that initially established
fairto good stands and those that failed completely were grouped
accordingly in table 13.

Although fall plantings were successful, spring plantings
established better and generally maintained better stands.

Based on the results of these and other studies in the area,
the following was concluded:

1. Three species appear particularly adapted, Dactylis
glomerata, Arrhienatherum elatius, and Festuca ovina.

2. Each of the three species, in addition to being adapted to
the Bitterroot area, are relatively easy to establish with broad-
cast seeding and are relatively shade tolerant.

3. D. glomerata, because of its high palatability, should be
planted where grazing is light or well controlled.

4. Plantings on the drier sites should be restricted to F. ovina.
This species, because of its lower palatability, would also be
suitable to plant where D. glomerata might be too heavily grazed.

Cattle grazed heavily on most plots from 1946 to 1952. Bromus
erectus, T. hybridum, D. glomerate, Phleum boehmeri, A.
trachycoulum, and A. elatius were consistently heavily utilized.
These species, however, were able to maintain good stands (table
13). Legumes were the most heavily utilized, being eaten to
ground level. This repeated heavy grazing was undoubtedly a
major factor in the stand reduction of the legumes and certain
grasses,

Festuca idahoensis, F. ovina, A. spicatum, and A. dasys-
tachyum appeared to be the least preferred.

Utilization of Calamagrostis rubeseens was generally light to
moderate, Adjacent to and within the seeded plots cattle used
about 30 to 35 percentofits total herbage. In undisturbed stands,
however, utilization was estimated at less than 15 percent.

Obviously, the skid trails tended to atiract livestock and game
to these areas since they wer: also used as access trails to other
areas. Consequently, they were more heavily trampled and
grazed than would normally be expected.

Reimel Creek

Study location.—Located in Ravalli County, sec. 22 and 26,
T.1 N., R. 19 W. (location 15, fig. 10). Three sites: A, north side
of section 22 at the mouth of a small draw, B, 1/4 mile south
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TABLE 13.—Establishment of species planted on skid trails at
Hart Creek inthe ponderosa pine forest type and the utilization

—

Species Stand ! Utilization,
pecies 1944 1952 3-year av.
Rating  Rating Percent
.Good toexcellent stands maintained
for & years:
Dactytis glomerate —--—-—-sameemeeeees B b 8
D. gloneraty 2 g 9 88
Agropgren amithil e 8 8 47
Festuca ovina durinsenia & 8 5
F. oving ® 9 10 21
Agropyron spiealltm  ——ememreanaes ki 7 42
A osploatum 2 - g 8 8
Arrhenatherum elatins -—mommeres 7 7 63
Agropyror trichophorum --—e—meeee ] 7 53
Fegtucn Iduhoensis --—-emmeemm—eeeeos 5 7 3
Agropyron trachpcanfum —-meeme.- g 8 83
A trechycaulunt ? e 9 6 30
Elynius glaweus 6 [ 25
Pllewm pheoides 8 6 60
Poa ampla i 6 23
F.oampla ® 9 8 25
P, compressa 6 6 42
P, pratensis 6 & 27
P, pratensis ? g ig 52
Bromug erecliey 2 cvmeesm e 8 7 83
Trifolivm hpbridum T cmmeeeeeeiea 10 ¥ 80
L. Fair stands maintained through
9 yeurs:
Agropyron desertorum  ceemmeceseeeees 8 & 42
A, Tnerme 6 5 27
A, subsecundum 1 5 43
Bromusg ercctus 6 5 23
Festuca arundinaceq -----see-eooeeeee 8 B} 42
Phieunt boehmeri —weeeeememeeie B 5 i
P. protense [ 5 45
Agropyron intermedium? eeees 9 B 25
A intermediion 8 4 48
A, eristatem (Fairway) —cecemmemeeees 2 4 a1
A crigtatum (Fairway) 2 -—eeeemeeeee g 4 30
A deshstachyum o 8 4 8
6 3

of herbage by cattie

Bromus tnermis

Footnotes at end of table.
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TABLE 13. —Establishment of species planted on skid trails at

Hart Creek in the ponderosa pine forest type and the utilization
of herbage by cattle. — Continued

. Stand! Utilization,
Species 1944 1952 3-year av.
Rating  Rating Percent
[T Fair to geod stands established

but failed within 9 years:
Agropyron trachycanlum

violucem 6 0 50
Agrostis elba 4 2 85
Alopecurus Ppratensiy  —seesceasecee——oo 4 2 20
Brontis ceriHEins —--emmemmecmcceeaeen. 3 0 73
B. wmarginadus S 1 50
Elymus juneeus 3 0 35
B, pirginicus 4 4} 25
Elymus x Secale ——mvmememeerceeaeeen 3 0 -
Fegtuca elutior 4 0 5
Poe builbosu 3 o 88
Trifoliwm fragifertim — e eemaeeaes & 0 90
T. repens 6 0 85

IV. Poor establishment to complete

failure:
Lotits cormictiatis e 0 hj -
Medice fulenta 1 0 -
Mo fuputine 2 ¢ -
Melilotus wlba 1 0 -
M. alba (Alpha) 0 ] -
M. officinalis 2 0 -
M. officinalis (Madrid) —seeccee 1 0 -
M. snaveolens 1 0 -

' Stand ratings based on scale of 0 to 10 where 0 is failure and 10 is
100 percent.

* Planted May 4, 1944; other specias were planted September 22, 1943.

of A at the mouth of a large draw, C 1/4 mile south of B on
a steep slope, in section 26.

Elevation.—3,600 to 4,000 feet.

Average precipitation.—Annual, 16 to 18 inches; April to Sep-
tember, 56 percent.

Soil.—Sites A and B are well-drained alluvial deposits of
decomposed granite. Site € is coarse and raw decomposed
granite.

Topography.—Sites A and B have 0- to 5-percent slope to the
west, Site C' has 40- to 60-percent slope to the south and west.
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Type of vegetation.—Western ponderosa pine forest.

Dominant and associated species.—Agropyron spicatum, Fes-
twca idahoensts, and Pinus ponderosa; Poa pratensis and
Bromus tectorum have invaded.

Previous use.—Sites A and B were logged and used as
“jammer” locations; Site ¢ was a skid trail.

Study.—Reimel Creek logged area planting.

Date planted.—September 28, 1943,

Procedures.—Twenty-four species were planted by broadeast-
ing at 6 to 8 pounds of seed per acre. Twenty-one different species
were planted on sites 4 and B, and 17 on site C. The plots were
irregular to fit the outline of the seeding areas and varied from
one-fiftieth to one-tenth acre. Plots were not replicated. No
scedbed treatment was made except as occurred in logging.

Swmmary of results.—Initial establishment of most species
was good to excellent. Flymus x Secale and Poa bulbosa were
the only ones planted at the favorable sites that were poor the
first year. At the dry site, however, establishment was less suc-
cessful (table 14).

In the first growing season at the more favorable sites, species
that established best and showed the most promise were
Alopecurus pratensis, Festuca ovina, F. arundinecea, and
Phlewm pratense. At the dry site, only three, Agropyron
dasystachyum, A. inerme, and A. eristatum, established good
stands,

By 1952, the ninth growing season, Festuca ovina, Alopecurus
pratensis, Phleum pratense, Agropyron intermedium, A.
sprecatum, A. trachycaulum, A. cristatum, 4. inerme, and Lotus
corniculatus continued to maintain good stands at the favorable
sites (table 14). By then Elymus x Secale, Poa ampla, P. bulbosa,
and Medicago falcata rated poor to complete failures, and heavy
infiltrations of Poa pratensis had nearly covered these plots.

At the dry site all the sceded grasses except Elymus x Secale
were able to maintain their initial stand or increase in stand.
By 1952 the best stands were made by A. cristatuin, A. inerme,
F. ovina, A. intermedium, A. spicatum and A. trachycoulum.
All the legumes, however, had failed.

In adjoining large-scale seedings on logged-over areas, some
excellent stands of Agropyron cristatum, Dactylis glomerata,
and Arrhenatherum elatius were obtained in mixture seedings
made on the steep west slopes.

Grazing by cattle and horses on the seeded species was heavy
to destructive, which undoubtedly reduced stands. Species that
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were repeatedly heavily grazed from 1946 through 1952 included
all the legumes and A. pratensis, B. carinatus, E. junceus, F.
arundinaecea, P, pratense, A, trachyeaulum, and A. interimedium.
At times A. c¢ristatum, A. inerme, and A. spicafwm were also
heavily grazed. The least preferred was F. avina, A. dasys-
tachyum, and P. ampla. In general, the species were more heav-

TABLE 14.—Establishment of species planted on logged areas in
the ponderosu pine forest type at Reimel Creek

Stand ratings!

Specias Favorable sites, Dy site,
Aand B &
16844 1852 1944 1952

Good stands maintained at both
favorable anddvy sites for9 years:

Agropyron crisialum -—--eeeemeeaees 2 8 ¥ 8
A, inerme 8 6 5 8
Fegtuca ovine duriuscula -----—--emmm- 9 ic 4 8
Agropyren intermedium [ 7 2 7
A spicatum 8 7 2 T
A. trachycautom 8 T 4 7
Fair to pood stands maintained at the
favorablesites for 5 yearsbut not
at the dry site:
Apropyron dusystachyun —eaee 2 4 6 4
Alopectrus protensts —---eeeeecaveee- ) 2 3 3
Elymusg Junceus 7 4 2 2
Festuca arundingcen (Alta) —--eeemem 9 5 a 3
Phieum pralense g 8 3 s
Lotus corpictdalits e 6 6 2 [t]
Medicago lupuling e 8 5 4 ¢
Bromus carinalis -—--—m-emeear—eeaes 8 2 s s
Poa ampla 8 o 3 G
Medicago faleagts - 8 2 0 0
Poorly established or failed complately:
Agropyron smIhil -meeeeeeemeee 3 2 2 4
Elymus x Secale i 1] 7 [t}
Poa bulbosa 0 ¢ 0 9
Meiilotus elba 3 3 0 0
M. officinalis 3} 3 7 1]
Trifolivm fragiferim —-e--eeeeceeenn 8 1] 8 :
T hybridum 7 0 3 3
T. repens 8 0 3 s

' Stand ratingscale based on 0 to 10 where 0is failure and 10 is 100 percent.
? Ne value recorded,
T Not planted,
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ily utilized at the more favorable, laveler sites than at the
steeper, dry site.

Livestock appeared to concentrate on the seeded plots and
used the skid trails as access trails that aggravated erosion
through some plots. For best control of the soil, the least palat-
able species should be considered for seeding areas where con-
centration of livestock is expected.

Study.—Reimel Creek skid trail planting sec. 26, T. 1 N., R.
19 W.

Topography.—0- to 5-percent slope to the west,

Previous use.—Logged and grazed.

Date plunted.—May 3, 1944,

Procedures.—Nine species were planted by broadeasting at
5 to 10 pounds of seed per acre. Plots were various shapes and
sizes depending on the nature of the skid trail. No seedbed prep-
aration was done, but a part of each plot was raked to cover
the seed.

Summary of results.—Good stands of all species except Agropy-
ronsmithii and Elymus junceus established in the seedling year.
Since these two species were able to maintain fair stands
through the 9-year period, the relatively poor establishment
may have been from poor-quality seed. Good to excellent stands
of the other seeded grasses were maintained through the 9-year
period. Festuce ovina and Arrhenatherum elatius produced the
best stands. Bromus erectus, Agropyron spicatum, A. cristatum,
and Poa ample also rated good. Melilotus officinalis failed after
the third growing season.

Raking increased seedling esiublishment of all species, but
in the succeeding years, the differences between raked and non-
raked plots were not considered significant.

Thompsen Fails

Study locetion.—Located at Thompson Falls, Cabinet Na-
tional Forest, Sanders Gounty, see. 5, T. 21 N., R. 29 W. (location
16, fig. 10).

Elevation,.—2,600 feet,

Average precipitation.—Annual, 20 inches; April-September,
40 percent,

Soil.—Brown sandy loam possibly from glacial origin; sizable
rocks present on the more hummocky areas; some areas com-
pletely free of rock,

Topography.—A general slope of 5 to 8 percent to the south;
undulating tc hummocky; probably a temporary lake at one time.
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Type of vegetation.-—Western ponderosa pine forest.

Dominant and associated species,—Pinus ponderose, Pinus
contorta, Psendotsuga menziesii, Calamagrostis rubescens, Fes-
tuca idahoensis, Prunus virgiana, and species of Poa, Achillea,
Trifolium, Spireea, Rosa, Arctostaphylos, Amelanchier, Bromus
tectorum, Hyvericum perforatum, and Poo pratensis are aggres-
sive invaders.

Previous use.—A fire in 1910 burned this area after it had
been logged. Before seeding, the area was primarily regrown
ko P.wenziesit and P. contorta.

Study.—Thompson Falls administrative plantings.

Date planted.—April 26, 1938, and December 7, 1939,

Procedures.—Three plantings were made as follows:

1. A S5-acre tract was cleared of timber and the slash burned.
This area was planted by broadcasting 25 pounds of seed per
acre. The seed included:

Snecies Pounds
Agropyron desertorum 10
Plileum prafengg ----e----commmmmem e 5
Duactylis glomerata -----mwmmmeemm oo b
Arrhenatherum elatius 2.5
Medicage felcata - 2.5

Bromus carinatus was also broadcast on some burned areas.
After planting, parts of the burned areas were raked to cover
the seed; part was left untreated.

2. Six species were planted in rows 40 feet long. Each row
crossed the following seedbed conditions: (a) Burn, (b) litter and
doff 1 inch deep, (¢) litter 1 inch deep through which peles had
been shidded, (d)litter removed by raking, {e) grass, and (f) mossy
area. Rows were made with a hoe and the seed was planted
1/2 to 8/4 inches deep.

3. Three seedbed treatments were made in a well-grassed
area. They were {a) plowed and double disked, (b} disked five
times, and {c) double harrowed. Four species {Agropyron deser-
torwm - Standard, Bromus inermis, Arrhenatherum elatius, and
Medicago falcate) were broadcast seeded and covered by har-
rowing.

Summary of resufts.—None of the species established when
seeds were broadcast without further treatment. However, on
burned areas that had been raked following seeding fair to good
stands of Arrhienctherum elatius, Dactylis glomerata, and
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Phlewm pratense were well established § years after planting
{table 15).

Incompanion studies D. glomerata appeared to be well adapted
after 10 years; B, tnermis and P. pratense were also well estab-
lished. Although stands of A. eletius were poor early in some
of the plantings, they improved. The plants were large and vigor-
ous and they were spreading to other areas. To the contrary,
A. ¢ristatum, which produced good stands at the beginning of
the study, thinned out as stands beeame older and the individual
plants became thin, pale, and low in vigor. Stands of B. carinatus
were considered failures and M. fulcate failed to become estab-
lished.

Poa pratensis readily invaded the seedings and became a
major species in the cover. Festuca idahoensis was also abun-
dant.

Introduced species were more successfuliy established follow-
ing seedbed preparation that removed competition from existing
vegetation. Plowing and double disking was more effective than
disking five times. Harvowing alone was relatively ineffective
in establishing these grasses.

Study.—Thompson TFalls planting date study.

Date plunted.—QOctober 10, 1939, November 10, 1939, April 2,
1940, May 2, 1840.

TABLE 15.—FEgtablishment of species planted in rows ot
Thompson Falls administrative site

Stand on different conditions of seedbed !
Species i-inch Litter Native
Burned  Skidded litter removed grass

1943 1948 1943 1948 1943 1948 19453 19481943 1948

Ratings

Agropygron crista-

tum {Std} --——neee P P
Arrhenatherim

elafins ———eer—me—n G P
Bromus

carinatuyg —-——--e— P
Daclylis

glomerata,
Phiewmn

pratense e G P P
Medicugo fuleatn

{Ladak} 0 0 o 0

' Stand rating where O=fatluve, P=poor, F=fnir, G=good, and E=excellent.
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Procedure.—The seedbed was plowed and disked in April 1939.
In early October 1939, it was again disked and dragged to remove
Pteridium aquilinum and other weeds that had not been killed
by the earlier treatment.

Thirty-four species were planted in single rows 16 feet long
by drilling at four different dates. Seeds were planted 1/2 and
3/4 inch deep depending on size of seed. In 1940, four additional
legumes were planted.

The seedbed was moist at time of each seeding. However, from
May 3 to July 10, 1940, there was an extended dry period.

Suwmmary of results.—The date of planting significantly
affected the establishment of the different species. The dry sea-
son following the May planting undoubtedly was a major cause
for the failure of that planting. In general, stands were better
from fall or early spring seedings.

The species were grouped according to their apparent adapta-
bility based on initial establishment and establishment at the
end of 6 years (table 168). Of the 38 species, 16 appeared to be
well adapted to fall seeding while 12 of the 16 appeared adapted
to fall and early spring planting. Groups IV and V generally
appeared nonadapted.

Study . —Thompson Falls adaptation plantings.

Dute plunted.—October 5, 1945.

Procedures.—Twenty-four grasses and two legumes were
planted by seeding through a Planet Junior drill in rows 8 inches
apart. The seed was planted 1/2 to 3/4 inch deep, depending on
size of seed, at about 7 pounds of seed per acre. Seed of Medicayo
Sulcate was innoculated before planting.

The plots, 7 by 20 feet, were lephca.ted three times in a com-
pletely randomized design,

Before planting, the seedbed had been prepared by plowing
and harrowing in June 1945, On October 4, 1945, it was cultivated
with a spring-tooth cultivator four times over and harrowed.
Clumps of grass sod were then raked and hauled from the study
area and the soil was smoothed with a plank float.

On July 8, 1946, the plots were cultivated to remove a dense
cover of Ptericdium spp., Poa pratensis, P.compressa, and annual
weeds. Some of the seeded plants were pulled with the weeds.

Summary af results,—The competition from weeds early in
this study undoubtedly reduced the success of some seeded
species, and the injury from weeding might have affected estab-
lishment more than the lack of adaptation to climate and
location,
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TABLE 16.—FEstablishment of species et Thompson Falls in the
vonderosa pine type as affected by planting date

Species

Stand from planting dates

10/10/39 11710439 442740 52140
1640 1G45 1940 1943 1940 1945 1940 1945
Pect. Pet. Pet. Pcl. Pet. Pet. Pet. FPet.
I, Established best on all
dates:
Flestueu ovina duriusewle — D 95 96 95 8 70 0 50
Bromuyg erectus cmmreemeeer 140 95 100 9 98 G5 46 35
Agropyron pungens —----—- 100 100 98 @b 70 30 44 23
A, cunfnmm v G 75 98 33 64 39 g 20
A, orislal it coseesemmmmemeeeeeee 100 95 100 95 95 R5 10 19
Al spicaluim —eemeeeee 100 05 98 90 1.3 G0 25 10
Bromus teermis {Parkland) 98 §0 100 50 98 25 22 10
11, Established well from fall
and esrly spring bui failed
fromiate spring planting:
Agropyron deseriorim —— 100 95 100 %0 100 920 8 0
A, IREPIME e 100 95 100 35 82 30 8 g
Arvhenatherum elolive —- 93 840 160 85 96 85 4 1
Daetyliy glomeraty —-—-- 93 93 W 95 80 o0 4 ¢
Agropyron subsecundion - 100 o5 W 3d 8§ 15 12 5
11, Established well from Mall
plantings only:
Agropyren irichophorum - 98 40 98 40 26 2b 0 15
Pow ampla —reeooeeeeeee 9§ 90 56 80 2 20 0 ¢
P. compressn smememememeeemae 4 0 870 0 20 0 0
Stipa rirtdilde semeveeeaemee—es L] 7 82 50 0 1 G i
1V, Established well imitindly
Lut failed soon after:
dgropyron agemicum -—--— 100 20 100 40 7% 20 [ 15
A dasystachyom  —--eeeeees G0 ] g9 0 H 9 [ a
Bromus ciliatug -—eee—-— 100 0 100 1 22 1 a 0
Ehpnus glaucis ———weeeme 08 20 95 30 97 20 G 0
E. JUNCEUE memeeeecmeemmmmeeeee 89 2¢ 100 ] 40 0 2 ¢
K. sibiriens a8 ¢ ) G 80 0 0 0
E. triticaides -—eeceeceeemmeeme G4 1 g2 1 2 4 0 G
Hordewm
hrevizabuiatum v 92 0 98 ¢] 84 ] 2 ]
Por juncefolin eoeseesmaeeee 62 4 83 0 2 0 2 g
Medicayo faleate ~--—-——— 90 [} 76 ] 95 0 GO 0
Melilotus atticinalis —--e---e- 55 [t} 45 4] G5 0 24 0

Footnotes at end of table.
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TABLE 18, — E'stablishment of species at Thompson Falls in the
ponderosa pine type as affected by planting dute. — Continued

Stand frem planting dates
Species 10/10/39 11/10/49 412140 52440
1940 194D 1940 1945 1940 1945 1940 1945

Pet, Pet. Pet. Pet. Pct. Pct. Pet, Pei,

V. Generally fuiled or failed
completely:

Agrostiy albe el
Fegtuea elatior
Poa bulbosa e

P oseabrefiny ——eeeeee

dstragalus cicer com—vimnan
Lespedeza stipuloceq =----e-
Lolus corniculutay  -e-eeaee-
Meltlotus alba wsemecmcemmee
M. snateoleny -—meeeeeeemecaeane
Trifolivin fragiterum -
T, FEDURE memcmmmcnmcmensianasien

G

QD e PO OO S
[

SO e e DD e O DO O
b

e R ey o R e e e e S s R i e Y .
5]

o
OO o QOO0 OO

D e e OO0 e DO
=]

[ o~ TR o I e BTN o B o BICR o]

[ E=]

SO OOo OO 0N

[ e I e B o e i v o i v e o Y )

=

! Not plunted.

Species that established well were primarily those that
appeared adapted from earvlier studies. Medicago fulcata,
however, that had not established in earlier studies established
a good stand and maintained itself through the first 5 years
of this study but nearly died out within 18 vears because of
gopher activities,

Several varieties of Bromus inermis, and B. erectus, Agropy-
rou wntermedium, and Festuca oving duriuscule increased or
maintained excellent stands throughout the study (table 17).

The poor initialestablishment ofB. inermis and F. ovinag might
have been caused from competition early in the study. These
species were able to maintain their stands and generally
increased in the succeeding years.

During the third growing season {data not shown in the table)
M. faleate, Bromus inermis, and Arvhienatherim elatius were
outstanding. These species established good to excellent stands,
had good seed production, and were increasing between the rows.
They also appeared effective in competing with P. pratensis and
other invading weeds. Bromus erectus and Agropyron cristatum
also preduced good stands but did not appear to compete as
well with the invading P. pratensis.
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Although Festuca ovina did not rate high in the row plots,
border areas that had been breadcast with F. ovina and lightly
covered by raking formed a thick mat of vigorous plants with
heavy heads.

By the fifth growing season Bromus inermis, B. erectus,
Phlewm pratense and Medieego faleata had the best stands.
These species and Festuea ovina {(based on the response of the
border seeding) were alsoconsidered to beeffective in controlling

TABLE 1T.—Establishment of fall-plunted species at Thompson
Falls in the ponderosa pine type

Species Stand
1946 1950 1963

Pef. Pet. Pct.
L. Good stands maintained through L5 years:
Hromus tnevoris {Commercial) seeeemcmmmee s — 10 a0 100
B. inernig (Lincoln) T0 90 100
B. {uermis (Purkland) 20 40 a0
3. erectus &0 80 80
Agropgron intermedinm 0 65 90
Festuea oring durivscnla 20 25 90
1, Fair to good stunds maintained through 1930
but failed o had peor stands in 1963:
Phiewm prutensy 90 85 1¢
Hedicago fatvoata 50 80 b
drrhiennthereont elutius 70 70 1
Agropyron inerme 60 60 ¢
A, eristatin 80 55 0
Foa umple 50 50 0
Agropyron trickophorum 70 ab 0
lil. Pourly estalilished ov Failed completelw:
Duetylis glomerato 1 5 0
Eragrostiz currnla 1 0 0
E. triehodes 1 0 0
Elpmus juneens 30 0 0
Festicn arundinaces 10 10 10
F. idahoensis 20 20 0
Phualaris araudinaceu : 0 0 0
Phlewn hochmert 10 5 0
. phlevides 20 20 3
Norghinstrum nihens ] 0 0
Stipia viridule 1 1 a
Sangrisarta minor 1 0 0
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competition. The border seeding of F. ovine was uniform
throughout with very little Poa pratensis present. Some
Equisetum, however, was able to grow in competition with 7.
ovina.

Henry Creek

Study toeation.—Located in the Cabinet National Forest 4
miles east of Plains between Henry Creek and Deemer Creek,
Sanders County, S1/2 sec. 29, T. 20N,, R. 25W. (location 17, fig.
10).

Elevation.—4,000 feet.

Average precipitation.—Annual, 15 inches; April to September
40 percent.

Topography —30 percent north-facing siope.

Type of vegetation.—Western ponderosa pine forest.

Dontinant and associated species.—Pinus ponderosa,
Calumagrostis rubescens, Festuea idahoensis, Stipe columbiana,
and Lupinus spp.

Previous use.—Forest timberland burned by wildfire in July
1944,

Study.—Henry Creek burn planting.

Date planted —November 3, 1944,

Procedures.—Burned-over forest land, 225 acres, was seeded
to a mixture by airplane broadeasting at 5 pounds per acre.
Species included were Agropyron ¢ristatwm, Dactylis glomerata,
Poa pratensis, P. bulbosa, Bromus inermis, Phleum pratense,
and Melitotus officinalis.

Swinmary of results. —Establishment success varied depend-
ing on the soil and the competing vegetation. Where the fire
was not hot and the native grasses were not killed, the establish-
ment of the seeded species was poor or they failed. Poor stands
were also observed on shallow rocky vidges. Where native vege-
tation was killed and where the soils were good, the seeded
grasses established good to excellent stands.

Species composition varied throughout the seeded area. Those
species that appeared best established were D. glomerata, P.
bulbosa, P. pratensis, and P. pratense. Plants of A, eristatum,
B, inermis, and M. officinalis were scattered through the stand
but were a2 minor part of the cover. Yields estinfated in 1946
varied from 1,715 to 2,194 pounds of dry herbage per acre. In
1948, yield samples averaged 2,135 pounds per acre.
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Intermountain Valley Bottom lands and Grassiands

This type is interspersed throughout several mountainous
types occurring near streams or old streambeds and benchlands.
In some locations it intergrades into open grasslands of the
forest types, and in others it intergrades into foothill grasslands
and foothill sagebrush rangelands. Elevation varies from 2,000
feet in northwestern Montana to 7,000 feet in the southwest.
Precipitation varies from 12to 20 inches, and the growing season
varies from 30 to 145 days. Soils vary in origin and texture from
moderately dark-colored and biack loams te alluviated valley
and gravelly benchland seils.

Inthelowlands and near marshes or streams, meadow grasses,
sedges, and other grass!ike plants are dominant species. On the
drier sites and benchlands, species of Stipa, Fescue, and Agropy-
ron are dominant. Artemesia tridentata, and Chrysothaomnus
spp. are often found in association but generally are not major
species.

Today, most of the 3,478,000 acres in this type are irrigated
for erops and hay meadows. Some marshy areas along stream
bottoms are grazed by livestock, while some drier benchlands
have at one time or another been cropped with cereal grains.

Where drylands have been abandoned, Bromus tectorum has
invaded. Centaurea spp. has also invaded, principally through
the Bitterroot Valley area. In the low, moist areas Poa prafensis
and other naturalized species have invaded. Where drainage
is poor, Distichlis stricte and Sarcobatus vermiculatus dominate.

This type is conveniently divided into three subareas: (1) high-
mountain-valley-bottom lands east of the Continental Divide
at the Missouri River headwaters; (2) western valley benchlands
west of the divide as the Clark River headwaters, including the
Bitterroot and Flathead Rivers; and (3) the northwestern
corner, which includes the Kootenai River drainage.

1. High mountain valleys. ~—Growing conditions are generally
favorable for grass production in these areas. However, alkali
is sometimes found in some of the poorly drained bottom lands.
Several introduced species including Poa pratensis, Agropyron
repens, Bromus inermis, and Phleum pratense have become
naturalized and are generally found. These species also invade
old seedings or abandoned croplands. To introduce other forage
species the competing vegetation must be thoroughly controlled
by plowing. Generally, spring planting by drilling has been
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superior to fall planting. However, good stands have been
obtained from fall seedings.

Otherspeciesthat appear well adapted include Agropyron cris-
tatwm, A, desertorum, A. intermedium, A. smithii, Alopecurus
pratensis, Arrhenatherum elatins, Bromus erectus, Dactylis
glomerate, Blymus junceus, Festuce ovina durivseuln, Poa
stenantha, Stipa viridula, Medicago fuleata, Trifolivm |liy-
bridium, and Lotus corniculatus.

In studies of herbage yields, 1 to 2 tons per acre were produced.
The highest yielding species in the second growing season were
B. inermis, B. murginatus, D. glomerata, A. desertorum, and
Ao trachycaufum.

Since most of these studies were of short duration, several
species that appeared adapted may have failed or decreased
in stand over a longer period due to, primarily, competition from
native and the better adapted introduced species.

2. Western rvalley benehlonds —Precipitation is variable. in
the drier areas of the Bitterroot and lower Flathead, irvigation
has been necessary to insure production of cultivated crops.
Where irrigation water is not available, dry farming has often
failed, and much of this marginal land abandoned. Bromus tee-
torum, other annual weeds, and several aggressive perennial
weeds have invaded. Centaurea maculosa, Linaria dalmetica,
Euphorbia eswla, Hypericum perforatum, and Cirsium arvense
are particularly obnoxious invaders.

In the upper Flathead area, precipitation is higher and gener-
ally adequate for good production of dryland erops. Competition
from native and invading species necessitate thorough prepara-
tien of the seedbed. Sometimes control of weeds with herbicides
is necessary before seeding.

Plowing with a moldboard plow gave the best results in
methods of seedbed preparation. Disking was not effective in
controlling B. tectorum. However, stands of grass were better
from disked than from nontreated seedbed. Burning of B. Lec-
torum without further seedbed treatment alse failed to be an
effective method of seedbed preparation, although the burning
treatment reduced plant cover by 80 percent.

Variable success was obtained from planting grasses into stub-
ble of grain crops. The success of this method appeared more
dependent upon the competition from B. tectorum during estab-
lishment of the seeded grasses than upon the species of grain.
However, better stands were generally obtained following vye
than folowing sudangrass or broomcorn millet. The best stands
of grass using the preparatory cropping system were obtained
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following grazing treatments of the preparatory evop, while cut-
ting the grain for hay was better than where harvested for seed.
When the grain was harvested as seed, cultivation before plant-
ing to prass the next spring increased stand establishment trom
two to four times that of prasses planted into nencultivated
stubble. Highest yields of hay and seed from preparatory crops
were obtained when the eedbed was plowed in the {u\l as com-
pared with plowing in t..e spring,

Planting by drilling in the spring generally gavs better stands
than planting in the fall. Agropyron desertorun:, A. inerme, A,
intermedivm, A, sibiricuwom, A. spicatum, A, swithii, Doactylis
glomerata, Elynins glaveus, K. junceus, and Festuea voing, how-
ever, established stands about equally well when seeded in
either season. .

The optimum depth of planting varvied witi: the different
species. A, degerforiom planted in the f[all established its best
stands when drilled at depths of /4 to 3/4 inch. F. ovine and
Poa ampla established best when planted at 1/4 to 1/2 inch deep,
but stands of Bromus erectus and E. junceus were reduced when
planted at shallow depths. In dry years, seeds planted in the
fall failed to perminate at shallow depths until the following
spring, whereas seeds planted 1 inch deep germinated.

At the drier sites species that appeared well adapted to this
type and established good stands over a period of 17 years in-
cluded Agropyron desertoram, A. elongatun, A, inerme, A, inter-
medinm, A smithii, A, trichophoerun, Bromus erectus, B, iner-
mis, Blymus junceus, Festuca arundinaceu, F.oving, Poa amplu,
P.eompressa, P pratensis, Stipa vividula, and Medicago faleata.

Herbage yields varied with precipitation and by species. In
dey years A, degertoriom produced about 900 pounds per acre
and was gencrally the highest producing grass. In years of high
precipitation the yields were up to 3,200 pounds per acre, but
in these wet vears yields of A, infermedium and mixtures of
A deserforim and M. feleata were higher.

Fertilizers increased herbage yields from old grass stands and
vields increased with increasing rates of nitrogen. Residual
effects from fertilization were also effective in increasing yields
for at least two growing seasons,

At the more moist sites near Flathead Lake, species that
appeared well adapted were A, desertorum (Standard and
Nerdan), A, elongatum, A. intermecium, Alopecurus prafenses,
Bronmus inernis, (Lincoln and Manchar), Dactylis glomerata,
Fegtuca arundinacea, Phieum pratense, and Medicago fulcata.
Mixtures of grasses with M. faleate yielded more (averaging




78 Technical Bulletin 1479, U.S. Dept. Agr.

four tons per acre) than grasses seeded alone, Grass yields
increased with irrigation, but M. Jalcate and M. fuleata in grass
mixtures yielded more on dryland.

3. Northwestern area.—Grasslands in this area ave charac-
terized by gravelly benchlands along the Kootenai River and
its tributaries. From the benchlands the relief raises sharply
from 2,000 to 3,000 feet to mountains 5,000 to 7,000 feet high.
Because of the low water-holding capacity of gravel, the soils
appear more droughty than the more loamy soils in other areas.
Much of both the bottomlands and the benchlands are irrigated
or subirrigated. Therefore, aveas for dryland pastures and
seeded rangeland are relatively small.

Bromus tectorwm has invaded most of the dryland pasture
sites and Aristida longiseta is prevalent on the steeper slopes.
Hordewm pusillum and Cala movilfa longifolic are also important
species. In the bottomlands and more moist sites Poa pratensis
and P. compressa are dominant species.

The presence of native and invaded species requires thorough
seedbed preparation te remove competition before introducing
new species. Moldboard plowing is the most effective method,

Seeding in the spring appeared slightly better than planting
in the fall, although fall seeding also produced good stands of
most species.

Species that appeared well adapted included Agropyron deser-
torwm, {Standard and Nordan), A. intermedium, A. sibirieu ne,
Ao smithil, Al trachycaulion, A, trichophorum, Bromus inermis
and Festitee arundinacea. Others that have produced good
stands include Agrapyren inerme, Ductylis glomerata and
Elymus junceus.

Yields of adapted species are average for Montana dryland
conditions with 344 to 1-1/2 tons of herbage per acre.

Gallatin Gateway

Study location.—Located 8 miles south of Gallatin Canyon,
Gallatin County sec. 28, T. 38. R. 4E. (location 18, fig. 1G).

Elevation . —5,300 feet.

A't’m‘ag(*p'}'ecipi!ation.—-Annual,17inches;Ap1‘ilto Septembaer,
65 percent.

Soil —Classified as river wash, free from rock in upper 12
inches; clay loam underlain by lavge rock and pravel.

Topography —Two-percent slope to northeast.

Type of vegetation.—Intermountain valley bottom land.

Dontinant and agsociated species.—Agropyron smithii.
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Previous use.—Abandonad cropiand.

Study.~—Yield and adaptation studies.

Date plented.—May 18, 1941,

Procedures.—Nine grasses were planted in 2- and 3-acve plots
by drilling on plowed seedbed. Depth of seeding was not well
regulated, consequently some seeds were planted to 2 inches
deep. An additional 11 grasses were planted in small plots with
a hand seeder.

Summary of results.—Stands were generally good. However,
some ofthe small-seeded species were planted too deep resulting
in their poor stands during the seedling year. This was par-
ticularly noticeable for Poa pratensis, which is naturalized to
the area. All species produced better stands during the second
year, and all but Andropogon seoparius appeared adapted to
the site {table 18).

In the second growing season Bromus marginatus, B. inermis,
Dactylis glomerata, Agropyron cristatum (Fazway), and A.
trachycewlim were the highest yielding of those species har-
vested.

Belgrade

Study location.—Located on subirrigated bottom lands 15
miles northwest of Bozeman, Ment., T. 18. R. 1E. (location 19,
fig. 10

Elevation.—4,800 feet.

Average precipitetion.—Annual, 17 inches; April-September,
86 percent.

Soil.—~Highly calcareous and subirrigated; apparently
deficient in iron,

Topography.—Level viver bottom.

Type of vegetulion.—Intermountain valley bottom land.

Dominant and associated speries.—Agropyron smithii, Pog
pratensis, and species of Carex and Juncus.

Study. —Belgrade adaptation nursery.

Date planted —October 1950,

Procedures.—Ten grasses were planted in plots 3 by 16 feet.
The seedbed was prepared by plowing and harrowing.

Swmmary of results —Good stands of all species but Agropyron
elongatim and A. smithii established in the seedling year, 19540.
The following vea: stands declined slightly but appeared well
established. Festueca arundinacee (Alta), Phalaris s rundineces,
and Phlewm pratense maintained full stands while Agropyron
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TABLE 18.—FEstablishment and yield of grasses planted et
Gallatin Gateway

Species Stand Yield per acre, 1942
1841 1942 Seed Herbage
Pet, Pegt. Lbs, Lbs.
Bromus marginalug —---- 100 100 ! 5,815
B. inermis (Parkland) - 75 40 126 5,160
Dactylis glomerata - - 100 104G 275 4,3C8
Agropyron cristainm
(TPairway) e a5 100 215 3,545
Al trrefigeatifum e h} 100 242 3,458
Phiewm pratense - 1 100 126 2,925
Festuea elutior GO 100 162 2,557
F. orubra ! 60 t 763
Elymaus juncens -—-omemmmmmeee - 35 100 0 463
Agropyron cristelum
{(Standard) e e - 70 100 t !
Elymus canadensis - 87 100G ! t
FPhotaris arundinaceq —e——--- 100 100 ! !
Agropgron inerme ——em—. 50 G0 ! !
A splerlunt e 60 90 1 !
Poe emplit e 15 90 ! t
P sectnda —eeeemeeeeea 13 i ! L
Festucn ovine duriusculs — 20 50 ! t
Bouteloun curtipendula - 18 25 ! !
Pot prafengly e 12 25 t t
Andropogon scopuriug - G V] ! t

' Duta not available.

intermedium, A. desertorum, A. eristatum, Elymus Junceus, and
Poa ample maintained nearly full stands.
P.arundinaeces plants were yellowish, and ‘appeared chlorotic.
They responded to iron in tests with various minor elements.
[n 1952, the planting was plowed out.

Vigilante

Study location.—Located east of the Ruby River road where
it ereosses Lazyman Creek 1 mile south of Vigilante Range head-
quarters, SW1/4 sec. 34, T. 9S8, R. 3W. (location 20, fig. 10).

Elevation.—8,200 feet,

Average precipitation.—Annual, 18 inches; April-Septembenr,
7 percent.

Soil—Loeamy soil from alluvial deposits.

Topography.—2 to 3 percent slope to the west.
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Vegetational type.—Intermountain valley bettom land.

Dominant and associated species.—Poa prutensis and species
of Carexr and Symphoricarpos.

Previous use—Hay meadow, may have been cleared from
Sulix and Artemesica tridentatu.

Study.—Vigilante adaptation nurseries.

Date of planting.—October 27, 1938; May 3, 1939; May 26, 1939;
May 9, 1940, and September 25, 1941,

Procedures.—In the 1938 and 1939 plantings, 72 species wevre
planted in rows spaced 2 feet apart in plots 12 by 16 teet. Three
rows were planted in the fall. Adjacent to the fall planting, 2
rows were seeded May 3, 1939, and one row, May 26.

Tre the 1940 planting, 22 species were planted in plots 6 by
16 feet with three rows per plot spaced 2 feet apart.

In 1941, 10 species were planted.

The seedbed for all plantings was moldboard plowed and cul-
tivated or harrowed to form aseedbed relatively free from native
plants.

Swmmary of results —Species were grouped according to their
response and apparent adaptability (table 19). Group I included
ten species that appeared well adapted to the site and that estab-
lished equally well from spring and fall plantings. Of this group,
Bromus erectus, B. inerniis, Agropyron cristatum, A, desertorum,
and. A, pungens appeared to be the best adapted. A second group,
group 11, also appeared well adapted to the site but established
better from spring planting than from fall.

Species in group 111 were planted only in the spring, and those
in Group IV were planted only in the fall. These species also
appeared well adapted to the site, but response comparisons
between seasons of planting were not possible.

Groups V and V1 established gooed initial stands, but because
of their characteristic length of life or because they were unable
to compete, they failed within their first 4 years of growth.
Species that failed in their initial establishment and failed to
establish in succeeding years were listed in group VIL

Svecies included in these last three groups could generally
be considered nonadapted. However, germination tests of
Elymus pseudoagropyron showed no viability in the seed. The
poor initial stands of Poa pratensis and P. stenantha might also
have vesulted from poor seed or from planting too deep since
they recovered and established good stands by 1943.

Most species established good to excellent stands the first
year and maintained their stands through the next 3 years.
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TABLE 19. -— Establishment of species at o mountain meadow
stte: A summary of 4 plantings near Vigilunte Experiment
Range Headquarters, 1938-41

Stand, Stand,
Species spring seeded fall seedad
1939-40 1943 1939-42 1943
Pel. Pet. Pet, Pet.
1. Established absut equally
well from springand fall
seeding and maintained
ood stunds:
Bromius evectug ----ms-—ma—n- 100 100 100 100
B, lnermis wmeeveemmmeeee - 99 100 98 100
Agropyron eristatiom
{Fairway) -—memmeeeeeeee 100 05 94 100
Al desertorum
(Standard) secemeem - 100¢ 45 95 100
A, PHRHENS wemmmmmmmmammanamannas 9g 100 84 100
Brontus inermis
{(Parkland) -———emmmemmeee 09 a5 78 g1
Arvltenatheram elating - 98 30 97 93
Agropyron subsecundion - 58 50 98 91
Alopeviirus pratensis il 85 ] 65
Pou pralensiy -—-—emee- 7 50 10 100
I1. Established best from
spring seeding and main-
tained good stands:
Elymus Jurtcens cemevmveeen 100 100 52 51
Phivitm pratense -——- 95 100 18 ki
Fesluva oving durlusenla - 63 95 16 70
Trifolivm hpbridum - 02 80 36 48
Medicage fuleuta  -—--meeeeeee- 100 75 40 53
Ductylis glomerate - 100 70 G0 78
Agropyron smilhii - - g2 60 58 !
A trichoephorim ——eeeeeemcaee 100 a0 66 31
LIL Planted only inthe spring
of 1940 and maintained
good stands:
Agropyron intermedinm - 2100 100 3 ¢
Bromus carinalus - 298 B2 2 k
Aslragelius cicar - 2 56 60 3 3
Poa slenanthe —eeeeeeeeel 20 60 3 3

Footnotes at end of table.
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TABLE 19. — Esiablishment of species at ¢ mountain meadow
site: A swmmary of 4 plantings near Vigilonte Experiment
Range Headgquarters, 1938-41 — Continued

Stand, Stand,
Species spring seeded fall seeded

16539-40 1942 1639-42 1843

Pct. Pel. Pet. FPet.

[V, Piznted only inthe fall of
1941 pnd maintained good
stands:
Agropyron pauctflorita -
Stipa viridula «-----eemmemee
Agropyron dasystachyum -
Hordewwnt

brevisubuletuny
Festica genbrelle ——--oeemmae
Pow compressae

V. Fair to good stands mnin-
tained through 1942 but
failed in 1943:

Elymus dafwricus ----ewe--
Agropyron wganicint ------
Festucn elutior —-—wemn-
Agropyron dasystachynm -
AL CunINUML e
Elymusg virginicns —-vee-—-
Agropyron inerme.
Elymus sibiricity -—eweemeee
Agropyron sihirfeum --—--
Trifotivm pratense
Agropyron spicatim

L T T R

b pmd gk el gt el bk e b b

Vi.Goodinitizl standsestab-
lished but failed by the 3d
year:

Agropyron ciliare

A, SeMIcoSEQEIME mammmemmcanan
Bouwtelous gracitis --——--—--
Bromus ciligtnsg -———-a—eu-
B. marginutus ------eeeeeeeee-
Elyniug gigantens -
F 1 A T ———
E. iriticoides —em—vmeamnann

fot pmi £ D G e

Footnotes nt end of table.
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TABLE 19. — Establishment of species at ¢ mouniain meadow
site: A summary of 4 plantings newr Vigilante Experiment
Range Headguarters, 1838-41 — Continued

Stand, Stand,
Species spring seeded full seeded
1939-40 1943 1939-42 1943
Pet, Pet Pet Pet.
Fegtuen daltoensiy - GO 1 4] 8
Hordewm belbosum  —eeeer 99 1 1 u
Lofivnt perenne  ss-ss—-e---— 100 ] 84 0
Orysopsis hynrenoides -—-- 50 0 44 1
Faniewm tirgatiny e-e--— T2 0 44 0
Phualaris arundinacea - 61 1 29 28
Poa bulbose 50 0 5 4
P.ocanbpi wreroeemnsenans Tt L 30 0
Astrogaius rubyi T3 1 26 0
Lespedeza stipulacea --—--- 98 0 0 0
Loties corleulatis —-—— 96 0 %6 ¢
Medicago lupuling --—-—-- 93 o a a
Melilotus albg ——m-eemmree e g1 ] 8 0
M. officinelis -———-emeeee——e 100 1 %6 0
M. suaveolens -—--—-m-mmmeeev 99 0 3 2
Trifolinm fragiferun ----—-- 86 0 45 Q
VI, Poorly estublished or
fuited completely:
Agrostis afba oo 5 1 0 0
Elymuys pserdoagropyron -- 0 G 0 0
Fegtien ovina sulcala -—--- 1 0 o 0
Kolerfn vristala ———sweee—ee- 0 0 0 0
Phivunm bochmery --m---aeeeeee 5 1 0 10
P, phivoitdes wo-uraesrmmm e 0 o 0 23
Poe empla ——-- - 7 1 2 0
P juneifolia - - ] 1 4] 2
P RePOORIL ammeeme s s 4 ] 2 0
P.onevedensis —w--meevmoem [ 1 1 3
P. scabrella --—— 6 0 3 t
P, secunda  —mmemeemeemeeee 1 0 4 v}
P, sphoidylodes - eoomeeen 1 15 3 3
Lithyruas smiarib g -----e- 42 ] 32 0

' Duta not available.

2 Planted May 9, 1940; values oy 1940,

# Not plunted.

4 Planted September 21, 1941; values for 1942,
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After the third growing season, many of them failed (group VI)
primarily due to heavy competition from invading Pog pratensis,
Phileum pratense, Taraxacwm officinele, Bromus inermis, and
Agropyron repens.,

The 2-foot space between rows undoubtediy favored invasion
into the plots and eventually crowded out some of the otherwise
adapted species. Seeding these species in more closely spaced
rows may have prevented or at least deferred the rate at which
the plots were invaded and ultimately overrun.

Study —Vigilante nursery planting,

Previous use.—Plot areas were previously planted to Les-
pedeze stipulacea and Lathyrus maritimus that had failed.

Duate planted. —May 24, 1941,

Procedures. —Four strains of Agropyron desertorum were
planted in rows 16 feet long. One row of each selection was seeded
in each of three blocks. Rows were spaced 2 feet apart. Seeding
was done by making furrows 3/4 inch deep with a garden hoe,
spreading the seed in the furrow, and covering by vaking lightly.

Swmmary of results.—All strains produced good stands rang-
ing from 95 to 100 percent in 1943 and all appeared equally
adapted to the site.

Although the strains appeared to differ in height, average
air-dry weights of herbage showed little difference between the
strains yielding from 1-1/4 to 1-3/4 tons per acvre the second and
third year after planting. Weights were taken from herbage
¢lipped 2 inches above ground July 8, 1942, and August 1, 1943.

Waterloo

Study location —Located in Madison Gounty, T. 18, R. 5W.
{location 21, fig. 10).

Elevation. —4,900 feet.

Average precipitation.—Annual, 8 inches; April-September, 86
percent.

Soil —Silt loam, saline.

Topoegraphy.—River bottom land.

Type of vegetation.—Intermountain valley hottom land.

Dominant and associated species.—Agrostis alba and Dis-
tiehlis stricta, invaded by Agropyron repens and Sonchus
arvensgis,

Previous use.—Pasture and meadow.

Study.—Waterloo adaptation nursery.
Duate planted.—June 4, 1952,
Procedure.—Forty-one grasses were planted in plots 3 by 20
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feet with three rows per plot spaced 1 foot apart. Species treat-
ments were replicated three times in a randomized block design.

Summary of results —Initial stands were fair to good. Species
that established hest were Arrhenatherumelatinsg, Festuca arun-
dinacea, F. rubra, F. ¢latior, Agropyron elongatum, Bromus
inermis, Elymus junceus, Agropyron desertorum, Brovius
erectus, Daetylis glomerata, and Phalaris arundinacen. Those
that established fair stands were Agropyron intermedium, A.
stbirteum, A. subsecundum, A, trachycawlum, A. trichophorwm,
Agrostis alba, Alopecurus pratensis, Bouteloua curtipendula,
Elymus glaucus, B. triticoides, Panicum virgatunt, and Phleum
pratense. Those thatestablished poor standsor failed completely
were Agropyron cristatum (Fairway), A, inerme, A. smithii, A.
spleatun, Boutelone gracilis, Bromus marginatus, Elymus
canadensis, Festueca ovina duriuscula, Oryzopsis hymenoides,
Poa ample, P. bulbosa, P. compresse, P. pratensis, and Stipa
viridude,

Reed Ranch

Study location.—Located on the east side of the Bitterroot
Valley approximately 6 miles northeast of Stevensville, Ravalli
County, sec. 16, T. 9N. R. 19W. (location 22, fig. 10).

Elevation.—3,400 feet.

Average precipifation—Annual, 12 to 13 inches; April-
September, 51 percent.

Soil —Smooth slope and upland bench sites: Clay loam to depth
of 5 to 9 inches underlain with a compact light-colored clay;
Bottom land site: dark-colored loam to a depth of 9 inches under-
lain with sandy loam and gravel.

Topography.—Smoothslope: 10 to 15 percent slope to the south,
Upland bench: l-percent slope to the west; Bottom land: 1 per-
cent to the northwest.

Type of vegetation.—Intermountain valley grassland.

Dominant and associated species.—Bromus tectorum, Agropy-
ron smithii, and species of Ledipium, Phioz, and Poa.

Previous use.—Cultivated, partially planted to appletrees and
abandoned; heavily grazed by sheep.

Study.—Reed Ranch adaptation plantings,

Date planted.—March 11-14, 1941,

Procedures.—Smoothslope and upland bench: Fifteen 1/10-acre
plots and five 1/50-acre plots were planted to pure stands, and
five 1/10-acre plots were planted to mixtures of species, A strip
across the ends of the plots was spring-teoth harrowed before
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planting. The 1/10-acre plots were seeded with a one-horse single-
disk drili, and the 1/50-acre plots were seeded by hdnd with a
Pianet Junior seeder. Drilling averaged between 8/4 and 1 inch
deep.

Bottom land: Seven species of grass and three mixtures were
ptanted in 1/10-acre plots. The procedure in seeding was the
same as for the plots on the smooth slope.

Summary of results.—Smooth slope: Heavy stands of Brumus
tectorwm and annual weeds decreased the success of seedling
establishment. In the untreated areas initial establishment was
poor and all species but Agropyron cristatum failed the next
year.

Establishment on the harrowed plots was better with good
establishment of Agropyron dasystachyum, A. trichophorum, A.
eristatum, Bromus erectus, and Elymus glaucus.

Species with fair stands were Agropyron desertorum, A.
inerme, A. intermedium, A, spicatum, Arrhenatherum elatius,
Bromus inermis, Elymus x Secale, Melilotus officinelis, and M.
suaveolens. Those that failed completely were Agropyron sub-
secundum, Elymus junceus, E. sihiricus, Festuca Scabrella, Pow
ample, P. compressa, Medicago lupulina, M. falcata, and
Melilotus alba.

By the second growing season the stands had largely failed.
A, eristatum, A. inerme, A. trichophorum, A. intermedium, B.
evectus, and Elymus x Secale were the only species found on
the harrowed plots with only poor stands left. Except for A.
inerme and Elymus x Secale, these same species were found
the third season and appeared to be holding their own against
the cheatgrass. Besides competition from B. tectorum, grasshop-
pers and rodents had heavily infested the area damaging the
seeded stands considerably.

Upland bench: Establishment on the upland bench was con-
siderably better than on the southern exposed slope. On the
untreated area, initial stands were fair to good while stands
were generally good on the harrowed area.

In 1942, the second growing season, stands had generally failed
on the untreated area. On the harrowed area stands were gener-
ally reduced and several species completely failed. By the third
growing season, the species that continued to maintain fair
stands were 4. eristatum, A. intermedium, A. spicatum, A.
trichiphorum, B. inermis, and E. glaucus. The decreased stands
were attributed to the heavy stand of cheatgrass and competi-
tion from grasshoppers and rodents.

Bottom land: On the untreated area, stands were generally
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fairthe first year, while stands on the harrowed area we re gener-
ally good. By the second season, all species had largely failed
and the bottom land plantings were the least successful of the
three sites, The failures were attributed to heavy stands of B.
tectorunt and annual weeds,

Antrimt Study Area

Study location.—Located at the Junction of Eight-mile Road
and the East-Side Road, Ravalli County, SE1/4 NW1/4 sec. 7,
T. 10N. R. 19W. (location 23, fig. 10).

Elevation —3,300 feet.

Average precipitution.—Annual, 13 inches; April-September,
51 percent.

Soil.—A light-colored loam with a few rocks in the upper 6
inches; underlain by stone and rock (Lolo gravelly loam).

Topography.—2 to 3 percent slope to the waest.

Type of vegetution.—Intermountain valley grassland.

Dominant and associnied species —Invading Bromus tec-
torum is the dominant grass. Plants native to the area include
Agropyron spicatum, Festuca idahoensis, Koleria eristata, and
species of Pou, Stipa, and Careur.

Previous use.—Broken from native range many years ago and
planted to an apple orchard. The orchard failed and the site
was put into wheat. At times it was irrigated and finally aban-
doned. It was then invaded by a dense stand of B. tectorum
and used as a spring-lam bing pasture.

Study.—Antrim adaptation studies.—Several adaptation
studies were planted from 1943 to 1948. The description and
procedure for each study are given separately, but the results
of all are summarized in tables 20, for spring, and 21, for fall
seedings. Where several selections of a species were planted,
an average was computed for that species.

Study.—Antrim adaptation study No. 1.

Date planted.—April 12-13, 1943, and November 1, 1943.

Procedures.—Fifty-five species and strains were planted in
5 by 19-foot plots. Three rows per plot were spaced 18 inches
apart with a 6-inch border between plots. Seeds were scattered
in furrows made with a 3-cornered hoe and covered. Before
seeding, the study area was plowed and harrowed. The soil was
mellow and moist at planting time.

Summary of results.—Generally, good stands were obtained
in the seedling year from spring planting with the exceptions
of A. ciliare, A, elongatum, A. semicostatum, 4. smithii, A. sub-
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TaBLE 20. — E'stablishment of spring-seeded species on cheat-
grass-infested abandoned eropland near Flovence, Mont.

Stand establishment
Sp{}cies Year Seed]ing
planted year 1947 1950 1959

Pet. Pet.  Pel.  FPet.

Good stunds maintained 12
yvears or longer:

Agropyron trichophorum - 19043
1946
1848
Eromus erectus 1943

Do, 1945

Do, s 1943
Bronils fnermis ---eeemeeeeeee 1943

Do. 1948
Dhicum pralense —meeeeeeee 1943

Do, 1848
Poa compressu 1943

Do. 1048
Medicape fulcatla 18948
Festucaoving durivscsto --- 1943

Do. 1946
Agropyron cristaluwm 1913

Do. 1946

Do. 1948
Agropyron salthii e 1943
Do. 1948
Festura arundinaeea —-— 1943
Do. 1948
Elymus juneeus 1943
Do. 1546

Do. 1348
Agropyron elongutum 1943

Do. 1948
A, dntermedinm e — 1943

Do, 1946

Do. 1848
Alopecurns arundinacea - 1948
A, PrULengis mmmmmmmmn e 1048
Agropyron amurense 1948
Lotus cornicidalus 1548
Medicayo sativa (Ranger)-- 1948
Phlewm boehinert 1948
Vicla tenuifolin ——-—w—- - 1948
Bhivum phleoides -mmemmeeae 1948
Agropyron desertoram ----- 1948

Do, 1948

=

[
=

-
P

o
L2l

=]
=1

[

e
O

=3
(=]

=]
R

[0

[oe]

[0 < TR CR U S

Foctnotes nt end of tabje.
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TABLE 20. — Establishment of spring-seeded species on cheuat-
grass-infested abandoned cropland near Florence,
Mont. — Continued

Stand establishment
Species Yeur Seedling
planted year 1947 1950

Pt Pet.  Pel.
Good stands maintained 12
yeurs or longer--Con,
Cunobrychis mudgaris
Festiee rubra

Good stands mulntained 5
yeurs or more but some
seetlings failed or main-
tained poor to fuir stands
in 12 yenrs:

Fou amplu 1943
Do. 1946
D, 1948

Stipa viriduly - ceeme———-- - 1943
Da. 1946

Agropyron inerme 1943
Do. 1946
Do, - 1948

Elymus cinereus e 1943
Do. 1948

Agropyron spiotlitin e 1943
Do. 1946
Da. 1048

Festuea iduhoensis 1943
Do. 1448

Pon bulbose 1443
Do, 1948

Doctylls plomerdln ~w—--meee- 1943
Do. 1948

Bromus marginalus - 1043
Do. 1948

Agropyron sibiricum 1943
Do, -- 1948

A, trachycanliim e .. 1943
Do. 1948

Poa juncifelia 1943
Do. 1948

Elymus glaueus ——---eemeeeee 1043
Do, - 1948

Agropyron desystechyum - 1943
Do, 1948

L]

[4=]

=1
PO OO0 0 000D S . e

-]

[

Footnotes st end of table.
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TABLE 20. — E'stablishment of spring-seeded species on cheat-
groass-infested abandoned cropland near Florence,
Moné. — Continued

Stand establishment

Species Year Seedling
planted year 1947 1550 1959
Pect. Pet. Peol.  Pel.
F O R £ T T S — 1943 95 40 ! 0
Do. 1848 100 2 a5 ]
D L L L T —— 1943 90 a0 ¥ G
Bromus carinalis -ee-ee-- 1513 95 50 ! &
Boutelowa curlipenduly -— 1943 40 50 ! 0
Sangulsorbee Mminor - 1948 100 2 100 40

[1.Good stands maintained s
vears or more bul some
seedings {uiled or main-
tained poorie (nirstands
in 12 yeurs--Con.

Pon stengnthu —oemeemeeeeees 1948 80 2 95 1
Elymus canadensis -—-we-em 1948 100 2 95 0
E. virginicus —-veenes 1848 8¢ 2 25 ¢
E. gigantels seeeeeeee 1948 30 2 a9¢ g
Trifolium repens - 1948 100 z 85 0
Lollum rentotion  --- 1948 100 2 79 o
Poa longlfolia - 1948 70 2 65 0
Loltum perenne —eeeeeaae 1948 106 2 60 0
Bronus tomentelfis e 1948 80 2 60 4}
Good initinl stands estab-
lished but failed or main-
tained poor to fairstands
in 5 years:
Arvhenglherum elating 1943 100 30 -- t
Elymunus X Secale ---revnamaan 1643 100 25 - ¢
Agropyron Ugamicum ~—--— 1943 95 20 - 0
Medicago luputing - 1943 100 10 -- 4]
Elymusg sibiriens -——mn 1943 ag 1 -- o
Deo. 1948 i - 5 {
E. dahuricus -—eoeemeeeeeemees 1943 95 t -- H]
Phalaris arundinacea --—- 1543 90 1 - 0
Agroslis alba -c-eeemee el 1942 95 0 -- 4
Poorly established or failed
completeiy:
Agropyron ciligre e 1943 15 1 t 0
A, semricostafum —-eeemaeemee- 1943 15 0 t 0
Do. 1948 0 2 0 0

Footnotes at end of Lable,
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TABLE 20. — Establishment of spring-seeded species on cheat-
grass-tnfested abandoned cropland near Florence,
Mont. — Continued

Stand establishment

Species Year Seedling
planted yenr 1947 1L50 1959
Fet. Pet. Pet. Pel.
A, ztubsecundim  --ommemeeee 1943 b 15 ! 0
Festucn scabrella ———aemeaee 1943 40 35 1 1
Do. 1948 6 2 5 4
Hegperchloa kingii - 1043 20 26 ! 0

! NoL available,
? Planted in 1948,

secundum, Elymus junceus, Festuca scabrelia, and Hesperochloa
kingti (table 20), Of these species, A. elongatum, A. smithii, and
E. junceus increased to fair or good stands within the succeeding
5 years. Species that established good stands in the seedling
year but declined to a poor rating or failed by the fourth growing
season included Agropyron ugemicum, Agrostis alba,
Avrrhenatherum elatius, Elymus dahwuricus, E. sibiricus, Elyrius
x Secule, and Medicago lupuling.

Agropyron triehophorim, Bromus erectus, and B. inermis were
someofthe mostconsistent speciesin establishing and maintain-
ing good stands.

From 1950 to 1959, sheep had grazed the area. Species that
maintained good stands through this period of grazing included:
Agropyron eristatwmm, A. smithii, 4. trichophorum, Bromus
erectus, B. inermis, Festuce ovina, Phleum pratense, Poa com-
pressa, and Medicego falcata (table 20). Earlier in 1946 two of
these species, P. pratense and P. compressa, appeared to be dying
out, but since have reestablished themselves. Other species that
maintained fair stands through the 17 years were Agropyron
elongatum, A. inerme, A. indermedium, Elymus junceus, and Fes-
tuca arundinecen, By then all others had either failed completely
or were present only as scattered plants.

Establishment was generally poorer from fall seeding than
from the spring (tables 20 and 21). Only two species, Agropyron
smithit and BElymus junceus, established better seedling stands
from the fall seeding. In succeeding years, however, their spring-
seeded stands increased and were equal to the fall seeded.
Spectes that produced fall-seeded stands about equal to the
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TABLE 21. — Establishment of species planted in the full on
chestgrass-infested abandoned croplend

Stand estublishment

Species Year Seedling
planted year 1947 1950
Pet. Pct. Pet.

Good stands maintained for
3 to 7 years:

Festuca ovinedwrinseifa - 1943 90 65 100
Dao. 194 57 534 a0
Do. 1945 60 60 b

Agropyron smithil —e-veceeee 1943 T0 G0 100
Do. 1914 25 10 15

Aooerigfalim —eemmmeeeeeaas 1943 70 73 95
Do. 19444 7 87 85
Da. 1945 90 90 a0

Elymug juneeus -wneeeee 1913 T0 50 a0
Do. 1944 33 17 a7
Do. 1945 50 50 [{1]

Agropyron intermedinm - 1043 95 80 90
Do, 19-k4 87 a0 20
Do. 1945 90 65 20

Aoosplewdin e e 1943 70 75 90
Do. 1944 43 45 g0

F N BT 111 Y R ——— 1943 30 25 90

Medicago folealq  —meeme-me 1943 70 a0 o0
Da. 1945 20 a0 90

Agropyron trichophorym - 1943 30 al 85
Do. 1944 55 40 90
Da. 1945 80 70 70

Bromug [nermis —--eeee--- 1943 30 40 85
Tio. 1944 30 10 30
Do. -- 1945 20 G0 100

Agropyron trachycarndum — 1943 50 T 85
Do, 1944 30 10 10

B T UITY 711 G ————— 1943 T0 20 80
Do. 1941 03 30 25
Do. 1945 30 20 ih

rapyron sibiricum - 1943 &80 45 80
Do. 1944 48 20 5

Bromug erectits eeemmmeeens 1943 20 Eh) 75
Do. 1944 61} 70 53
Do, - 1945 80 0 80

Agropyron erme  -eeeeeee 1943 70 70 75
Do. 1044 ao 40 70
Da. 1§15 50 90 G5

Footnotes at end ol table.
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TABLE 21. — Establishment of species planted in the fall on
cheatgrass-infested abandoned crepland — Continued

Stand establishment
Species Year Seedling
planted year 347 1950

Pct. Pet. Pet.

[. Good stands maintained
& to T years--Con.

Stipa viridula  ----e—meeeeeeen
Do.
Dao.

Arrhenatherum elobivs —
Do.
Da.

Agropyron elongatum

A, dasystachyum —eene
Do.

AL COREMHTI  cemmemeemie
Bo.

Elymus glancus
Do.

Phlown pratense --eeee—eee

Agropyron desertorum

Festuea arundinuces - e
Do.
De.

Fairstands maintained for s
YEArs or more:

Dactylis glomeratn —-e-—
De. -
Do.

Poa junelfolig, -————-eemmee

Fegtuen idahkoensis —-—
Do.
Do.

Sanguizorba minor ---e-—e

Fair to good stands estab-
lished initially but gen-
erally failed within 5
years:

Elymus x Secale
Medicago lupuling ---meeeeee
Eragrostis curvule -
Lotus ewrniculotus --

Footnotes at end of table.
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TABLE 21. — Establishment of species planted in the fall on
cheatgress-infested abandoned cropland — Continued

Stand establishment

Species Year Seedling
planted vear 1947 1950
Pat. Pect. Pet.
Poc brlhogq -e-eeeemememee—aee 1044 65 10 o
Bromus marginglits - 1043 50 20 o
Do. 1944 45 20 10
Phlewm boehmeri -eeeeeeee 10 a0 1 b
Phalaris arundinecee ---—— 1945 60 70 1

Paoorly established or Failed

completely:
Agropyron cllicre c—--eeeeen 10 0 0 0
Ao osemicostatum - 1943 0 ¢ 0
A, subgectindum e 1943 1 1 0
Agrostis adbe cemeeeeee s 1543 5 1 20
Bouteloua qurtipenduly --- 1043 5 ! 1
Bronus caringtus -—--—------ 1943 10 25 b
Elyns ciieres ——--——eas 1943 0 1 ¢
E. dahwricus -seeveemmmemeeee 1543 20 1 i
B, sibiricns --meemee s 1543 20 1 0
Eragrostis tricofdes --c---e- 1945 30 1 0
Festuea scabrefla e 1543 1 G v
Hesperchiloa Kingti --eeeeeee 1943 20 0 G
Phicwm phieoides ----- 1945 30 10 1
Fou compressa ----smaemren 1943 29 15 15
Secale MORIQNNIM m——eeeeeeen 1945 ! 1 30
Serghastrant nuiansg --—---- 1945 5 0 0
Onobryehis vwlyerig - 1943 10 1 1

Do. 144 35 1 i

! Data not avatlable.

spring seeded were Agropyron cristatim, A. inerme, A. inter-
mediwm, 4. sibiricum, A. smithii, A. spicatum, Dactylis
glomerata, Elymus glaucus, Festuca ovinag, Elymus xSecale, and
Medicago lupulina. Apparently, none of the fall-seeded species
maintained their stands any better than the spring seeded.

Study —Antrim adaptation study No. 2.
Date plunted.—QOctober 7, 1944,
Procedures.—Eight species and four mixtures were planted.
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Each of the eight single species was planted on the spring
plowed, spring-seedrd area of preparatory cropping planting.
No further seedbed preparation was done. Each plot extended
across stubble of Horsford barley, Compana barley, fall rye, and
spring rye. Plots weve 32 by 136 feet. Each of the eight single
species was again planted on the fall plowed, spring-seeded area
extending across stubble of Victory cats, Compana baviey, and
Horsford barley. Each plot was 28 by 96 feet.,

The mixture plots were planted on the fall-plowed, fall-seeded
area that had been planted to fall rye. Each plot, 32 by 390
feet, extended across the rye plots that had been variously har-
vested for hay, for grain, and for grazing. The fall plantings
were made with a one-horse drill with rows spaced 7 inches
apart. Seading was 1/2 to 34 inch deep. Different harvesting
systems were imposed only in the mixture seedings of the fall
rye preparatory crop.

Summary of results.—Good stands established on the area
cut for hay and especially good on the area that sheep had
grazed. On the area harvested for grain, competition from thick
stands of volunteer rye and cheatgrass suppressed establish-
ment and only a few weak seedlings of Agropyron cristatum
and Festuca oving werve found,

In the secdling year 1945, stands ranged from poor to good
with Agropyron eristatum, A, intermediuwm, Bromus erectusg, and
Pou ample establishing the best stands. By 1950, the sixth grow-
ing season, these species continued to maintain good stands.
Festuea ovana had inereased from 57 to 90 percent, and Elymus
Junceus had improved from 33 to 57 percent (table 21). Dactylis
glomerata and Agropyron amithii were consistently poor from
this planting, but they had established much better stands in
other plantings.

Results from the mixtures were recorded only for the sixth
growing season. At that time none of the mixtures utilized the
site more fully than the dominant species in single seedings.
Mixtures thatcontained Festuea ovina and Ay ropyron eristatum
were dominated by F. ovina. Subordinate species in the mixtures
were Elymus junceus, B. erectus, Medicago fulcata, Agropyron
intermedium, and A. smithii,

Study —Antrim adaptation planting No. 3.

Previous use.—This area was previously part of the fall-
plowed, spring-seeded part of a preparatory planting that had
been in oats and barley.

Date planted.—QOctober 9, 10, 11, 1944,




Forage Species 97

Procedures.—No further seedbed preparation was done.
Twenty-seven species were hand drilled with a Planet Junior
seeder. Three other species, Agropyron caninum,
Aprrhenatherim glatius, and Efymus dahuricus were planted by
scattering the seed in handmade furrows and covering with soil.
These species were heavily awned that prevented seeding
through a drill. Rows were spaced 8 inches apart in 12 1/2- by
32-Toot plots.

Summary of results.—3tands were generally fair to good in
the seedling year for most of the species (table 21} Agropyron
intermedinm produced the best stand while A, smithii, £,
dahuricus, and Stipa viridule produced poor stands, and Poo
compressa failed completely. By the sixth growing season,
several of the grasses improved their stands. Those with good
stands were Agropyron cristatum, A. inerme, A. intermedinm
A. spicatum, A, trichkophorum, Elymus junceus, and Festuca
evina. The species that had relatively poor stands or had failed
by the sixth year included Agropyron sibivicum, A. smithii, A.
trachycewlion, Bromus inermeis (Parkland), B. marginatus, Dac-
tulis glomerate, E. duhuricus, E, glawcus, Festuce arundinacea,
F . idahoensis, Phlewm boehomeri, P, phleoides, Poa ampla, P, bul-
bosa, and P. compressc.

In the seedling year cheatgrass was relatively heavy in the
seeded plots. [t comprised from 35 to 75 percent of the cover,
Rye was scattered through the plots making up from 1 to 40
percent of the cover. Where competition from cheatgrass and
rye was particularly heavy, stands of seeded grasses declined.

Study.—Antrim adaptation planting No. 4.

Date planted.—October 26, 1945.

Procedures.—Twenty-seven species were seeded in 3- by 20-
foot plots with three rows per plot and 1 foot between rows.
Seeding was made by drilling with a Planet Junior hand seeder
at a rate high enough to insure good stands if germination was
good.

The seedbed was prepared by burning the cheatgrass. It was
moldboard-plowed and harrowed several times. At time of
seeding, the soil wasdry toover 2 inches deep with little moisture
below 2 inches,

In 1946, the plots were cultivated and hand weeded on May
8, May 28, and July 23.

Summary of results.—Generally, good stands of most species
were established in the seedling year but Bromus inermis, B.
inermnis (Pavkland), Eragrostis trichudes, Phleum boehmeri, P.
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phleoides, and Sorghastrum nutans were poor. Since these
species, except £. trichodes and S. nutans, either maintained
or improved their st nds through the next 4 years, their poor
stands were brobably more from poor seed or seedbed conditions
than from nonadaptability to the site.

Besides £, trichodes and 8. nutens, one other species, Fyagros-
tis curvala, which produced a good stand of seedlings the first
year, died out the second year. These species were considered
riot adapted. -

B. inermis (Lincoln) improved its stand to 100 percent by the
fifth year. Other species that appeared particularly well adapted
were Agropyron cristation, A. intermedium, Bromus erectus,
Stipa viridule, and Medicego Jaleuta. A second group of species
produced good stands in the fifth year but appeared to be de-
cling. These included Agropyron inerme, A. trichophorum, Ar-
rhenatherum elatins, Dactylis glomerata, Festuca arundinacea,
and Poe aemple. BElymus Junceus also produced a fairly good
stand and was generally maintaining itself.

Study.—Antrim adaptation planting No. 5.

Date planted.—April 8, 1946.

Procedures.—Ten species of grass were planted in plots 15
by 66 feet in each of two replicated blocks. The seed was drilled
with a one-horse drill with rows spaced at 7-inch intervals.
Species of Festuca and Poa were seeded at 1/4- to 1/2-inch depths
and the others at about 3/4 inch. Seeding rates were 8 pounds
per acre for Agropyron eristatum, Festuca ovina, and Poa ampla.
Bromus erectus was seeded at 15 pounds per acre and all the
others at 12 pounds. The seedbed was prepared by plowing and
harrowing in the fall and spike-tooth harrowing again in the
spring before planting. At seeding time the soil surface was
dry but fairly moist at the 1-inch depth.

Summary of results.—Initial stands were good for five seeded
species: Agropyron cristatum, A. intermedium, A. trichophorim,
B. erectus, and Elymus junceus, but Agropyron inerme and A.
spicatum produced fair stands, while F. oving, P. ample, and
Stipa viridula were relatively poor. Stands of most species
improved in the succeeding years. By the fifth growing season,
A. crigtatum, A. wntermedium, A. spicatum, A. trichophorum, B.
erectus, K. junceus, and F. ovine had established good stands.
Of these grasses F. ovine had greatly improved its stand, while
E. junceus declined slightly. A. inerme, P. ampla, and S, viridula
improved slightly but were rated fair.
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Study.—Antrim adaptation study No. 6.

Date planied. —April 28, 1948,

Procedures.—Forty-eight species and strains were planted in
plots 5 by 16 feet with three rows per plot spaced 18-inches
apart leaving a 6-inch border between plots. Seeds were scat-
tered by hand in furrows made with a hoe and covered with
soil. The large-sized seeds were covered with 3/4 to 1-1/2 inches
of soil, and the small sceds with 1/4 to 3/4 inch of soil. The soil
was firmly packed with a hand rake. The plots were cultivated
and weeded during the first 2 years as needed to remove competi-
tion from cheatgrass.

Summaery of results.—Good to excellent stands were estab-
lished in the seedling year for most species (table 20). Fastuce
idahioensts, Poa ample, and P. compressa established fair stands.
These species were planted about 1 inch deep instead of the
desired 1/4- to 1/2-inch depth. The relatively deep seeding prob-
ably contributed to the reduced stands. In the second and third
years, the stands of all strains were maintained or improved.

Damage to leaves from early frost was observed in 1949,
Species most heavily damaged were Agropyron inerme, A. inter-
medium, Bromus erectus and Dactylis glomerata. Poa ampla
and P. compresse showed only slight traces of damage.

Strain differences were observed in 1948 and 1959 as follows;

Agropyron eristatun: Commercial was the greenest and pro-
duced more heads than the other strains, while P-7406 produced
the fewest heads but was more leafy. P-61 failed to form a sod.

A. dasystachywm: W-7801 produced the most heads, but P-1822
was more leafy and green. Both strains were badly infested
with leaf rust.

A. slengatum: Few heads were produced on either strain. P-111
plants were larger and leafier, while P-2326 was greener. P-111
produced finer stalks in 1959,

A, inerme: P-7412 was the greener, produced more heads, and
had the larger plants.

A intermedium: P-2327 and Ree were about equal. Both were
green. Plants were very large and leafy with very few heads.
P-14 plants were smallest and were drier than the others. P-14
also produced a very heavy sod in 1958, while the other strains
produced loose sod.

A, smithii: P-727 was the leafiest, very robust, and bluish in
appearance. [t had no leaf rust. 065-456 and P-9373, on the other
hand, were heavy with leaf rust. 065-456 was light green, and
P-9373 was bluish. 065-456 produced a heavy sod, while P-727
formed a light sod, and P-8373 formed a very light sod.
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Al spicetunm: P-6409 was small and spindly, while P-7845 and
P-137 weve large, leafy, and mostly green. Leafrust was present
on all three strains. By 1959, P-7845 had produced a light sod.

A, trachyceulum: P-2535 produced more seed heads than any
other wheatgrass. The plants were large and bunchy and pro-
duced twice the forage as P-1711. The commercial strain pro-
ducedonly a few plants, but they were large and leafy and similar
to P-2535.

A trichophorune: The Mandan strain produced larger, greeney
plants than P-41, but it stooled much less. Its plants resembled
the Ree strain of 4, intermedium but were slightly smaller,

Bromus erectus: P-4684 was the more leafy and had no smut
on heads. Most of the heads on P-2336 were smutty.

B. tnermis: Manchar produced much larger plants than the
other strains. Lincoln was greener and formed a heavy sod in
1866,

B. marginatus: P-3368 produced numerous heads with good
seed. Plants were as large and leafy as Manchar smooth brome,
P-3992 produced short, leafy plants with only a few heads, all
of which were smutty.

Dactylis glomerata: All straing werve similar — all were large
and leafy.

Elymus clnereus: The Aberdeen strain preduced numerous
heads with good seed. Some plants were bright green. These
were infected with leaf rust. Bluish-colored plants were also
infected, but the infection was not as heavy.

E. junceus: D-19 appeared to be a little greener than the strain
from Nebraska. They were equal in leafiness and stooling.
Neither strain produced seed heads.

Festuca arundinacen: Differences between Alta and Ky 31
were not apparent. Both produced a few heads and their plants
were large and leafy.

F. idahoensis: P-8435 produced dark-green plants that ware
mostly large and leafy, but the presence of several » nall plants
indicated delayed germination. The color and coarseness of
leaves resembled F. rubra. Stands of P-6187 were spotty, and
plants were small compared with P-6435. Most of them were
bluish. In 1959 many seedlings of P-8187 were establishing in
the open areas.

Poa enpla: All strains were very bluish. P-9803 was leafier
and move vigorous, P-2718 produced large and small plants in
equal proportions. The other strains, P-837 and P-6303, produced
small plants. In 1859 many plants of all strains appeared dead.

P.compressa: The commereial strain produced larger, leafier,
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and preener plants. Plants of P-410 weve {ine leafed and yel-
lowish; they were also of poor vigor. By 195689 the commercial
strain formed a dense stand and appeared to be the more vigor-
ous spreader. P-410 was a light spreadenr.

Study.—Antrim adaptation study No. 7.

Previows ugse.~—The study area was previously part of an
Agropyren cristation study that had been established to test
row spacings and rates of seeding.

Date plented, —April 29, 1548,

Procedures.—The avea was plowed and harrowed April 22,
1948, Plowing was done to 10 inches deep. Thirty species were
planted by scattering seed in furrows preared with a hoe. Cover-
ing and firming was done with a hand rake. Depth of covering
varied from 1 to 1-1/2 inches for the large seeds and from 1/4
to 34 inch for the smalil-seeded species. Plots were 5 by 16 feet
with three rows 18 inches apart having a §-inch border between
plols.

Sunimary of results.—Good to excellent stands were estab-
tished by all species except for Agropyron semicostatum, Elymus
sibiricus, and Festuea scabrella that generally failed (table 20).
By 1950, the third growing season, all species but Lolium
perenne, L. remotum, and Trifolium repens had maintained or
improved their original stands. These three species still main-
tained good stands but had declined markediy. By 19569, the
12th vear, these same species plus Agropyron caninum, Bromus
tomentellis, Elymus canadensis, E. gigantens, E. glevweus, E.
sthirvicus, E. virginieus, Poua bulbosa, P. longifolia, P. stenantha,
and 7. repens had either failed completely or were present only
as braces. F. seabrelln, also present only as four plants, continued
to maintain itself near its original stand of six plants.

Species that had declined markedly but still maintained fair
stands were dgropyron cristation, Festuca rubra, Lotus cor-
nicwlatus, Onobrychis vudgaris, and Senguisorbe minor.

Those species that appeared well adapted to the area were
Agropyron umurense, A, sibivicus, Alopecurus erundingeeq, A.
prafensis, Phieum boehmeri, P. phlcoides, P. pratense, Medieago
sativa, and Viela tenuifolia {table 20).

By 1929, A. amurense had spread to adjoining plots, and plots
of L. eornicuiatus, M. sativa, and Q. vulgaris were heavily
infested with Bromus tectorum. Grazing by sheep had been par-
tieularly heavy on F.scabrella, M. sative, O, vilgaris, and species
of Phieum, and FPoa. L. corniculatus was only lightly grazed,
while V. tenuifolic had been ignored.
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Several of the Antrim adaptation studies were harvested
between 1946 and 1949. Averages of three and four harvests
(table 22) show some variation by species depending on year
planted. However, those that consistently produced high yields
were Agropyron intermedium, A. eristatum (desertorum), Fes-
tuea ovina durivscule, and Bromus erectus. Poa ample also pro-
duced high yields in two of three studies.

In mixture plots containing A. eristatum, K. Juneeus, and F.
ovine, F. oving accounted for 2,034 pounds per acre and A. eris-
tatwm 107, while E. junceus contributed only a trace amount.
In another mixture, F. ovina accounted for 1,143 pounds while

A. cristatum yielded 603 pounds and E. erectus 190 pounds of
the total weight.

Antrim preparctory cropping studies.—As a method for pre-
paring 2 seedbed with the possibility of recovering part of the
cost, techniques of preparatory cropping were studied in which
several grain erops were planted and harvested before planting
grasses into the stubble. Descriptions and procedures of these
studies foliow.

TABLE 22.—Herbage yields of grasses from abendoned cropland
infested with cheatgrass near Florence, Mont.

Gpevies Average yields per acre, air-dry weight
1945481 1946-49 2 194749 3

Libg, Libg. Lbs.

Poa ampla e 1.9 1,668
Agropyron Dntermedinm - 1,571 1,994
A, spiealum s s
Stipa vividulay e 5 s
Festuea ovine duriuseide - 903 1,370
Agropyron INErme - 3 s
A, trichuphorin seeeeeees s s
A, eristatim 1,394 1,856
Broniues erectig seeeeeeeeemenes 1,165 1,170
Elymus juncens ---- 810 1,068
Agrropyran smithii 5 #2140

! Planted 1942 in grain stubble following preparatory crops.
* Planted 1944 In grain stubble following preparatory craps.
3 Planted 1946,

* Yields for 1946 {1 vear only).

* Data not available.

¢ Yields Tor 19:19 (1 year only),
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Study.—Antrim preparatory crop planting No. 1.

Date planted.—April 13, May 19, June 7, October 28, 1943.

Procedures.—One acre of ground was plowed and harrowed
April 12, 1943. One-fourth of it was seeded to Agropyron cris-
tatum and one-fourth to spring rye. On May 19, one-sixth was
seeded to sudangrass and one-sixth to Proso millet. On June
7, three varieties of sorghum were seeded in plots 20 by 27 feet.
The rest of the area was left unseeded. On October 28, after
harvesting the grain, nine species of grass were seeded across
the preparatory crop plots, represented by rye, fallow, millet,
and sudangrass. A, evistutum was alse seeded across the four
preparatory crop plots,

Summary of results.—Good stands of rye, millet, and sudan-
grass were produced. Rye headed out at about 5 feet high and
vielded 1.5 tons of hay per acre in July and 20 bushels of grain
per acre, Millet was also good, but Browmas tectorum was thick
The miller was about 18 inches tall in August and yielded 1-1/2
tons per acre. Sudangrass also looked good; it was 18 inches tall
and yielded 1 ton per acre. The grain sorghums were about 18
inches tall in September, but they were killed by frost befove the
seed matured. 4. cristatum established good stands of seedlings
whether planted in the spring or fall. Following the preparatory
crops, good to fair stands of grass were established. The stands
were better following spring rye and sudangrass and poorer
following millet. In 1946 4. cristatwm yielded 689 pounds per
acre and in 1947, 1,160 pounds.

Study.—Antrim species establishment following preparatory
crops.

Date planted.—QOctober 28, 1943,

Procedures.—Nine species were planted across the four pre-
parafory cropping treatments (sudangrass, millet, fallow, and
rye) of planting No. 1, Plots were 8 by 115 feet. Bach species
was planted in a randomized block design. Seeding was made
into undisturbed stubble with a one-horse drill at 8 t¢ 10 nounds
per acre. Rows were spaced 7 inches apart.

Summary of results.—Seedings were recorded on all eropping
treatments from 1944 to 1947 but only on the rye treatments
in 1948 and 1950. Species generally appeared to become estab-
lished best following rye, while establishment was about equal
oneach of the other treatments. The initial seedings were gener-
ally good following rye but only poor to fair fellowing the other
treatments (table 23).

Agropyron eristatum consistently established well following
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TABLE 23.—E ffect of prepuratory crops on the establishment of
Jferage species planted in stubble

(Vulues ave pverage stond estimates 1944-50

Preparatory crops
Species Spring Sudan-
Fallow rye Miliet £rass

Pet, Pei. Pet, Pel.

Agropgrun eristation c-ee-aeees 72 50
PO g L ATy O — 68 17
A, smdthii as

Brous erecths eemmeeemena o

Daelylis glomeraty 51

Elymus juneeus coeeeecasmmanee 55

Fostuen oving duriusenly - ) d44

Pow anepfe

Medieuga fateata 27

AVUPAEE  wmmeee e =< 47 19

all four crops, while A, interniedium and Elymus junceus and
Fesluea oving established well only following the rye. Bromus
erectus and Dactylis glomerate, established fairly well on both
the tallow and the rye treatments. Agropyroun smithii was the
only species that appeared to establish best fellowing the millet
or sudangrass treatments.

The differences among the cropping treatments on the estab-
lishment of forage species were partially attributed to the
amount of cheatgrass present. Rye stubble was practically free
from weeds and cheatgrass, while the fallow plots had scattered
weeds, cheatgrass, and sudangrass, and the millet plots had
many cheatgrass plants,

Study.—Antrim preparatory erop study No. 2.

Procedures.—The study was designed in a rather eomplex
fashion with soil preparation, seeding, and harvesting treat-
ments as follows:

1. One and one-half acres - fall plowed and harrowed; fall
seeded to rye (1943), one-third cut for hay (July 7, 1944), one-third
cut for grain (July 27, 1944}, and one-third grazed.

2. Three-fourths acre - fall plowed (1943), teft rough over
winter, harrowed four times in the spring (1944) and seeded
as follows:
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a. One-fourth acre - Victory oats - one-half cut for hay, July
7, 1944,

b. One-fourth acre - Compana barley - one-half cut for grain,
July 27, 1944.

c. One-fourth acre - Horsford barvley.

3. 1 acre - spring plowed {1944) and seeded (spring 1944).

a. One-fourth acre Horsford barley - one-half cut for hay, July
7,1944,

b. One-fourth Compana barley.

¢. One-eighth acre fall rye - one-half cut for grain July 27,
1944,

d. One-eighth acre spring rye.

e. One-fourth acre crested wheatgrass.

Summary of results,~—Fairly good yields of grain and hay were
harvested following a relatively good moisture year. The two
barley varieties produced similur amounts of grain. Compana,
however, prodnced considerably more hay, and yields of both
hay and grain were greater from fall plowing than from spring
plowing (table 24),

On the grazed part of fall rye both the rye and cheatgrass

TABLE 24.—Grain and hay yields from preparatory cropping
systems on cheatlgrass-infested abandoned cvoplond newr
Florence, Mont.

Yield per acre

Seeding Lrentment and erop.

Grain Hay
Bushels Pounts

Fall plowed-[all seeded (Oet. 1943):

Fall rye 23.0 2,290
Fall plowed-spring seeded (dpril 1944):

Compana barley 44.5 1,840

Horsferd barley 43.0 1,240

Vietory oats - 1,880
Spring plowed-apring seaded (April 1944):

Spring eve - 17.5 1,600

Compana havley 34.5 2,040

Hoyrs{ovd barley - 31.5 1,200

Foall rye - 800
Spring plowed-spring seeded (April 1945):

Compnna barley 36.3 3,210

Horsford barley 21.4 2,160

Thatcher spring wheal 9.6 2,700
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were grazed closely in the spring then allowed to regrow. By
July 11, the rye was 8 feet tall and cheatgrass was 12 to 18
inches with many seed heads. At that time the cheatgrass was
green and in the flowering stage, but that in the surrounding
fields was ripe and dry. By fall, grasshoppers had cleanly
stripped all the heads from the cheatgrass, which apparently
prevented seed from maturing since there were only a few new
seediing plants. Although the grazed part of the study was rela-
tively free from cheatgrass, the action of the grasshoppers was
probably more responsible for the results than the grazing by
sheep in the spring. Grasshoppers completely destroyed the seed
heads of Victory oats.

Agropyron cristation seeded in 1944 yielded 1,017 pounds per
acre in 1946 and 1,375 pounds per acre in 1947.

Study.-—Antrim preparatory eropping planting No. 3.

Date planted, —April 7, 1945,

Procedures.—The ground was plowed and seeded in the spring
by drilling to Thatcher spring wheat and Gompana and Horsford
barley. Before plowing, the area was burned in the fall of 1944
removing all the litter. Seeding was with a 10-foot single-disk
Van Brunt grain drill.

The study was made to determine the effect of the different
preparatory crops on seedbed preparation and cheatgrass infes-
tation. Perennial grasses were planted October 13, 1945,

Summary of results.—Good stands of all three grains were
obtained. Compana buarley produced considerably more seed and
hay than either of the other grains and both barleys yielded
more seed than did wheat, but Thatcher wheat yielded more
hay than Horsford barley.

Cutting the grain early for hay, controlled Bromas tectorum.
But when it was left to be harvested for seed 2.5 times as many
B. tecterum seedlings emerged in the fall as on the hayed area,
and the following spring 3.7 times as many seedlings emerged.
Grasses planted on the bwo treatments established 1.6 times as
many seedlings on the area cut for hay as on that cut for seed,

Most of the B. tectorwm seed that fell on the soil surface ger-
minated and established plants that fall with little holdover
of seed until spring. Where fall cultivation of the soil buried
the seed, however, at least some of it wintered over and ger-
minated the next spring, This finding indicates that spring culti-
vation destroyed more cheatgrass than fall cultivation, also that
fall planting on fall-cultivated seedbeds enabled seeded grasses
to start and compete with cheatgrass better than those planted
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In the spring on fall-cultivated soils. The advantage or disadvan-
tage of fall versus spring seeding of grasses would not necessar-
ily depend on the time of cultivation since moisture during the
seedling stage appears to be the eritical factor. However, where
adequate moisture is present and cheatgrass seeds are buried
by spring plowing, reduced competition by spring cultivation
may produce better stands than fall seeding.

Study.—Antrim mixture study following preparatory crops
planting.

Date planted.—Qctober 13, 1945.

Procedures.—Agropyron cristatun and two mixtures were
seeded in plots 15-1/2 by 225 feet. Two plots of each were seeded,
one on each of the areas cut for grain and for hay. Each plot
extended across all three grains used in preparatory crop study
No. 3 {Thatcher wheat, Compana barley, and Horsford barley).

Seeding was with a one-horse drill pulled by a tractor. Rows
were spaced B inches apart. The drill was set to seed 1 inch
deep, but because of unevenness of the soil surface, depths from
0 to 1-1/2 inches occurred. Seeding was at 5 to 8 pounds per
acre. At time of seeding, the soil was dry to 1-1/2 inches,

Summary of results.—Nearly twice as many seedlings of the
seeded species became established on the area where the grain
was cut for hay as where it was harvested for seed (table 25).
This advantage for the hayed treatment continued through the
first years of the study. However, by the fifth year the stands
from both harvest treatments were appreximately equal.

The A. cristatum plot was consistently better than either of
the mixtures in seedling numbers and in percent stand through-
out the study period. It was also the dominant species in the
two mixtures. Festuea ovina improved consistently in stand and
appeared as though it would become an important component
of the mixtures as it had done in other mixture studies. Agropy-
ron Intermedium and Medicago felcata generally maintained
their stands but did not appear to be as aggressive as F. ovina.

Approximately two-thirds of the seedings observed in the first
year died out by the second year for reasons unknown. In the
succeeding vears, stands of species inereased consistently with
the possible exception of Agropyron trichophorum, which was
present only as a trace,

Herbage from mixture No. 1, harvested in 1948, produced 4,148
pounds per acre. Of the total yield, M. falcata contributed 2,443
pounds; 4. infermedium, 1,106 pounds; and A. eristatum, 599
pounds.
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TABLE 25.—E'stablishment of seeded species in mixtures follow-
ing different preparvatory cropping wethods on cheatyrass in-
fested abandoned cropland near Florence, Mont.

Cut for grain Cut for hay
Species and mixture Plants, per Plants, per
planted squure yard  Stand  square vard  Stand
1946 1947 1948 1950 1946 1947 1918 1950

No, Pet, Pet. No. No. Pet. Fct.

30
10
20
15
3
30
20
1
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60
23

Agropyron oristaf i -
Mixture No. ! (totalk
A eristaln e
A ntermedinm
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Arritenatherwm elafing —--
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Study.—Antrim cheatgrass burning study.

Date ptanted.—QOctober 18, 1946.

Procedures.-Agropyron cristatum was seeded following vari-
ous burning and soil preparation treatments from June 7 to
August 9,

Swummary of results.—Fall burning of cheatgrass followed by
drilling the seed did not produce satisfactory stands. On the
unburned area, the only method that produced a satisfactory
stand was a plowing-disking-drilling treatment. All the other
methods generally failed.

Burning reduced the numbers of Bromus tectorum plants
plants by about 80 percent, but the reduction was apparently
not enough to establish satisfactory grass stands. The greatest
reduction of B. tectorum occurred from burns made from July
11 to 24.

The number of B. fectorum seedlings ean be reduced by burn-
ing the parent crop at about any time after it is mature and
dry enough te carry a good fire and before most of the seed
has shattered. However, it is still likely that enough seed . -ll
be lett to produce a good stand the following year, and without
further seedbed preparation B. tectorum will reduce seeding
success.
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Study.—Anbrim rate of seeding and row spacing.

Date plunted. —October 18, 1946,

Procedures.—The area was plowed and harrowed in 1945 and
was replowed, disked, and harrowed before planting in 19486,
Plantings were made with a one-horse drill set to seed at 3/4
inch deep. Two species, Agropyron cristatum and A. inier-
mediunm, were each planted at two seeding rates, A, ¢ristafum
at 4 and 8 pounds per acre and A. infermedium at 6 and 12
pounds per acre. Plots were § by 80 feet. Treatments were ran-
domly located in two replicated blocks.

Suwmniary of results.—Stands obtained were not very satisfac-
tory. A, intermediwm was very poor under all treatments. its
best stand of three plants per square yard was produced from
a 12-pound-per-acre seeding rate with a 1d-inch row spacing.

A, eristatim, however, established fair stands, and variations
among treatments were highly significant for both rate of seed-
ing and spacing. The best stand of 21 plants per square yard
was established from 7-inch spacings seeded at 8-pounds per
acre, The poorest stand of 6 plants per square yard was estab-
lished from the ld-inch spacing and 4-pound seeding rate.

Study.—Antrim depth of seeding and competition study.

Pute plented. —October 11, 1644,

Procedures.—Before seeding, the area was plowed in the fall
of 1943, cultivated once during the summer of 1944, and cul-
tivated and seeded in Ocicober 1944, Weeds and debris were raked
off to leave a clean seedbed. Two 4 by 4 wooden beams were
dragged over the area fo smooth the soil. Two species, Festuca
ovina and Agropyron eristatum, were drilled at each of three
depths, shallow {(Iid to 1/2 in ), medium (1/2 to 3/4 in }, and deep,
{3-f to 1 in), with a Planet Junior hand seeder. The grasses
were drilled in alternate rows 8§ inches apart, and treatments
were replicated in two blocks. At the time of seeding the seedbed
was clean and fairly smooth, but the soil was dry and rather
loose.

Summary of results.—By November 1944, A. eristatum
emerged from the medium and deep seedings but not from the
shallow, Undoubtedly, lack of moisture in the surface soil was
the reason fov this although moisture was apparently adequate
for germination a little deeper. F. owina did not germinate until
the next spring.

Stands of A crisfatin were fairly good in 1945 with the better
stands from the shallow and medium seeding depths (table 26).
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TABLE 28.—FEstablishment of 2 grasses as affected by depth of
seeding and competition with each other in cheatgrass-infested
croplund, abandoned, near Florence, Mont.

. . Stund
e s r dles !
Species und planting depth 1935 1948
B, Fet.
Agropuron eristatum:
Shallow 82 80
Medium T8 80
Deep 52 .80

Festucu ovine durinsenia:

Shallow 25 30
dledium 3 5
Deep 0 1

! Planting depth as follows: Shallow, 14 to 12 ineh: medium, U2 to 344 inch; and
deep, 84 to | inch,

By the fourth growing season (1 948), however, stands were equal
for all depth treatments.

Festucn oving failed to become established from the deep seed-
Ing treatment. Stands were better on the shallow seeding treat-
ment but at best were relatively poor. By 1948, no A, cristatum
plants oy seediings were found outside the original rows,
However, seediings of F. oving were common between rows and
plants within the rows, especially in the shallow-seeded plots
where move F. ovine plants had established.

The relative competition between these species eould not be
evaluated since the stand was open. With the presence of many
£ ovina seedlings in 1948, probably better stands of this species
would have become established in the succeeding years.

Study.—Antrim depth of seeding and soil firming.

Daote planted.—April 11, 1946, and October 15, 1946.

FProcedures.—Six species of grass were seeded in a randomized
block, split-plot design. Piots of species and seeding depths (3
each) were randomly located within each of three replicated
blocks. After planting, half of each plot was packed with a cul-
tipacker to firm the soil.

Seeding was with a Planet Junior hand seeder in rows 8 inches
apart in plots 2 by 20 feet with three rows per plot. Seeding
depths were shallow (14 to 1/2 in), medium (3/4 to 1 in ), and
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deep (1 174 to 1 1/2 in,) for each species. Rate of seeding was
as follows: Poa ample, 3 pounds; Agropyron cristefum and
Elymus juncews, 6 pounds; and Agropyron intermedium and
Bromus erectus, 8 pounds per acre., For the spring-seeding treat-
ment the seedbed was burned, plowed, and harrowed during
the tall of 1945, In the spring of 1946 it was spring-tooth cul-
tivated and spike-tooth harrowed, then dragged with three 4-
by d-in¢h timbers to smooth the surface, For the fall treatment,
the seedbed was plowed from sorghum stubble, which was rela-
tively free from cheatgrass, and then it was spring-tooth har-
rowed. Loose sorghum roots were raked from the soil. The area
was dragged with the 4-by-4 drag to smooth and firm the seedbed.
During planting the soil was left loose without walking or pack-
ing the seeded rows. Atter planting, half of each plot was packed
by converting the Planet Junior seeder into a packing unit.

Sunanary of results.—With the possible exception of F'. oving,
spring seeding produced better stands than fall seeding on both
the packed and nonpacked seedings (table 27). The spring seed-
ing produced better results even though precipitation and tem-
peratures were unusually low during April, May, and June.
Through the summer months, precipitation was unusually high,
but temperatures continued below normal. Elymus junecens, in
particular, established better with spring seeding.

Differences between the packed and nonpacked treatments
were not consistent between years for the same species and
seeding depth but packing appeared to improve initial establish-
ment slightly. Depth of seeding significantiy affected the estab-
lishment and vigorof the different species. Agropyron cristatum,
A, intermedium, Bromus erectus, and Elymus junceus estab-
lished their best stands generally at the medium depth (3/4 to
1 in}), Establishment, however, was about the same from the
deeper seeding. The two wheatgrasses also established well at
the shallow depth, but B. erectus and K. junceus were definitely
reduced by the shallow seeding. F. oving, on the other hand,
established its best stands at the shallow (1/4 to'1/2 in.) seeding
depth. Poe ampla also appeaved to establish somewhat better
from the shallower seeding than at the deeper depth. In general,
however, plants from the deeper depths appeared to be more
vigorous.,

Study.—Antrim date of seeding—seedbed treatments,

Date plunted.—September 19, 1941, October 20, 1941, April 8,
1942, September 18, 1942, October 29, 1942, and April 13, 1943.

Procedires.—Three seedbed treatments were randomly pre-
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TABLE 27 —Seedling estublishment as affected by seeding depth,!
soil firmness, and planting date

Percant stand with sail
Species Packed Nonpacked
Shal-  Med- Shal-  Med-
low ftum  Deep low ium  Deep

et Pet, Pet. Pot. Pct. Pet,

Spring plantedl:
Agroppron eristainum  -eeeeee- 8 o8
Ao Blermed{nm e ta3t] i
Brimnus ervetus 67
Elymus funeeus a8
Festued oring durinsculy - 77
Poa ampla —weeescemeeeeee s

B L T — i3

Fall planted:
Agrapgron erislatum 51 50 47
E R Y (AR 111 I — 20 39 y 25
Hromus evecius 31 49 32
Elymus jinreus - oececemmees 1 2 2
Festuea oving durinsenle - Th h 130
Pott anpli —ememeces s 11 3 21

AVOragE s e 43 25 48

' Heeding depth as follows: Shallow, Lid te 1/2 ineh: medium, 34 to 1 inch; deep,
L-1d to 1-1/2 inches,

parved in nine blocks. They were (1) light preparation, plot disked
once over with a heavy cut-out disk harrow; (2) heavy prep-
aration, plat disked twice; and (3) plot untreated.

Agropyron eristatum was planted at three different dates
across the three treatments with three replicated blocks per
date of seeding. The individual plots were 20 by 50 feet. Approx-
imately 6 pounds of seed per acre were planted with a one-horse
drill. Agropyrra intermedium was also seeded at the early and
late fall dates in single plots of the three seedbed treatments,
but it failed with less than one plant per square yard. It was
drilled at 5 pounds per acre. The treatments were applied in
1941-42 and again in 1942-43.

Suwmmary of results.—In the 1941-42 seeding, none of the A.
cristatum treatments were satisfactory. By 1945, the fourth
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growing season, no plants were left on the nontreated seedbed,
and numbers of plants had decreased on all other treatments,
In the 1942-43 seeding, stands were substantiaily better than
the 1941-42 seeding; however, by 1945, stands on all treatments
were reduced. The heavy stand of Bromus tectorum and the
failure of disking treatments to control this weed were
atiributed to the poor stands of seeded grass.

Differences between seasons of seeding were conflicting for
the two seeding years. In the 1941-42 seedings, more plants
established from the fall seedings than from the spring seedings.
In 1942-43, however, spring seeding was far superior to the fnll
seedings. The superiority of the spring seeding continued to
persist through 1945, the third growing season, with fair stands
persisting on the disked treatments.

Differences between disked and nondisked treatments were
significant. Although double disking consistently gave better
stands ol grass than single disking, differences were not signifi-
cant. Based on these results neither single nor double disking
is considered a dependable method for preparing B. fectorumn
infested fields for planting to A, eristatiom.

In the 1941-42 seeding, disking once or twice reduced the cheat-
grass by about 45 percent in 1942, with little difference between
the disking treatments. The following year for undetermined
reasons the B, {eciorum was markedly reduced on the areas
not disked. On the disked areas, B. tectorwm increased over that
in 1942 but still continued slightly lower than that on the non-
disked.

Spring seeding was more effective than fall seeding in redue-
ing the B, tectoriom cover durving the seedling year but generally
Iate fall was better than early fall seeding. In the second growing
season little difference between seasons of seeding on the 5.
lectoriom cover was apparent.

Study.—Antrim fertilizer study.

Date applied.—April 27, 1548.

Procedivres.—Ammonium suifate (20 percent N) was applied
at four rates, 0, 24, 38, and 64 pounds N per acre to an Agropyron
cristatiom planting that had been planted in April 1943 and April
1944, Kach treatment was replicated four times in plots 15 by
82 feet in a randomized block design. The fertilizer was applied
through a fertilizer attachment of a one-horse grain drill. Her-
bage was harvested in 1948 and again in 1949 to determine the
restdual effects.

Summary of results.—The fertilizer at all rates increased
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vields of herbage (table 28). Application of 24 pounds per acre
increased production 135 percent of the nonfertilized treatment,
while the 38- and 64-pound rates increased yields 167 and 178
percent, respectively, over the 2-vear period. Residual effects
in the second year increased production significantly by 3060
to 950 pounds of herbage per acre.

Study.—Antrim competition study.

Date planted.—November 23, 1543.

Procedures.—Four species were planted in pure stands and
as mixtures with Agropyron cristetewm. In the mixtures the dif-
ferent species were seeded in alternate rows spaced 8 inches
apart. Later, in 1944, A, eristefion was seeded across all the
plots,

Swummary of results. — In 1946 Elymus junceus was eliminat-
ing all Bromus tectorum, and Agropyron eristatum that had been
seeded over the E. juneeus never became established. Only an
oceasional plant of the other snecies seeded was {ound.

Study. —Antrim alternate row mixtures.

Duate planted.—April 7, 1945.

Procedures.—Seven species were planted in alternate row mix-
tures with Agropyron eristation. Rows were 8 inches apart with
12 rows per plot. Seeding was with a Planet Junior hand seeder.
All species were planted 3/4-inch deep at a rate equal to about
30 seeds per foot of row. Before seeding, the area was plowed
and spiketooth harrowed. The soil at time of seeding was moist
and friable, yet firm. The surface was relatively smooth.

Sunimary of results.—The initial stands of grasses planted
with A, eristatum were relatively poor. Whether this was due
to competition or to weather conditions is not known; however,

TABLE 28.—VYield of a 6-year-old crested wheatgrass stand as
affected by different rates of fertilizers

Increase per
o Yields per acre acre due to
per acre 1918 1949  Total fertilizer

Nitrogen fertilizer

L. Lb. L.
None 1,760 1,310 3,070
24 pounds 3.536 1,600 4,136
38 pounds ———mmeeee - 3.257 1,580 5,137
64 pounds 3,180 2,290 5,450
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during the 4-year period of this study, no further indication
of competition between A. ¢ristatiom and any of the species was
evident. Stands of A, cristatum were approximately the same
in each of the mixtures within the same year, and stands of
all species fluctuated from year to year with a general increase
in stand over the 4-year period. Species included in this study
weredgropyron intermedium, &, trachycawlum, Bromus erectus,
Elymus junceus, Festuce ovine duriuscula, Pon ampla, and
Medicago faleata.

Study.~—Antrim bluegrass strains test.

Duate plunted.—March 21, 1946,

Procedivres.—Thirty-three strains of Poa were planted in plots
5 by 16 feet with three rows spaced 18 inches apart leaving
a 6-inch border between plots, Seeds were hand planted in rows
made with a hoe. They were covered with a half inch of soil
packed by tamping with a garden rake. The seedbed was pre-
pared by plowing and then harrowing seven times in the fall
of 1945. During the seedling year (19486}, the plots were hand
weeded on May 8, June 8, and July 30.

Summary of results.—Relatively poor stands established in
the seedling yoar for zll strains. The commercial strain and
Ppt b, however, produced the best seedling stand. Of those
strains that produced seedlings, only one (C-167) died out in
the succeeding years. All the other strains increased their
stands. By 1948, the third growing season, the commercial strain
and Ppt 5 had increased their standsto 83 and 76 percent. Several
other strains also appeared to be spreading rapidly.

Apparently, C-253 was the earhest developing and Ppt § the
latest. All the other accessions were about equal and inter-
mediate between these two strains.

If more information is desired concerning these strains, see
Annual Report of Progress, 1963, Forage and Range Research,
Strain numbers refer to Bureau of Plant Industry accessions.

Fi. Missoula

Study location.—Located on part of the old military fort near
Missoula, Mont,, sec. 31, T. 13N,, R. 19 W. (location 24, fig. 10).

Elevation.—3,600 feet.

Average precipitation,—Annual, 12,6 inches; April-September,
58 percent.

Topography.—2 percent slope to the southwest,



http:cl-istat'u.1n

118 Technical Bulletin 1479, U.5. Dept. Agr.

Type of vegetation.—Intermountain valley grassland and bot-
tom land,

Dominant and wssociated species.—Agropyron smithii, A.
spleatusn, Festuew idahoensis, Poa spp., and Carex. Bromus tec-
torum and Agropyron repens have invaded the area.

Previous use.—0ld military field.

Study.—Ft. Missoula nursery.

Date planted —April 1950; May 23, 1951; and April 18,
1953,

Procedures.—Methods of seedbed preparation and plant-
ing are unknown. In 1950, 62 species were planted. In areas
where species failed in the 1950 seeding, the species were either
reseeded in May 1951, or other species were planted in the vacant
plot. Data were not recorded for the last seedings.

Summary of results.——S8tands were either good or failures.
Species that initially established good stands were as follows:

Speciey Initial stand fpereent)

Agropyron tnlermedinm H5
A trichophorum 95
Stipa viridule 95
Agropyron amurensy 90
AL eristatim 90
A wibiridum 40
Bromug inermtis (Manchar) 90
Festica arundinacen [Alta) 0
Loliwm repiction ag
Bontelony grocilis - 90
Phiewm pralense a0
Arrhenatheriom efating -- 85
Dactylis glomeruia 85
Festucn ovine durinscute 33
Bromus erectus 80
Agrapyron elonguation 70
Bromus {nermis (Lincoin) 70

The failure of some species to become established may have
been caused from poor seed since some lots of seed were old,
Such failures do not necessarily indicate lack of adaptation.
Species that established poor stands or failed compietely were
Agropyron caninum, A. dasystachynm, A. inerme, A. riparium,
A. semicostatum, A, sniithii, A, spicatum, A. trachycaulum,
Bromus marginatus, B. tonmentellus, Dactylis glomerate, Ely-
mus condensatus, £. dehwricus, E. giganteus, E. glovcus, E.
Junceuns, E. sibivicus, E. virginicus, Evagrostis curvula, E.
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trichodes, Festucu elutior, F. iduhoensis, F. rubra, F'. scabrelle,
Lolivne pevenne, Phaluris arundinacew, Phlewm boehmeri, P.
phleoides, Pouw ampla, F. bulbosa, P. compresse, P. longifolia,
P. stenanthu, Sporebolus cryptandrus, Astragalus cicer, A. rubyi,
Carex filifolia, Lespedeza stipulocen, Lotus corniculatus,
Medicago fuleata, . lupuling, Onobrychis tidguris, Sunquisorba
miney, and Trifolivm fragiferwm.

Deer Lodpe

Study tocation.—Near the fown of Deer Lodpe, Powell County,
T. 9W,, B, 8N. {loeation 25, fig. 10).

Elevation.—4,900 feet,

Average precipitation.—Annual, 10 inches; April-September,
Ti percent.

Soil.—8ilt loam over pranitic gravel.

Topography.—2 pevcent slope to the west.

Tyne of regetation.—Intermountain valley grassland.

Dominant speeies.—Agropyron spicatwm, Stipa comata, Sitaar-
fon hystrixv, Poa secunde and Agropyron smithil.

Previous use.—Cultivated farmland - abandoned.

Study.—Deer Lodge adaptation nursery.

Date planted. —October 10, 1950,

Procedures.—Forty-two species of grass were seeded in plots
3 by 20 feet with three vows per plot spaced 1 foot apart. Species
treatments were replicated three times in a randomized block
design. Seeds were drilled through a belt-type hand seeder into
a duckfoot cuitivated seadbed.

Summary of results.—Stands were poor to fair during the seed-
ting year (table 29). Agropyron trachycaulum, A. inerme, A
trichophorun, Bromus erectus, Elymus glancus, and Ductylis
glomerata established the best initial stands, but by 1854 most
of these species had failed or had poor stands. A few species,
however, improved in stand establishment and appeared
adapted to the site. They included Agropyron desertorum (M
24-3), A. intermedium, A. sibiricum, Bromus tnermis (Lincoln),
Elymus junceus, Arrhenatherum elatius, and Festuca arun-
dinacea.

Although species in group IV generally failed in this study,
some of them established fair to good stands in similar areas
and, therefore, all species in this group should not be considered
as nonadapted.




118 Technical Bulletin 1479, U.S. Dept. Agr.

TABLE 29.—Grass establishment near Deer Lodge, Mont.

Species Stand
1951 1954
Pat, Pet,
L. Fair stands established initialiy:
Aproppron trachyeanlum 55 22
Bropits erdelus 40 32
Agropyron inerme 35 23
Al drichophorion 35 i7
Dractylis plomerata 35 18
Elymus gluncus 35 G
Agropygron substcunduwm 30 25

I1. Poor stands established but improved Lo fair
ind vears:

Bromus inermis (Lincoln) 30 40
Festuea orieadinacey {(ALLR) - eommmmmmmmee e f 35
Agropyron intermedinm 25 33

L1 Improved stands but did not vate fuirind

yeurs:
Agropyron desertorum (M 24-3) - meemmee 20 28
A, sibiricin 24 28
Arvfwnutherim elafius 20 30
Plymus junceus 5 25
Aopecitrug pritensis 11 13

1V, Failed to improve or falled completely:

Agropyron cristalum 10 5
A, slongutum 25 22
A, smithii 20 1
A. spicatum [t}
Agraatis wloa b 0
Al lennis 0 9
Boutelona curtipenduia 1 0
B. gracilis 0 ]
Bromus marginglus b 3
Elymus canadensis 15 1
E, friticoides 10 2
Festuen elatior 8 1
F. ovinu durinscule 25 17
F. rubra - 10 G
Crysapsis hymenoides 5 Y
Poa ample e 5 1
P bulbosa 20 0
P, compressa 25 0
P, pratensis 10 ¢
Stipe viridule 2 1




orage Species 119

Hall

Study location..—Located near Hall in Granite Gounty, sec.
24, T. 14W., R. 10N. (localion 28, fig, 10).

Flevation.—4,300 feet.

Average wprecipitefion.—Annual, 9 to 10 inches; April-
September, 80 percent.

Soil.-—Loam.

Topography.—5b percent slope to the north.

Type of vegetation.—Intermountain valley grassland.

Deminant and associated species.—Agropyron spicalum, Stipa
eomata, Poa secunde, A. smithii, and Sitanion hystrix.

Previouws use.—~Cultivated farmland.

Study.—Hall adaptation nursery.

Date planted.—1952.

Procedures.-—Forty-two species of grass (the same as listed
for Deer Lodge) were seeded in plots 3 by 20 feet with three
rows per plot spaced 1 foot apart. Species treatments were
replicated in a randomized block design. Seeding was done with
a belt-type seeder into a poorly prepared seadbed.

Swmmuary of results.—By September 2, 1953, most stands had
failed and all species had been heavily grazed by grasshoppers.
Although generally a failure, Agropyron desertorum established
the best stand.

Tarkio Flat

Study location.—Located halfway between Alberton and
Superier; approximately one-half mile northwest of the Tarkio
school, Mineral Gounty, NE1/4 sec, 22, T. 15N., R. 256W. (location
27, fig. 10).

Elevation.—2,900 feet.

Average precipitetion.—Annual, 17 inches; April-September,
45 percent.

Soil.—A deep soil of light sandy texture.

Topography.—3 percent slope to the west.

Type of vegetation.—Intermountain valley grassiand.

Dominant and associated species.—Agropyron spicatum and
Festuca idehoensis

Previous use.—Cropland.

Study.—Tarkio Flat adaptation planting.
Date planied.—April 8, 1946.
Procedures.—The seadbed was prepared by plowing, disking,
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and harrowing to form a medium-firm seedbed free from compet-
ing vegetation. Twelve species of grass were planted through
a grain drill in plots 8 by 675 feet. Depth of seeding was approx-
imately 3/4 inch,

Summary of results.—On June 4, 1946, stands were uneven.
Plants occurred mostly in tractor tracks and places where fur-
rows did not close, indicating that the seed was planted too deep,

Ratings made in 1947 showed good to fair stands of most
species. Excellent stands were established by Agropyron cris-
tatum, A. intermediwm, A. brachycawlum, Bromus inermis, and
Elymus junceus. Festuca ovine, Poa compressa, and Phleum
phieoides rated good, and Bromaes erectus, Poa gampla, and Stipa
viridule had fair stands.

Plains

Study location.—Located at the Plains Ranger Station in the
Cabinet National Forest, Sanders County, sec. 26, T. 20N., R.
26W. (location 28, fig. 10).

Elevation.—3,300 feet,

Average precipitation.—Annual, 14 inches; April-September,
40 percent.

Soil.—A deep, light-colored, sandy loam high in organic
matter.

Topography.—7-percent slope to the southwest.

Type of vegetation.—Intermountain valley grassiand,

Dominant and ussociated species.—Agropyron smithii and 4.
spiegtum; Bromus tectorwm has invaded the area.

Previous use.—Horse pasture.

Study.—Plains adaptation plantings.

Date planted.—November 1, 1947.

Procedures.—Sixteen species were planted in two differently
prepared seedbeds: (1) Plowed and disked once, and (2) disked
twice. The seedbeds were not smoothed. Seeding was done by
broadcasting. The seed was covered by dragging a harrow behind
a tractor. Each species was seeded in randomized blocks with
two replications within seedbed treatments. Plots were 10 by
16 feet.

Twelve additional species were planied in single plots 5 by
16 feet. Seeding was done by scattering seed in handmade fur-
rows, which were covered and packed with a hand rake. Three
rows per plot were spaced 18 inches apart leaving a 6-inch border
between plots,
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Suwmmary of results.—All the grasses established good stands
with the hest established on the plowed-disked seedbed (table
30). Stands were generally maintained the second year except
for Eragrostis curvula which winterkilied. By 1968 Agropyron
trachycanlum, Arrhienatherwm elativs, and Elymus junceus had
also failed from the plowed-disked treatment. The other grasses
continued to produce good stands.

On the disked seedbed, fair to excellent stands were estab-
lished in the seedling year, but by 1963 most species had failed.
Of those that survived, Agropyron cristatum, A. intermedium,
Festuca ovine, and Poa bulbosa appeared best adapted.

Of the legumes Medicago fulcata and Melilotus officinalis
established good stands, but by 1963 had failed. In the row plots
(table 31) Lotus spp. established a good stand of seedlings the
first year but died out from winterkill by the second season.
Trifolium subterranewm established a poor stand the first year
and died out the second, while Astragalus rubyt and Sanguisorba
minor completely failed. With the exception of A, ribyi, S. mainor,
and T. subterraneun, most species produced good stands in the

TABLE 30.—Species ¢-tablishment from broadeast seeding near
Plains, Mond.

Ratings of stand !

Speuies Plowed-disked Disked

seedbed ___seedbed

1948 1963 1948 1963

Festucy ovine duriusendn --- 10 10 10 10
Poa bifhost rmmmemmmeeee e 10 10 10 10
Agropyron cristatum —--—ee- 8 9 b 2
A, Dutermerdinm 8 9 5 5
Phlewm pratense ---- 10 ] 8 1
Pua gl ——cemeeeeememeeeees 8 5 ] 1
Agropyron trichophoram -—- a 1 8 1
Ao THRErME e 5 5 4 1
Bronus evectuy —————— 9 9 5 0
£. inermis (Lincoln) --meeeeeeee by G 6 0
B. inermis (Manchar) 10 g 8 ]
Ayropyron trachyeaulum - 9 0 i 0
Arvfrenatherum elutiusg --—- 3 G 3 0
Medicago fuleeta -----meeemeeea- T 1 5 0
Melitotus officinalis —-—-- i 0 6 0
Elymus funceus ----memeeeeaee 4] 0 3 ]

* Rating on scale of 0 to 10 where 0 = failure, 10 = 100 percent stand.
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TABLE 31.—Species establishment in row plots near Plains, Mont.

. Stand
Species 1948 1963

Pel.
Alopecurus arundinncea 95
A. pratensis 90
Poa stenantha g0
Lotus spp. 96
Agropyron élongatum 85
Stipa viridula 85
Eragrostis cureuln 80
Phleum phlecides R0
P. boehwmert 60
Trifolivm subterransum 8
Sangitisorba minor ¢
Aslragalus rubyi 0

h:
a

t.
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first seedling year. By 1963, however, all row-planted species
had failed.

Hot Springs

Study location.—Located near Hot Springs, Sanders County,
T. 21W,, R. 24W. {location 29, fig. 10).

Elevation.—3,000 feet,

Average precipitation.-——Annual, 11 inches; April to September,
4G percent.

Soil.—Clay loam.

Topography.—1-percent slope to the south; surrounding areas
are hummocky.

Type of vegetation.—Intermountain valley grassland.

Dominant and assoclated spacies.—Agropyron smithii, A.
spicatum, Bromus tectorum and Artemesia tridentata.

Study.—Hot Springs yield study.

Date planted. —1953.

Procedures.—Nine grasses were seeded with three replica-
tions per species in a randomized block design. Plots were 3
by 20 feet with three rows spaced 1 foot apart.

Swmmary of results.—Yields in 1954 were low for all species:
Agropyron desertorum, however, produced the most herbage
with over 600 pounds per acre. In 1955 A, desertorum was again
the highest yielding species with over 1,000 pounds per acre.
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A. trichonhorum was second highest with 980 pounds, and
Elymus junceus third with over 850 pounds per acre (table 32).
In the previous year, however, E. junceus produced onty 34
pounds.

Polson

Study location.—Located 8 miles southwest of Polson, Lake
County, at the scenic turnout above Kerr Dam, SW1/4 sec. 22,
T. 22N, R. 21W. (location 30, fig. 10).

Elevation,—2,800 feet,

Average precipitetion.—Annual, 15 inches; April-September,
59 percent.

Soil.—Gravel silt loam, hilly phase.

Topography.—3 to 5 percent slope to the south-southwest on
the canyon rim above Flathead River.

Type of vegetation.—Intermountain valley grassland.

Dontinant species.—Artemesia frigidae, Agropyron spicaium,
and scattered drtemesia tridentate; invaded by Bromus tec-
torum, Agropyron repens, and Pou pratensis.

Previous use.—Cultivated cropland; good stands of Medicago
sative were near the study plot.

Study.—Polson adaptation study.

Date planted.—May 6, 1958.

Procedures.—Seventeen species and varieties were planted
in plots 4 by 20 feet with four rows per plot spaced 1 foot apart.
Plots were spaced 2 feet apart in four randomized blocks. Seeds

TABLE 32.—Herbage yield of species near Hot Springs, Mont.

Herbage yield per acre,

Specias aven-dry weight

1854 1955

Libs, Lbs.
Agropyron desertoriun {(Nordan) - 6§39 1,038
& trichophorum 310 973
A elongatiem 397 726
Elgmus junceus 34 623
Bromus inarmis 140 559
Medicugo sativae as 534
Agrapgron {nfermedignt  ——-emeeeeeeeeeee 253 a1
Bromus coringlity --—---—eemmermemm—- - 232 284

Fesluea arundineces {Alta) eeeeeeeen 53 254
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were drilled at 30 seeds per foot except for small-seeded species
that were seeded at a minimum of 4 pounds per acre. The seedbed
was cultivated before seeding, and at time of seeding was dry
to 4 inches or more.

Suntmary of results. —By 1963 most of the species had estab-
lished stands and were rated as follows:

Species Stand percent in 1963

Agropgron intermedinnn 49
Fromus wwerwds {(Lincoin) 98
Lactpliz glomerata (Potamac) a2
Agropyron degertorum (Nordan) a1
Bromuy tnerviis (Manvhar) 11
dgropyron elongatum - 90
Al frackjeadim - 88
AMoperurus proateusis 86
Agropyrmn desertorun (Standard} kil
Fesfuea arundinecea 1AL TH
Poe nmplae (Shermnn T4
Agropiron tricihophorion 61
Pliewm pralense {Hopking) 46
Elymus Juneens 42
Medicege tafeata (Ladaky - 20
Arrlienalfiorian elating b
Lotus cornicifalns 0

Lotus corniculatus was the only one that failed completely.
Stands of A rrivenutherum elalius were poor,

Although stands of Medicago felcate were also poor, this
species appeared adapted since plants were all at one end of
the rows where that part of the plot would have been rated
at near complete siands. The area seemed to have been sprayed
with herbicides, This spraying would account for the appearance
of the alfalfa plot and possibly for the complete loss of L. ¢or-
nicwlatus. This assumption is made also since a good field of
alfalfa was growing near the study site.

Grasses that were especially well adapted to the site were
Agropyron desertorim (Novdan), A. elongatum, A. intermediuwm,
A, trachyeanlum, Alopecurus pratensis, Bromus inermis
(Lincoln and Manchar), and Dactylis glomerate. Others that
established good stands were Agropyron desertorum (Standard),
Ao trichophorum, Festuee arundingcea (Alta), and Poa wmpla
(Sherman), while stands of Elymaus junceus and Phleum pratense
(Hopkins) weve fair,
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Creston

Study location.—Located at the Northwestern Montana
Experiment Station at Creston, Flathead County, sec. 15, T.
28N., R. 20W. (location 31, fig, 10).

FElevation.—2,900 feet.

Averuge precipitation.—Annual, 18 inches; April-September,
53 percent.

Soil.—Creston, Flathead, Blanchard silt loams.

Topography.—1 percent slope to the south,

Type of vegetation.—Intermeuntain valley grassland with
scattered Pinusg ponderose in savannah grassland.

Dominant uand wssocivuted species.—Festuca idehoensis,
Agropyron spicatem, Pow compressa, Pinus ponderosa; Poa
pratensis is & dominant introduced species.

Previous nse.—Cultivated farm crops.

Study.—Creston herbage vield study.

Date planted.-—May 1949,

Procedure.~—Six grasses and alfaifa were seeded in pure stands
and in simple grass-alfalfa mixtures on dryland and under
irrigation. Plots were 5 by 24 feet. Rows were 12 inches apart
in dryland plantings and 6 inches in irrigated plantings. The
hay was harvested from 1950 to 1953, In this study the yearly
totals and the 4-year average from the dryland are given. Only
the 4-year average from the irrigated study is given for compar-
ison.

Sunpunary of resulis.—Alfalfa and alfalfa-grass mixtures pro-
duced considerably more than the grasses alone (table 33), but
differences in yield among the alfulfa-grass mixtures or among
the gragses were small. With the exception of dgropyron deser-
torum, the grasses in pure stands produced better under irriga-
tion gver the 4 years than they did on dryland. Alfalfa, however,
and the alfaifa-grass mixtures produced much better yields on
dryland. Two cuttings of hay were made on the alfalfa and
alfalfa-grass plots, while the grasses alone produced only one
cutting.

Allthe grasses produced their highest in 1350 (second growing
season), while alfalfa alone and the alfalfa-grass mixtures con-
tinuwed to increase their yields each year of the study. This
yearly decline in production of the grasses indicates the possibil-
ity of soil-nitrogen deficiencies.

Study.—Creston grass seed yields.
Date planted.—NMay 1949,
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TABLE 33.—Herbage yisids of forage species from dryland and
wrigated plots af Creston, Mont., 1956-53

Species Yield per acre Average
1850 1951 1952 19583 Dryland Trrigated

Lbé. Lb. Lb.  Lb. Lb. Lb,

Singie apecies:

Medicago fuleaty -——eememme- 7354 TABT 8,412 9,182 8,029 3,720
Festuco wrnndinacen

{Alta) 3,100 2,654 3,054 2,949 2,030
Agropyron desertorian

GRS T AT1 FTELT: ) R — — 3,457 2,365 2,568 3,131 2,880
Bronus tneratly

{Muanchar} 2,092 1,679 1,633 1,962 1,966
Phalaris arundingesg —-——-- - 2,538 1,645 1,470 1,815 1,857
Ductylizs glomerata ———--—o - 3,346 1,373 1,544 1,112 1,843
Phiewm pratenge

{Hepkins) 3,015 1,202 1,584 1,554 1,848

Mixtures:
Mefa and 7,116 7,153 9,043 9,506 8,204
Mefa and 6,962 7,920 8,644 93,160 8,175
Mefa and Brin -———ne- — 6,974 7,180 8,440 9,597 8,048
Mefu and Fear - 6,432 7,492 8,685 9,302 7,998
Mefa and Phar 7,189 7,430 8,395 8,555 7,893
Mefa and Dagl —-cmemaren 6,367 6,853 B,281 8,440 7,85

Precedures.—Fifteen grasses were seeded on dryland and
irrigated land. Plots were 8 by 20 feet with three rows per plot
spaced 3 feet apart. Plots were replicated four times in a ran-
domized block design.

BSeed was harvested from 1950 to 1853 by sampling the center
row of each plot. In this study the yearly yields and the 4-year
average from the dryland area are given and only the 4-year
average from the irrigatad land for comparison.

Nitrogen fertilizer at 50 pounds N per acre was applied to
both the dryland and irrigated plots on April 30, 1952.

Summary of results.—Seed yields, generally, were highest in
the second growing season for all species; they declined in the
succeeding' years (table 34). For most grasses theirdryland yields
were about equal to their irrigated yields, The nitrogen fertilizer
applied in 1952 appeared to only slightly increase seed yields
for a few species.
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TABLE 34.—Grass seed yields at Creston, Mont.

Species Yield per acre Average
1950 1851 1952 1953 Dryland Irrigated

Lb., Lb. Lb. L& Lb. L,
Agropyron desertoriim  ce——- 1,134 486 T35 628 T46 682
Festuca arunditiaeen (Alta) - 499 643 1,088 479 GBO 878
Bromuy iwermis (Manchar) -- T2 450 580 241 511 REV
B, ntarginabity -—-meeeeeeeeeeee — 420 257 699 S8R 491 306
B. ereclus 712 383 408 o8B 368 572
Arvftenalie riim efutius
{Tunlatind e 4L 3700 299 330 352 430
Agropgron Difermedium  --——-— 468 399 200 305 343 320
Fagtucu rubra s-s-ee--- - 188 230 172 234 208 442
Duactplis gionerata e 232 121 47 T 168 276
Agrapyron gpicalum -—----——--—-- 200 113 Lt 14 117 184
Phaleris wrundinaces =--—-oe-—- 40 93 01 25 62 137
Elymins JUnCuis e 136 131 20 38 81 o8
Foa ample - - -— - ! 266
Agrostis Lenuiy ——e————e————— — — —— - 1 207
Pou pratensiss (Troy) - - e - - -— ! 42
Eureka

Study location.—Located 1 mile north of Eureka, Lincoln
County, Mont., T. 36N, R. 27W. {location 32, fig. 10).

Elevation.—2,600 feet.

Average precipitation.—Annual, 17 inches; April-September,
50 percent.

Sotl.—Gravelly loam.

Topography.—Benchland with 2 percent slope to the south.

Type of vegetation.~—Intermountain valley grassland.

Dominant species.—Agropyron splcatum, Festuce idahoensis,
and Poa compresse; Bromus tectorum is an invading species.

Previous nse.—Cropland.

Study.—Eureka herbage yield study.

Date plunted. —1950.

Procedures.—Forty-two grasses were planted in plots 3 by 20
feet with three »ows per plot spaced one foot apart. The seeding
treatments were replicated three times in a randomized block
design. Species planted were: Agropyron cristatum, A. deser-
toriem (Standard, Nordan, and M 24-3), A, elongatum, A, inerme,
A. intermedium, A. sibiricun, A. smithii, A. spicatum, A, sub-
secundum, A. trechyeaulum, A, trichophorum, Agrostis alba,
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Alopecurus pratensis, Arrhenatherum elatins, Boutelouwa cur-
tipenduie (Commercial and El Reno), B. gracilis, Bromus erectus,
B. inermis (Lincoln), B. marginatus, Dactylis glomerata, Elymus
canadensis, E. glaucus, E. junceus, B, triticoides, Festuca arun-
dinaceqa, F. elatior, F. oving, F. rubra, Oryzopsis hymenoides,
Panicum virgutum, Phalaris arundinecea, Phlewm pratense
(Commercial and Hopkins), Po« empla (Sherman and Robust}
P. bulbosa, P. compressa, P. pratensis, and Stipa viridule.
Summaery of results.—Only eight species produced stands and
vields sutlicient to harvest. In 1954, A. intermedinm was the
highest yielding species with over 2,800 pounds per acre. Second
highest was A. trichophorum with 1,990 pounds per acre, Other
species that appeared adapted were A. desertorum, A.
trachycanlum, A. pratensis, A. elatius, B. erectus, and B. inermis.

¥

Study.—Bureka adaptation planting.

Date planted.—May 5, 1955.

Procedures.—Fourteen grasses and three legumes werve
seeded with a grain drill in plots 10 by 150 feet. At time of plant-
ing the seedbed was loose but moist.

Sunvmary of results.—By 1958 most grasses had established
fair to good stands. Those that had established good to excellent
stands were Agropyron desertorum (Standard and Nordan), A.
inerme, A. sibiricam, A. trachycaulum, A. trichophorim, and
Bromus inermis. Stands of Lotus corniculatus, Medicago sative,
Agropyron intermedinm, A, smithii, Duactylis glomerate, Elymus
Juneeus, Poa ampla, and Stipa viridule were fair, while those
of Astragalus fuleata and Agropyron elongatum were poor,

Palatability ratings, based on estimated utilization by cattle,
showed Bromus inermis and Agropyron desertorum (Standard)
to be the most preferrved, while Astragalus fulcata, Agropyron
smithii, Poa ampla, and Stipa viridule were the least preferved.
Significant difference in preference was observed between the
two varieties of A, desertorum with Standard being one of the
more preferred plants, but Nordan was one of the less preferred.

Rexford

Study location.—Located near Rexford, Lincoln County, SW1/4
sec. 17, T. 37TN., R. 27W, (location 23, fig. 10).

Elevation.—2,500 feet.

Average precipilation.—Annual, 18 inches; April-September,
45 percent.

Soil.—Gravelly ioam.
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Type of vegetulion.—Intermountain valley bottom land.

Dominant and associated species-—Agropyron spicatum,
Bromus fecterum, and species of Stipa and Pou.

Previous use.—Abandoned cropland.

Study.—Rexford adaptation planting.

Dicte planted.—September 19, 1944, and April 5, 1945,

Progedures.—The seedbed was prepared by plowing in the fall
of 1944. The spring seeding was also harrowed before seeding.
Twelve prasses were planted in plots with 12 inches between
rOWS.

Summary of resulis.—Six years after planting most speeies
had established good stands. Those that appeared well adapted
were Agropyron desertorum, A. inerme, A. smitthii, A.
trochyearlum, Bronus inermis, Elymus juncens, Festuca arwn-
dinacee, Pou bulbose, and Dactylis glomeraia.Species that did
not establish good stands were Agropyron sibivieum,
Arrhenatherum elatins, and Festueq elatior.Since data on initial
establishment are not known, these three species may or may
not be adapted. Nevertheless they also failed in plantings at
Eureka, a short distance away.

Establishment was better from spring seeding than from fall
seeding, although good stands of most species were obtained
from the fall seeding.

Foothill Sagebrush Rangeland

This type of vegeiation is often associated with or adjacent
to valley bottom lands located primarily in southwestern Mon-
tana. It often forms a distinet zone of vegetation between the
foothill grasslands and the forest types with which it may be
intermixed. It comprises approximately 2,832,000 acres in Mon-
tana.

Elevation ranges from 4,000 to 7,000 feet where the growing
seasons vary from 30 to 135 days, and precipitation varies from
12 to 20 inches per year.

The soils are moderately dark to black loams varying in depth
from shallow and rocky to deep.

Artemesia tridentata is the dominant shrubby species, with
Agropyron spicatum and Pog secunda dominant grasses. Species
of Chirysothamnus, Phlox, Eriogonium, and Mertensia are often
found in associations. On the more moist clayey sites, Agropyron
smithit and Festuca scabrella are important species; at the
higher elevations Festuce idahoensis is dominant. Much of the
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drier sandy sites that have been overgrazed or cultivated and
abandoned have been invaded by Bronius tectorun,

Where water is available and soils are not too rocky, the sage-
brush rangelands are being eultivated. Heavy grazing, particu-
larly in the spring, has deteriorated much ofthe remaining area,
and remnant grasses are found only where they are protected
by sagebrush or rock. Areas that remain in sagebrush are gener-
ally nonirrigable. These nonirrigable areas have good produc-
tion potential and are relatively easy to seed. Thousands of acres
of this type have already been treated either by being sprayed
for brush control or being plowed and seeded.

Although muchofthe revegetation work has involved seeding,
other methods of range improvement shouid be considered
before plowing. Artificial seeding requires plowing first to
remove competition from sagebrush and other native species.
This plowing, however, leaves the site unprotected and open
for wind and water erosion and invasion from weedy species.

Where stands of native grasses are sufficient to recover and
revegetate the site, deferred grazing, change in season of graz-
ing, or control of brush by herbicides or fire combined with
eontrolled grazing may improve the range and increase forage
produetion.

Studies at Dry Fawn Bench indicate that burning in the fall
and rotebeating each gave 95 percent kill of mature sagebrush.
These two methods and fall burning followed by planting to
Agropyron desertorwm were also slower to be reinvaded by sage-
brush, Although disking gave good initial sagebrush kill, reinva-
sion by sagebrush was rapid. Six years following the disk and
seed treatments, the area that was covered by sagebrush was
similar to the nontreated plots. At Coyoete Flat, burning, rotocut-
ting, rototilling, disking three times, and repeat spray treat-
ments all gave sagebrush control of over 80 percent. Reinvasion
by sagebrush was greater after rototilling or disking than after
treatments that did not disturb the soil surface. Seeding Elymus
Juncens after rototilling or disking appeared to reduce sagebrush
invasion.

Where artificial seeding appears advisable, thorough prepara-
tion of the seedbed is essential. At Dry Fawn the success of
seedling establishment was directly reiated to the percentage
of sagebrush killed and competition removed. Establishment
fellowing a single disking treatment averaged 28 percent stand.
Double disking increased establishment to 49 percent, and triple
disking, to 64 percent,
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Planting by drilling has been more successful than by broad-
casting, particutarly on the dvier sites.

Species that have appeared well adapted to the sagebrush
rangeland type include Agropyron desertorum, A. intermedium,
AL trichophoerum, Bromus evectus, B. inermis, Festuca oving
dwriuscule, Poe ample, and Elymus junceus. At the more moist
sites Lotus cornicnlatus, Medicago fulcota (Ladak), Deetylis
glomerata, Phliewm pratenge, Poa protensis, Arrhenatherum
elating, and Poae conmpressa also appear well adapted. Melilotus
officinalis produces good initial stands but is often lost unless
allowed to reseed,

Following brush removal or artificial seeding, the area must
be protected. This has been vepeatedly demonstrated and is
essential for successful seeding or for the reestablishment of
desirable native grusses.

Dry Fawn Creek

Study tocation.—Located on o bench between Dry Fawn Creek
and south fork of Fawn Creek, of the Ruby River drainage, Madi-
son GCounty, SW1/d, sec. 20, T. 103, R. 3W. (location 34, fig. 10).

Elevation.—7,200 feet,

Average precipitation.—Annual, 15 to 16 inches; April-
September, 75 percent,

Soil.—Well-developed sandy loam interspersed with sand-
stone fragments,

Topography.—8 to 10 percent slope to east-northeast.

Type vf vegetation.—Foothill sagebrush rangeland.

Dominant and ussociated species.—Artemesia tridentata, Fes-
tuee idehoensis, Poa wmmple, P. secunda, Agropyron dasys-
tachyum, Stipa columbiana, Koeleria cristata, Geum trifolium,
and species of Achillea, Ranunculus, Carex and Gerenivm.

Previous use.~—Rangeland, summer grazed by cattle and
game.

Study.—Dry Fawn seedbed preparation and adaptation plant-
ings.

Date plented. — May 16-17 and June 14, 1951.

Procedures.-—Treatments included planting 13 grasses at two
rates on seedbeds prepared by disking at three intensities. Treat-
ments were randomly located within two bloeks. Individual plots
were 15 by 58 feet. _

The seedbed was plowed with a 1,400-pound 6-foot offset disk
loaded with 700 pounds of ballast. The single-disk treatment
was plowed to a depth of 3 to 4 inches, which kilied 50 to 75
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percent of the sagebrush, Double or triple disking was in the
same direction.

The quantity of seed planted varied among species depending
on the size and guality of the seed. Seeds were broadcast with
a cyclone hand seeder and left uncovered except for a
brush-dragged strip 28 feet wide running across the center of
one block,

Summary of results.—Herbage yields were taken on Sep-
tember 15, 1952, and in October 1854. Differences in yields among
species were highly significant in 1952 but were not significant
in 1954,

Differences in yields as affected by treatments were highly
significant (table 35). In 1952, yields were similar from the
double-disked, double-seeded and triple-disked, single-seeded
plots; however, variation in species was considerable. Double-
disking, double-seeding favored production of some species,
while triple-disking, single-seeding favored others. Yields from

TABLE 35.—Herbage yields of grasses as affected by methods of
treatment on saugebrushrangeland at Dry FPawn, 1952 and 1954

Yield per acre from 3 seeding treatments®
Species Sinprle-disked, Double-disked, Triple-disked,
sinple-seeded double-seeded single-seeded
1952 1854 1932 1952 1954

Libsg. Libs. Lbs. Lbs.

Bromus inermis (Lincoln) - 168 1,237 1,743 1,767
Arrhenatherum elating v 283 1,592 1,148 980
Agrapyron trachycauium 852 1,162 1,566 2,995
Bromus erectMs -cvomeermmmmmmaenn 302 1,037 816 1,061
Agropyron trichopheruin 398 2,144 1,802 041
Fasinca ovina durivscida - 274 1,736 1,575 1,584
Agropyron intermedinm  —am- 1.220 2,144 3,088 2,521
Dactylis glomerata  —eeeemeeeeane 855 ik 2,218 2,113
Elymuns junceus 38 1,289 134 485
Acropyron desertorum 130 888 898 1,320
Stipa wiridule — e — 8 1,078 336 118
Agropyron smithii 106 1,083 1,304 749
Poa ampla 38 BOD 192 1,263

F e & 352 1,302 1,304 1,384

! Least significant difference at 5 percent level among seeding treatments
in 1852 = 282 pounds per aeres and in 1984 = 579 pounds per acre,
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single-disked, single-seeded plots were considerably below those
of the more intensively prepared plots.

In 1956, average differences among seeding treatments
favored establishment following the more intensive disking oper-
ations {table 36). Bronues inermis (Lincoln), B. ereclus, Agropy-
ron intermedinum, A. trichophorum, and Festuca oving appeared
well adapted for seeding under the soil and climatic conditions
of this study, and the importance of brush control to eliminate
competition from native vegetation was clearly indicated.

Study.—Dry Fawn Creek sagebrush eontrol planfing,

Duate planted.—July 17 and October 1, 1851,

FProcedures.—In 19561 10 control treatments were applied on
a mature stand of Artemesia tridentate. Plots, 30 by 80 feet,
were replicated twice. On July 17, 1951, piots were sprayed with
2,4-ID at 3 pounds of acid equivalent per aecre. All seeded plots
were broadeast with Agropyron eristatium at 18 pounds per acre.

TABLE 36.—FEstablishment of grass spevies on sagebrush range-
land as affected by seedbed preparation and seeding rutes at
DPry Fawn, 1956

Stand of grasses from 3 seeding treatments

Species Single-disked, Double-disked, Triple-disked,
single- double- single-
seeded ! seeded ? seeded ?

Pat. Pet. FPct.
Agropyron intermedinm - 50 0 93
Bromus tnermis (Lincoln) —- 63 50 93
Agropyron irichophorum  --—-—- 30 70 &)
Festuea ovina durinsenda --—--- 63 88 80
Bromus erectis —-—memmeammeae 25 70 78
Pea wmpln 18 10 65
Agropyron brachycaniun --—--—-- 10 10 63
Arrhepatherum elativg  —-—e- 190 83 62
Agropyron desertorun -—--e-- 28 48 60
A, smithil - 30 H0 53
Daclylis glomeraty —mee-— 23 13 40
Stipe viridila c——-eeemeeeieeees ] 15 33

5 3 a0
28 4 64

Elymus juhceus
All species —er—ee e

* 85 percent stand of live sugebrush,
? 35 percent stand of live sagabrush.
715 percent stand of live sagebrush.
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Swmmary of results.—In 12565 the percent kill and percent
cover of A. fridentate and herbage utilized by cattle was
estimated (table 87). The herbage utilized correlated directly
with the percent 4. tridentata cover and decreased as brush cover
increased. The percentage of utilization recorded for the
sprayed-seeded treatment appears to be extremely low and out
of line with the other values.

A. tridentale reinvasion was estimated in 1956. Brush plants
were counted in 1957, and the area covered by A. tridentaic
was measured for total brush density. The 1957 measurements
compare closely with the estimated values for 19586.

Differences among treatments on the total brush density were
highly significant, but reinvasion of A, tridentata seedlings was
not significant. Fall-burning combinations, however, apparently
gave better control and reduced reinvasion. Spring-burning and
spring-disking treatments apparently favored reinvasion or did
less to reduce it.

Gopher activity was extensive in open areas and under mature
plants, especially on burned plots, and reinvasion by A. ériden-
taie was correlated to the extent of gopher activity. Brush seed-

TABLE 37.—Brush Lill, cover, and reinuasion of sagebrush from
control treatments made in 1951 and their effect on subsequent
herbage production and wtilization by cattle

Treatment Brush Plantsper Aresa Utilized Yield
kill 100 sq. ft. covered by cattle per acre,
1855 1952

Pect. No. Pet. Pcl.

Spring-burned, disked-
seaded 83 t 38 50
Sprayed-seeded 80 7 15 18
Sprayed 50 126 20 35
Spring-disked, seeded 65 ae
Fall-burned --eoeeieeeeee. 95 ti2 7 40
Fall-burned, seeded -—coommmeeee 3 18
Rotobeat 95 5 2
Untreated 4] 35 3
Untreated, seeded —emeeeeeeee @ 34 8
Summer-burned ceeeeeeeeeeeee 30 29 23
Summer-burned, seeded - 40 11 25 20

' Primarily seedlings under § inches tall.
2 Not determined.
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lings were few and small on unbroken sod, while on gopher
mounds the seedlings were numerous and thrifty. The percen-
tage of grass cover was also more divectly affected by gopher
mounds and burrows than by brush cover.

In 1957 the entire area was grazed by cattle. Although the
grass cover was about the same for all plots, the forage was
utilized inversely proportionate to the density of sagebrush.

Diamond

Siudy location.—Located along the Ruby River road about
4 miles below the Vigilante Experimental Range Headguarters,
Beaverhead National Forest, Madison County, sec. 17, T. 95.,
R. 3W. (location 35, fig. 10}

Elevation,.—86,200 feet,

Average precipitation.—Annual, 13 inches; April-September,
77 percent.

Soil.—Leam.

Topography.—3 percent slope to the northwest; alluvial fan
close to the foothills.

Type of vegetation.—Foothill sagebrush rangeland.

Dominant and associated species.—Agropyron smithii, Stipe
comate, Salsola kali, and species of Clhrysothamnus, Poa, and
FPhlox.

Previous use.—Road right-of-way used for livestock drive trail
in spring and fall.

Study.—Diamond demonstration planting.

Date planted.—September 28, 1939,

Procedures.—Before seeding, one-half of the area was dapble-
disked with a heavy cut-out disk. Four species of grass were
broadeast with a cyclone seeder in strips across the seedbeds,
{both nonprepared). An exclosure wasestablished to protect part
of the area while part of each treatment was left unprotected.

Summary of results.—During the first year of establishment,
stands were not evaluated. In the second year all species had
poor stands, and Agropyron cristatum had failed completely.
In 1943, the fourth year, Arrhenatherum elatius, Bromus
carinatus, and B. inermis maintained fair stands inside the
exclosure with only a few plants on the grazed area. Fair stands
of A. elatius under protection continued through 1946,

Although none of the treatments were considered very suc-
cessful, the study demonstrated the necessity of preparing an
adequate seedbed and controlling grazing.
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Timber Creek

Study location.—Located along a secondary road on Timber
Creek several hundred feet north of the main road of the Ruby
River, Beaverhead National Forest, Madison County, sec. 17,
T. 98, R. 3W. (lecation 35, fig. 10).

Elevation.—6,100 feet,

Average precipitation.—Annual, 18 inches; April-September,
71 percent.

Seil.—Clay loam, stoney phase.

Topography.—30 to 45 percent slope to the east.

Type of vegetation.—Foothill sagebrush rangeland.

Dominant and ossociated species.—Artemesia tridenteta,
Agropyren smithii, Oryzopsis hymenoides, and species of
Chrysothamnus, Phlox, and Juniperus.

Previous use.—Overgrazed vangeland heavily trampled by
cattle.

Study.—Timber Creek adaptation planting.

Date planted.—September 29, 1939.

Procedures.—Seven grasses and two mixtures were planted
by broadcasting with a cyclone seeder in plots 15 by 200 feet.
The seed was not covered. Before seeding, part of each plot
was double disked with a cut-but disk.

Summary of results.—The area was heavily grazed and tram-
pled by catile before and after planting. Nevertheless, several
species became established and competed successfuliy with the
natives (table 38). In the second year Agropyron pungens. Dac-
tylis glemerata, and Melilotus officinalis established the best
stands. The next year M. officinelis and Bromus carinatus were
present only as traces. By 1946, the seventh year, A. pungens
and Poa compresse had developed relatively good stands, and
Bromus inermis and Dacgtylis glomerate had also increased to
fair stands.

Lewis Creek

Study location.—Located on the west side of the Ruby River
road about 0.3 miles northwest of Vigilante Experimental Range
Headquarters, Beaverhead National Forest, Madison County,
between the benchlands and the river bottom, sec. 28, T. 98.,
R. 3W. (location 35, fig. 10).

Elevation.—8,200 feet.

dverage precipitation.—Annual, 13 inches; April-September,
71 percent.
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TABLE 38.—Fstablishment of seeded species on deteriorated foot-
hill sagebrush rangeland at Timber Creek

Species Stand ratings?®
1941 1943 1646

Fair to good stands established or maintained
for T years:

Agropyron pungens 3 7 10
Paa compressa & 4 16
Bronmus treernils (Parbiand) e - 1 B 7
Dactylis glowaraia 1 (4] 6
Poor to fair stamds established:
Agrropyrun Lrichophoram 1 6 3
Medicago fulvata 1 5 2
Arrhenatherem elatiug i 3 1
Melilotus officinalis 3 2 1
Agrupyran crigtatum 1 1 1

t Relative ratings where 1 = poor; 10 = excellent.

Soil.—Clay loam with pebble erosion pavement.

Topoegraphy.—8 to 35 percent slopes to the east and southeast.

Type of regeiation.—Foothill sagebrush rangeland.

Dominant and associvted species.—Kocleria cristata, Poa sec-
wunda, Agropyron smithii, A, spicatum, Artemesic tridentaty, and
species of Plilox, Selaginelle and Chrysothamnus.,

Previous use.—Heavily grazed by cattle trailing te and from
the Upper Ruby.

Study.—Lewis Creek gully control plantings.

Pate planted.—¥ay 1937 and October 1937.

Procediures.—Strips 66 feet wide were established through a
fenced exclosure to about 30 feet outside the fence. The strips
were treated af different dates as follows. Three gullies were
also variously treated.

Strip 1 - May 25, 1837: Seven contour furrows were plowed
with a hand plow and team. Furrows were 6 to 18 feet apart.
Agropyron degertorum (Standard) was seeded by broadcasting
then brush dragged to cover the seed.

Strip 2 - Getober 15, 1937: Five contour furvows were prepared
asg in strip 1. Four grass species, 4. cristatum, A. desertorum,
Bromus earinatus, and Arrhienatherum elatius, were broadcast
along the furrows. The seed was not covered.
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Strip 3 - May 25, 1937: A. desertorum was broadeast on unpre-
paved seedbed. Following seeding, one-half of the area was single
disked with a light 6-foot horse-drawn disk. The other half was
double disked.

Strip 4 - October 12, 1937: One=half of the area was left
untreated while the other half was seeded to A. desertorumn and
double disked as in strip 3.

Strip 5 - October 12, 1937: One-half of the area was left un-
treated, one-fourth was broadeast to A. desertorum and double
disked, The other one-fourth was broadeast to A. desertorum but
was not disked following seeding,

Strip 6 - October 15, 1937: Four contour furrows were plowed
as in strip 1. Two furrows were seeded to 4. desertorum
(Standard}, one to A, eristatiwm (Fairway), and one to A. elatius.

Strip 7 - May 25, 1937: Six contour furrvews plowed as in strip
1. Two furrows were seeded to A. elatinsg; the rest were seeded
to A, desertorun:.

Strip 8 - October 12, 1937: A. desertorum was broadeast on
unprepared seadbed. Following seeding part of the strip was
double disked.

Strip 9 - May 25, 1937: A. desertorwm was broadcast on unpre-
pared seedbed. Following seeding part of the strip was double
disked.

Strip 10 - Left untreated.

Gully 1 - October 14, 1937: Aspen and juniper were skidded
into the gully bottom. Contour furrows were made by hand on
the gully sides and seeded to seven species. Each species was
seeded separately over four furrows. After seeding, the furrows
were lightly raked te cover the seed.

Gully 2 - June 2, 1937: Treatment was the same as for Gully
1 except species were seeded over six furrows,.

Gully 3 - Untreated.

Swummary of results.—Seeding dates had littie effect on seed-
ingsuccess. Although a few scattered plants became established,
broadcasting on unprepared seedbeds without further treat-
ment resulted in almost complete failure. Single disking after
seeding gave some coverage of the seed and eliminated some
competition from native species. This treatment resulted in fair
stands of A, desertorum with about five plants per square yard.
Double disking after seeding increased the success of the stand
to about 15 plants per square yard.

Agropyron desertorum (Standard), A, eristatum (FFaivway),
Arrivenatherum elatins, Bromus inermis, and Melilotus
aofficinalis were suceessful when seeded in contour furrows and
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maintained good stands through the next 12 years. Oryzopsis
hymenoides and Bromus carinatus also established good stands,
initially, but died out, and Poa bulbosa failed almost completely.

Clipping yields of A. desertorum on the double-disked areas
indicate that forage production could be increased 65 percent,
from 660 to 1,065 pounds per acre over that on untreated range
after one growing season. Gullies were fairly well controlied
by 1844, From 1937 to 1944 the gully avea {cross section)
increased slightly. However, the treated gullies had filled in
at the bottom and sloughed off at the sides and appeared to
be stabilizing.

Beur Guich

Study location.—Located on the Horse Prairie drainage,
Beaverhead National Forest, Beaverhead County, sec. 1, T. 118,,
R. 14W. (location 38, fig. 10).

Site No. 1 = NEI/4SW 1/4 sec. 1
Site No. 2 SE/4NWI1/4 sec. 1
Site No. 3 W1/28E1/4SE1/4 sec. 1

Eleveation.—Approximately 7,500 feet.

Average precipitetion.—Annual, 13 inches; April-September,
Td percent.

Soil.—Loamy with the “A’ horizon 12 to 15 inches deep but
rocky in places.

Topography.—Variable depending on site: (1) 20 percent siope
to the southwest; (b) 10 percent slope to the northwest; (2) 20
percent slope to the east; (3)5 to 8 percent slope to the northwest.

Type of vegetation.—Foothill sagebrush rangetand.

Dominan! and essociuted species.—Agropyron splcatium,
Artemesin tridentata, Festuce idahoensis, Pou secunda, and
species of Twraxacwm and Ranunculus.

Study.—Bear Gulch adaptation plantings.

Date planted.—September 27, 1949, and June 28, 1850.

Procedures.—3ite No. 1: Two blocks of six plots of species,
8 by 25 feet, were seeded in September 1949, Biock one (north-
west slope) was previously in annual weeds. The seedbed was
well prepared with an offset-disk harvow. Block two (southwest
slope} was in sagebrush. The disk harrow removed an estimated
60 to 756 percent of the sagebrush. The six species were broad-
cast with a cyclone seeder. The seed was not covered after plant-
ing.

Sites No. 2 and 3: Before seeding in June 1950, the area was
plowed with an offset disk to kill the sagebrush. Kill estimates
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varied from 50 to 95 percent. Nine species of grass and one mix-
ture of all nine grasses were planted in 18- by 100-foot plots
with plots running up and down the slope. The area was seeded
using a cyclone seeder set at 12 to 15 pounds seed per acre.
After broadeasting, a 10- by 10-foot ares in the upper righthand
corner of each plot was hand raked to cover the seed.
Sununary of results.—By June 27, 1950, good stands of all
seeded species were established in the northwest exposure plots
of site No. 1. In the southwest exposure plots, establishment
was less suecessful. Festuce ovina established a good stand, but
other species were rated poor to fair. The poorer stands of the
southwest exposure plots weve attributed to the lower moisture
contentofthe soil due to slope and exposure and to the difference
in seedbed conditions at time of seeding. Live sagebrush plants
and soddy clumps were left on the southwest plots, while the
northwest plots were relatively free from perennial competition,
By September 1951, the plots had all been grazed destructively
by cattle to the extent that many seedlings especially those
in sites 2 and 3 had been trampled or pulled. Plots that had
many seedlings in 1950 were comparatively sarein 1951, Despite
the heavy use, F. ovina maintained nearly a full stand. Duacetylis
glomerata ranked second but was inferior to F. ovina. Only occa-
sional plants of Agropyron trichophorum, Pou ampla, Agropyron
infermedinm, and Arrienctherum elativs were also found.

Horse Prairie

Study lvcation.—Located 9 miles west-northwest of Grant,
Mont., on Coyote Fiat, Beaverhead County, SW1/4 sec. 18, T.
9S., R. 13W. (location 37, fig. 10).

Elevation.—6,500 feet.

Average precipitation.—Annual, 8 to 9 inches; April-
September, 82 percent,

Seil.—Gravelly loam with outerops of rock.

Topography.—b percent slope to the southeast.

Type of vegetation.~—Foothill sagebrush rangeland.

Dominant and assoclated species.—Artemesia tridentata,
Agropyron spicatum, A. smithil, Poe secunda, Sitanion hystrix,
Phiox hoodil, Phlox longifolia, and species of Chrysothamnus
and Ericgoninm.

Previous use.—Overgrazed sagebrush rangeland,

Study.—Horse Praivie adaptation planting.
Date planted.—Qctober 4, 1956, and June 8§, 1957.
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Procedures.—The seedbed was prepared by disking, piling and
burning the sagebrush, and cultivating with a Planet Junior
garden tractor. Twenty-six species were pianted in 3- by 20-foot
plots with three rows per plot spaced 1 foot apart. Fall and
spring seedings for each species were made adjacent to each
other. The study was in a randomized block-split-plot design
with three replications,

Swmmuary of results.—The species established better from the
spring than from the fall planting.

Owvar a G-year period, most of the grasses were able te maintain
themselves or improve stightly (table 39). A few grasses
decrensed sliphtly, but Agropyron trichophorum and A. elon-
gatum decreased sharply in 1961 and 1962. Melilotus officinalis
died out completely following the second year of growth. Ductylis
glomerala and Festuca arundinecea were also reduced markedly
in 1960 and were completely lost by 1961, Alopecurus arin-
dinacou and Poa praiensis also died out in 1881, Medicago fulcata
was sharply reduced in 1961 and completely died out in 1962.
The heavy grazing by rabbits, particularly on the legumes, was
a major cause for loss of stand. Of the grasses, Festuca rubrq,
. oring, and D. glomerate were the most heavily grazed by
the rabbits. The Agropyrons were only moderately utilized.

Yields of herbage varied considerably among species and
years. [n 1959 and 1961 Elynius junceus was the highest yielding
species, but in 1960 and 1962 1t was surpassed by Agropyron
desertoram and A, intermedium. Nevertheless, £, junceus con-
tinued to be one of the highest yielding species in all years.

Although ratings would indicate good stands, the herbage har-
vested from several of the species was extremely low. The low
vields were attributed partly to grazing by rabbits. Low yields
in 1961 were also attributed to an extremely dry season.

Yields of native grasses from adjoining areas were harvested
for companrison.

Study.—Horse Prairvie fertilization at time of seeding.

Dute planted. —QOctober 3, 1956,

Procedures.—The seedbed was prepared with a heavy disk
that completely killed the mature sagebrush and destroyed most
of the other native vegetation. Thirteen seeding treatments con-
sisting of three grasses (Agropyron desertorum, A. intermedium,
and . trichophorum) and two legumes (Medicago falcale and
Melilotus officinalis) alone and in mixtures were drilled threough
a rangeland drill to a 1-inch depth. Seeding depth was co ntrolied
by depth-band regulators.
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TABLE 3%.—FEstablishment and herbage yield of foruge species
on foothill sagebrush rangeland at Horse Prairie

Yields per acre,
Groups of species Stand  cven-dry weight,
1957 1942 1059-52

Pet. Pet. Lb.

Good to excellent stands established and main-
tained for B years:
Agrapyron degertornm (Standard) —o—eeeeeeeee
A, desertorem {Nordan)
A, intermedinum -
Elymis Jrunceus
Bromus inermis (Lincoln)
8. inermis (Manchar}
Stipa wviriduin
Bromus erectus
Poi ampla
Native prasses

Fair stands maintained for 6 years:
Alapectrus pratensis
Elymus triticoides
Festuea ovine durivsende
Agropyron trichophorum

Fuir to good stands maintained for 4 vears
fniled by the 6th year:
Agropyron elongatum
Fegtuea rubra
Phicum pratense
Medicago fulewta (Ladak) e e
Dactylis glomerata
Festuea arundineeey

Pooriy established or failed completely:
Agropyron smithii
A. spientum
Alopecurus arundinucea
Arvhenatherion elafius
Poa bulhvsa -
P, prolensis
Metilotuy officinueiis

-
[ R ]

! Data not available,
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The study avea was split with a fence for controlled grazing
and further split with fertilizer applications so that one-half
of each fertilized and nonfertilized plot could be grazed and
the other half protected. Subpiots 20 by 30 feet were replicated
three times. Fertilizer was applied on October 4, 1956, by broad-
casting after seeding using 50 pounds available N with 40 pounds
P05 per acre. The unprotected plots were lightly grazed in the
fall of 1958 and were grazed in a management program during
June and July each vear thereafter. The nonutilized herbage
of both protected and prazed plots was mowed in the early spring
to a 3-inch stubble,

Summary of results.—Generally, more grass but fewer legume
seedlings established on the fertitized plots. Plant counts in 1959
and 1962, however, showed no significant response to fertilizers
on the establishment of species or reinvasion of native grasses,
forbs, or brush.

In 1959, vield responses to tertilizers were variable. Fertilizer
apparently lowered the yield of Agropyron desertorum while
increasing yields of A. infermedium. At the same time fertilizer
seemed to increase the vield of grass and grass-legume mixtures
except for the A. frichophorum-legume mixtures and the com-
plete mixture. A, trichophorunt returned the highest nonfer-
tilized yield, while A. intermedium responded most favorably
to fertilizers and gave the highest treatment yield.

101960, differences among species were highly significant with
A. desertorum yielding the highest. Residual effects from fertili-
zation gave significant increases in yields fov all seading treat-
ments except simple grass-legume mixtures of A. intermedinum
and A. trichophorunt.

The 1961 yields werve low, and none of the seeding or fertiliza-
tion treatments were significantly different. However, the non-
fortilized treatments averaged slightly higher than the fer-
tilized.

L 1982, vields were good with A. desertorum again the highest
vielding species. Production on fertilized plots was higher than
that on plots not fertilized except for the A. trichophoruni-
Melitotus officinalis mixture and the complete mixture, which
averaged slightly higher on the nonfertilized plots.

Over the 1 vears (1959-62), fertilizer increased average grass
production from 100 to 175 pounds per acre per year (table 40).
In mixtures with legumes, however, A. inlermedinvm, A.
trichophorin, and the complete mixture showed little or no
increase from fertilizers.
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TABLE 40.—Herbage from fertilized and nonfertilized stands of
seeded species on foothill sagebrush rangelend a! Horse Prairie

ftem t 1959-62 yields per acre,
oven-dry weight Avernge
Not After herbage
grazed prazing utidized
Lh. Lb. Bet,
{rasses
Agropyron dosertormn:
Fertiized  -evemmieamemee s il 399 58
Not fertiizod - 844 435 48
sotermedion:
[AEEAEH AT S —— 798 186 a0
Nobt ferlilized s ROG 244 61
A trtchapha it
[ ] 1374 B — 458 173 T4
Not fertilized -rvmceeneainns BT 179 87
Mixtures ¢
A
Farbilized v 897 375 58
Not fortiizgd  ccremaemnaes 7265 357 50
B:
Fortiliged o 860 338 61
Nob fortilieed —meereesemenncs 748 394 47
A
Fertiized commvmmcma e 861 401 53
Not fertitized sereememneas 565 385 42
&
Fortilized v s 288 173 76
Not fertilized «mmvserrneene 597 157 G
B
FOrtilized  seeeessesmeerecrseecas 740 174 %
Not fertilized - oeeeeecinenn. ERE 132 75
9N
Pertibized  coasemimcmnaneanns 432 148 66
Not fertilized —mreimmrinens 386 207 48
{i
Fertilizetl - -reememeemmeee . 380 126 67
Not fertilized oo e 460 1eg 12
H:
Frrtilizetl  —eeemecmeommecamseoes 744 362 51
Not fertilized —--cmmeameermeaa. 758 450 Al

! Fertilizer = 80 {b. N with 40 1b. P20Qs pev nere.

? Mixtures were as follows: A= all 3 grasses; B = Agropyron desertorwm +
Medicago fuleata; C = A, desertorum + Melilotus officinalis; D = Apropyron
mteemedivm + M. fuleata; B = Al fntermedinm + M. officinalis; F = Agropyron
trichaphorion » M. fidetqs G = A, trichophorim « M. officinaliz; H = ull 3 grasses
and 2 legumes,
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The amount of forage consumed by livestock and the percent
utilized, as affected by fertilizing, were determined from the
differences in yield on the nongrazed and grazed plots. In
general, on pure grass plots, more forape was utilized from the
fertilized plots than from the nonfertilized ones. Exceptions to
this oceurred in 1959 with A, desertorum and in 1961 when cattle
utilized more from the nonfertilized plot. In 1962, howevery, they
grazed more forage from the fertilized treatments, and, on an
average, grazed 150 to 250 pounds more forage each year from
the fertilized than from the nonfertilized treatments.

The percentage of fovage utilized varied considerably through-
cut the study period. In 1960, use of fertilizers appeared to
increase the percentage of forage utilized. In 1961 and 1962 the
percentage of forage utilized was nearly the same for both treat-
ments. Over the 4 years, however, cattle utilized about 10 per-
cent more of the fertilized than the nonfertilized herbage.

Study.—Horse Praivie plant succession following sagebrush
control,

Procedure and resuus.~This study was incorporated into the
sagebrush control study and into exclosures and pastures under
grazing management to determine changes in vegetal composi-
tion of sagebrush rangeland following contrel treatments,
seeding, and grazing management.

In the grazing management area, line transects were estab-
lished in 1956 to determine the composition of the plant cover
in the nakive state before treatment. The area was then disked
and seeded through arangeland drill to a mixture of five species;
Agropyron deseriorum, A, intermediwom, A, trichophorum,
Medicago fuleata, andMelilotus officinatis. Permanent transects
were established on the treated areas in 1958. Additional tran-
sects were established in 1960 on an area of adjacent seeding
and spraying treatments. Readings were made with a 3/d-inch
loop.

After 6 years of grazing deferment, plant composition showed
increases in Poa secundea, Sitanion hystrix, Agropyron spicefwm,
Carex spp, Phioxr spp, and litter with a decrease in gravel-sized
pebbles. Other changes in composition were negligible (table
41).

In the area that was seeded and grazed, seeding treatments
reduced Arfemesia frideatata from 18.0 percent in 1956 to 4.5
percent in 1959. Most of the other native plants were also
reduced. From 1859 to 1962, A. fridentata increased slightly,
A degertorum seeded in 1956 also increased from 15.2 percent
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TABLE 41.—Changes in vegetational cover as affected by grazing
deferment, range seeding, and grazing management en sage-
brush rangeloand vt Horse Praivie

Frequency of plant occurence

Pre-
Component treatment, Deferred Seeded & prazed

1856 1958 1062 1859 1562

Fet, Pet, Pct. Pal. Pet.
Artemesia tridentuiu {alive) - 13.0 24.0 18.2 4.5 3.8
A, tridentnte deady -——--—mm- 2.5 .0 55 - P
Agropyron SpiGuinnl  seeeemeeeeee 6.3 8.8 12,85 2 -
Aslragelis S0P se-cmmsmmrnenes 9 -— .0 .1 -
Agler spp ) . B8 ) .1
Carex spp 2 1.7 1.6 Y g
Chirgsothainnus $pp —ese-mmeeemeee g N 1.2 1.0 N
EPiGgortiltil SPR -eeesemsssinsmmmenn 2 —— 2 .- 1
Hoertensia spp --—-—- ——— 2 - - - -
Phior foodil e - 22 a7 5.0 2 L
Phior longifolie ——- - e 2.0 2.3 5.0 2.0 3.2
Pou $CURAR  ommreammmem e e 5.0 1.6 9.2 29 15
Sttanion Ayslril —ee—ommeome B 7 B B 2
AMisc, natives --ee-a-. - — - - T A
Gravel-sized pebbles ——-mree 35.5 7.6 0.8 2 .6
Rock - 5.0 4.0 4.5 3.9 2.0
Bare grount --svecmme—eeiee 20.0 220 26.0 34.1 i58.7
Litter - 5.0 13.6 28.4 41.2
Agropyron deseelDrunt asermee- - - - 15.2 23.3
Agropyron tntermedinn - R — - 2.8 1.5
Medicage fulcale —--emmemame— - - -3 -
Melilofus officinelis wme—emem— - - - 2.6 1

in 19589 to 23.2 percent in 1962, but A, intermediun decreased
slightly. During the same period, litter increased while the per-
centage of bare ground decreased. Very little change occurred
in the frequency of the other components.

The number of plants in 10 feet of row as affected by seeding
and fertilizing changed markedly {table 42). From 1957 to 1962,
numbers of seeded plants declined while native plants generally
maintained themselves or inereased in numbers. By 1962, both
M. fuleata and M. officinelis completely failed, and the seeded
grasses lost up to 60 percent of their original stands. The loss
in total numbers of seeded plants did not appear obvious in
the stand since the surviving plants increased in size and com-
pensated for the reduced numbers,

The native plants increased least on plots containing A. deser-




TABLE 42.—FEffect of seeding and fertilizing treatments on the establishment of seeded plants and

on the reinvasion of natives

(Values are for numbers of plants per 10 feet of row space)

Seeded plants

Native plants

Itent ! Grass Legume Grass Forbs Sagebrush
1957 1959 1962 1957 1959 1962 1959 1962 1959 1962 1959 1962
No. No. No. = No. No. No. No. No. No. No. No. No.
Species
Agropyron desertorum .
Fertilized 26 20 15 - - - 1 1 1 3 2 2
Not fertilized 31 20 14 - -~ -- 1 1 1 4 1 2
A, intermedinum
Fertilized 18 14 10 - - -- 3 4 1 3 3 3
Not fertilized 19 15 b S S - 1 2 2 2 2 3
A. trichophorim )
Fertilized i3 13 9 - -- - 2 3 1 2 2 3
Not fertilized 13 1 9 - - - 2 3 1 3 2 3
Medicago falcatd
Fertilized -- - . 12 10 0 3 3 3 5 3 6
Not fertilized - - - 18 15 0 3 3 2 4 4 7
Melilotus officinalis
Fertilized - - - 11 7 0 3 3 1 4 3 7
Not fertilized - - - 14 10 0 2 3 3 4 2 5

Footnotes at end of table.

sa1oadg adrvaoy

LYT




TABLE 42. — Effect of seeding and fertilizing treatments on the establishment of seeded plants and.

on the reinvasion of natives — Continued

(Values are for numbers of plants per 10 feet of row space)

Seeded plants Native plants
Grass Legume Grass Forbs Sagebrush

1957 1959 1962 ° 1957 19569 1962 1959 1962 - 1969 1962 1959 1962

A

B

No. No. No. No. No. . No. No. No. No. No.

Mixtures ®

Fertilized
Not fertilized

Fertilized
Not fertilized

C.

D

E

Fertilized
Not fertilized -

Fertilized
Not fertilized

Fertilized
Not fertilized

w3
@

o

=
=

=,
o
2
o
E..
=
<
=

oy
S
-
©
F’.‘.
»
o
15

o

s
>
[

jad




| 08

Fertilized 12 9 9 4 2 0 2 1 2 3 3 4

Not fertilized - S——1 9 7 5 2 0 1 1 1 2 2 4
G:

Fertilized 8 8 8 6 2 0 2 2 2 3 4 4

Not fertilized - 6 7 8 4 3 0 2 2 4 3 5 5
H:

Fertilized 19 15 13 3 2 0 2 2 1 3 2 2

Not fertilized 17 14 13 6 5 0 2 2 2 2 2 3

I Fertilizer = 50 1b. N and 40 lb: P20s per acre.

*Mixtures were as follows: A= all 3 grasses; B = Agropryon desertorum + Medicago fulcatu; C = A. desertorum + Melilotus officina-
1is; D = Agropyron intermedium +Medicago fulcata; E = Agropyronintermedium + Melilotug officinulis; F = Agropyron lr-ichophomm
+ Medicago fulcata; G = Agropyron trichophorum + Melilotus officinalis; H = all 3 grasses and 2 legumes.
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torum, and they increased most on plots that had been seeded
to pure stands of legumes and where the legumes had died out.
A. tridentate in particular reinvaded these plots in large
numbers. Native forbs, largely Phlox and Aster, increased con-
siderably from 1959 to 1962.

During early establishment, fertilizer appeared to increase
the number of introduced grass seedlings. More legume plants,
however, were on the nonfertilized plots. In the years that fol-
lowed, the number of established seedlings were about the same
regardless of fertilizer treatment. Fertilizers did not affect the
reestablishment of the native plants.

Study.—Horse Praivie forage production following sagebrush
control,

Date planted. —Spring 1958 to spring 1960.

Procedures.—The study consisted of 13 treatments that com-
pared various methods of sagebrush control upon existing and
succeeding vegetation and upon forage production. Plots 20 by
50 feet were replicated three times in a randomized block design.
The entire area had been deferred from grazing since 1956.

Treatments were as follows:
Date of

Treatment treatment
Rotary-cut with horizontal brush cutter
Rototilled with commercial Roto-vator:
At surface level 10-14-58
To 3-in. depth:
Only De.
On 10-14-58; seeded to Elymus junceus - 5-11-59
Disked with bush and bog harrow, 24-in notched
disk:
Once 5-7-59
Twice in opposite directions Do.
Three times in opposite directions --------ceee- Do.
Three times in opposite directions,
5-7-69: seeded to Elymus junceus -------em- 5-11-59
Sprayed with 2, 4-D Isopropyl ester 334 E at
2 b acid per acre:
Once 5-29-58
Repeat ---- - Do.and 6-2-60
Fertilized at 460 lb available N per acre 4-8-60
Burned with hand-flame thrower ---------eeecmume- 10-24-58
Check (no treatment)
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Elymus junceus seedings were planted in May 1959 througha
Planet junior seeder in rows 12 inches apart. During the winters
of 1959 and 1960, rabbits grazed the seedling plants to ground
level,

Summary of results.—In 1960 the spray-repeat treatment pro-
duced the most herbage but was only significantly better than
the disked twice, rototilled to 3-inech depth and seeded, and disked
3 times treatments (table 43).

[n 1961 the disked three times and seeded treaitment produced
the most and was significantly better than all other treatments
with the exception of the rototilled 3 inches deep and seeded,
and the spray-repeat treatments. These three {reatments were
the only ones significantly better than the check.

In 1962, yields of ali treatments averaged higher than the
check with the two seeded treatments significantly above all
others. The two spray and the burn treatments were also signifi-
cantly above the check.

TABLEA3.—The effect of control treutments on sagebrush kill,
sugebrush reinvasion, and yield of forage species !

Sagebrush
seediings
Treatment Kili of per 100 Yield per acre,
old sq. ft, oven-dry herbage
sagebrush 1962 1960 1861 1962
Pel. No. Lb. L&, Lb.
Twtotilled, 3-in depth,

TS {2y B — G9a e 209abe  521ab  1,800a
Disked 3 t(imes, seeded --ree- 0 3¢ 325abe 575a 1,400a
Spraved 2, $D e eeeen 48¢ ie 430a 3dlede 983b
Sprayed, repeated ool 93n Ghe 452a  4l4abe  967h
Burned G8a ET 386ab 354bed  933be
Rotocut G5a 19 4202  342cde BH83bed
Disked once —eec—mememeeee 53¢ ac 164abc  i6f6ef 56Tbaed
Fertilized, /100 ¥ per

acre &d ie 276abe 228def 550bed
Disked & times ——memmmrme- 93n 1dbe 7Be 96f  533bed
Rototitled, 3-in depth —ememeeee 03a 3ia 107be | 192def B5l7cd
Rototilled surface —e—eemeeeee 93a Gbe 268abc 2Blede 500cd
Disked twice —mmmmmereeemeiaeeas T3b Bhe 112be  190defl 400d
Check 3d 3c 3liabe 205def 300d

' Values in columns followed by Lthe same letter are not significantly different.
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The percentage of A. tridentata plants killed and the number
of brush seedlings established after brush control were signifi-
cantly affected by control methods (table 43). Disking three times
with and without seeding, vototilling to the 3-inch depth with
and without seeding, rotary cutting, rototilling at the surface
level, burning, and spray-repeat treatments all gave good brush
kills. All these treatments killed over 90 percent of the mature
sagebrush. Disking onece and sprayingonce did not give adequate
control.

The greatest reinvasion by A. tridentata seedlings occurred
on the plots rototilled to 3 inches deep and then left unseeded.
Reinvasion was also high on plots rotocut and those disked three
times without seeding. The lowest reinvasion was on the seeded
plots and these treated by spraying, burning, light disking, and
fertilizing.

The amount of bare ground and plant vigor were not statisti-
cally different among treatments. Nitrogen fertilizer, however,
apparently increased the vigor of both the grasses and sage-
brush as shown by their color and growth,

Shuie:

Study lecation. — Located near Jackson, Mont. on bench-
land along the west side of the Big Hole Valley, Beaverhead
County, NW1/4 sec. 23, T. 35., R. 17W. (location 38, fig. 10).

Blevation. —7,000 feet.

Avernge precipitution. — Annual, 13 to 14 inches; April to Sep-
tember, 48 percent.

Soil.—Clay loam. _

Topography.—Benchland with 5 percent slope to the north-
east.

Type of vegetation.—Foaothill sagebrush rangeland.

Dominant and wassociated species.—Agropyron spicatum,
Artemesia tridentata, and Poa secunda,

Previous use.—Farmed.

Study.—Shultz adaptation nursery.

Date planted.—May 24, 1951.

Procedures.—Forty-two species of grass and 22 legumes were
planfed in 8- by 16-foot plots with three rows per plot., Rows
were spaced 1 foot apart. Seeds were drilled with a belt-type
hand seeder to a depth of approximately 1 inch. Seeding treat-
ments were replicated three times in a randomized bleek design.
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The original plan was to irrigate this study area. However,
additional water was ne ver applied. [n 1959 this area was grazed
extremely heavily by cattle.

Summary of resulls.—Fair stands of most grasses were estab-
lished in the seedling year (table 44) with Dactylis glomeraia,
Bromus inernids, Agropyron desertorum, Arrhenatherum elutius,
and Festuce rubra producing the best initial stands. Stands
improved for most species during the next 2 years but generally
they declined thereafter, )

All species of Medicage, Lotus, and Trifolium established good
initial stands, and except for T, agrariun and T. frugiferm main-
tained good stands as evidenced by their yields. Grasses that
were able to maintain or improve their stands through the fifth
growing season included Agropyron desertorum, A.
trichophorum, Agrostis tenuis, Alopecurus pratensis, Bromus
erectus, B, inerniis, Blymus junceus, Festuca arundinacea, F.
elatior, F'. ovina, F. rubra, Phalaris arundinacea, Phleum pro-
tense, Pou wnple, P. compresse, and P, pratensts. These species
appeared well adapted.

Two groups of grasses maintained fair to poor stands by the
fifth year but because of their relatively high production should
not be ignored. Many of these species in other studies have
appeared adapted. Groups IV and V include those species that
ave least likely to be adapted. Some of these, particularly A.
smithil and E. triticoides, improved their stands from scatiered
plants te 10 percent stands in 5 years. Possibly they would have
improved further given more time.

In 1954 severval species yielded over 2 tons herbage per acre.
These highest yielding grasses were Agropyron desertorum
(M24-3), Alopecurus pratensis, Bromus erectus, Elymus
canadensis, Agropyron inerme, Phlewm pratense, Bromus iner-
mis and Agropyron sibirvicum, Highest protein content of the
grass herbage was from Poa prafensis closely followed by
Festuca elutior, Agrostis tenuis, Dactylis glomerata, Bromus
margineius, and Stipa viridule.

The highest yielding legumes included Lotus cornicwlatus,
Medicago sativa, Trifoliiomn pratense, and T, hybridum. Although
Melilotus alba and 3. officinalis established good stands
initially, they died out. Trifolium agrarivm, T. fragiferum,
Astragalus cleer, 4. faleatus, and Oxytropis riperie also fatled.
Protein content ofail legumes was high with Ilttie, if any, differ-
ence bhetweean species or strains.
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TABLE dd —FEstablishment and yield of herbage and protein from
grasses and legumes plented on foothill sagebrush rangeland
newr Jackson, Mont.

Oven-dry herbage
Species _ 8tand per acre yield,

195t 1955 Aug. i, 1954 Protein

Pet. Pzl Lb. Pet.

Good toexcellenlstands for 5

yeurs:
Bromus Fnermis (Lincoln) - 73 4,200
Poa pritenyiy —e—em—memmeee — 80 2,680
Bromus erectus - oemmeemaann. 657 5,040
Phienm pralense

{Hopking) - - 4,480
Agropyron Lrichophorum -— 60 1,940
Phiewm pralenge -meeeanes 43 35 4,966
F Ty T TR 1T ¢ R ——— T0 2,220
F LT T 1,348
F, ovine durivscuwta ——--amaee 2,940
Elymus junceus 3 3,280
Apgrostis tenuls ———emeen 1,880
Phataris erundinaere ——— 4,160
Agropuron desertortm

T2 T FTE () SO — 73 2,680
Festuen arundingeed o—-——- 67 3,060
Medicago falcata

{Ladak) 160 3,360
M. sativa (Sevelrad -—eeemee - S8 5,240
M. sative (Ranger) . 98 4,700
Trifolivam hybridum G7 4,700
Medicage salive {Nomad) -- §5 3,060
Trifolivm prutenge -ewee—m— 093 3,200
T. repeny (White) —vreemmeee e a3 1,180
Lotus corniculatus

(Cascade) ~—roeees 85 6,180
L. corniculatus (Tans) 20 4,560
Trifoliun repens (Ladine) - 80 1,980
Lotus corniculalus

(Empire) ———eeaeeeee. {0} 5,440

Established and maintained
fair stands for 5 yvears:
Agropygron intermedinvm -—
PO P17 00 T S —
Poa ample {(Robust) --
P contpressg  ce—meeemmemeennias
Alopecurus pratensis -wcee---

ohothognoon
Wt Lo
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TABLE 44, — Egtablishment and yield of herbage and protein from
grasses and legumes planted on foothill sugebrush rangeland
newr Jackson, Mont. — Continued

Oven-dry herbage

Species Stand per acre yield,
1951 19535 Aung. 1, 1954 Protein
Pet,  Pet. Lb. Pel.
Agropyron desertfornm
{M24-3) [+ 5] 50 6,240 1.2
Elymis canadensis
(Muandan) oo 25 49 3,200 2.b
Pou ampla (Sherman) -—- 7 43 3,060 3.2
Agropyron eristalim
{(Pairway} e 40 40 2,780 1.8
Al STBIPICHI e mm e e 30 43 1,160 4.5
Dactyplis gplomarate —--mmeeme 80 30 3,160 8.0
Relatively poor stands main-
tained but produced good
yields:
Stipa viridwle --m-eseea—ee 4B 23 2.580 7.9
Fuir to good stands initially
established but failed inb
years:
Agropyron subsecundum -— 63 0 1,980 5.9
drriienatherum elaling  w—--- 73 0 1,980 6.3
Bromug muorgingtits -—--—- - a7 ] g0 7.9
Panicum virgalim ---—ewee 30 0 -—---
Melitotus wfbe (Huban) --—-—- 100 0 - ---
M. afficinadis s 100 0 -—-- -
Trifolinm agrorigm —--—- -~ 70 0 - -
T. fragiferiun —--msmeeeeeeee 55 V] - -=-
Poarly established ov Tailed
completely:
Agrapygron clongaliing s 17 2 -——-
B 111 7/ ] A —— 3 i — ---
A, apicatiom T H -— —--
LU RLET TR T TUR e ean— 1 2 ---- -
Boutelonn curtipenditia —— 10 0 -— ---
B. gracills e 17 0 m—- -
Elymus gluveus —m-emmeemee - 27 0 -
£, tritichoides -——srmeemen 0 10 - ---
Oryzopsis fiymenoides - 3 0 -
Poa bulbogu -———emememeemmmaeen 17 5 — i
Astrugalus fuleatus - 23 4] — -
Qrytropis rFiparia e-ceaeem-— H 0 - -
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Silver Bow

Study location.—Located along U.S. Highway 108 approx-
imately 5 miles sonth of Butte, or 1 mile north of the mouth
of Blacktail Creek Canyon, Silver Bow GCounty, SE1/4, sec. 9,
T. 2N., R. 7W. (location 39, fig. 10).

Elevation.—6,300 feet.,

Average precipitation.—Annual, 12-13 inches; April-Septem-
ber, 68 percent.

Seil.—Sandy loam.

Topography.—2 to 3 percent slope to the southeast.

Type of vegetation.—Foothill sagebrush rangeland.

Dominent und associated species.—Agropyron spicatum, A.
swiithil, Arlemesic lridentata, A, frigide, and Clhyysothemnus
Spp.

Previvits use.—Farmed; previously in rve, 1952; abandoned
in 1953 and 1954,

Study.—Silver Bow adaptation nursery.

Duate planted.—October 13, 1954, and May 1955.

Procediores.—Twenty-two species and strains were planted in
three row plots with a belt-type seeder. Plots, 8 by 20 feet, were
replicated three times in a split plot-randomized block design.
The plots were split by fall and spring seeding treatments.
Befeore seeding in the fall of 1954 the area was cultivated. Seed-
beds received no further treatments before seeding in the spring
of 1955.

Nunomnary of results.—Initial stands were generally good for
ull species with spring seeding superior to the faill. By 1857,
the third growing season, stands of Agropyron smithil,
Arvlienctherum elativg, Festuea erundinacee, and Phaleris
arundinacee had declined and appeared not adapted to the site,
and by 1963 Agropyron elongetum and Ductylis glomerata also
failed,

Species that improved or generally maintained their stands
and appeared adapted included Agropyron desertorum
(Standavd and Nordan), 4. intermedium, A. trichophorum,
Bromus erectus, B. inermis, Blymus junceus, Festuca ovina, .
rihre, Plilewm pratensge, and Poa compressa. By 1963 B, inermis,
P.compressa, and Poa pratensis had formed solid stands, while
A.degerforum (Nordan), Alopecurus pratensis, B. erectus, E. jun-
ceus, F. oving, and P, pratense formed stands of 90 to 95 percent
(table 45). P. compressa and F. oving sppeared particularly well
adapted and were found scattered throughout the study area.
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The study area was grazed heavily by horses in the spring
of 1963. Herbage around manure piles indicated a general ni-
trogen deficiency in the soil since the plants that received addi-
tional nutrients from the manure were vigorous and dark green,
while plants in the surrounding area were light green to yellow-
ish and produced relatively little herbage.

TABLE 4b.—Establishment and herbuge yield of grusses planied
in tie spring on joothill sagebrush rangelund near Butte,
Mont.

Species _ Stand Hc_rb;:gc per acre
1955 1963 {1957-58), oven-dry
Pet. Pet, Poitnds
Goodl stands established and
muintained for § years:
Bromus inermis -———eeeeeemen 92 100 1,385
Poa compressa  ——omwremmeacnn 88 160 1,075
Poa pratensls {Troy) -eeeeeme 7 100 375
Agrupgron desertupim
(Nordan) «ooamemeire e 38 95 2,115
Fegtucee ovina durinseule - a1 95 1,020
Alopectris prafengizs —meem- 42 95 665
Phicion pratense —-eeeeee B4 90 1,004
D romius areetins  ———--—mseceseene 79 90 875
Elynis Juneens s—rmemm B7 a0 350
Poa eampla (Sherman) -eeee- 4 5 1,150
P, ample (Robust) --eeeeee a5 75 1,020
Agropyron intermediin - 42 T0 1,086
A, trichophorim ———eeees 83 b 1,170
LT s YL ST TT ) ST — 04 80 B55
Fair stands established and
maintained for & yvears:
Apropyron desertorum
(Standard) e 80 50 1,370
B R YT ) ¥ A a2 40 455
Good stands initially estab-
lished but failed within 9
yeurs:
Agropyron elongatumt e 87 1 B9O
AL SRR e 82 0 40
Arrhenatherwm elating - 04 ] 520
Ductyplis glemerata  -—omemeeee 90 1] 640
Festuen arundingcea
(Altay - a1 0 250
Phalaris arundingcen -a—-e- a1 10 220
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Lennep

Study locution.—Located approximately 3 miles southwest of
Lennep, Meagher County, on benchland south of the road, sec.
3, T. 7N., R. 9E. (location 40, fig. 10).

Elevation.—5,600 feet.

Average precipitation.—Annual, 13 inches; April-September,
58 percent,

Seil. —S8ilty loam.

Topography.—Rolling foothill benchland with 2 percent slope
to the northeast.

Lype of vegetution.—Foothill sagebrush rangeland.

Dominant species.—Artemesiu tridentata, Poa secundu, Pou
ampla, and Agropyron spicatim.

Previous use.—Rangeland.

Study.—Lennep adaptation nursery.

Date plunted —Qctober 12, 1951.

Procedures.—Forty-two species of grass were planted in plots
3 by 20 feet with three rows per plot spaced 1 foot apart. (The
prasses planted were the same as those for the Shultz adaptation
nursery, table d), Seeding treatments were replicated three
times in a randomized block design. Before seeding, the sage-
brush cover was burned. Furrows were dug in the burned but
undisturbed seedbed. Seed was scattered in the furrows and
vovered with a half inch of soil,

Sunemary of results.~—Stands in 1952 were relatively poor.
However, species producing the best initial stands were Poa
prafensis, Ductylis glomereta, and Phlewm pratense. By 19556
most species maintained stands comparable to those produced
initially. These were Agropyron desertorum, 4. elongatum, A.
infermedium, A. sibiricun, A. subsecundum, A. trichophorum,
Agrostis albn, Bromus evectus, B. inermis, Daciylis glomerata,
Festuea elutior, F. arundinacea, F. rubra, Phlenm pratense, Poa
ampla, P. compressa, and P, pratensis. Species that fatled com-
pletely included: Bromus marginatus, Elymus triticoides,
Arvivenatherwm elating, Bouteloua gracilis, B. curtipendula,
Oryzopsis hymenoides, and Punicon virgatuni.

The plots were not protected from grazing. Because of grazing
pressure and poor stands, the study was abandoned.

White Suiphur Springs

Study location.—Located along the Fort Logan Road, 3 miles
wegt of White Sulphur Springs, Meapher County, see. 34, T. 20N,
R. 8 E. (location 41, fig. 10).
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Elevation.—5,300 feet.

Average precipifation.—Annual, 18 inches; April-September,
29 percent.

Soil.—Loan.

Topography.—£ percent slope to the southwest along the edge
of the valley,

Type of vegetalion, —Foothill sugebrush rangeland.

Dominant and associafed species.—aAgropyron spicatum, Poa
secnda, and Avtemnesie tridentata,

Previous use. —Cultivated farmiand.

Study.—White Sulphur Springs adaptation nursery.

Dute plunted. —October 13, 1950,

Procedures.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart. {The species
planted were the same us those listed for the Shultz adaptation
nursery, table 44). Seeding treatments were replicated three
times in a randomized block design. Seeding was done with a
belt-type hand seeder into summer fallow.

Summary of resulfs.—Initial stands in 1951 were relatively
poor but those that established fair to good stands were
Agropyron desertorum (Nordan}, Dactylis glomerate, and
Phlewm pratense. In succeeding years, stands of most species
improved, By 19585 those that maintained good stands ineluded
Bromus inermis (Lincoln), Elymus junceus, Bactylis glomerata,
and Plilewm pratense. Other species that had improved markedly
over the initial stand included A. desertorum {M24-3 and
Standard), A, {rachycawdum, Bromus erectus, Festucy rubra, F.
oving, Poa wmpla, P. compressa, and Alpecwrus pratensis.

Livestock grazed the area so heavy before 1959 that species
were difficult to recognize and many plants appeared to be dead.
Despite the heavy use, 4, desertorum and B, inermis persisted
with relatively good stands.

Hansen

Study location.—Located along the old Fort Logan road next
to an irrigation canal 4 miles northwest of White Sulphur
Springs, Meagher Gounty, sec. 32, T. 10N, R. 6E. {location 41,
fig. 10).

FElevation.—5,300 feet.

Average precipitation.—Annual 18 inches; April-September,
59 percent.

Soil.—Loam

Topography.—2 percent slope to the west in valley bottom.
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Dominant and associaied species.—Agropyron spicatum, A,
smithii, Stipa comata, Pou secunda, and scattered Artemesia
Eridentatu.

Type of vegetution.—Foothill sagebrush rangeland.

Previvus use.~—Farmed eropland,

Study.—Hansen adaptation nursery.

Date Planted.—September 26, 1952, and spring 1953.

Procedures.—-Twenty-one species of grass were planted in
plots € by 20 feet in a split-plot design with species split by
date of seeding. Each subplot confained three rows per plot
spaced 1 foot apart. Treatments were replicated three times.
Seeds were planted with a belt-type seeder.

The gseedbed was cultivated before the fall seeding, they
received no additional treatment before the spring seeding. The
study was planned and established so that plots could be
irrigated, but they never were.

Surunary of resudts.—Fall plantings for most species estab-
Hished fair to poor stands, but spring plantings were good fo
excellent. Agropyron desertorian (Nordan) was the only species
to establish a good stand initially from the fall seeding.

Species that appeared adapted to the site and maintained or
improved their stands included A. desertorum {Standard and
Novdan), A. interniediian, A, stbiricum, A. trichophorum, Bromus
erectus, B. inermis, and Elymus junceus {(table 46),

Herbage yields from spring-seeded treatments in 1954 were
relatively low due to the young age of the plants. A,
trichophormun, A, desertorum {(Novrdan), and A. intermedium,
however, produced fair amounts of herbage of 760 to 960 pounds
per acre. [n the following vear, yields were measured from only
nine of the grasses. Yields from the other species were estimated
te be too low to consider the species for herbage production.
A. intermedium, A. deseriorum (Standard and Nordan) A.
trichophorum, and A. trachycaulium were the highest yielding
species producing from 1,360 to 1,640 pounds of herbage per
acre. Although stands ef Alopecurus pratensis and Festuca rubra
were good to fair in 1955, these species failed to produce sufficient
growth to be considered suitable for forage production.

Coughlin

Study location.—Loeated 5 miles northwest of Helmville,
Mont,, Powell County, NE1/M4 sec. 5, T. 13N., R. 11W. (location
42, fig. 10).
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TABLE 48.—Fstublishment and herbage production of grasses
planted in the spring on foothill sagebrush raungeland newr
White Sulfur Springs, Mont.

Yield per acre,

Species Stand oven-dry weight
1953 1855 1954 1855
Pet. Pct. Lb. L,

sood stnnds established and
muintained for 3 veanrs:

Agropyron Inlermedium - G4 94 760 1,640
A, desertorwm (Nordan) -——- 87 93 820 1,440
A trichophorun  —smmemmaees 88 93 960 1,480
Bramas inermis {(Lincolny) - 48 93 480 960
Agropyron sibiriciimt  -—-—--— 8¢ 91 460 660
A, desertorum (Standard) - 87 828 480 1,440
Elgmus juneeps -—---m--mm-wmeees 80 57 100 380
Bromus erectis -s—imvemmssom 77 83 - 340
Agropyron trachycuulwm

(Primar) ———rm e e - 26 30 860 1,360
Alopecurus pralensis ------- - 80 17 106 ——am
Fegtucd ruabri —---—eemecceeeeeees 52 63

Fair to poor stands main-
tained in 3 years:

Agropyron elongatum  ------ 62 20 200 —
Arrhenatherim olaling - 95 3 - —_—
Daclylis glomeraby  ——---ece-me 37 5 - e
Fesluca arundingcg —--—-- 96 10 —- I
F, glutior - SRR 38 t 120 an
FPhalarty arundinacea  ----——- 87 1 - —
Plileum pratense

{HopKins) -em-mmeecemecseemeneeee 93 7 — —
Poa ample (Shermant v 80 30 — -
P, COMDIESSH  memermammaeas 83 12 - S
P, prafensis --esmmeeemeceeeen 37 15

Elevation.—4,300 feet.

Average precipitation.—Annual, 13 inches; April-September,
59 percent,

Soil.—8ilt loam overlaying gravel.

Topography.—Uniform § percent slope to the south.

Type of vegetation.—Foothill sagebrush rangeland.

Dominant und associated species.—Agropyron spicatum, Pou
secunda, Artemesia tridentata.

Previous nse.—Cultivated eropland; dryland barley that was
reverting back to sagebrush.
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Study.—Coug'hlin adaptation nursery.
Date planted.—October 9, 1950 {(grass); April 1951 (legume).

Planting procedures.—Forty-two grasses and 20 legumes were
seeded in plots 8 by 20 feet with three rows per plot spaced
1 foot apart. (The species planted were the same as those planted
in the Shultz adaptation nursery, table 44). Each seeding treat-
ment was replicated three times in a randomized block design.
Seeding was made divectly into bariey stubble with a belt-type
hand seeder.

Swmmury of results.—Stands of grass in 1951 were generally
fair to poor, however, species that produced the best initial
stands were Agropyron intermedinm, A. subsecnndum, A.
trichoplorum, Bromus ervectus, B. marginatus, Elymus
canadensis, and Festuoa ovina.

By 1956 Artemesic tridentala had reinvaded the plots, and
stands of many grasses had improved while others declined.
Those species that improved weve Agropyron desertorum (M24-
3), A. elongatum, A, Dierme, A. {ntermediwm, A. trichophorum,
Alopecrrus pratensis, Bromus erectus, B. inermis (Lincoln),
Festuca ovina, F. rubra, Phleum pratense, Poa compressa, and
P. vretensis.

From 1956 to 1963 the area was grazed heavily by cattie and
horses. Despite the heavy grazing, however, several grasses con-
tinued to improve or maintained good siands. Species included
in this group were Agropyron cvistatwm (Fairway), A. inter
medinm, Alopecurus pratensis, Bromus erectus, B. inermis
(Lincoln), Festuea ovina, Phlewm pratenses, and Poa compresse
(table 47).

Stands of most of the other grasses (groups 11 and 111) declined
from 1956 to 1963, and those in groups III and IV died out com-
pletely.

Initial stands of Lotus corniculutus, Medicago, and Trifolium
spp. were generally good in 1951. Oxytropis riparia was the only
species that failed to produce seedlings the first year. By 1954,
however, allMelilotus species, Trifolium agrarium, and T repens
had failed to reseed themselves and were lost.

In 1963 L. cornicnlatus (Empire) had established an excellent
stand and had spread into surrounding plots and sagebrush
areas. Herbage production was estimated at about 1,500 to 2,000
pounds per acre. Astragalus cicer, A. faleata, Medicago sativa,
and M. falcata continued to persist but stands had declined and
the vigor of plants was poor. However, some plants of A. cicer
and A, falcats were large and robust.
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TABLE 47.—FEstablishment of grasses and legumes planted on
foothill sagebrush rangeland near Helmville, Mont.

Species Stand
1951 1956 1863

Pet. Pet. Pet.
Good stands muaintained for 12 years:
Browmus erectus 87 83 92
B. inermis {Lincoln) 60 95 a0
Lotus corniculolus (Empire) «oememmmeees 94} 75 50
Agropyron intermedium 87 93 87
Poa compressa 10 5¢ 80
Agropyron crisialum (Faivway) --eemeeeeae 30 40 78
Alopecurus proatensis 63 85 77
Festuce ovine duriuscula T3 75 77
Phicum pratense (Hopkins) 48 a7 T
Phlewm protense 60 72 67
Fair to pood stands maintained for 6 years but
were reduced to fair or poor by 12 yvears:
Agropyron trichephorim 67 80 57
Agropyron desertoram (Standard} —o————- 60 60 47
Poa pratensis 47 87 37
Agropyron inerme 43 83 33
Elymus junceus i3 a3 33
Agropyron desertoritmn (M24-3) oo mmmmemmeeeees 57 T 17
Poa ampla (Robust) 21 43 15
Agropyron elongatum. 53 73 8
Stipa viridule 33 47 7
Dactylis glomerata 17 33 7
Festuee rubre 53 72 3
Agropyron sibiricum 40 33 2
Fgirto good stands maintained for 6 yearsbut
faited in 12 years:
Phalaris arundinucen 30 a0 i
Elymus canadensis 70 47 4]
Arrhenatherum elatins 53 42 0
Agropyron subsecundumn 67 40 0
A, trachyeaadiom 60 40 4]
Elymus glaucus 53 33 Y
Poor stends maintained or failed within 6
years:
Agropyron swmithii 3 i8 47
A, spicaliem 24 G 0

Agrostis alba 17 15 4]
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TABLE 47. — Establishment of gresses and legumes planted on
Jootiill sagebrush rengeland near Helmuille, Mont. — Con-
tinued

Stangd
1956 1963

Pet. Pet,

Poorstands maintained or failed within 6 yeurs--
conkbinued
Agrostis tenuis
Bouteloww curtipendile
B, gracitis
Bromus marginatus
Flymuy trilicoides
Festicu arundinieey (AR seeoomociemeees
F. elatior
Gryzopsis hywmenoides
Panicwnm virgatim
Poi empla
£, bulbose
Melifolns wlha
M, officinalls
Qrytropis riparia
Trifelivm egrarium
T. fragiferum
T, repens

[R=]

e B T - R T e B TR B e B = I O o o B e B 1

7
1
0
0
0
0
1
1

Foathill Grassland

This type of vegetation extends from Canada to Wyoming
through the central mountains and is found in adjacent moun-
tainous areas. It occurs mostly at 4,000- te 5,000-foot elevations
where precipitation ranges from 12 to 20 inches, and the growing
season varies from 60 to 140 days. The soils are mostly moder-
ately deep dark to black loamy types. Some, however, are thin
overlaying bedrock. Approximately 8,128,000 acres of this type
are located in Montana.

Deminant grasses include Agropyron spicatum and Festuca
idahoensis with Poa secunde and Koeleria cristala as associated
species. Occasionally, Artemesia tridentate and Chrysothamnus
spp. are found in areas adjacent to the sagebrush foothill type,
and Bouteloue gracilis is common in transition zones with the
plains grasslands. Poa pratensis and Bromus inermis have
become well established and appear naturalized to the more
moist sites.,
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Most of the area has been plowed and is presently under cul-
tivation. In the drier sites where cropping is marginal, some
land has been abandoned or has already been seeded to prasses.

Generally, conditions have been favorable for seeding prasses,
but where failures have oceurred, the canse of failure has most
often been a result of poor preparation of seedbed or lack of
grazing control after seeding.

Besides Pou pratensis, Bromus inermis, and B. Tectorum that
often invade seeded areas, other adapted species include
Agropyron cristation, &. degsertorum, A, inerme, A, tnterntedium,
A trichophorun, Al sibiricunt, Bromus erectus, Elymus junceus,
L. triticoides, Festuca wrundinaceg, F. rubra, Phieum pratense,
Phalaris arundinacea, Dactylis glomerata, Poa ampla, and P.
compressa.

Grazing studies on a few important species have shown that
sheep niake satisfactory gains on seeded grasses whan limited
to a single species during the early part of the growing season.
As the season progresses, however, gains decline, Where pas-
tures were grazed continuously through the season, sheep
regrazed spot areas until some plants, particularly P. ampla,
were killed cut,

Herbage yields ave generally good with production as high
as 1-1/2 tons per acre from E. friticoides and Agropyron elon-
gatien.

Alfalfa produces good yields, but the precipitation is too low
in the late summer for more than one crop. Sweetclover has
also produced well, Where it is capable of seeding itself, sweet-
clover has become an important plant in the rangelands.

Studies at Fort Ellis showed that herbage yields declined after
the third growing season to about 1,000 pounds of herbage per
acre. The decline in production was attributed in part to nitrogen
deficiencies in the soil, Yields were more than double in plots
fertilized with 67 pounds of nitrogen per acre compared with
yields In nonireated plots.

Waterioo

Study loeation.—Located east of Waterloo, Mont., SE1/4 sec.
1, T. 25, R. 5W. (location 43, fig. 10}

Elevation.—5,000 feet,

Average precipitafion.——Annual, 10 inches; April-September,
78 percent,

Soll.—Gravelly loam.

Tapogruphy.—5 percent slope to the northwest.
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Vegetutional Type.—Foothill grassland.

Dominaent and ussociated species.—Stipa Comata, Agropyron
spicatum, Koeleria cristata, Pou secunda, Aristida longiseta,
and Carex filifolic.

Previous use.—Cultivated cropland.

Study.—Waterloo adaptation nursery.

Date plunted.—October 12, 1950,

Procedures.—Forty-two species of grass were planted in 3-
by 20-foot plots with three rows per plot spaced 1 foot apart.
Planting was done with a belt-type hand seeder. The species
planted were the same as for the Shultz adaptation nursery
(buble 44).

Swmmary of results.—Initial stands in 1951 were only fair
to poor with the best established by Agropyron desertorum
(Standard and M24-3), A. trachyeawnlum, A, subsecundum,
Bromus erectis, B. marginatus, Elymus junceus, Dactylis
glomerate, Bouteloun curtipendule (E1 Reno), and Panicum vir-
gatum. Generally, stands were improved in 1952, but in 1953
they were mostly poorer than they were initially. Species that
rated the highest and those that generally maintained or
improved theirstands were A. desertorum (Standard and M #4-3),
A, trichophorum, Bromus inermis (Lincoln), B. erectus, Elymus
cenadensis, Poa ample {Sherman and Robust), Arrhenatherum
elatius, Alopecurus pratensis, Phlewm pratense, and Festuca
erundinaced.

By 1957 most species hat either failed or had poor stand.
However, a few, Agropyron eristatunt, A. desertorum (M 2403),
A intermedium, A. sibiricum, B. inermis, B. evectus, and E. jun-
ceits, were good.

Bozeman

Study location.—Located at the Montana Agricultural
Experiment Station at Bozeman, Gallatin County, sec. 12, T.
2S., R. 5 E. (location 44, fig. 10).

Elevation.—L,800 feet.

Average precipitation.—Annual, 17.5 inches; April-September,
55 percent.

Soil.—Huffine silt loam.

Topography.—1 percent slope to the north.

Type of vegetation.—Foothill grassland,

Dominant and associated species.—Agropyron spicatvm, Fes-
tuen idahoensis, Koeleria eristatn, Agropyron smithil, A
trachycenlum, Arfemesie tridentate, A. cana, Balsamorhiza
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sagittata, Geraniwm viscosissimum, and species of Lupinus and
Potentilla,

Previous use.—Farmland in altalfa before 1935. In various
crop rotation and experimental plantings after 1935.

Stidy.—Bozeman adaptation plantings.

Date Plunted.—April 1936 to May 1937,

Procedures.—8Six individual studies were made to test the
adaptability of many species and selections. Many of these
species were included inseveralstudies, and planting procedures
vavied from single rod-row plantings to 16- by 18-foot plots.
Generally, most of the species responded similarly regavdiess
of how planted.

Swmmary of results.—Most grasses established goud stands
and maintained them through 3 years(table 48). Based on estab-
lishment and herbage yields, the following species appeared best
suited for forage production: Agropyron erigtatuwm, A. elongutiom,
A pungens (intermediam), s\, repens, Bromiuts erceius, B.inermis,
Elymus cunadensis, K. dahuwricus, B, wmacounii, . virginicus,
Festuca arundinacea, Stipa robusta, S. vaseyi, and Astragalus
rubiyi,

Species that initially established good stands but failed within
3 years or completely failed to establish included Agrostis
racemoesa, A, saccharoides, Boutelowa hivsuta, B, trifida,
Calamugrostis viriflavescens, Carex Sfilifolie, Chloris virgata,
Cynodon dactylon, Elymus condensatus, Eragrostis Jerruginea,
Muhlenbergia porteri, Oryzopsis milincea, Panicum antidotale,
Poa macrantha, Sorgastrion nutans, Stipe pulchra, end S.
speciosa. Reduced yvields or failuve of these species was
attributed to natural short life, lack of adaptation, or peor seed.

Several species established relatively poor stands initially,
but improved during the next 2 years. Most notable among this
group weve dgropyron elongaiion, A. tenerum, Buchloe dac-
tyloides, Calwmovilfa longifolic, Oryzopsis hymenoides, Stipe
comata, and Atriplex cancscens. Part of the improvement in
stand ofsome of these species was attributed to delayed germina-
tion of dormant seeil.

Study.—Bozeman date of seeding-adaptation study.

Date planted.—September 18, 1937; October 22, 1937; May 17,
1938.

Procedures.—Thirty-five grasses were planted in single rows
16 feet long spaced 12 inches apart on each of three dates.
Dates of seeding treatments were made adjacent to each other.
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TABLE 48, — E'stablishment and herbage and seed yields of forage
species planted at Bozeman, Mornt.

Average yields per acre (1337-38)

Species Stand Herbage,
1936 1938 sven-dry Seed

Pet. Pet. L. L.

Good stands maintuined for
2 to 3 yenrs:
Elymus maeouwnii -eceemeeceee 1G0 5,238
Agropyron elongalum - — 95 4,738
Elymus canadansiy ---—---- £ 160 4,604
Bromus FHErmEs --cmeeeceeeieeee 100 4,034
Agropyron pungens - 160 3,795
Astragulus rubyt 73 3,365
AGropyron FEpoHy  --eem-mameme- 100 3,314
PR TS w7 % STH ) R ———— — 100 3,298
Stipn vasey! 100 3,278
S, robugla - 55 3,26
Fegtuca arundindeey --ne-mm- 160 3,169
Elypnas sibivieys -eoececeemeeees 100 3,092
£, virginicus 98 2,847
Agrupyron lenerunt 93 2,836
Bromus ereclus 100 2,752
Agropgron puncifiorum 100 2,662
FElynus daliricins ~emesevene- 160 2,616
dgropyron caninumn 1006 2,549
Panicim Pirgatint  wo-—--—- 77 2,401
Festtien elatior 106G 2,396
Bromus polyanthus 68 2,389
Pludoris arundineceq —w--ver 31 2,227
Agropgron smithii a5 2,185
Ao inerie  smeeeeeeeeaeas 49 2,146
Agrostiy palustriy —e-—-eee- - 100 1,908
Elymus juncens 85 1,902
Brontits murginalus 9. 1,825
Elymus triticotdes ——cemmeeer 75 1,795
F g 11T T | £ S ——— 100 1,783
Agropyron semicostalum --- 160 1,763
A eHare e e — 100 1,759
Stipa viridwle -v--m- 100 1,703
Agrostis alba - ¢ 100 1,671
Calamovilfa lougifolic 2 52 1,840
Agropyron desertorun - 95 1,588
A violecewm 95 1,626
A gibiricum  —mmeemeee—e s o8 1,492

Footnotes nt end of table.
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TABLE 48, — Establishment and herbage and seed yields of forage
species planted at Bozeman, Mont. — Continued

Averape vields per acre {1937-38)

Species Stand Herhbage,
1936 1048 oven-try Seed
Pel. Pel. Lb. L.

Geod stands maintained for 2
to 3 years — Continued

Bromus lonatipes ——eee—eee — 95 95 1,377 329
Hordeem wodosent  ~--sare—a- Y100 1,326 259
Agropyron Rgamicin --—-—- T 100 1,293 285
Ductylis glomeruta  —--——-vemm v 1,151 13
Agropyron spictluin ce—m-—- a0 98 1,144 167
Bromus porter] e t a 1,030 160
POt COMPpressa  m-mwmmmmm-a-- ! ap 1,002 138
B ample oo 100 1,000 136
Alopecurus pralensis --mee—-- Y100 918 12
Bromus racemosng  —---—-— — 20 76 373 291
Pou nevidensis smmmemmaemaeans G5 86 777 88
Boulelota curtipendily --—m 80 96 761 56
Puceinellia nutlollivne -——-— BH] 91 651 95
Stipe cofumbiana  --weeemmaeee ! 50 647 50
Fegtict rubrg cmmecmcceeaeceans 95 37 G4l 105
Sporabolus erypltandris - 62 80 633 33
Stipa comubu mmmmememmmmine 20 o1 602 o8
Hilarin juriesil e-ceeem——. — 95 98 559 a7
Pou Dufbusa —weeemmmmeeeeeas 93 86 520 178
Boutefoue gracilia - - 95 096 ald 48
Sporobolis alroldes  --eaeseee 85 35 459 65
Orpzopsis hymenoides  ---e--- 15 95 432 147
Beckmunnia syziguchne - a0 67 380 102
Feglueca oving duriusenla - t 60 . 378 42
Phadariz tiberosa e 1 70 201 9
For canhyt cv-omeememmmeeeeeeeee 100 T 223 36
Oeschampsia eaespriosg - ! 5 129 10
Pou epilis —eemeemcmeeeemeeeee ! 80 8 1
Buchloe dectplowdes ——memeeem- 10 90 - .-
Sporobolis nsper e 90 90 -— aam
Atripler canescens ——e-eeeeee- an 72 —— ---
Fegtiea seabrella ---emeaeeeeeee ! 70 - -

Poorto fuirstands established
for 3 years:

Eiymus cinerens 75 35 1G85 %4
Sthipa sparlen sm-—memeemaneeaa- 95 58 G606 143
Andropogon furcatus - 20 A8 670 26
Poa palustris se--eeeommmaasne 85 a5 598 73
Spartinea pecfinab@ asceeca-ss a b) 552 17
Sporobolux Herdosus —eeeeeee 9 3} 336 21

Footnotes ot end of table.
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TABLE 48. — Establishment and herbage and seed yields of foruge
species planted at Bozeman, Mont. — Continued

Averape vields per acre (1937-38)

Species _ Stand tlerbuge,
1836 1938 oven-dry Seed
Pet, Pet. Lib, Lid.

Poourto fairstands establigshed
for 3 years -- Continued
Hromus machrogtachys - ! H 323 150
Danthonia colifornice  vee 25 253 254 94
Andropegon scopuring - 28 24 251 24
Bromus catharticuy --- - 10 48 245 83

Ntipa leftermani - - ' 40 236 34
Koeelerin eristufa - - T2 39 ol 21
Andropogon hallil —eeeeeeeeees ig 1 151 5
Ariatoda fongifelic - S D 15 148 -
Fegluea iduhoensis ——eeemeean 70 By 107 13
T 3700 14 (T — D 86 &
Poa gecintit cceeeeeee s GO +2 80 g
Abripler nuttallii e - 18 42 - -
Panicim oblusum  comeemeeeee 25 15 . -
Ammophile arenaria e ! i0 == -
Atripler conferiifolia -ammma- i 3 .- -

Failed toestablishind years:

dgroslis racemosy  -eeeemaeees 1 G -
dundropogon saccharoides - 50 ¢ -— nes
Hoi elown hirguta -veee-ceeeeee g0 0 - --
Bootrifida el - ! 1] - -
Cealumagrostis

L R T AT YT S — 1 0 - -
Chlloris virgate --—--emeeeeee 80 2 1,578 342
Cunodon ductplon -weeecmmeaean { ) s
Blymus condensatus v 95 ] - -
Eragrostis ferrugineag - 50 i - -
Mauhlenbergia porteri —----e- I ¢ - -
Cryzopsis milineen e - 100 2 --
Fepieum andidolule -——-eweee 140 Q --- -—
Poa macraitie ——-eeeeeeeeeeen ' 0 --- -
Sorghosirient nutens oo HY 1 1G ---
T AT R IT L R R — 70 0 - -
N, SPECIOFIL  =emmmrariom e mreans 95 [H --- ---
QTN {1701 (T R — i 1 --

! Less than | percent stand,
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Summary of results.—The time of seeding best suited for any
species varied (table 49). Andropogon furcatus, A. scoparius,
Bouteloua curtipendula, B, graciiis, Calemovilfu longifolie, and
Penicwm antidotale failed completely in the early fall seeding,
but most of these grasses and Eragrostis curvula, Penicum vir-
gatiem, andSorghastrum nutuns established better in the spring
than in the fall. Elymus canadensis, Festuca idahoensis, Poa
amply, Poeanbyi, P. nevadensis, P. secundea, and Sporobolus eryp-
lundrus, however, became better established from fall seedings.
Most of the other species established about equally well at all
three seeding dates,

Study.—Boezeman palatability test.

Date plunied.—1936 to 1938,

Procedure.—Twelve beef cows were allowed to graze free
choice the species previously planted in adaptation nurseries.
Grazing was continuous for 8 days from July 5 to July 13, 1940.

Amounts of each species grazed were estimated after various
periods of time for utilization values.

Sunmmary of results.—The resuits of this and other palatability
studies were published {Gomm, 1969).

Stage of maturity appeared to be the most significant factor
affecting cattle preference for the different selections. All but
seven species were utilized equal to or more than that of
Agropygron crisletum, after 192 hours of continuous grazing.
These seven included Bromus machrostachys, B. polyanthus, B.
purgans, Calamagrostis canadensis, C. inexpansa, Elymus triti-
coides, and Pou empla.

Some species were rejected early in the grazing period but
heavily utilized after the forage of more palatable species was
removed. This group of secondarily palatable plants included
Agropyron inerme, A, spleatum, Agrostis albe, A. pelustris, Aris-
Hda longisety, Bromus cetharticus, B. fectorum, Cynodon dac-
tylon, Elymus sibiricus, Hilaria jomesii, Muhlenbergia squar
roga, Oryzopsis hymenoides, Phalaris arundinecea, Phleum
alpinunt, Poa juncifolic, P. nevadensis, P. secunde, Stipu colum-
biana, S. comata, 8, occldentalis, S. viridula, and Trisetum
spieatum.

Fort Ellis

Study location.—Located at the Fort Ellis experimental farm
3 miles east of Bozeman, Gallatin County, Mont., sec. 15, T. 28,,
R. 6 E. (location 45, fig. 10).
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TABLE 49, —Establishment of prasses planted ot Bozeman, Mont.
as affected by planting date

Stand on October G, 1938,

Species seaded on
0118:37 1022137 5117738
Pet, Pect. Pet.

Established equally well at
all three dates:

Bromus (Hernig  —---mememeeee- 100 100 100
Arrhenuthorion eloting e HE) 20 100
Agropyron prislalm ------ 40 a3 95
Bromus marpinglitg  -—---eees a5 85 95
Bl s UAcens -ee-- 90 95 a0
Stipn vividule e i) 75 T
Buchlve ductyloides -—-wuees 25 30 25
Best estabiished when fall
planted:
AGrogyron PRRGERE  ==msevem- 100 100 85
Phictan pratensc sse-ee—ee——— 1] 95 35
Daetylis glomeraty - - 90 a0 80
Koelerin eristale --—-- - - 90 95 60
Elymus ennadensis e e 80 80 40
Best established when planted
in early [all:
Agrogyrop Smithii -e----ceme--- 100 95 a0
Stipit comutiy --wmmaomemmmemmaeeen 80 G0 30
Sporobolus cryptandrgs - 60 45 15
Oryzopsis iymonoides  s---- 30 12 12
Best ostablished from late
fall planting:
Pt secindia ——mr-sceeemnmmaaees 80 100 30
B, canbyi --eme-e g0 100 25
Agropyron Spicalig  —e—--—- v} 100 0
A, paueiflorion  --e-e—ememeeeees D 100 0
Poa pralensis —e--s---—-ma-—-m 20 98 60
P, nevalonaiy  me--memreeenn 9 98 52
Puretnellic nutiallivng ——- 73 95 60
Pon hliboge —eeremmemsimim s %0 95 a0
Poampli meeseememmmmems i 30 a5 40

Festuen idahoensis --——--—- i) 85 10
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TABLE 49. — Establishment of grusses planted at Bozeman, Mont.
as affected by planting date — Continued

Standd on Octobur G, 1938,

Species seeded on -
98T 1622435 BAITI3R
Pet. Pet. Pet.
Best established when spring
planted:

Eragrosiis cureply ssemeeeee 5 bl G5
Punicum antidutale - ¢ 0 an
Bowlelowa pracills - 0 5 80
Poaniemt virgafim  -seseee--—-- G} 50 75
Hotlelown cnrtipenduta - 0 10 T0
Sorphastrient MHIEHs --mmeers 10 24 35
Andropogan gropuring - ¢ 3 20
Calwmoriife longifolic - 0 1y HH
Andrapogon furculig w----e ] G 5

Elevation.—4,800 feet,

Avernge precipitativn.—Annual, 17.5 inches; April-September,
68 percent.

Seil.—Bozeman siit loam.

Topogruphy.—2 percent slope to the northwest.

Type of regetation.—Foothill grassland.

Dominant and associated species.—Agropyron gpicatwm, Fes-
tuea idahoensis, Koeleria eristata, Agropyron trachycaunlum,
Arfemesic tridentate, A, cang, Balsamorhiza sagitaly, Geranium
viseossisimum, and Lupinns spp.

Previows wse.~—Farmed.

Study.—Fort Bllis dryland hay planting.

Date planted.—Nay 1945,

Procedures.—Seven grasses were planted in pure stands
and in mixtures with Medicugo fulcata and with pelilotus
officinalis. In addition, pure stands of M. feleata and M.
officinalis were seeded. In pure stands ). feleaeta and each grass
woere seeded at 10 pounds and M, officinalis was seeded at 15
pounds per acre. In mixtures, the grasses were seeded at 7
pounds and the legumes at 5 pounds per acre. Seeding rates
were adjusted for germination. Each plot consisted of six rows,
{ foot apart, and 40 feet long. In mixtures the species were
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mixed before planting. Each treatment was replicated four
times. M. officinalis was replanted in 1947.

Swmmary of resulls, —Herbage yields were considered high
for dryland conditions (table 50). Ge nerally, they inereased until
the third harvest year when maximum production was obtained.

A. desertorum was the highest yielding grass, except in the
third year of harvest. '

TABLE 50, —Herbage yield and protein content of grasses end
grass-legume mixtures at Fort Ellis, Mont., 1946-50

Yield, oven-dry Crude protein
Species or mixture weight content
{1946-50 {1046}

Lb. Pet.

Pure standas:
Agroppron deserioryum  --—— 3,280 4.4
Bromus fnermis

{Purkinnmd) 4,600
Melifotus officinally —-e-veeme L4200
Agropyron trachycaulung --- 23,867
Festucu arundinacea 3,560
Metlicago falcutu

{Ladak) cmmmmmi et 24200
Elymus junceus s 3,080
Dactylis glomerata coemmeee- 32150

Mixtures with M. faleata:
Bromus inermis 1,320
Agropyron trachyceulum - 24,133
Festica arundiniceq -m--- - 3.340
Agropyron desertorum 3,720
Dactylis glomeruta  veememee— 23,650
Elymnys juncens —eveeeemeeo.. 3,280

Mixtures with M. officinnlis:
Agropyron desertorem 5,040
Bromius inermis 4,480
Agrepyron trachycanlim - 2 .4,067
Fesluca uriendingces —-—e— 3,280
Elymusg juncens e - 3,200
Duactylis glomerale 33,130

' 2.yenr average.
?3-¥enr average,
d-yenr pverage.
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Elynius juncens was generally a low producer. However, yvields
were about 1.5 tons per acre with little yearly variation despite
the dry year, 1949, when production of the other grasses was
decreansed considerably.

Agropyron trachyccwlum had failed by 1949 and Dactylis
glomerata, by 1950,

M. officinalis died out by 1949 and so had M. faleate in
pure seedings. Since the herbage w 1s cut for hay, ¥, officinalis
had no chance to reseed itself, 3. falcuta was killed out becauss
of rodent activity, except in mixtures with grasses where ths
grass apparentiy afforded some protection.

Variable yield response was obtained from legumes in mix-
tures with the grasses. With the exception of D. glomeraia, .
Jfaleata in the mixture, apparently, did not increase yields. Mix-
tures with M. officinalis appeaved to yield higher than mixtures
with M. falcata, particularty in the first harvest year.

Protein content of the herbage was increased with a legume
in the mixture, and generally, mixtures with M. officinalis had
higher protein content than mixtures with M. Juleatw.

Study.—Fort Ellis sbudy of hay yields.

Date planted —QOctober 1950,

Procedures.—Eight grasses were planted in 5- by 20-foot plots
with five rows per piot spaced 1 foot apart. The plots were
replicated six times in a randomized block design. In April 1987,
fertilizer was applied at 33.5 and 67 pounds N per acre with
two replications for each rate and compared with a zero check.

Results.—All grasses produced their highest yields in the sec-
ond harvest vear and declined each year for the next 4 years.
Average yields for the §-vear period and yields for the 1857
fertilizer trentments are given in table 51.

Differences among species were highly significant. Bromus
inermis (Lincoin) produced the most forage over the 6-year
period. 1t deelined in yield rapidly, however, and by 1966, it
was producing less than many of the other grasses. In 1955
Poa ampla and Agropyron intermedium were about equal and
yields were above B. inerniis. In 1956, yield of P. ampla declined
while that of Agropyron desertorwm (Standard) and A. inler-
nedium were high. Although A, intermedium, B. inermis, and
A desertorum (Nordan) had the highest yields in 1957, all species
on the unfertilized plots continued to decline.

Except for 1956, A. deseriorum (Nordan) returned greater
yields than A. desertorum (Standard). Over the 6-year period,
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TABLE 51.—Fstablishment und yield of grasses ut Fort Ellis,
Mont., 1952-57

Yields per acre, oven-dry w.eight
Specics Stand, Average N per acre, 1957
1651 1552-5% Mone 33.5 67

Peat, Lb. Lb, L, Lb,

Bromus inermis {Lincoln) -- 79 3,020
dAgropyran intermedinn - 3 3,600
A, desertorum (Nordan} =ese-- . 2,080
Foa ampla ———car e 2,400
dAgropyron deserlorum
(Standard)

Al trichophorin —eece—meameeane
A glongabient —meeeommmeee
Elymus juneeus

[
&5
¥4
[=]

2,460
2,080
2,340
1.260

| L T T

e R
g &
Lo B e i B e}

Nordan produced 22 percent more forage than the Standard
variety.

Elymus junceus was the lowest producer with yields less than
half that of B. inermis and several other species. In 1957 its
yield was less than that of other species, and it responded the
least to fertilizers.

Response to fertilizer was highly significant in 1957. Yields
weve increased 116 to 266 percent with applications of 67 1b.
of N per acre. Although fertilizers increased herbage yields in
1957, the herbage produced was never as high as it was in 1953
or 1954 when the stands were young.

The optimum and economical rates of applications under the
conditions of this experiment are unknown. More intensive
studies are needed to determine combinations of rates and fer-
tilizer needed under dryland conditions. Other methods of
renovation and rejuvenation of old stands are imporiant alsg,
and they should be determined and eompared.

Poa pretensis invaded most of the plots and may be responsible
for some decline in yield, especially in most of the wheatgrass
plots. Bluegrass only slightly invaded plots of Bromus inermis,
Elymus junceus, and Agropyron desertorum (Nordan).

Samples of herbage analyzed for protein content showed no
significant difference among species or among fertilizer rates.

Study.—Fort Ellis adaptation nursery,
Dute plunied. —QOctober 24, 1950,
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Procedures.—Forty-two species of grass were planted in plots
3 by 20 feet with three rows per plot spaced 1 foot apart. Seeding
treatments were replicated three times in a randomized bleck
design, The seedbed was plowed and harrowed before seeding.
The seed was planted by drilling with a belt-type hand seeder.
Reswults.—Fair to good stands of most species were established
in 1951, and they improved until 1955, after which many of them
declined (table 52). The reduction in stand was attributed %o

TABLE 52.—Establishment of grasses seeded at Fort Ellis, Mont.

Species Stand
1953 1955 1959
Pet. Pct. Pet.
Good stands maintained through 9 years:
Bronius inermis 90 10¢ 166
Agropyron trichophorum 72 190G 160
A, intermedivm 57 83 160
Phieum pratense (Hopkins) 95 97 9%
Festucn ouvina Jdurinscuia 85 9 98
Bromus ereclus 83 100 97
Festuce rubra 87 g7 93
Phleiwom prafense 8¢ 87 93
Duactylis glomerata 92 85 92
Alopecurus pratensiys h 85 38
Agropyron tnerme 73 86 5
Poa ample [Robust) 73 83 5
Festien arindingees (AR) -— oo —ee—meee 88 a5 i)
FPoa compressa 44 87 88
Agropyron cristalum (FPairWway) ---—--weme-meee 20 as 60
Fair stands maintained through 9 years:
Phalaris arundinaced 57 g2 45
Stipa viriduic 43 43 43
Agropyron desertorum {Nordan) --------smomees 78 85 at
A desertorum (b24-3) 63 52 35
A, desertorion (Standard) 85 g3 28
Pou ample (Sherman) 60 92 28
Good to fair stands maintained throughd years
but genevaily failed by the Sth year:
Elymus triticoides 33 80 G
Arrhenatherum elalins 65 63 17
Agropyron sibiricum 57 60 0
Elymus junceus 60 a7 i0
Fesluca clatior -- g3 83 !
Poa bulbosa 12 03 0
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TABLE 52. — Esteblishment of grosses seeded at Fort Ellis, Mond.
Continued

Species Stand
1951 1955

Pet. Pet,

Pooriy established, poorly maintained or failed
in b years:
Agroppron elongabion
A smithid
A splcafum
A, subsecundim
A trachpranlinon
Agrogtis albu
Bouwlelowa cwriipentinla
B, gracilis
Bromus mterginalis
Elymus canudensis
& glaucus
Grpropsis igmenoides
Panieum virgualum

b= [

[
[ I e R i B I e T e e B B

T

o]
[ B

1

SO O OO D D oW

competition from Bromus inermis and Poa pratensis that
invaded the avea. As a result, stands of several species otherwise
adapted to the site degenerated.

Species that appeared adapted in 1955 before competition
bevame severe were Agropyron desertorum {(Standard, M24-3
and Nordan), A. intermedium, A. trichophorum, A. inerme, A.
gibiricun, Bromus erectus, B. inermis, Elymus junceus, E.
triticoides, Fesfuca vubra, F. ovine, Poe ample (Sherman and
Robust), P. pratensis, P. compressa, Arrhenatherum elatius,
Alopecurus pratensis, Phalaris arundinuecea, Daciylis
glomerata, Plhilewm pratense, and Festuca arundinacea.

Species that appeared most capable of competing with B. iner-
mis and P. pratensis included Agropyron cristatum, A, inter-
medium, A. trichophorum, A. inerme, Bromus erectus, Festuca
ribra, F.ooving, Poa ample (Robust), P. compressa, Alopecurus
vratensis, Dactylis glomerata, Phieum pratense, and Festuca
arundinaced.

Grasses that appeaved the least adapted and those that
generally failed to become established are listed in table 52,

¥

Study.—Fort Ellis pasture plantings.
Dates planted.—August 1938 to May 1941,
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Procedures.—Fifteen grasses were seeded in 2- and 3-acre
blocks with a grain drilt,

Results.—Except for Andrepogon scoparius, all species pro-
duced fair to good stands in 1941,

The highest yielding species were Agropyron cristalum,
Agropyron desertorum, Bromus inermis, and Festucae arun-
dinacea; the earliest growing were A, cristatum, A. desertorum,
and F. erundinacee; and the most palatable were Dactylis
glomerate and B. inerntis (table 53).

Study.—Fort Ellis dryland pastures (1943-50).

Dute planted.—Agropyron ¢ristatum (Fairway), June 1939 and
May 8, 1944; A. desertorum, June 1939 and May 8, 1944; Bromus
inermis {Parkland), June 1941 and May 10, 1944; Elynius junceus,
May 10, 1940, and May 8, 1044.

Procedures.—Two 2-acre pastures were seeded for each of four
species at ditferent times in different years. Good stands were
obtained on each pasture. A. eristatiwom and 4. desertorum were
grazed by sheep in 1943, 1948, 1949, and 1950; but B. inermis

TABLE b3.—E stablishment, development, utilization, and yield of
grass planted 1938-40 at Fort Ellis, Mont.

Rutings made in 1841 Yield per acre,

Species Spring  oven-dry weight
Stand Earliness ' utilization {1941}
Pcl. Rating Rating Lb.
Festuea arindinacen —-—-—----—— 100 1 4 7,825
Agropgron eristalunt - 100 1 8 7,582
A, desertoritil ——-cmmmeemceeeeeeeee GB 1 8 6,585
Bromus inerptls ---meeeeceeeeeee 100 2 2 6,326
Ductylis glomerata --—--romenas 100 2 i 4,960
Agropyran trachycaulunm ------ 99 2 3 4,128
Bromus moarginglus --—----—----— 9 2 4 3,742
Arvhtenatherum elaling - - 0 2 3 2,280
Elymus juncemns --—--—-——— 100 2 9 1,739
Phalaris arundinecee --—--—----- 100 3 ki n
Bromus inermis Packland) -- 90 2 2
Agropyron smithil -----eeeeeeme- 75 4 5 e
Routelpua gracilis --------ememmm 75 g G -
Slipa wiridule -——erreerarreee 30 3 ) 14
Andropogon SCOparing --—------ 0 0 ) 0

! Earliness ratings from 1 to 9 with No. 1 being earliest and 9, latest,
2 (jtilizabion ratings from 1 to 9 with 1 being most utilized and 9, the least.
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and E. junceus weve grazed only in 1949 and 1950. All pastures
were grazed for an equal period in any 1 year. In 1948 they
were grazed T1 days; in 1949, 57 days; and in 1943 and 1950,
B5 days.

Kesults.—Sheep consumed more and gained move per day and
per acre from B. inermis than from any other grass (table 54).
A desertorum and E. junceus were similar in production, while
A. cristatum produced the least forage and animal gains.

Study.—Fort Ellis dryland pastures (1952-1957).

Previous nse.—Farmed.

Date plunted.—October 1850,

Procedures,.—Five grasses were planted by drilling in trip-
licate 1-acre pastures. Each pasture was fenced and grazed by
sheep. Management procedures varied from year to year depend-
ing on the conditions of the pastures and animals.

[n 1952 the pastures were grazed continuously from May 28
to October 29 by yearling ewes. The sheep on Agropyron deser-

TABLE 54.—Average production of dryland pastures at Fort
Ellis, Mont. 1943-50 and 1952-56

Length Animals Herbage Individual Animal

of per consumed  daily gains
Pasture specirs season acre per acre, gains per acre
ver day oven-dry per

weight  animal

Days No. Lb. L. L.
1943-50 pastures:
Bromus inermis
(Packiand)? cmeeoeeee 4.5 6.2 2,108 0.34 Ldd
Agropyron desertorum
(Standard) ---emmeemeemeeeos 74.5 6.5 1,764 28 132
Elymus juncens ! T4.5 6.4 1,758 420 129
Agropyron cristatum
(Fairway) s T4.5 6.3 1,661 24 109
1952-56 pastures:
Agropyron trichopherum — 121.0 1.4 1,330 22 116
Fou ample e -~ 139.0 5.3 1,64 16 112
Agropyron elongatum - - 137.0 5.3 1,620 145 112
Al desertorion eemmeoos 134.0 3.0 1,500 15 102
A, intermeodinm wmeeemme—ee. 132.0 3.2 1,470 .18 95

Y Averaged values for 1949 and 1950 only.
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torum and A. intermedium were below maximum seasonal
weight on October 29, but sheep on the other grasses weve at
their maximum weight. In 1953, the pastures received continu-
ous grazing from May 18 to Qctober 20, except for those in A.
trichophorum that were grazed to September 8.

In 1954 each pasture was divided with an electric fence info
two lots. One pasture was to be grazed continucusly and the
other, in rotation. The sheep, however, could not be held with
the electric fence and after the first rotational period the electric
fence was removed, and all lots were grazed continuously for
the rest of the season. The pastures were grazed from May 13
to October 5.

In 1955 permanent net-wire fences were used to divide the
pastures into two similar half-acre lots. One was con*inuously
grazed; the other was grazed in rotation with lots from replica-
tions ofthe same species. Grazing extended from May 13 through
October 12,

In 1956 grazing extended from May 23 through August 29
except for the pastures in Poa ample, which were grazed from
May 16. The numbers of sheep on pasture varied throughout
the season and were adjusted to the carrying capacity of the
pastures.

Palatability and preference ratings were determined in 1957
when fences were removed and the plots grazed by male sheep
(table 55). The pastures were grazed from May 15 through May
30. A, intermedium was the most preferred and P. ampla the
least. After 2 weeks of grazing, A. intermedium and A.
trichophorum were heavily utilized, and A. deseriorum was
becoming mature and stemmy. At that time A. elongatum was
only moderately grazed. Even under these conditions, only light
use was made of P. amplc.

Poa ampla was generally ready to graze before the other
species, being as much as a week ahead of A. deserlorum. It
matured early in the growing season if not closely grazed. When
grazing was close enough to prevent heading, green forage was
available throughout the season. In the fall, P. ampla started
regrowth sooner than the other grass and went into the winter
green. Pastures were green late in December 1956 after intermit-
tent freezing and snowstorms.

Over the 5-year period, P. ampla compared closely with A
elongatwm in carrying capacity, animal gains, and total digesti-
ble nutrients (TDN). These two species were generally the high-
est producers (table 54).
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TABLES5.—Estimated use of grusses by sheepat Fort Ellis, Mondt.
after different periods of grozing

Herbage utilized at
different dates!
May 17 May 22 May 29

Pet. Pet. Pei,

Agropyron intermedinm 40 85
A, trichaphorum - 36 75
A, desertarum : 10 15
A. elongatum 3 10
Poa ampty (Sherman) e o 1

' Grazing begnn May 15,

Besults,—Continuous grazing was better than votational graz-
ing in pounds of animal gains and TDN. The difference was
attributed to the quality of forage available for grazing. The
rotational grazing cycle, which was 14 days on and 28 days off
basture, gave the plants 28 days to grow before being grazed
again. When the sheep were turned i, the grass was mature
and coarse. The stocking rates of the continuocusly grazed pas-
tures were such that animals were not forced to graze the pas-
tures uniformly, As a resuit, large areas of grass were allowed
Lo mature and were grazed only lightly at the expense of small
heavily grazed patches where the sheep grazed tender green
leaves throughout the season; hence, they were getting higher
quality forage from the continuously grazed pastures.

In the spring 0f 1957, extensive heaving of dead and weakened
plants occurred in areas previously spot grazed, primarily in
pastures that were continuously grazed. Species most affected
were P. ampla and A. infermedium.

A. elongatum produced an abundance of coarse forage and
was ready to graze approximately 2 to 3 weeks after P. ampla.
Regardless of its coarse appearance, however, this grass was
taken fairly well by sheep when grazed in pure stand. A. elon-
gatum stayed green late into the season and its protein content
remained higher later than the other grasses.

A. desertorum was ready to graze early in the spring but not
as early as P. ampla. Although it matured early in the summer,
sheep continued to gain until late August. Generally, sheep lost
weight after that date, although they appeared full. The pas-
tures of A. desertorum were the first to be fully utitized.
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Al intermedium and A, trichophorum were ready for grazing
1 to 2 weeks after A, dexertorwm, A, intermedium surpassed A,
trichophorum in average number of sheep days and TDN but
fal! below in pounds of daily animal gains and pounds of gain
per acre. For most years, sheep on A, infermedium were below
their maximum seasonal weight at the end of the grazing season,
while sheep on other grasses were at or near their maximum
seasonal weight,

Apparently forage species must be managed and grazed in
varicus ways. The following factors appear to be particularly
important and should be considered in grazing management.

1. Date at which the grass is ready for grazing.
2. Rate at which growth and developmant take place.
3. Rate of stocking,
4. Class of animals.
5. Stage of growth.
6. Percentofutilization at which animalsshould be removed
from prazing.

Maximum herbage and animal gains will not be obtained if
these factors are not considered in determining the management
practices. Apparently, maximum yields were not obtained in
this study because the effects of certain factors were not known.

Herbage samples were taken at intervals throughout the graz-
ing season and analyzed for protein content.

A curvilinear decline in protein was expressed for all grasses
as the season advarnced.

The protein content of the collected herbage was higher from
rotationally grazed pastures than from those continuously
grazed {table 36). However, the herbage collected may not rep-
resent true samplesofthe forage actually ingested and the sheep
were actually ingesting forage of higher quality. This is
indicated since sheep gains were higher on the continuously
grazed pastures than on the rotationally grazed. The spot graz-
ing of the continuously grazed pastures also indicates that the
sheep were getting the new regrowth as socon as it could be
grazed,

A d-year summary of the different grasses under continuous
grazing showed P. ample to average lower in protein content
during June and July than any of the other species, but late
in the season, 4. desertorum, A. intermedit m, and 4.
trichophorum dropped below P. ample. In September and
Octcber difference among the species was slight, but A. elon-
gatum averaged slightly higher (table 57).
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Livingsion

Study location.—Located 8 miles west of Livingston, Park
County, along the roadway to Bozeman, sec. 3, T. 25, R. BE.
{location 46, fig. 10),

Elevation.—4,900 feet.

Average precipitation.——Annual, 14 inches; April-September,
68 percent.

Soil.—Loam,

Topography.—4 percent slope to the south on the edge of the
shallow canyoen of Quinn Creek.

Tupe of vegetution.—Foothill grassland.

Dominant species.—Agropyron spicatum, Festuea idahoensis,
Koeleria cristata, Balsamorhiza segitale, and Lupiie spp.; Pou
prafensis and Bromus inermis have invaded,

Previous use.~~Farmed.

TABLE 56.—Protein content of grasses grown under dryland con-
ditions at Fort Ellis, Mont., 1956

L Protein content on
Spucies and system date of sampling

of grazing TH 1 8/8

Pet. Pet.

Apropyron desartorum:
Continuous -mseseeseccemececemeean 7.3 4.8
Rolation -——-semeeme e 6.0

A, elongatum:
Continuous -—-emmemmcmmmeees . . 7.2
Rotation . 6.8

Al intarmedinm;
ContinUous -——memmsmmmmemarmees . . 3.6
Rotation . 1.2

A trichophorum:
Continucus
Rotation

Poa ampla:
Continuous - —mmrmm oo eree
Rotation
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TABLE57.—Average protein content ingrasses grown under dry-
land conditions at Fort Ellis, Mont., 1952-565

Species Crude protein on date of saumpling
6/17  B/2T 725 B0 822 9/1% 10714

Pet. Pet. Pet. Pet. Pet. Pet. Pel,

Agropyron deserforum w-—— 148 bLEN 6.6 0.4 5.0 35 2.9
A elongulitm —-eeesmeasenananan 14,9 itd T8 7.3 5.9 4.7 .0
A, Dilermediignm sesvesemmeeee—ae 134 9.3 6.2 {8 4.3 3.2 2.4
A, trichophortnr ——eesemeememaeee 14T 114 7.4 1.0 4.8 3.8 2.8
Po emplt ——wensammsmmmmmemeneme 118 85 B8 5.8 1.3 4.0 3.2

Study.—Livingston adaptation nursery.

Date planted.—October 18, 1950,

Procedires.—Forty-two grasses were planted in plots 3 by 20
feet with three rows spaced 1 foot apart. Treatments were
replicated three fimes in a randomized block design.

Summary of results.—Stands were mostly fair to poor in 1951
(table 58). Species that appeared adapted to the site increased
in stand establishment during the next few years. However,
competition from invading Bromus inermis and Poa pratensis
reduced many stands by 1959,

Species that appeared adapted to the site before competition
decreased stands included Agropyron desertorun: (Standard,
Nordan, and M24-3), A. eristatum, &, trachycaulum, A. inter-
medinm, A. trichophorum, A. inerme, A. sibiricum, A. elongatum,
Bromus incrmis, B. erectus, Elymus junceus, Festuca rubra, F.
oving, Arrenatherum elatius, Alopecurus pratensis, Stipa vir-
idula, Phalaris arundinacea, Dactylis glomerata, Phleum pro-
tense, and Festuce arundinaceq. Of these species those that
appeared capable of competing with B. inermis and P. pratensis
included A. eristatim, A. intermedium, A. trichophorwm, B.
erectus, F. oving, A. elatius, A. pratensis, P. arundinacea, and
P. pratense.

Species that were established and maintained poor stands or
failed completely were listed in table 58. Some of these and some
of those listed as having faited or having poor stands by the
9th year, notably A. desertorum and P. ampla, have been shown
to be adapted at similar sites. Most tikely, the competition from
B. inermis and P. pratensis caused many of these species to
die out,
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TABLE 5B.—Fstablishment and yield of grasses planted near
Livingston, Mond.

Yield per acre,
Species Stand ovan-dry weight
1451 1955 {1859

Pel. Pet. 1b. Pet.
Good to fabr stands maintained
for § yeurs:
Broamus inermis (Lincoln) - 50 L7060
Agropgron trichephorum -— 38 1,532
A, intermedinm —mem——— — 8D k 1,433
Bromus erecius i GO0
Phalaris arundinecen : 933
Phlpwm pratense
{Hopking) --e-meremeemeremnec Q00
Pog pratensis s-eeemee :
P, CORIPIeYSa  mmsmmemnessmemmnnnn '
Alopecuruns proiensis
Phiewan prafense e
Agrapyron eristelum
{Fairway)
Featuen oring
trrivnsendts —emevmrmaae e
Arrhenatherint clativs
Agyrostls albu
Festuea arendinecen
(Altn)

Fair stands maintained for 5
yenys but faited or were
reduced to poor stands by
the Oth year:

Apropyron deseriorum
{Standard} -—-meemcmeee
Fegtiuce rubri -
Agropyron sibiricum  ----—--—
Elymus jUnceus -—-we-—-veeees
Dactylis gliomerala
Agropyron desertorunt
(ai2d-8)
A. degertorum {(Nordan)
Fesluce elallor —--—ee——-m—ee
Apropyron inerme
Stipa viridula --—-—-—
Blymus gloneus --remeemeener -
Agropyron trachycaulum -
Bromus marginalus
Agropyron elongatnm  -------

Footnotes at end of table,
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TABLE 58. — Establishment and yield of grasses planted newr
Livingston, Mont. — Continued

Yield per acre,

Species Stand oven-dry weight
1951 1855 1858 {1950
Pel. Pct. Pot. Fel.

Poorly established or failed
complately:

AGropyron st —eeeesnees 2 0 2 ¢
Al splctl el e Y 1 0 t
A, subsecundum  —e—emeeanas — 20 0 G !
Bouleloua curtipenduln --—-- 2 ] 0 ¥
Poorly estabiished or foiled
completely « vontinued
Bouteivua grocilis - i 0 o !
Elymng cunatdensis - — 0 20 i t
E. triticoides sessvesamsvarmaans 2 a [ t
Oryzopeis hymenaides - 2 [} G t
Panicwm virgationt e ] ¢ 0 !
Poa gmpla V] ] 0 '
P, hilbogs  --mmememmenmemeaaen 2 3 o t

! Data net availuble.

Herbage harvested in 1959 showed 11 species producing suf-
ficient to be considered for forage production. B. inermis was
the highest yielding species followed by 4. trichophorum, A.
intermedinm, and A, cristaiwn.

East Helena

Study location.—Located 3 miles east of BEast Helena, Lewis
and Clark County, sec. 33, T. 10N,, R. 2W. (location 47, fig. 10).

Elevation.—4,000 feet.

Average precipitation.—Annual, 11 inches; April-September,
16 perecent,

Soil.—Leoam,

Topography.~—2 percent slope to the northwest on benchland
soils.

Type of vegetation.—Foothill grassland.

Dominant and associated species.—Agropyron spicatum, A.
trachycauliom, Koeleria cristata, and Lupine spp.; Bouteloua
gracilis was originally part of vegetation on the more silty sites.
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Previous use~-Cultivated dry farmland.

Study.—East Helena adaptation nursery.

Date planted. —Getober 20, 1950.

Procedures.—Forty-two grasses were seeded in plots 3 by 20
feet with three vows spaced 1 foot apart.

Resulls.—Fair to good stands of most species were established
in 1951, The study, however, was ploved out in 1952 without
further data on stands.

Species that established best were Agropyron desertorum, A.
intermedium, A. sibiricam, A. trachycaniwn, A. trichophorwm,
Bromus erectus, B. inermis, Elymus junceuns, Festuce wrin-
dinacca, and Phlewm pratense. Those that established poor
stands or failed completely were Agropyron elongutum, Agrostis
alba, Boutelona curtipendule, B. gracilis, Festuca rubra, Oryzop-
§is hymenoides, Panicum virgatwm, Poa bulbosu, P. compressa,
and P. pratensis.

Other species planted were the same as those planted near
Livingston and listed in table 58.

Aungusta

Study location.—Located 12 miles west of Augusta, Lewis and
Clark County, sec. 22, T. 19N,, R. 6 W. (location 48, fig. 10).

Elevation.—4,900 feet.

Average precipitation.—Annual, 13 inches; April-September,
73 percent.

Soil.—Regent clay loam.

Topography.—5 percent slope to the northeast on gently roll-
ing land.

Type of vegetution,—Foothill grassland.

Doninant and associated specles.—Agrepyron spicatum, Poa
secunda, and Koelerin cristate; Boutelowe gracilis occurs in
transitional areas bordering the Teton-Judith Basin grasslands
type.

Previous use.—Abandoned cropland.

Study.—Augusta species planting.

Duote Planted.—19838.

Procedures.—Sixteen grasses were planted in plots 9 by 32
feet with three rows per plot spaced 8 feet apart. Seeds were
scattered in handmade furrows and covered with 1/4 to 1/2 inch
of soil. The soil was packed by tamping with a hoe.

Summary of results.—The seeding was generally very good,
and by 1945 all but five species rated good or better. The best
stands were established by Agropyron cristatum, A. deser-
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torum, A, inerme, Arrhenatherum elatius, Bromus inermis,
Elymuyg Junceus, Phlewm pratense, Stipa viridula, Agropyron
smiithiil, A, spicatum, and A, {rachycanliom. Fair to poor stands
were established by Bouwtelown gracilis, Bromus erecius, Blymus
canadensis, and Fegluca idehoensis. Bromus marginatus failed
comupletely.

Bear Creek

Study Locwéion.—Located 20 miles south of Chinook near
Lloyd on Bear Creek, Blaine County, sec. 4, T. 20N.; R. 18E.
(location 64, fig. 10).

Elevation.—4,000 feet.

Average precipitation.—Annual, 14 inches; April-September,
74 percent.

Soil,—Shallow stony loam.

Topography.—2 percent slope to the northeast.

Type of vegetation.—Foothill grassiand.

Dominant and associcted species.—Agropyron smithii, Stipe
comata, Kosleria eristata, Artemesia tridentata, and Bouleloua
gracilis,

Previous use.—Cultivated cropland.

Study.—Bear Greek adaptation nursery.

Daie planted. —May 1952,

Procedures.—Forty-two species of grass were planted in plois
3 by 20 feet with three rows per plot spaced 1 foot apart. Seeding
treatments were replicated three times in a randomized block
design.

Swummary of resuits.—By 1954 only a few species had estab-
lished fair to good stands. Most species rated poor. Those that
appeared best adapted included Agropyron cristatum, A. deser-
torum, A, trachycawlum, Bromus marginstus, Elymus
canadensis, E. junceus, and Stipa viridula.

Because of relatively poor stands the study was abandoned.

Teton River-judith Basin Grassland

These grassiands are found mostly in the west-central part
of Montana. An arm also extends up the Missouri, Jefferson,
and Beaverhead Rivers from Winston to Dillon forming a zone
bebween intermountain valley bottom lands and foothill sage-
brush rangelands.

The area encompasses more than 6,409,000 acres at elevations
from 8,000 te 5,000 feet. Annual precipitation varies from 8 to
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16 inches, most of which falls during the April to July period.
The growing seagon varies from 80 to 140 days,

Bouteloun gracilis, Carex filifolic, Stipa comata, Poa secunda,
and Agropyron smithil are characteristic species. 4. smithii
is more abundant on the clay loam soils and moist sites. On
the lighter-textured soils S. comate is the dominant grass, and
B. giraetlls and A. smithii are less abundant. B, grecilis is
most abundant on dry and overgrazed sites and is often found
in association with scattered sagebrush and phlox.

The soils are generally moderately dark loams. In the 12- to
16-inch precipitation zones they are Mollisols, while in areas
with less than 12 inches they are Aridisols.

The topography, which is generally level to rolling, has encour-
aged cultivation. Consequently, much of the area has been
farmed. Because the precipitation is low and sometimes
undependable, large areas were abandoned. Bromus tectorum
found ideal seedbed conditions in the abandoned fields and
generally invaded these sites. During the late 1930's and
through the 1940%s, much of the abandoned land was seeded
to Agropyron cristatum and A. desertorum. Federal programs
have also encouraged seeding large areas to grass. Although
production of grain is still uncertain in dry years, farmers are
able to produce economical crops through use of improved
technology and improved cereal varieties.

Although precipitation is low, 70 to 85 percent falls during
the growing season with most of it during the April to June
period when the cool-weather grasses make most of their growth,

The productive soils and generally favorable climate make
this type suitable for planting the more drought-tolerant
grasses.

Seedbed preparation isessential to eliminate competition from
native species and B, tectorum. Unless relatively free from B.
tectorum, disked seedbeds did not produce grass stands as sue-
cessful as those that were plowed. The most effective method
of seedbed preparation was meldboard plowing followed
immediately by packing and seeding. Harrowing, following plow-
ing, lowered the seeding success since it raised blue grama sod,
cactus pads, and cheatgrass seed near to the surface where these
species could become reestablished and compete with the seeded
grasses.

The preparatory cropping method of seedbed preparation gave
variable results depending on the infestation of B. tectorum
at the time the grasses were planted. Those treatments that
eliminated most B, tactorum plants increased the success of the
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seeded stand, and cultivation bnmediately preceding planting
was essential for success.

Although fall planting produced fair to good stands that often
developed into good stands within 3 to 5 years, spring seeding
generally gave the best results. Stands of B. gracilis and other
warm-season speciez were significantly improved by planting
in the spring. For spring seeding to be effective, however, it
had to be done before the spring rainfall to insure establishment
before the late summer dry period.

Broadecast planting generally resulted in failure, but correct
drilling depths improved the seeding success. The large-seeded
species were best established when drilled at 3/4- to 1-1/4-inch
depths, while the small-seeded species established best from
planting at 1/4- to 1/2-inch depths.

Studies near Morris, Mont., with Melilotus officinalis showed
that seedlings of the Madrid strain established best when
planted 1 inchdeep, while strain PL-187985-L57, with seeds twice
asiarge as Madrid, established scedlings best at the 2-inch depth
and also produced successful stands when planted 3 inches deep.

Yields varied considerably among strains within species. In
studies near Norris, Mont., the following strains appeared to
be the highest forage producers of those tested: Agropyron cris-
tatum (Nebraska), 4. desertorum (Standard and Nordan), A.
elongatum(S-64, Alkan,Mandan, and Nebraska), A. intermedium
(Ree and Idaho 3). A. trichophorum (Utah 109), Bromus inermis
(Lincoln and Montana 1}, Dactylis glomerata (Iowa 6), and
Festuca arundinecea (Kentucky 31 and Alta). In new stands
of A. intermedium (South Dakota 20 and Nebraska 50) were high
producers but yields declined in older stands.

Mixtures of grasses with alfalfa generally yielded higher than
the component species in pure stand. The highest yielding mix-
ture consisted of Medicago falcata, Agropyron eristatum, and
Poa compressa.

At Three Forks, Mont., row spacings affected the size and vigor
of bunch-type plants more than it did herbage production, where
wide-spaced rows increased basal diameter and numbers of seed
stalks. At Moccasin, wide-spaced rows alsoinereased seed produe-
tion of Elymus junceus. There, the optimum row spacing
appeared to be about 7 feet.

At sites with less than 12 inches precipitation, £. junceus was
able to maintain some of the best stands threugh droughty
years; however, A. ¢ristatum and A. desertorum, although
reduced in stand by the drought, were the highest yielding
species.
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In areasreceiving more than 12 inches of precipitation, species
that appeared well adapted included Agropyron cristatum, A,
desertorum, A, intermedium, A. riparium, A. sibiricum, A.
smithit, A. trichophorum, Bromus erectus, B. inermis, B. mar-
ginatus, Elymus juncens, E. canadensis, Stipa viridula,
Medicago falcata, and Melilotus officinalis. In the Judith Basin
area, Festuca ovina duriuscule, Poa ample, P. compressa, and
Agropyron trachycaulum were also outstanding species. A.
trachycaulum, B. » “rginatus, E. canadensis, and other short.
lived grasses decreased in stand after b to 7 years.

Astragalus cicer, A. falcatus, Coronille wvaria, Lotus cor-
niculetus, and Onobrychis viciaefolia also appeared promising.
However, these legumes were Lot consistently goo¢ producers
in consecutive years.

Kalsta

Study location.—Located 3 miles north of Glenn, Madison
County, at the base of McCarney Mountain, NE1/4 sec. 3, T.
4S., R. 9W. {location 49, fig. 10).

Elevation.—5,000 feet.

Average precipitation.—Annual, 8 inches; April-September, 86
percent.

Seil.—Sandy loam.

Topography.—2 to 5 percent slope to the northwest.

Type of vegetation.—Teton River-Judith Basin grasslands.

Dominantandassociate { species.—Boutelovagracilis, Opuntia
polyacantha, Sporobolus cryptandrus, Artemesia tridentata, and
Stipa comata.

Previous use.—Depleted rangeland.

Study.—Kalsta species adaptation.

Duate planted. —March 28 and October 22, 1958,

Procedures.—The seedbed was prepared by moldboard
plowing, then packed immediately after plowing by dragging
a float made from railroad ties. Eighteen species and strains
were seeded in a split-plot randomized block design with three
replications. Species plots were split by spring and fall seeding.
Seeding was at a 1l-inch depth through a cone-type hand seeder.
Plots 5 by 20 feet consisted of five rows spaced 1 foot apart.

Summary of results.—Initial stands of the spring seeding were
good for all species except Stipe viridula, Stipa x Oryzopsts,
Poa ampla, and Saenguisorba minor, which were fair (table 59).
Rodents ate many seeds of S. minor and Stipa x Oryzopsis, which
undoubtedly contributed to the low rating of these two species.
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TABLE 59.—Fstablishment and herbage production of grasses
and legumes near Glenn, Mont,

. - Stand Yield per acre
Species 18958 1960 1862  (1959-62, average)
Pet. Pei. Pet. Lb,
Good stands maintained for 5
years:
Agropyron desertorn.
(Nordan} --eemeemeeme_. 92 41 72 1,197
A, desertorum (Standard) -- a5 81 4] 1,268
A eristarum (Fairway) ---—--- 85 7 60 887
Elymus junceusg e eoe I8 77 B4 780
E. junceus {(Vinall) --—--—-——- g2 T 83 762
Fair stands maintained for 5
years:
Agropyron intermedium
{Greenar) - s L 71 16 82§
Bromus inermis (Lincoln) - 87 79 45 608
8. irernues (Manchar) -——- 87 75 30 538
Fair stands maintayed for 3
years but fniled or main-
tained poor stunds by the
Sth year:
Stipe viridula «—-vemevemeeeeeee 57 36 5 632
Agropyron trichophorum -- 73 23 1 278
Medicage faleata (Ladak) -- 88 69 0 1173
M. sative (Rambler) e S0 2 i} v 275
Poa ampla (Sherman) ----- - 68 a7 1 ' B34
Stipa x Oryzopsts - 48 20 1 294
Sanguisorba minor - 57 1 1 -~

! 2-year average, 1959-60, only.

The fall-seeded plots were cultivated and seeded in the fall
0f1958. The next year, 1959, most species were complete failures.
Fair stands of Agropyron intermedium and A. desertorum
(Standard) were established, however,

Stand ratings of the spring seeding in 1959 were similar to
those in 1958. However, stands of Agropyron trichophorum and
Melilotus officinalis were significantly reduced, and al! plants
of S. minor were dead. Stands continued to decline for all species
in 19680 except for Bromus inermis (Lincoln), A. cristatum, A.
desertorum, and A. intermedium. Drought in 1961 caused major
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re”uctions in 1961 and 1962 for all species except Elymus jun-
ceus. Both varieties of E. junceus were able to withstand the
drought, and by 1962 they had maintained the best stands of
all the species.

Herbage vields were fair to good for the grasses in 1959 and
1960 but were relatively poor for the legumes. Because of the
drought in 1961, no species produced enough herbage to be har-
vested, By 1962 a few grasses had recovered from the drought,
however, and A. eristatum and A, desertorum produced good
vields, while A. intermediuwm and K. junceus produced fair yields.
Sporobolus cryptandrus, a native to the area, had reinvaded
the fall-seeded plots and produced 550 pounds per acre.

Red Biuff

Study location.—Located on the Red Bluff Ranch 2 miles east
of Norris, Mont., NW1/4 sec. 7, T. 38, R. 1E. (location 50, fig.
i,

Elevation.—4,900 feet.

Average precipitation.—Annual, 13 inches; April-September,
67 percent.

Soil.—Sandy loam of decomposed metamorphic material.

Topography.—5 percent slope to the southeast.

Type of vegetation.—Teton River-Judith Basin grassland.

Dominantandossociated species.—Bowutelova graeilis, Agropy-
yron sniithii, Stipa comata, Calamovilfa longifolie and species
of Chrysothamnus, Carex and Poa; Bromus tectorum had in-
vaded the abandoned croplands.

Previous use.~—Abandoned croplands grazed by sheep.

Study.—Red Bluff grass adaptation planting.

Date planted.—May 2, 1958,

Procedures.—The seedbed was prepared by moldboard plowing
followed by harrowing and cultipacking. Forty-two species and
strains of grass were planted in a randomized block design with
four replications. Plots, 5 by 20 feet, consisted of five rows spaced
1 foot apart. The seeding was made at a l-inch depth through
a cone-type hand seeder. All old growth was mowed and removed
from the plots in September 1959, and grazed by sheep in the
fall of 1960,

Swinmary of vesults.—Stands were similar among the years for
maost species. A few species, however, particularly Agropyron
trachyecaulum, Agropyron x Hordewm, Dactylis glomerata, Fes-
tuca arundingcea, F. oving durinscula, F. rubra, and Poa bulbosa
were reduced as stands matured. Differences among varieties
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within species were also negligible except for Agropyron cris-
tatum, A. elongatum, and B. inermis. Within these species the
Nebraska variety of A. eristatum established better than the
commercial; the Utah variety of 4. elongatum was superior to
the others testad; and Lincoln spread faster than the Manchar
variety of B. inermis. Only stands for the years of 1958 and
1963 are given in table 60 along with average yields from 1959
through 1963.

Herbage yields varied considerably among species and among
varieties within species. Agropyron intermedium was the high-
est yielding species, and S.Dak. 20, Ree, and Nebr. 50 were the
highest yielding varieties. Good yields were alsc received from
most of the wheatgrass varieties with the exceptions of
Agrepyron inerme, A. riperium, A. smithii, and A, pungens.

Yields of most varieties were lower in 1960 than in 1959, and
they continued to decline in 1961. The greatest reductions
occurred with Agropyron elongatum, A. trichophorum, A,
trachycawlum, Agropyron x Hordeuwm, D. glomerata, P. ampla
and Stipa x Oryzopsis. The low yields of these species in 1961
were attributed to loss of stand and to extreme droughty condi-
tions. The highest yielding strain that year was A. desertorum
(Standard); it was closely followed by A. intermedium (Ree).

In 1962 Ree became the highest vielding variety, but it was
closely followed by A. intermedium (Idaho 3) and A. desertorum
(Nordan). With the exception of A, trachycauwlum and Stipae x
Oryzopsis, all other varieties had larger yields than they did
in 1961.

In 1963 Poa ampla (Sherman) was the highest yielding species,
although the A. intermedium strains also returned good yields.

Yield differed considerably among varieties within species.
Nebraska A. eristatum consistently had higher yields than the
commercial strain, while with the 4. desertorum strains, 8.Dak.
15 produced less in young stands than other varieties but was
equal to the standard strain in the fourth year. Nordan and
Mandan were similar to Standard,and yields appeared slightly
higher during moist years. Standard, on the other hand, had
lower yields than Nordan and Mandan during the drier years.

Yields of Nebraska were higher than the other varieties of
A. elongatum for the first 3 years but were about equal to Man-
dan in the 4th and 5th years. The Utah variety dropped consider-
ably below the others as the stands matured.

Over the b-year period, Ree A. inftermedium gave consistently
high yields. During 1959 and 1960 it was outproduced by S. Dak.
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TABLE 60.—Establishment and herbage production of grass
species and varieties near Norris, Mont.

Herbage
Species and vaviety Stand yield per acre
1858 1963 {1959.63}
Pet. Pet. L.

Agropyron intermedivut:

8. Dak 20 ~——— e 80 RO 2,205

Ree 83 85 2,162

Nebraska 50 -emmommomimmene 85 85 1,982

Amur 8¢ 85 1,941

fdahe 3 18 80 1,815

Greenarv 80 85 1,811
A, desertorun:

Nordan 90 94 1,868

Mandan 87 1y 1,810

Standard —-rrermmmse e e 9 90 1,798

8. Dak., 15 ~mmmemaemmeeeen 58 75 1,473
A. trichophorum:

Mandan ---rme e BY 85 1,812

Utah 87 80 1,585

Topsar 80 80 1,310
A. cristabim:

Nebraska -w-ce-—mmsmmsimaeenn a5 85 1,752

Commercial --—rememmmeeas 0 5 1,580
A, sthiricunm, (P27) —ceemeeees ag B85 1,661
A, elonguium:

Nebraska 80 55 1,490

Mandan 83 85 1,217

Utah B85 75 1,089
Bromus tnermis:

Lincoin 87 100 1,405

Manchar 78 85 1,225
Agropyron inerme

(Whitimar) -—-—ee— o o- 44 80 1,233
Poa ample {Sherman) --- 55 30 1,185
Bromus erectus ----mme-memeeae — 90 80 1,143

Agropyron trachycoulum ----— 75 25 1,124
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TABLE 60. — E'stablishment and herbage production of grass
species and varieties near Norris, Mont. — Continued

Herbage
Spevies and variety Stand yield per acre
1958 1963 {1959-63)
Peot, Pct. Lb.

Elymus junceus:

Commercial  —mcemcsm e o7 80 1,003

Vinall 78 80 808
Agropyron riparittm {(Sodar) - G3 100 979
Stipa vividile e 78 50 890
Fegtuca ovina durivscnde ----- 60 35 833
Agropyron x Hordeum

{X-agrohordeum) --oeememeememen a5 5 625
Fegtiea rubra - 83 20 518
Stipa x Oryzopsis ~—-- - 10 20 511
Alopecurus pralensis -—- - 45 5 4152
Agropyron smithil -weeon — 60 45 449
Ductylis glomeraia

(POLOMALY —rmmmomemmemmm e 75 1 445
Elywtis triticotdes --mmmmeeeemee- 55 25 344
Oryzopsis hymenoides ------emm- 30 ] 312
AGropyron PUNRGERS —-—---—---mmn G 3 267
Arritenatherum elating  ----—-—— 5 0 212
Fostuee arundinoacea (Altn) - 87 i} 128
Poa dulbogtt —-mmmeemcecnee s 45 1 125

20 and in 1959 by Nebraska 50 but was the highest produc-
ing intermediate wheatgrass in 1961, 1962, and 1963. Amur,
Greenar, and Ldaho 3 were medium producers. Nebraska 50,
which produced high yields in 1959, became the lowest producing
intermediate wheatgrass in 1960, 1962, and 1963.

Generally, the strains of A. trichophorum produced less than
A. intermediiom. Mandan 759 and Utah 109, however, produced
good yields.

. sibiricum generally produced yields lower than strains of
A. desertorum but equal to the A, ¢ristatum strains.

The strains of B. inermis were similar throughout the 5-year
period. Linceln, however, consistently produced slightly more
than Manchar, and B. erectus generally produced less than
either strain of B. inermis.

Yields of the commercial strain of E. junceus consistently were
slightly higher than Vinall.
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Herbage harvested in 1961 at different dates was analyzed
for protein content. Generally, protein content of the grasses
decreased as the seazon advanced (table 61). It decreased rapidly
during May and early June and then at a more gradual rate
after mid-June. Many strains of grass appeared to reach a low
point about June 27. They recovered slightly during July then
dropped off again about mid-August with another slight recov-
ery towara the end of August. The low point of late June
appeared to coincide with the flowering stage of the grass. Plants
that flower later reached their low points later in the season
in July. The slight recovery following flowering occurred while
the seed was in the dough stage. The second low point occurred
when plants were mature and seed had shattered. A slight
increase in late August coincided with fall regrowth following
heavy rainstorms.

Generally, differences between varieties were insignificant;
however, varieties of A. elongatum and A. wntermedium were
noticeably different. A. elongatum (Mandan) was low in protein,
while the Nebraska variety was consistently high in protein
throughout the season. Similar differences were also noted
between Greenar and Nebraska 50, two varieties of A. inter
medium,

Study.—Red Bluff smooth bromegrass intrastate test.

Date planted.—May 1, 1958.

Procedires.—The seedbed was prepared by moldboard plowing
and cultipacking. Ten varieties of Bromaus tnerniis were then
planted in a randomized block design with four replications.
Plots 5 by 20 feet consisted of five rows spaced 1 foot apart.
Similar plantings were made by each branch experimental sta-
tion in Montana also.

Swmmary of results.—Only two varieties, Lancaster and Cana-
dian Common, were similar to Lincoln in number of established
seedlings (table 62). Lancaster exceeded Lincoln but differences
were not significant. Wisconsin 63 failed to establish because
of poor seed and was dropped from the analysis.

From 1959 through 1962, no significant differences occurred
among stands of the B. inermis varieties except in 1959 when
Achenback and Montana [ were significantly lower than Lin-
coln.

Differences in yields among varieties were significarit in 2
years only, 1960 and 1961. In 1960 Achenback and Marchar pro-
duced less than Lincoln, and in 1961 Montana 11 produced less,
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Average yields over the 4 yeayr period showed Lincoln to be
the highest producer (table 62).

Ratings of spreading and sodding habits showed Lincoln, Lan-
caster, Southland, and Achenback to be the most vigorous
spreaders, while Manchar, Saratoga, and Montana 1 were the
weakest.

Study.—Red Bluff tail fescue intrastate test.

Date planted.—May 1, 1958,

Proncedures.—The soil was plowed with a moldboard plow and
smoothed with a float tn prepare a clean, firm seedbed. Five

TABLE 61. — Crude protein of grass herbage through a growing
yseason wear Norris, Mont., 1961

Crude protein in herbage
Species on sampling dates

515 G116 T2 B0 8/30

Pet. FPet. Pei. Pet, Pet.
Agropyron cristalim ' - 14.4 10.6 8.5 7.7 7.9
A, desertorium @ e 13.8 10.5 7.8 6.1 6.9
A, clongatem ¥ s - 15.4 10.3 1.9 7.0 6.7
A, elongatum {Nebraska) - 16.5 11.5 B.0 6.7 6.6
A, eldngatim (Mandan) ———- 12.6 0.1 7.1 7.2 8.3
A Duermedium b e 14,0 10.4 8.6 7.1 g3
A. intermedinm {Greenar) --- 13.7 12.1 10.0 7.5 9.7
A, intermeditim
(Nebraska 50} -ree-mememmcenas 14.9 9.4 7.2 6.8 7.0
A, richophoritm ® ceemeeeeeeemees 5.2 9.2 7.6 1.3 1.3
A, inerme (Whibmar) - - 18.9 9.9 6.6 5.5 8.4
A, riparivm (Sedar) —-- - 16.1 9.2 8.3 7.9 7.3
A, sibiricam (P-27) = - 14.0 9.8 9.5 7.1 8.9
A lracfipearliom ———mmnemeamnes i3.8 8.6 8.7 B.1 B4
Alopecuris pratensis -—e—-e-ee 15.4 8.9 5 6.4 5
Bromus ereclits -—---——ereeareean 1.5 9.3 5 9.9 114
Bromus merntis 1 eeeeeevemeee 15.7 10.8 8.3 7.5 7.5
Elymus junceny b cececeeecemmceans 19,7 11.0 9.1 7.8 9.4
Festuca ovine durivsculs ----- 135 7.0 6.6 7.9 8.8
Pog ompla (Sherman} - 10.3 7.9 6.8 6.4 6.1
Stipa viridilts —-ommmee e 20.0 8.1 9.1 6.8 8.3
Slipe » Oryropsis  -mmmmcmeeeee 17.8 91 8.7 6.6 3

1 2ovariety avarage,
? jovariety average,
3 3-variety nverage.
4 G-variety average,
* Duta not availablie.
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strains of Festuce arundinacea were then planted in plots 5
by 20 feet with rows spaced 1 foot apart. The plots were replicated
four times in a randomized block design.

Results.—Kentucky 31 emerged later than other varieties
tested. Using Alta as the standard variety, Goar rated signifi-
cantly lower, while all other varieties were similar to Alta in
establishment (table 63),

The varieties maintained their stands from 1958 through 1960,
buat in 1961 they were seriously reduced. This reduction was
attributed to the 1961 drought. Obviously, no variety was able

TABLE 62. — Establishment and herboge yield of smooth brome-
groess varieties near Norris, Mont.

Plants Weight per acre,
Variety ! per foot Stand oven-dry herbage
in 1958 1959 1962 (1958-62)
No. Pet. Pct. Lb.
Achenback 3.2 40 57 1,237
Canadian Common -—-m—meoameee 4.6 65 61 1,175
Lancaster : 6.1 72 72 1,459
Lincoln 52 68 80 1,879
Manchar 3.7 57 36 1,149
Montana [ 2.0 40 49 1,642
Montana Il e 21 43 42 1,173
Saratoga 4.4 57 48 1,451
Southland 2.3 88 59 1,551

' Wisconsin 63 was also included but failed because of poor seed.

TABLE 63. — Establishment and herbage yteld of tall fescue
varieties near Novrris, Mont.

Yield per acre,

oven-dry

Variety Plants weight

per foot, Stand {1859-61,

1958 1959 1960 1961 average)
No. Pet, Pet. Pct. Lb.
Altn v 6.8 &0 50 24 620
Kentucky 31 «mmmeememmmec e ees 11.8 56 48 20 623
Goar 3.4 20 35 10 266
Kentocky GI-32 e 12.3 54 52 10 477

Oregon 4-836 —ommerree e 6.9 43 45 5 2565
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to tolerate severe dry conditions. Yields of the two Kentucky
varieties in 1959 and 1960 were equal to Alta, while Goar and
QOregon 4-36 produced significantly less herbage than Alta. In
1961 stands and yields were poor for all varieties with no differ-
ence among varieties,

Study.—Red Bluff orchard grass intrastate test.

Date planted.—April 21, 1959.

Procedures.—The soil was plowed with a moldboard plow and
floated to form a clean, firm, smooth seedbed. Nineteen strains
of Dactylis glomerata were planted by drilling in 5-row plots
with rows spaced 1 foot apart. The 5- bv 20-foot plots were
replicated four times in a randomized block design.

Swummary of reswlts.——In 1959 good stands of all varieties but
Danish and Trogdon were established. By 1960 stands of these
two strains continued to be poor (table 64), and by 1961 all va-
rieties showed signs of winter killing. The 1961 drought further
reduced stands and herbage production.

Yield differences among varieties were highly significant in
1960. That vear Iowa 8 and Kentueky Syn produced more than
the commercial strain, but seven other strains produced less.
The next vear lowa 6 continued to be the highest yielding, but
herbage production of all varieties was low.

Study.—Red Biluff alfalfa-grass mixtures.

Date ptented.—May 2, 1958,

Procedures.—The soil was prepared by plowing and cultipack-
ing to form a clean, firm seedbed. Agropyron desertorum
{Nordan} and two varieties of Medicago were seeded alone and
in legume-grass mixtures. The mixtures consisted of driiling
the legume and the grass in alternate rows that were space
6 inches apart. The 5- by 20-foot plots were replicated four times
in a randomized block design.

Results.—In 1958 more seedlings of M. falcate (Ladak) than
of M. sativa (Rambler) established in both straight seedings
and in mixtures with A. desertorum, After 1958, however, differ-
ences between stands of alfalfa varieties were insignificant
although Rambler averaged slightly higher (table 65).

Differences in vield among the treatments were not significant
in 1959 and 1960, but they were in 1961. All treatments decreased
in yield each year, but mixtures decreased the least. Legumes
in mixtures with 4. desertorum apparently increased the total
yield above either species seeded in pure stand.
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TABLE 64. — Establishment and herbage yields of orchard grass
varieties near Norris, Mont.

Yields per acre,

Variety Stand oven-dry weight

1959 1980 1961 1960 1961

Pet, Pet. Pet. Lb. Lb.

lowa & 82 90 84 978 247
Kentueky Syn -—oreeeeeeoeee. 88 9 28 880 54
Potomace - 78 g1 27 TEG 37
Pennsylvania early —eeeeee 86 88 10 737 128
fowa I 87 87 35 722 122
Aurora - - B 92 2§ 688 26
Utah Syt 2 ceemeeeeee. 81 84 12 650 83
Latar 50 85 22 832 a7
Avon 78 i3} 21 609 98
Commercinl  — e — Bl 85 6 592 8
Pennsylvania late -——eemeem—nr. BS i 10 585 56
Wisconsin 32 o . 98 84 32 526 123
Pennsylvania medium e 70 68 11 421 72
337 - &3 T2 2 359 28
Trogdon 53 50 18 322 115
Akaroa a0 i 3 260 13
Panish 36 48 i 215 36
326 68 56 4 147 Q
S-148 - 72 27 1 43 0
Average 78 75 16 531 87

Least significant difference
at & percent level oL 1 24 ! 196 g2

! Not gignifienntiy diffeven..

Study.—Red Bluff wheatgrass intrastate test.

Date plunted.—May 4, 1960.

Procedures.—The seedbed was prepared by moldboard plowing
and smoothing with a float. Eighteen species and strains of
Agropyron were drilled to a l-inch depth through a cone-type
hand seeder. Plots 5 by 20 feet were replicated four times in
a randomized block design. Each plot consisted of five rows
spaced 1 foot apart.

Results.—Plant counts made in 1960 and stand evaluations
made in succeeding years showed good establishment of all but
A. desertorum, 4. inerme, and 4. elongatum {(Nebraska) (table
66). The poor stands of these species were attributed to poor
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seed rather than lack of adaptation since all improved their
stands.

Herbage yields in 1961 were low because of the drought. That
year S.Dak. 20 was the highest yielding variety with 1,167 pounds
per acre.

5. Dak. 20 continued to be the highest yielding strain, and
all strains improved their stands except A. elongatum (Mandan)
in 1962, Although stands of A. desertorum, A. inerme, and A,
elongatim (Webraska) continued low, their yields were compara-
tively good. |

In 1963 stands remained almost the same as they were in
1962, but yields of all species were lower, A. intermedium con-
tinued to be the highest ylelding species. S.Dak. 20, Nebraska
50, and Ree were the highest yielding strains with little differ-
ence among these three.

Study.—Red Biuff sweet clover, alfalfa, and grass studies.

Date planted.—April 22, 1958, and April 22, 1958,

Procedures.—Two strains of Melilotus officinalis, Madrid, a
widely adapted strain and an unnamed large-seeded strain, PI-
18785-1.57, hereafter referred to as PI-L57 for simplicity were
compared under dryland conditions. Liadak alfalfa (Medicago
faleata) and Nordan variety of Agropyron desertorum were
included in some studies.

Plots 5 by 20 feet were replicated four times in a randomized
block design. Four plantings were established. The first, seeded

TABLE 85. — Establishment and yield of 2 alfalfa strains planted
alone and in mixtures with crested wheatgrass

Plants Yield per acre,
Variety or mixture per foot, Stand oven-dry weight
1958 195% 1960 1961 1959 1960 1961

No. Pet. Pct. Pet. Lb. Lb. Lb.

Medicago sabiva (Rambter} --- 27 57 45 29 3,825 1,928 736
M. falenta (Ladak) ---eveemeneamms 4.9 42 44 14 4,250 1,845 464
Agropyran desertorum

{Nordan} 4.3 706 65 67 2,100 2,022 1,368
Rambler-Nordan mixturg - 3.3 62 58 34 4,725 2662 1,985
Ladnk-Nordan mixture --------- 4.0 S5 a1 32 4,150 1,300 21976

' Nordan, 1,274 pounds per acre; Rambler, 711 pounds per acre,
* Nordan, 1,134 pounds per acre; Ladak 642 pounds per acre.
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TABLE 66. — Establishment and yield of Agropyron strains
planted near Noris, Mont.

Plants Yield per acre,
Species and variety per foot, Stand oven-dry weight
1960 1561 1863 1981 1962 1963
No. Pet. Pet, Lb. Lb. Lb,

Agropyron fntermediwm:

8. Dukota 20 -oceeeveeeee. 8.0 89 90 1,167 3,662 1,760

Nebraska 50 cemvemeceees. 4.2 75 85 807 3,050 1,745

Ree 6.4 85 94 1,013 2,90 1,715

GUeenar —-w-smmeoaeees 8.5 81 a0 283 3,038 1,820

[dahe 3 —memme e 6.0 81 90 722 2,612 1,450

Amur - - 7.0 g6 2t] 926 3,038 1,385
A, elongatum:

Alkar 6.4 77 80 589 2,325 1,410

5-84 16.2 84 80 567 82,425 1,245

A-12865 cmeeriieeee. 54 80 B 460 1,982 1,200

Mandan 8.0 76 75 5333 1,825 1,020

Nebraska - 1.7 28 30 240 962 B335
A. trichophorum:

Utah ememe e 6.2 33 a0 726 2,462 1,400

Mandan 4.8 T8 85 916 2,638 1,385

Topar ——-sseemmemmmeceniinaes S | 82 ap 676 2,188 1,065
A ripariune (S0dar) --eeeeeas 7.8 79 95 502 2,150 1,138
Al sibirfeum - 10.5 87 90 B39 2,938 1,690
A, fnerme (Whitmar) —-m—-e 1.2 12 25 ES 862 855
A, desertarum (Standard} --- 3 13 20 361 1,775 395
Least significant difference

at b percent-level ——mrremeen 3g 10 153 520 600G

in April 1958, compared the two M. officinalis to each other,
to M. falvate, and to A. desertorum in pure stands and in stmple
legume-grass mixtures. Rows were spaced 1 foot apart. In mix-
tures the legume and grass were seeded in alternate rows. The
second study, also seeded in April 1958, compared the two M.
officinalis strains seeded at varying depths ranging from broad-
casting on the soil surface to drilling to a 2-inch depth. A third
study was initiated in April 1959 as a repetition of the 1958
seeding depth study but with two treatments added, seeding
at depths of 2 1/2 inches and at 8 inches. In bath depth-of-seeding
studies, rows were spaced 1 foot apart. The fourth study, also




Forage Species 205

seeded in April 1959, compared the two strains of M. officinalis
and A. desertorum in pure stands and in simple grass-legume
mixtures. Mixtures oflegume and grass seed mixed before plant-
ing and planting legume and grass in alternate rows were com-
pared. Rows were spaced 6 inches apart.

Results.—A comprehensive report of these studies has been
published (Gomm, 1964),

In summary, the report showed that PI-L57 emerged success-
fully from 2- and 3-inch depths with only slight reduction in
number of seediings established while seedling numbers of Ma-
drid declined rapidly when planted at depths greater than 1 inch.
The seedling plants of PI-L57 were also larger and developed
faster than Madrid during the first growing season.

In the second year PI-L57 reached full bloom 2 weeks before
Madrid but was about 8 inches shorter. Except under extreme
seeding treatments (broadeasting and drilling to 3-inch depth),
Madrid produced considerably more herbage than PI-L57. Ma-
dyid also produced more than Ladak alfalfa.

Mixtures of the M. officinalis strains with A. desertorum pro-
duced more forage than either the grass or legume alone. Aver-
ages indicated that grass in plots that contained M. officinalis
continued to yield more than pure stands of grass.

The crude protein content in herbage from the two M.
officinalis strains was equal to each other and higher than M.
faleata. Protein content from grass grown with the legumes was
higher than when grown in pure stand. It was also higher in
grass grown with M. officinalis than with M. falcata.

Mixing legume and grass seed before seeding or seeding
legume and grass in alternate rows did not affect yields.

Stidy.—Red Bluff sudan-sorghum adaptation test.

Date planted.—June 7, 1960.

Procedures.~The seedbed was prepared by moldboard plowing
and floating. Six strains of Sorghuwm sudanense, Sorghum
almwm, and Sorghum halepense x S, vulgare were planted in
rows spaced 30 inches apart. The 5- by 20-foot plots were
replicated four times in a randomized block design.

Results.—Stage of development of height of plant during the
growing season varied considerably among the varieties.
Generally, Greenleaf and Piper developed earlier, were taller,
and yielded more herbage than the other varieties. All varieties
except Perennial Sweet Sorghum produced good stands.

The growing season was too short to mature seed, and Lahoma
failed to produce any seed stalks. In 1961 all varieties were dead.
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Obviously, these varieties are not perennial under Montana
conditions.

Study.—Red Bluff legume adaptation study.

Date planted. —May 4, 1960,

Procedures.—Fourteen species and varieties of legumes were
drilled to a 3/4-inch depth through a cone-type seeder. Plots
5 by 20 feet were replicated four times in a randomized block
design. Each plot consisted of five rows spaced 1 foot apart.

Results.—Plant counts in 1960 showed good initial establish-
ment for all but four freatments. Those that established poor
stands were Thifolinom pratense (Montgomery), Astragalxs cicer,
A falcetus, and A, semibilocularis.

In 1961, except for Medicago sative (Vernal), M. falcata
{Orenberg), and Onobrychis viciaefolia that produced good
stands, all the other legumes nearly died out. O. viciaefolia
bloomed early in June and set seed before the summer drought.
The Medicago species showed effects of drought and produced
little forage.

[n 1962 four varieties produced sufficient forage to harvest.
They were M. sativa (Vernal) 1,625 pounds, M. falcata (Orenberg)
4,150 pounds, A. cicer 1,300 pounds, and Q. viciaefolia 4,062
pounds per acre,

In 1963 A. cicer with 1,795 pounds and A. falcatus with 8,720
nounds per acre were the only species that yielded enough forage
to harvest. Only small, weak, scattered plants of Medicage and
0. vicieefolia were found.

Study.--Red Bluff alfaifa variety and miscellaneous legumes
study.

Date planted.—April 21, 1961.

Procedures.—The seedbed was prepared by moldboard plowing
and floating. Fifteen species and varieties of legumes were
planted by drilling 3/4 inches deep through a cone-type hand
seeder. Plots were arranged in a randomized block design with
four replications. Rows were space 1 foot apart in plots 5 by
20 feet. All the legumes were inoculated at time of seeding with
their appropriate inoculum,

Results.—All strains of Medicago, Onobrychis, and Lotus
established excellent initial stands (table 87), but those of
Coronilla varia and Oxytropis riparia were Loor while stands
of Prifolium ambigurm and Astragalus cicer were fair. Although
most plants showed drying effects from the droughty summer,
they all turned green following fall rainstorms.
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TABLE 67. — Establishment of alfulfa end miscellaneous leg-
wmes near Norris, Mont.

Plants Yield per acre,
Species and variety per foot, Stand oven-dry weight
1961 1962 1962 1963
Nao, Pet. Lb. Lb.
Medicago fuleata:
Orenbery 7.2 80 1,300 -
Ladak 8.2 8O 712 -
M. sutiva:
Nomad 9.4 70 1,788 -
Sevelra 9.4 69 1,488 --
Teton 8.6 63 1,488 -
Vernali 7.5 o8 1,412 --
Rambler 8.5 g2 1,150 -
Grimm 9.6 52 788 -
Stafford 78 30 77h --
Onvbrychis vicioefolia ———--— 5.6 20 738 -~
Lotus cornictilatus ~—e—wa——es 6.0 79 700 2,705
Coronilla varig ---———eeeees 2 11 562 1,615
Trifoliton ambiguum - 2.4 42 360 -~
Astrugalus cicer ----m-wem———— a1 14 50 1,765
Quytropis iparie -------e------— 3 0 - -

In 1962 all the Medicago strains, except M. sativa (Stafford),
maintained fair to good stands, L. corniculatus also maintained
a good stand. M. falcate (Orenberg) was the best variety in 1962,
yielding 1,800 pounds per acre. Other alfalfa varieties that com-
pared closely with Qrenberg included Nomad, Sevelra, Teton,
Vernal, and Rambler. Stafford, Grimm, and Ladak produced less
per acre and were similar to L. corniculatus and 0. viciaefolia.
C. varia, T. ambiguum, and A, cicer had very low yields, and
O. riparia died out completely.

In 1963 only three species produced sufficient herbage to
harvest. Stands of L. corniculatus were especially good while
A. cicer and C. varia were only fair but produced comparatively
well. Only a few scatteved plants of Medicage were found and
they were small and weak.

Study.—Red Bluff sainfoin variety tests,

Duate planted.—April 17, 1961.

Procedures.—The soil was moldboard plowed and floated to
form a clean, smooth, firm seedbed. Five strains of Onobrychis
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viciaefolia were planted by drilling 1 inch deep through a cone-
type hand seeder. Plots 5 by 20 feet were in a randomized block
design with four replications. Five rows per plot were spaced
1 foot apart. Where seed supplies were not large enough for
five rows per plot, grass was seeded in the border rows.

Results.—Only one strain appeared well established with 5.6
plants per foot of row. This strain, referred to here as
“Moccasin,” was from seed grown at the Central Montana
Branch Station near Moccasin, Mont. The other four strains,
Giant, Turkish, Ree A, and Hampshire common, established poor
stands. Seed of thess four strains was received in small quan-
tities from Beltsville, Md. Neither the source of seed or the germi-
nation was checked. In 1962, Moceasin continued to maintain
a 30 percent stand while the other strains had all failed.

Study.—Red Bluff sainfoin-grass mixture study.

Date planted.—April 21, 1961,

Procedures.—The soil was plowed with a moldboard plow and
floated to prepare a clean, smooth, firm seedbed. Six grasses
and sainfoin (Onobrychis vicicefolia) were planted in straight
seedings and in simple sainfoin-grass mixtures. In mixture, the
sainfoin and grass seeds were mixed before planting. Plots 5
by 20 feet were arranged in a randomized bloek design with
four replications. The seed was drilled to a 1-inch depth through
a cone-type hand seeder in rows spaced 1 foot apart. The sainfoin
was from seed grown near Moccasin, Mont.

Resulits.—All seedings except Bromus inermis (Lincoln)
showed good establishment, but the poor establishment of Lin-
coln was attributed to poor seed. Again, in 1962 stands were
fair to good for all treatments but B. inermis (Lineoln), which
continued to be poor.

Herbage yields were generally good (table 68). Highest yields
were from sainfoin-bromegrass mixtures and fromA. desertorum
{Nordan). B. inermis (Lincoln), Stipa viridule, and Elymus jun-
ceus were the lowest producing grasses.

Study.—Red Bluff creeping alfalfa variety test.

Date planted.—April 29, 1961.

Procedures.—The soil was plowed with a moldboard plow and
floated to form a firm, smooth, clean seedbed, Ladak and four
creeping varieties of Wedicago (Orenberg, Rambler, Teton, and
Vernal) were planted in single-row plots with 2 feet between
rows. Plots were replicated four times in a randomized block
design.
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TABLE 68. — Establishment of sainfoin-grass mixfures near
Norris, Mont.

Plants Yield per acre,
Species and mixtures per foot, Stand  oven-dry,
1961 1862 1962
No. Pet. Lb.
Pure seedings:
Agropyron deserterum (Nordan) --—--- 5.6 45 1.412
A, tntermediim {(Nebraska 50) -ee—m- -- 3.9 56 388
Bromus tnermis {(Manchar) ————e-m— —_ 3.4 49 738
Onobrychis vicigefolin (Sainfoin) ----—-- 7.7 30 738
Elypmas Junceus 34 49 262
Stipa viridula 4.0 4 138
Mixture seedings:
Sainfoin and Lineoln —eemeeemmeme e 2.4 18 1,450
Suinfein and Manchar oo 3.0 66 1,325
Sainfoin and MNordan ———— - - 4l 23 1,212
Sninfoin and Elymus juncens ----m-eee- 2.6 30 1,200
Sainfoin and Stipe viridule ---—---—-- 6.5 44 862
Least significunt difference at
5-percent level ! 31 390

! No significant difference.

Results.—Good stands of all varieties were established in 1961
with four to six plants per foot of row. By 1962 ali .appeared
to have survived the 1961 drought equally well and showed equal
winter hardiness. No variety, however, showed creeping charac-
teristic. In 1963 only a few weak plants of each variety were
found.

Whitehall

Study location.—Located T miles north of Whitehall, Jefferson
County, near Fitz Creek, NEWUSEY sec. 28, T. 3N., R. 4W,
(location 51, fig. 10).

Flevation.—4,650 feet.

Average precipitation.—Annual, 9 inches; April-September, 79
percent.

Soil.—Gravelly loam.

Topography.—35 percent slope to the west on alluvial outwash.

Type of vegetation.—Teton River-Judith Basin grassland.
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Dominant and associafed species.—Poa secunda, Bouteloua
grocilis, Stipe comate, Carex filifolia, and Oryzopsis
hymenotides.

Previous use.—Abandoned cropland grazed by livestock and
game,

Strdy.—Whitehall adaptation nursery.

Date nlanted.—QOctober 12, 1950.

Procedures.—Forty-two grasses and 20 legumes were planted
in plots 3 by 20 feet with three rows per plot spaced 1 foot apart,
The grasses and legumes were the same as those planted near
Jackson (table 44), Seeding treatments werve replicated three
times in a randomized block design.

Results.—Initial stands of grass in 1951 were poor to failures.
By the next year most species had failed or had declined in
stand percentage. The only species to maintain their stands
were Agropyron stbiricum, Bromus inermis, B. erectus, Elymus
junceus, Bouteloua curtipendula, and Oryzepsts hymenoides.

By 1955 Elynius Juneeus, Agropyron desertorum (Standard and
M24-3), and Oryzopsis hymenoides showed promise of being
adapted to the site.

The plots were subsequently heavily grazed by livestock and
game; by 1959 no seeded grass eould be found.

[nitial stands established by the legumes also were rated as
poot to Failure; by the second growing season all had failed.

Sappington

Study location.—Located 1 mile west of Sappington Junction
on the south side of highway U.8. 10, sec, 30, T. IN,, R.1W.
(location 52, fig. 10).

Elevation.—i1,500 feet.

Average precipitation.—Annual, 13 inches; April-September,
65 percent.

Soifl.—Sandy loam.

Topography.—5 percent slope to the south on rolling foothill
fands,

Type of vegetation.—Teton River-Judith Basin grassiand.

Dominant and agsocialed species.~—Bouteloua gracilis, Carex
filifolia, Stipa eomata, and Agropyron snithit.

Previows use,—Rangeland.

Study.—Sappington contour furrow planting.
Date plented. —May 1938,
Procadures.—Nine species were planted in contour furrows.
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Seed was broadeast in strips 4 by 200 feet along the furrow.
Seeding treatments were repeated five times. Furrows were
spaced not more than 25 feet apart. They were 4 inches deep
and 8 inches wide at the furrow top. Species planted were
Agropyron erigtatum, A. deserforum, A. inerme, A. smithii, A,
spicatum, A. rachycavlum, Arvhenatherum elatius, Bouteloua
gracilis, and Astragalus spp.

Summary of results.—The entire seeding was rated as poor
in 1939. In 1545 three species, A. cristatum, A. desertorum, and
B. gracilis, had persisted but continued fo rate poor. The poor
stands in 1845 may have been attributed to poor initial establish-
ment of seedlinigs and undoubtedly reflect the influence of
seedbed preparation and seeding method.

Tocci

Study location.—Loecated 2 miles north of the Helena-Butte
Junctien, 5 miles northwest of Three Forks, Broadwater County,
sec, 16, T. 2N, R. 1E. (location 53, fig. 10).

Elevation.—4,500 feet.

Average precipitation.—Annual, 8 inches; April-S8eptember, 83
percent.

Seoil.—Wheeler silt loanm.

Topography.—1 to 2 percent slope to the northeast.

Type of vegetation.—Teton River-Judith Basin grassland.

Dominant and associated species.—Presently Poa secunda,
Agropyron smithii, Stipa comata, Carex filifolia, Phlox hoodii,
and a few scattered Arfemesia fridentata.

Previous use.—Abandoned eropland - early 1900.

Study.—Tocei demonstration planting.

Date planted.—April 1954,

Procedures.—8ix grasses were planted by drilling each species
through a standard grain drill at two-rew spacings (7- and 14-
inch intervals). Plots weve one-fourth acre without replication.
The seedings were protected from grazing until 1959 when cattle
were turned in during November and December. They were also
grazed in 1960 and 1961, The old growth, which remained after
grazing, was mowed to a 3-inch stubble and left as litter. In
1957, fertilizer was applied in strips across ‘the seeded plots,
Treatments included applications of ammonium nitrate at 0,
50, 75, 100, 200 pounds N per acre each with 0 and 40 pounds
P:0Os per acre applied as treble super phosphate.

Summary of results.—In the first year of establishment
Agropyron desertorum, A, trichophorum, and Elymus junceus
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rated good; Agropyron intermedium and Stiza viridula were
fair; and Agropyron elongatum was poor. The establishment of
A. elongatum was largely restricted to low places in the bottom
of plow furrows. This was also true for A. intermediwm and S.
viridule but to a lesser degree,

Differences in yields among species were significant from 1955
to 1858 but not thereafter, Bach year, however, each seeded
grass produced more than the adjacent native range. Over the
7-year period {1955-61}) A, intermedium and A. deseriorwn pro-
duced the most herbage (table 69). In dry years E. junceus was
one of the best producers. Differences in yields due to row
spacings were not significant in any year.

Low precipitation in 1956, 1958, and 1961 appeared to limit
the growth ot d. desertorwm, A. intermediwm, and S, viridula.

Except for minor fluctuations, herbage yields of most grasses
increased until the seventh growing season (1960). The drought
in 1961 reduced yields from one-half to one-sixth of the 1980
yields.

A. trichophorum spread rapidly by rhizomes. By 19857, it had
filled in to a full stand and reached its peak yield. The poor
initial stands of A. elongatum and S, viridule and the subsequent
increase insize of plant during the succeeding year was reflected
in gradually increased production.

The growth and production of E. junceus appeared to be
strongty influenced by moisture from the previous growing
season. Good moisture appeared necessary for this grass to pro-
duce seed stalks the following yvear. This in turn affected its
total production of forage.

TABLE 69.—Herbage yield of grasses as affected by row spacing in
the Teton grassland type near Threeforks, Mont.

Yield per acre,

Species oven-dry weight (1955-61 average)
7-inch space id-inch space

Lb. Lb.
Agropgron desertorum - 1,080 1,121
A, Interptedinm  —-e-eemmeeenenn 1,200 1,011
A trlchophorian ceeeeecomeeaeens a31 997
Stipa viriduln c—eeeee e 943 946
Elymus Junegus --mccmeemees 814 G6h

Agropyron elonRgalitn =—m---een 820 hYK
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Row spacing did affect the growth of individual plants. Basal
diameter of plants and seed stalk numbers per unit area were
much greater from 14-inch spacings of bunch grasses but not
for the rhizomatous grasses since the rhizomatous grasses filled
in the spaces between the rows (table 70).

The effect of fertilizers on the grasses was not conclusive.
Slight differences were shown among fertilizer treatments and
between drill row spacings, but they were not consistent and
the various grasses appeared to respond differently to nitrogen
and phosphorus fertilizers. The phosphate treatments appeared
to decrease yields of the wheatgrasses but increased the yield
of Stipa viridula, while nitrogen decreased yields of Stipa.

A, desertorum showed a striking response to nitrogen. Its s-ed
stalks were slightly taller on fertilized plots, heads appeared
heavier, and plants retained their green color 2 weeks longer
than plants on unfertilized strips. The nitrogen fertilizer also
stimulated growth of A. intermedium early inthe growing season
but caused the leaves to dry and brown as moisture became
critical in early summer.

Bronius tectorum and Salsole kali also responded strikingly

TABLE 70.—The effect of row spacing on the basal diameter and
nwmber of seed stalks of grasses seeded near Threeforks,
Mont,

Basal
Species diameter Seed stalks
of plants per plant
Ineh Number
7sinch row spacing:
Agropyron intermedium 3.0 6
A, trichopherum 3.0 -
A, elengalum 2.0 L]
Elymus Junceus 2.0 -
Stipa wiridula 1.7 4
Agropyron desertorum {Nordan) --------rmcomeeemm- 1.5 4
14-inch row spacing:
Agropyron intermediwm 3.0 6
A. trichophorum 3.0 -
A. elongatum 2.5 11
Elymus junceus 2.5 -
Apropyron desertorum (Nordan) ---—---mwmerem- 2.2 6
Stipa viridula 2.0 8
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to nitrogen, as the growth of these two annual weeds greatly
increased,

Study.—Tocci-species fertilizer study.

Previous use.—Crested wheatgrass field.

Date planted.—April 1957.

Procedures.—The soil was disked in the spring of 1956 and
summer-fallowed. Ten grasses were planted in a randomized
block-gplit plot design with fertilizer as major plots and species
as subplets. Plots were 3 by 20 feet with three rows spaced 1
foot apart. Seeding was done with a belt-type hand seeder. Fer-
tilizer treatments were applied in Se ptember 1956 at three rates
(500 pounds N with 225 pounds P2Os per acre; 100 pounds N with
45 pounds P20s per acre; and control, no fertilizer applied).

Summary of results.—A heavy stand of volunteer Agropyron
desertorwum and annual weeds became established during the
summer of 1957. Although most of the seeds germinated, the
entire seeding failed to establish. Apparently, competition from
volunteer A. desertorum was too severe under the low-moisture
conditions.

Effects of the fertilizer treatments were clearly seen in
inereased growth, greener plants, and greater palatability of
the volunteer A. desertorum. Residual effects were also observed
as late as 1962 when the study area was plowed.

Toston

Study location.—Located 2 miles southwest of Toston, Mont.,
sec. 3, T. 4N, R. 1E. (loeation 54, fig. 10).

Elevation.—4,200 feet.

Average precipitation.—Annual, 10 inches; April-September,
65 percent.

Sotl.—Sandy loam.

Topography.—1 to 2 percent slope to the west on gently rolling
lands.

Type of vegetation.—Teton River-Judith Basin grassland. .

Dominant and associated species.—Bouteloua gracilis, Poa
secunda, Stipa comata, Carcx filifolia, and Agropyron smithii.

Previouns use.—Abandoned cropiand.

Study.—Toston species adaptation planting.

Date planted.—October 11, 1837,

Procedures.—Thirty-three species of grass were planted in 9-
by 18-foot plots with three rows spaced 3 feet apart. The treat-
ments were not replicated.
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Results.—dany species failed to establish seedlings in the first
year. Those that succeeded to estabiish stands were as follows:

Percent af
Species row

Initially established good stands:

Bromus inermis - 95
Elpmus canadensis ah
E. junceus 50
Apropyron eristalum &0
Arritenatherum eluting 8O
Bromus meargiuatus 30
Agropyron pungens 70
Stipu conucte = 70

Initinlly estublisbed faiv stands:
Stipa viridule 65
Agropyron inerme 50

Established poor stands:

Duetpdis plomeraia 40
Agropyron smithii 35
A panciflorum 20
A, spicatum 20
Pou nevadensis 15
Oryzopsis hymenoides 10
Pou ampla 8

Species that failed completely were:

Bautelowa curtipendula, B, gracilis, Buchloe dactyloides, Calumovilfa longi-
folia, Festuca idultoensis, Koeleria cristaia, Panicum antidolale, P. virgatum,
Phataris vrundinacea, Phleion pratense, Pou compressa, P, pratensze, P. secunda,
Purecinellia nullallionu, Sporobolus alrgides, and 8. cryplandrue.

Judith Basin

Study location.—Located 25 miles south of Lewistown near
Straw, Judith Basin County, sec. 24, T. 13N,, R 14E., (location
55, fig. 10}

Elevation ~—4,300 feet,

Average precipitation.—Annual, 15 inches; April-September,
76 percent.

Seil.~—Doughty silt loam and Utica gravelly silt loam; subsoil
is gravelly and heavily lime coated.

Topography.—1 to Z percent slope to north.

Type of vegetation.—Teton River - Judith Basin grassland.

Dominant and associated species.-—The original vegetation
consisted of Bouteloua gracilis, Agropyron smithii, Stipa comata,
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and Poa secunda. At time of seeding the area was heavily
infested with Bromus tectorum, B. japonicus, and Sulsola kali.
Previous use.—Abandoned cropland - varying lengthsof aban-

donment.

Study.—Judith Basin species adaptation plantings were made
from April 1943 to April 1946, The procedures for each study
are presented separately. The results, however are summarized

in table 71,

TABLE T1.—Establishment of grasses and legumes as affected

by time of seeding near Straw, Mont.

Stand :
Species Spring seeded Fall seeded
1943 1845 1952 1944 1945-46 1952
Rating Pet. Pect. Rating Pct. Pet.
Established equally well from
spring and fali planting
and maintained pood
stands for 7 to 9 vears:
Poa compressy —eee-eemeeeaee R a0 106 P 15 100
Agropyron cristatum -——-—- G 0 1060 G 90 S5
Bromus erectus —-—-emm—mees G 95 108 2 48 89
Agropyron 8picatitm  --—-—m- G g0 95 G a0 95
Bromus nermis e F a0 95 P 25 a5
Festuca ovina
duriuscnlg oo G 93 95 ¥ 95 92
Agropyron sithi] —e——e—— F 75 95 F 50 90
A, trachysonlnm el G 85 95 G a0 90
Pou emplgt s P 80 a0 G a4 95
Bromus {nermis
(Parkiand) < G 90 95 P 35 85
Poa stenantha -e—memeeeee . G 8¢ o6 P 55 g0
Medicago falcota ——-memeeee F 95 75 L 95 85
Established best from spring
plantings and maintained
good stands for 7to 9
years:
Agropyron desertorum, - G 90 95 G 70 73
Arrlienetherim elatiug ------- G 95 90 G 80 80
Agropyron (ntermedium --— G 55 95 F 87 a0
Elymus junceus -—--eoee-— - G a0 83 G 51 67
Agropyron inerme —eeeeeeen G 85 64 G 80 30
Festuece arundinacen -—~——— G 85 o0 F 85 10

Footnotes at end of table.
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TABLE T1. — Establishment of grosses and legumes as affected
by time of seeding near Straw, Mont. — Continued

Stand!
Species Spring seeded Full seaded
1943 1345 1952 1944 1545-46 1952

Rating Pet. Pct. Rating Pet.  Pet.

Estublished better from fall
thanspring plantings and
maintained good stands
for 7 to 9 years:

Stipa viridula @ ---e-eereeereee - - -- - i 60 86
Phiewm pratenpe ¥ ——reee——- - - - - 450 65
Agropyron caniniem - F 5 Q G 90 60

Good stands established but
maintained less than 7

vaars:
Agropyron sibirieum  -------- P 60 a0 G 1 &0
Dactylis glomerate 3 -—---—- - - -- - 462 41
Agropyron

dasystachyum ~——-—emeeemae G 73 10 G 50 i0
Elymus canadensis § --m-—m- - 4100 0 - - --
Bromus carinatus -—-—-—-—- G a0 0 - 60 0
Sanguiserba minor 3 - - - -- - 490 1
Bromus marginatug -—----—- G a5 I} F 85 0

Goond stands established but

maintained less than 7

years—Con.
Elymus dahiuricus -—----—-—- G 30 0 P 60 0
Medicago fupuling - G 25 0 P 40 0
Elymus sibiricny -mmeme-- - G 15 0 F 44 0
Poa bulboge —-————meeemneae G 40 0 G 0 0
Phalarts arundinacee ------— G ) 0 F 5 0

Poorly established or

failed:
Agropyron elongatum --—-—-- F 16 20 F 30 15
A. semicostatum ———rmor——eeen P 1] ] P 0 0
Bouleioua

curtipendnla -—--—-- - - F o 20 ¢ 0 1
B. gracilis —m-m—-m oo P 5 25 P 0 0
Elymius cinereus -—-———--s--- F 40 40 P 0 0
E. sibirfeug -~ e G 15 0 F 10 0
Elyimus x Secale F 0 0 F 40 0
Eragrostizs curswla * ——eeene - - - - 30 1

Footnotes at end of table.
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TABLE 71. — Establishment of grasses and legumes as affected
by time of seeding near Straw, Mont.

Stand?
Species Spring seeded Fail seeded
1943 1845 1952 1944  1945-46 1952

Pet.  Pet.  Rating Pet.  Pet,

E. trichoides ¥ - - . 10
Festuca rubra 5
F. geabrella

Phicwm "boehmeri * —eee-

F. plilecides 4 —oemmeeee

Sorghastrum nutans 4 -

Lotus corniculatus * ——nn

Onobrychis mdgaris *

-
Ll =R = I ]

' Rating G = good; F = fair; P = poor.
2 Data not available.

3 Fall-planted only.

‘ Planted in 1946 only.

Study.-—~Judith Basin species adaptation plantings (1943).

Duate planted.—April 17, 1943; October 14-15, 1943,

Procedures.-——Forty species of grasses and legumes were
planted in plots 5 by 20 feet with three rows spaced 18 inches
apart with a 6-inch border between plots. Seeds were scattered
in handmade furrows and covered to simulated drilling. Before
spring planting the seedbed was prepared by plowing, har-
rowing, and packing. The seedbed received no additional prep-
aration before fall seeding.

Swummary of results.—Competition from cheatgrass (Bromus
tectorum) was heavy in both the spring and fall seeding. The
poor stands of some species were attributed to the seedbed
conditions and cheatgrass competition rather than unadapt-
ability, because many of these species appeared vigorous and
their stands inereased. In general spring seeding gave better
results although many species established abhout equally well
from fall planting, The poorer stands from fall seeding may have
been caused by the greater competition of cheatgrass and lack
of preparation of the seedbed.

Many species appeared well adapted; although Poa compressa
and Medicago falcata started slowly they became well estab-
lished. Festuca oving established good stands early in the study
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and was spreading by seed throughout most of the adjoining
plots. Agropyron caninum was the only species that established
a better stand from fall seeding. Species that appeared cutstand-
ing after 10 years included Agropyron cristatum, A. desertorum,
A. intermedium, A. smithii, A. spicatum, A. trachycaunlum,
Arrhenatherum elatius, Bromus erectus, B. inermis, Elymus jun-
ceus, Festuca oving, Poe ampla, P. compressa, P. stenantha, and
Medicago foleata (table 71},

Study.—Judith Basin Nursery row pianting,

Previous ugse.—Previously part of wheat stubble preparatory
crop.

Date planted.—Qctober 24, 1945, and April 18, 1946,

Procedures.—Twenty-seven species were planted in plots 3 by
20 feet. Twenty-five of them were planted in the fall and two
in the spring. The spring-seeded species were Elymus canadensis
and Poa stenantha. Seeds were drilled with a Planet Junior hand
seeder into rows spaced 1 foot apart. Before seeding, the seedbed
was prepared by cultivating twice with a spring-tooth harrow
followed by a rod weeder. Litter and rocks were hand raked
from the area.

Swummary of results.—In the first growing season most of the
species produced fair to good stands. Those that rated poor were
Dactylis glomeratu (Aberystwyth), Elymus stbiricus, Eragrostis
curvila, Phleum bochmeri, P. phleoides, Poa stenanthe, and
Sorghastrum nutans,

Species that had maintained good stands by the seventh sea-
son included Agropyron cristatum, Bromus erectus, B. inermis,
Festuca ovina, and Phleum pratense. Elymus canadensis, which
had a near full stand initially, was completely lost by the seventh
growing season.

The failure of some other species to do well is not necessarily
lack of adaptation, since they have shown to be fairly well
adapted in larger plots, particularly when spring seeded.

Study.—Juditl; Basin species and mixture seedings.

Previous use.—The area was previously part of a study to
compare plowing vs. disking for seedbed preparation.

Date planted.—October 22-24, 1945,

Procedures.—Thirteen species were planted in 16- by 25-foot
plots. The plots were seeded with a Planet Junior hand seeder
in rows spaced 14 inches apart at rates of 4 to 8 pounds of seed
per acre, The plots were replicated four times with two replica-
tions on each of the two seedbed plots. Three mixtures of species.
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were also seeded in 33- by 25-foot plots replicated eight times.
Seeding was done with a one-horse drill at approximately 5
pounds of seed per acre. Four replications were made on each
of two seedbeds. Previously, the seedbeds had been prepared
by plowing two strips—one with a moldboard plow, the other
with a disk. Both strips were then seeded to wheat in May 1945
and harvested in Cctober. After harvesting, the seedbed was
cultivated twice with a springtooth harrow and weeded with
a rod weeder.

Summary of results,—Stands of seeded grasses were genervally
poor to fair in the first growing season. Stipa viridula, however,
did produce a good stand. In the succeeding years most of the
species maintained or improved their stands, and by the seventh
growing season all but three of the species, Agropyron
trichophorum, Awrrhenatherum elatius, and Festuca ocrun-
dinacea, had produced good stands. Likewise, the mixtures had
filled ir. to nearly complete stands. When planted together, mix-
tures of Agropyron eristatum and Bromaus erectus were codomi-
nant species of equal proportions. When planted with Bromus
inermis, however, A. cristatum was suppressed by B. inermis
and in mixtures with Festuca oving, it was suppressed by F.
ovina. Apparently, F. ovina and B. inermis are the strongest
competitors of the species tested.

Although Medicagoe falcata was never abundant in the mix-
tures, it was able to maintain itself at about 10 percent of the
stand.

Study.—Judith Basin range plots.

Date planted.—October 30-31, 1940, and October 18, 1941.

Procedures.—Fifteen grasses and five mixtures were planted
in 1/i0-acre plots. The plots were seeded so that part of each
was in strips of heavy cheatgrass, Russian-thistle sweet clover,
and wheat stubble. The cheatgrass area had been abandoned
for 4 years and the Russian-thistle for 2 years. Seeding was
done with a one-horse drill in October 1940 with rows spaced
14 inches apart.

Two grasses, Elymus sibiricus and E. junceus, were seeded
October 1941. These grasses were not planted in the original
seeding. Festuca oving was aiso planted adjacent to the earlier
seedings in wheat stubble.

Summary of results.—In the seedling year, stands were gener-
ally poor where Bromus tectorum was heavy. They were gener-
ally fair to good on plots infested with Salsole kali and good
when planted in wheat stubble, By the second growing season




Forage Species 221

maost plants in the heavy cheatgrass had failed, but Agropyron
eristatum, A. desertorum, and Bromus erectus established good
stands in the Russian-thistle infested plots. By the fifth growing
season, the best stands were maintained on the wheat stubble
from A. cristatim, Festuca oving, and Poa compressa. Other
species that appeared promising with good stands were Agropy-
ron trachycawlum, B, evectus, and Medicago feleata. Those with
fair stands were Bromus inermis, Arrhenatierum elatius,
Agropyron spicatuny, A, intermedium, A. inerme, and A, smithii,
and those with poor stands were Agropyron dasystachyum,
Etymus junceus, E. sibirucus, Elymus X Secale, and Poa empla.

By 1952, 12 years after seeding, several species had improved.
Included in the group with good to excellent stands were Agropy-
ron cristalunt, A, desertorun, A, intermedium, A. trachycaulwm,
A, smithii, Arrhenatherum elatiusg, Bromus erectus, B. inermis,
Festuca ovina, and Poa compressa (table 72).

In the mixtures, P. compressa appeared to be an important
competitive grass, crowding out A. eristatum. A. cristatum, how-
ever, was able to compete with B. inermis and B. erectus.
Medicago fulecata in mixtures with the grasses maintained its
stand from 20 to 40 percent of the stand, while the grasses made
up the rest.

Herbage yields averaged for 3 years showed A. inerme, A.
intermedium, P. wmpla, F. oving duriuscula, P. compressa, and
A. spication to be the highest yielding single species, but they
were surpassed by two mixtures. One of these yielded 2,864
pounds of which 341 were from 4. cristatum, 1,240 for P. com-
pressa, and 1,283 from M. falcata. The other yielded 2,381 pounds
of forage per acre of which A. ¢risfatiom contributed 1,600 pounds
and M. faleata contributed 881.

Study.—Judith Basin range production plots.

Previous use.—The area was previously a test of two methods
of seedbed preparation.

Dale planted.—April 18-19, 1948,

Procedures.—Before seeding, the seedbed had been prepared
by plowing and by disking two bloeks in a test of the two methods.
In 1945 wheat was seeded and harvested in a preparatory crop-
ping system. After harvesting the area was cultivated and weed-
ed with a rod weeder. In the spring of 1946 each block was
again cultivated with a duck-foot cultivator and harrowed.

Fifteen grasses and alfalfa were planted in 22- by 66-foot plots
with treatments replicated twice in a randomized block design.
Each species was planted with a one-horse drill. Seeding rates
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and depths of seeding were controlled to give the best stand
possible for the species. Rows were spaced at 7 inches,
Summary of results.——Except for Bromus inermis, all the
species established good stands (table 73). The poor stand of
B. tnermis in the seedling year was undoubtedly due to seed

TABLE 72.—Establishment and herbage production of seeded
species as affected by seedbed preparation near Straw, Mont.

Stand, 1948¢ Stand,  Yieid
Russian 1952, per acre
Species or mixture Cheat- thistie Wheat- wheat- oven-dry
grass sweet- stubble stubble weight,
seedbed clover seedbed seedbed 1946-48°%

Rating Raling Rating Percent Pounds

Good stands maintained for 12

yenrs:
POt COMPIEIENR  ~=ammmmmrmnmemn
Bromus inermis

(Parkinnd) -
B, erectus —-ememeee e
B. inerniiy {Lincoln) -~—--—
Agropyron deserlorum

(Standard} oo
A. eristatum {Fairway) -—-
A. intermedium e erm e
Festhea ovina durinscula —
Arrhenalherum elatins -
Agropyron paucifiorum  ——-
I TRT TR 1.3, T

R R

oI Oo

Fair to poor stands maintained
for 12 yeésars:
Agropyson spicatiunm —--—-—
- T 11T S — —
Elymus junceus
Fou ample ———— e mn

Failed completely within 5
years!
Agropyron dasystachyum - 0 0
Elymus sibiricus ——emam 0 0
Elymus » Sectle -—mmmmemee- 0 0

' Stand rating G = good; F = fair; P = poor.
* Wheat stubble seedbed.

32.yenr average.

¥ l-year only.
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TABLE 73.—Establishment and herbage yield of species plantedin
¢ well-prepared seedbed following a preparatory eropping
system near Straw, Mont,

Yield per acre,
Speciasg Stand? ocven-dry weight
1946 1950 1952 195% 1947 1948 1958

Pci. Pet. Pet. Rating Lb. Lb. Lb.
Agropyron intermedinm  —-—e 78 B0 G 100 1,062 1,318 1,800
Fegtuea ovina duriuscule ----- ™ W G 100 1,244 2,004 1,600
Rromus inermis {Lincoln) — 80 10¢ G 100 2 1,952 1400
Poq COMPFEsstt —cmmmmemmeemee— 30 3¢ G 00 1,048 2,105 1,400
Bromug ereclis --—mmmsmeemeeeee T8 9z G 100 775 1,467 1,260
Poa aniple 80 95 G 95 912 1,580 1,400
Browius {nermiy ---cemmeeeee— 1D 8 G 95 1,296 1,044 1,100
Agropyron cristatune ---——---—- b a2 G 90 1,131 1,882 1,900
Elynus junceus -——-—-—n 75 g2 G 80 B4T 870 500
Agropyron inerme -——ee——e 80 82 G 76 1,193 1,374 1,900
Bouteloun gracilis - T8 82 G 75 2 196 300
Agropyron spicalin -— 80 40 F 73 2 346 400
Stipa viridul —cemmsemeeeeee—= T3 72 G 1 L,147  L01t 1,200
Arrhenatherum eluting --——-- 88 82 F 1 1,068 1607 4040
Medicago fuleata -—--seeree-e-m T8 98 G 2 1,296 BES 00
Agrapyron trackyeawdum -—-—-- 85 B G 0 1,434 1,358 ¢

' Stand rating G = goed; F = {air.
* Data not svailable,

quality since it improved to a complete stand by the seventh
season.

By the third growing season, species that gave good control
of cheatgrass included the foilowing: Agropyron cristatum,
Bromus erectus, B. inermis (Lincoln), Festuca oving, Poa ampla,
and P. compressa. Those showing moderate control ofcheatgrass
were Agrepyron inerme, A. intermedium, A. trachycaulum,
Arrhenatherum elatius, Bromus inermis, Elymus junceus, and
Medicago faleata. Those giving the least control were Agropyron
spicatum, Bouteloua gracilis, and Stipa viridula.

By 1952, the seventh growing season, Poa compressa and Fes-
tuca ovina were generally scattered throughout the area. F.
compressa, in particular, was taking over the plots of Agropyron
inerme, A. spicatum, A. trachycaulum, Arrhenatherum elatius,
and Bouteloua gracilis, As late as 1859, in the 14th year, good
to excellent stands of all but three species were maintained.
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A. trachycauwlum died cut completely, and only traces of A. elatius
and 8. viridula were left. They were replaced by P. compress
and F. gvina.

The highest yielding species in 1947 were A. trachycaulum,
M. falcala, B. inermis, and F. ovina with 1,434, 1,296, 1,296, and
1,244 pounds of herbage per acre, respectively {table 73). In 1948
P.compressa, F'. oving, and B. inermis produced the most herb-
age with 2,105, 2,004, and 1,952 pounds per acre. By 1959, 4.
cristatum, A, inerme, and 4, intermedium, each produced 1,900
pounds per acre. Yields of most of the other species averaged
from about 1,000 to 1,500 pounds per acre.

Study.—Judith Basin preparatory crop planting (1943).

Date planted. —Avpril 17, 1943; May 29, 1943; October 15, 1943.

Procedures.—In April, a 1-acre area was plowed and harrowed,
one-fourth of which was planted {0 spring rye, one-fourth to
barley and one-fourth to Agrepyron desertorum. In May, 1/8 acre
was seeded to Sorghum sudanense leaving 1/8 acre in fallow.
In October, A, desertorum was drilled across part of the pre-
viously seeded treatments and across an adjoining strip of un-
disturbed Bromus tectorwm.

Summary of reswlts.—Because the soil was wet, a poor seedbed
resulted from the spring plowing. As a result, the ground was
left uneven and the litter was not all turned under. Stands of
barley and vve were uneven. It was estimated, however, that
they would have yielded approximately 15 to 20 bushels per
acre. Plowing reduced the B. tectorum to about 5 pereent stand,
but mustard weeds made a heavy growth. Weeds were less dense
in the preparatory crop strips than in the faliowed strip.

A. desertorum planted into the freshly plowed area in April
1943 ertablished a good stand of vigorous plants. Because of
an exceedingly dry season in 1944, however, A. desertorum
planted in the fall of 1943 remained dormant on the preparatory
cropping strips. It completely failed on the unprepared cheat-
grass area, whereas on the plowed area seeded in the spring
of 1642 a fair stand of thrifty plants remained. Herbage of A,
desertorum from the April 1943 planting produced 2,030 pounds
per acre in 1948, 1,048 in 1947, and 1,944 in 1948.

Study.—Judith Basin adaptation study following preparatory
eropping.

Previous use.—The study site was previously part of prepara-
tory crop planting (1943} in which Agropyron desertorum, rye,
barley, and sudan grass were planted.
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Date planted.—October 15, 1943,

Procedures.—Parvt of the area used in the preparatory crop-
ping study was seeded to eight species with a one-horse drill.
Rows were spaced 7 inches apart in plots 14 by 64 feet. Seeding
was done at 8 to 10 pounds per acre.

Summary of results.—Because of the dry season in 1944, initial
establishment was not determined, but in 1945 stands of grasses
and alfalfa were found on most plots. The poorest stands were
found on the strips of A. desertorum and rye. The better stands
followed barley, sudangrass, and fallow. From 1948 to 1952 all

the seeded species on the bariey strip had developed good stands
{table 7d),

In 1946 the highest yielding species were Medicago fuleaia,
Poa ampla, and Agropyron eristatum with 1,539, 1,145, and 1,124
pounds per acre. In 1947 only two species were harvested; then
P. ampla produced 1,810 and Elymus junceus, 863 pounds per
acre. In 1948 M. fulcate again had the highest yields of three
species with 2,076 pounds per acre compared with P. ampla with
1,881 pounds and E. junceus with 1,138 pounds.

Study.—Judith Basin preparatory crop planting (1944).

Date planted.—May 26, 1944.

Procedures.—Four grains—spring rye, spring wheat, barley,
and oats—were drilled in 2-acre blocks at 50, 55,45, and 32 pounds
per acre. The seedbed was previously prepared by plowing and
harrowing. After harvesting in the fall, one-half of each area

TABLE Td.—FEstablishment of forage species as affected by dif-
ferent preparatory evops near Straw, Mont.

Stand following preparatory erops
Crested
Species whent- Sudan
grass, Rye, grass, Fallow, Barley,
1945 1945 1945 1945 1945 1945

Pet. Pet. Pet, Pet. Pet. Pect.

Ag oo gron erislatum e 30 25 40 35 3B 100
Elymus juncelty ———memeeeeee 3 15 18 30 ] 85
FPoa amplo 35 50 85 3a 50 B0
Bromus erectity  ——mememmeemn 25 30 30 30 30 80
Agropyron intermedinm  -—-— 15 20 18 52 10 a0
Bromits IRevis -——mmemeeemnes 0 2 3 4 3 80
Arrhenatherint eloting --—-— 12 40 8 15 25 60

Mediengo foleata cmmmmmemmnens <40 33 60 30 43 50
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was cultivated. In October 1944 and May 1945, the whole plot
was then seeded to perennial grasses.

Summary of resuits.—At harvestiitme oats produced 29.3
bushels of grain per acre while barley, wheat, and rye produced
16.8, 12.8 and 10.1 bushels, respectively.

Gultivation of the stubble in October reduced subsequent
stands of cheatgrass {table 75). Less than 5 percent as many
mature cheatgrass plants were eounted on cuitivated areas as
on noncultivated. Cultivation did, however, increase the num-
bersof Russian-thistle, sweet clover, and other weeds. Rye estab-
lished many volunteer plants most of which were on the cul-
tivated area,

The establishment of grasses tollowing preparatory cropping
indicatesthat stands were best following oats, barley, and wheat;
the poorest stands followed rye. Cultivation of the stubble before
planting grass increased establishment of both fall and spring
seedings, but spring plantings responded more. On areas that
were planted to grase but not cultivated, differences in time
of seeding were small.

TABLE 75.—The effect of cultivation following preparatory
crops on establishment of weedy plants

Established weedy plants per square
Weedy plants vard foliowing preparatory crops
Barley Rye Wheat Oats

No, No. No. No.

Cultivated seedbed:
Chentgrass seedlings 187 88
Cheatgruss mature 45 11
Volunteer grain —e----se—------ 0
Russian-thistle --eemremmr 81
Sweelclover 150
Others 78

Noncultivated seedbed:
Cheatgrass (seedlings) 906
Cheatgrass {(mature) --m-eemmm 1,012
Volunteer grain ---——-—no- 0
Russiun-thistle -———cemmcmmem- 10
Sweetclover -—r-smemmmecemmaee 210
Othars 6
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Study.-—Judith Basin range plantings following preparatory
crops.

Previous use.—The study area was previously part of pre-
paratory crop planting (1944).

Date planted.—-Cctober 20-21, 1944, and May 5, 1945.

Procedures.—Twelve grasses and three mixtures were planted
at rates of 6 to 8 pounds per acre in Yi-acre plots by drilling
with a one-horse drill. Rows were 7 inches apart. The seedbed
had been prepared by plowing and harvrowing in 1944 and plant-
ing to preparatory crops. The crops included barley, wheat, oats,
and rye. Following the grain harvest in October 1944, each
cropped area was double cultivated, harrowed, and planted to
grass. No further treatment was made for the spring seeding.
The fa}l planting was made on the areas previously planted
to rye and wheat. The spring seeding was on the oat and barley
areas.

Summary of results.—Both seedings were generally poor the
first year. In succeeding years, however, all the species improved
their stands. By 1952, the eighth growing season, species that
rated good in at ieast one planting were Agropyron cristatum,
A.inerme, A, spicatum, A, trachycoanlum, Arrhenatherum elatius,
Bromus erectus, Elymus junceus, Festuca ovina, Poa ampia, and
P. compressa (table 76). Only two grasses rated poor, Agropyron
intermedium and Bromus inermis. These seeds were probably
poor quality since they produced fairly good yields in 1959,

In mixtures, F. ovine and B. erectus were outstanding.
Generally, they became the dominant grasses in the mixtures.
Medicago falcata also became an important part of the mixtures.
In spring seedings, M. falcata increased to very good stands,
while in the fali-seeding treatments it rated fair. A. eristatum
increased in mixtures with M. falcata to very good stands, but
in mixtures with F. ovine and B. erectus, it was crowded out.
F'. ovina and B. erectus in the same mixture were intensely
competitive as evidenced by & solid ground cover of which F.
ovina formed 60 percent, and B, erectus 40 percent. In these
mixtures, the seed crop on both species was extremely light.

Herbage samples were harvested for only two species in 1946
and 1947, Arrhenatherum elatius produced 841 pounds per acre
in 1946 and 996 in 1947. Agropyron trachycaulum yielded 592
pounds in 1946 and 1,171 in 1947, In the 15th growing season,
1959, Agropyron inerme was the highest yielding species produc-
ing 3,850 pounds per acre. The second highest was A. cristatum
with 2,600 pounds. Of the mixture harvested in 1959, the one
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TABLE 76.—E stablishment and yield of grasses following
preparatory crops near Straw, Mont.

Stand! . Yicld per acre,
Species Fall seeded Spring seeded aven-dry weight
1945 1952 1945 1952 {1955}

Pct. Rating Pet. Rating Lb.
Agropyron cristatiom 10 10 2,600
Bromus ervetiy --eme-mmme— e — 10 44 1,760
Festucn ovine duringeula - 1 20 1,350
Pou ampla 5 1,800
P. COMMPYERRI mmvmmmemimen o — ] 2,130
Avrrhenatherum elatiyg  -——e— 80 2,150
Elmins juneens ——mmmememmnnmeans 40 1,900
AQropyron iHErme  ceiememeeamen 30 3,850
A spicatim -emececeens 20 2,150
A trachyeaidumt —memeeeemees 40 1,300
Aintermedinm 1,500

20
Bromus inermiz {Parkland) -- G 1,800

—

—

= =
B B - B o B B> B s T o o R o3 I v I o

STOOOODOO000

VRating G = good; F = fair; P = poor.

that contained 4. eristetum, A trachycaunlum, and M. falcata
had the highest yields, with 3,350 pounds per acre.

Study.—Judith Basin species adaptation following prepara-
tory cropping.

Previous use.—Preparatory cropping study (1944) that had
been planted to barley, wheat, oats, and rye.

Date planted.—October 20-21, 1944, and May 9, 1945.

Procedures.—Thirty-two species and selections were planted
in plots 14 by 32 feet. The spring seeding was a repetition of
species and selections seeded in the fall except that Onobrychis
villgaris and a standard selection of Dactylis glomerata were
included in the spring seeding.

The seedbed had been prepared by plowing, harrowing and
preparatory cropping to spring rye. After harvesting, the stub-
ble was cultivated before planting.

Summary of results. —Except for Stipa viridula, the initial
stands of the fall-seeded plots were relatively poor. By the
seventh growing season, however, most of the fali-seeded plots
had developed into good stands (table 77). Species that were
most outstanding in the fall seeding were §. viridula, Phleum
pratense, P. boehmeri, Poo compressa, and Bromus erectus.
Others that had increased to good stands included
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Arrhenatherum elatius, Bromus inermis, Festuca arundinacea,
F.ovina, Phleum phlecides, and D. glomerata.

The spring seeding was much superior to the fall seeding.
Most species established with good stands, and most of those
with relatively poor stands during the seedling vear increased
to good and excellent stands by the seventh growing season.
Two species Bromus cerinatus and B. marginatus, however,
decreased in stand and were completely lost by the fifth growing
season. Stands of Medicago falcata and Onobrychis vulgaris also
declined but M. fulcuta apparently recovered sufficiently to pro-
duce good yields. By 1959 Agropyron trachycaunlum, Festuca

TABLE T7.—Establishment and herbuge yield of species planted
in the fall and spring following preparatory cropping to spring
1Ye

Stand Yield per acre,
Species Full seeded  Spring seeded oven-dry weight

1945 1952 1945 1952 {195%)

Peé,  Pel. Pect.  Fet. Lb,
Poa compressa  eeeee—memeeans - 1 85 25 100 1,800
Stipu virldulg e ) 100 83 85 !
Phiewm pralense -s-e-eeeoeoeo - ) a5 a5 35 760
Bromus ervoctis s-rmeeemeemmeeee 25 a0 50 @5 1,500
Festuea ovine durivscudy —- 1 80 §a 95 1,700
Dactylis glomeruta --—eememmnees 15 85 100 95 700
Bromus MeriNis  ——--ceemeeeeee 1 {5 1G 95 1,440
B, inermis {(Parkiand)y - 1 45 10 95 600
Elymus funcens --emwveeeeeeee - 5 ao 50 95 F00
Agropyron SR e B 16 ) 93 1,360
Fegtuca arundingceq e 35 70 95 90 !
Agropyron cristalm ... b3 5 T8 90 2,400
Ao intermedinm el 3 0 10 g0 2,000
Bhieum boehmeri —oememaamenes ] 85 3 280 500
Poa ampla e 1 45 75 80 !
Agropyron trachycaufum e 1 1 40 89 i
Al inerue U 0 25 80 2,360
Phiewm phlecides ———eimenaam 5 ' 3 5 1,600
Agrupyron spiealion ---- 1 i 25 62 1,400
Arrhenatherum elating  svee-- i ™ ™ G0 300
Onobrychis vulgaris  —emeaee. t ! 75 a0 t
Medicugo faleatts ~eeosoaoeeeeme, 5 45 G4 40 2,700
Bromus carinafus  ---—e—ceeereee 23 [t} 85 ¢ !
B. murginatis -ceeemreinna. 95 4] 70 0 i

! Dauta not aveilable,
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arundinacea, Poa ampla, and Stipa viridule had also decreased
to where they were not harvested for herbage yields.

Elymus junceus was the only species harvested in 1847 and
S. viridula the only one in 1948. These two species yielded 813
and 1,050 pounds per acre, respectively. By 1959, the 15th grow-
ing season, M. falecate was the highest yielding species with 2,700
pounds per acre. Agropyron cristatum, A. inerme, and A. inter-
medium were the next highest species with 2,400, 2,300, and
2,000 pounds per acre.

Moccasin

Study location.—Located 2 miles west of Moceasin, Judith
Basin County, at the Central Montana Branch Experiment
Station, sec. 21, T. 15N,, R, 14E. (lecation 56, fig. 10).

Elevation.—4,200 feet,

Average precipitalion.—Annual, 14 inches; April-September,
T3 percent.

Sotl.—Moccasin gravelly silt loam.

Topography. — Gentle 1-percent slope to the northeast on
gravel-capped benchland.

Type of vegetation.—Teton River-Judith Basin grassland.

Dominant and associated species.~Boutelouwa gracilis, Poa sec-
undu, Stipe viridule, S. comata, and Agropyron smithil.

Previoas nse.—Cultivated cropland.

Study.—Review of early adaptation studies near Moccasin,
Mont,

Reswlts.—From 1922 to 1935 many species and selections were
tested for adaptation. The most outstanding species included
Agropyron eristatum, A, repens, A, sthiricum, A. tenerum,
Bromus inermis, B. marginatus, Elymus junceus, and E.
canadensis. Considerable variation occurred among selections
within species. M24-3 the most outstanding selection tested of
A, eristatunm was used in much of the early improvement work
at Moceasin. This selection was later identified as belonging
to A. desertorum.

Planting by drilling was more successful than planting by
broadeasting. Except for poor to fair stands of 4. eristatm and

scattered plants of a few other species, broadcasted treatments
failed.

Study.—Moceasin single-row adaptation planting.
Date planted.—November 6, 1937.
Procedure.—Eighteen grasses were planted in single-row
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plots. Rows were 16 feet long spaced 3 feet apart. Seeding was
done by spreading seed in handmade furrows and covering with
one-fourth inch of soil. The study was plowed out in the spring
of 1940.

Results.—In 1838 nine of the grasses, Agropyron cristatum,
A. pauecifloruen, A. pungens, A. spicetwm, Arrhenatherum elatius,
Bronmus inermis, B. muarginatus, Elymus canadensis, and E. jun-
ceus, established good stands. Those that established poor to
fair stands were Agropyron smithii, Oryzopsis hymenoides, Poa
ampla, Stive comala, and 8. viridule. Those that failed com-
pletely were Bouteloua curtipendula, B. gracilis, Panicum vir-
gatum, and Sporcbolus eryptandrus.

Htudy.—Moceasin grasses and mixtures for dryland pastures.

Date planted. —May 9, 1939,

Procedure.—Fourteen grasses and two mixture of grasses
and alfalfa were planted with three replications per treatment,
Plots were 6 by 132 feet with rows § inches apart, In 1940 every
other row was cultivated out, leaving uneven stands in some
plots.

Results.—The initial stand of each species was good, but later
Bouteloua curtipendula and B. gracilis failed almost completely.
In the third growing season, stands of these two species were
so poor that they were not harvested.

From 1941 to 1948 herbage production varied; only occasion-
ally were dgropyron smithii, Oryzopsis hymenoides, and Poa
secunda harvested.

Most species produced their best yields in 1942, the fourth
growing season. By 1046 and 1947, yields had deelined to 2 low
level, which they generally maintained in 1948. Poa secunda had
almost died out by 1944 and was not harvested then or there-
after, Over the 8-year period, strains of Agropyron desertorum,
A, inerme, and Pou ampla were the highest producing selec-
tions, but they were outproduced br the two mixtures {table
78}

Chemical analyses of the herbage harvested July 19, 1945,
showed little difference among the grasses or the mixtures with
the exceptions of Elymus junceus and the RN-1 mixture {table
79). Herbage from these two seedings were considerably higher
in protein and calcium but lower in nitrogen-free extracts than
the other grasses, K. junceus was also high in ash content. The
high protein content of the mixture probably reflects the influ-
ence of alfalfa.
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Study.—Moceasin species adaptation planting.

Date planied.—April 17, 1947,

Procedure.—Twenty-three species and strains were planted
by drilling in plois 14 by 148 feet on fallowed land.

Results.—suana ratings were variable. Species that estab-
lished good initial stands were Agropyron intermedium (Ree and
Washington), A. trechophorum, and Bromus marginatus. By 1849

TABLE 78.—Establishment and herbage yields of grasses and
mixtures planted near Moccasin, Mont.

Average
yield per acre,
Species or mixture? Stand  oven-dry weight
{1940) {1941-48)
Pect. Lb,
Agropyron desertorum {FG 19587 -rmommmmeee - a3 1,825
Poa ampla -~ - 72 1,600
Agropyron desertorum (M Z3-3) -—mrommeesmomanoe- 92 1,671
A, tnerme 70 1,524
A, desertorwm (W 24-17) 88 1,471
A. eristatum {Fairway) 93 1,425
Browmus tnerntis 95 1,259
Stipa viridule 80 1,214
Foa secundn 70 21,092
Agropyron smithii 88 21,064
Oryzopsis hymenoides 40 2 909
Flymusg junceus a7 855
Boutelouws gracilis 70
B. curtipendula 60 -
RN-1 mixture 90 2,039
Moceasin mixlure 88 1,590

! Composition of mixtures:

Pounds of seed
Species per acre
RN-I Moceasin

A. desertorum ----- 2 2
A, inerme -eee—eeeee 2 N
A, smithil —oeeemmeeee 1 .
B. curtipendula -— 1 -
B. inermis --emeese— 1 3
P. ampla ~-rememmmmmees 2 .
Medicago sativa — 1 4
E. jUnceus —-se-ee - 3

2 Harvested in 3 years oniy.
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TABLE 79.—Chemical composition of herbage harvested on July
13, 18}5, near Moceasin, Mont,

Chemical composition

Species or mixtire Ether Crude
ex- Crude pro- NFE Cal- Phos-
tract fiber tein t cium phorus Total

Pgt. Pel. Pei. Pet. Pet. Pei. Pet.
Agropyron eristattm

{Fairway) 2.4 31.2 6.3 51.8 052 012 8.3
A. desertorum (FC 19537) ----- 3.8 3.1 $.2 H24 A0 14 7.3
A, degertorion {M24-3) e 2.0 33.3 81 35159 37 .15 6.7
A. degertoruan (M24-17) —anemees 2.6 36.3 6.1 475 37 15 T.1
A inerme 3.0 33.7 89 46.2 56 A5 102
A, gmithil 3.9 314 83 468 51 18 9.6
Bronus inermis oo 33 34,7 7.2 459 52 14 8.9
Elymus junceus ---cemmemeeeeeee 3.2 315 104 423 88 24 128
Oryzopsis hymencides --——-—- 29 875 8.7 48.5 47 .15 8.6
Pou ampin 29 358 5.6 498 44 14 6.1
Stipa virtdulg --m-eeccmeemceeeieaee. 25 34.4 78 471 50 15 8.2
Moccasin mixture? —eeemeeee 2.7 306 178 517 83 .14 7.2
RN-I mixture? «wreeeee— 2.0 875 4.9 {426 1.16 13 8.0

! NFE = nitrogen-free extract.
? For composition of mixtures, see lootnote 1, table 78,

these species continued to maintain good stands, while Agropy-
rom ¢ristatum, A. desertorum, Bromus inermis (Lincoln and
Manchar), Elymus junceus, Festuca arundinacea (Alta), and
Stipa viridula had improved to good ratings (table 80).

Yield samples harvested in 1948 showed good production of
most species, A. intermedium, A. trichophorum, and B. inermis
(Lincoln) produced the most, but differences among species were
not significant. Although E. junceus maintained a good stand,
its production was the lowest of any harvested, and many species
with poorer stands outyielded it.

Estimates of grazing readiness ranked Poa ampla and P. bul-
besa as the eartiest followed by Agropyron inerme, A. spicatum,
A. degsertorum, A. intermedium, A. trichophorum, Bromus
erectus, Elymus canadensis, and F, junceus.,

Study.—Moccasin adaptation nursery.

Duate planted.—Qctober 24, 1850,

Procedure.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart. The seedbed
had been in fallow before seeding.
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TABLE 80.—Hay yields, establishment, and grazing readiness
of grasses seeded inthe spring 1947, near Moccasin, Mont..

Yield per acrve, Grazing
Species Stand oven-dry weight readiness,
1944 {1248} April 19491

FPet. Lb. Ryting
Festirca drundinaeed (ALY —rmereemeeeem 88 3,817
Agropyron desertorim {Standavd} 87 3,081
Bromus inermis (Manchar) —-ememeeeees a5 3,636
Agropyron intermedim {(Ree) --emrmmmr B3 4,093
A, trichophorian 83 4,003
A, tutermedinm (Washington} --—-—--- 80 3,863
Bromus marginatues (Bromaur) 80 3,495
Flynius flneeus -m--e-meemmm e cemanes 78 1,012
Stipa viridula 78 1,748
Agroppron cristatum (Fairway} - ity 2,805
Bromus inermis (Lincoln) —seceeeaes 60 4,509
Agropyron desertorum (M24-3} 58 3,033
A inerme 57 2,253

2

- t
A spiealem 57

Arrhenaltherint alafing —e-mecmmeoarenseaa- 55 2,483
Agropyron trachycoulnm 33 3,495
A, trachyeaulm (Primar) 53 3,495
Elymus canadensis (Mandar) --e—eeee- 50 2,897
Phalaris vrandinaces 47 2,465
Bromus fnernds {Parkiand) ——emen— 43 b
Poa ampla - 40 3,687
P. butboga 15 2
Bromts ereclity ——eae—mmeses—mmmme e 13 2

8
3
4
3
3
3
5
3
5
5
9
3
2
2
4
4
4
3
7
4
1
1
3

' Rutings 1 fo @ with 1 being the earliest.
? Datn not availabie,

Results.—Stands were variable in 1951 with the best initial
stands established by Agvopyron subsecundum, A. sibiricum,
A. desertorum (M24-3), Bromus erectus, Elymus junceus, E.
canadensis, Stipa viridula, Phleum pratense, Agropyron deser-
torum {Standard), A. intermedium. A. trichophorum, A. inerme,
Festuca rubre, and Dactylis glomerata (table 81). The only
species in this group that failed to maintain a good stand through
1954 was 4. subsecundum.

Species that improved their stands during the 4-year period
were Agropyron inerme, A. intermedium, A. trichophorum, A.
smithii, Bromus inermis, Elymus triticoides, Festuce rubra, F.
ovina, Poa pratensis, P. compressa, and Phalaris arundinacea.
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Study.—Mocecasin grass and legume hay production.
Date planted.—1956.

Procedure.—Four grasses and two legumes were planted in
pure stands and in simple grass-legume mixtures.

TABLE 81.—Establishment of grasses near Moccasin, Mont.

Species Stand
1951 1954
Pet. Pet.
Good stands maintained through 4 years:
Elyneus triticoldes 72 95
Bromus inermiis (Lincoln) 62 a5
Agropyron desertorum (M24-3) 43 93
A, trichophorum - iri 93
Ehpnus junceus 88 B7
Stipe viridule 82 86
Agropyron gibiricuom 92 B4
Phiewm pratense B4 84
P pratense (Hopking) -cee e N 82
Agropyron intermedinm 72 80
Fegtuca rubre kit B8O
A, desertorum {Standard} 79 4
Bromus erecius 88 T8
Elymus canadensis 87 71
Dactylis glomerata 78 73
Agropyron smithil 60 73
Fegtuca ovina durivscula 4T 73
Poa pratensis - 20 68
Alopecurus pratensis 68 65
Oryzopsis hymenoides 63 63
Agropyron trachycaulumn 62 62
Poor to fair stands established initially but
maintained fair stands for 4 years:
Agropyron ineyme 50 50
A. eristatum 37 37
Phalarus arundinacea 20 31
Paa compresse 1G 29
Agropyron elongatum 53 27
Pou ampla (Robust) 30 26
(Good stands established initislly but declined to
fair or poor stands within 4 vears:
Agropyron subgecundum 92 50
Festuea arundinacea (Alin) 68 27

Festucao elatior 60 22
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TABLE 81. — Establishment of grasses near Moccesin,
Mont. — Continued

Stand

Species 1951

Pel.

Poorly established and generslly failed:
Agrapyron spicetim -
Agrostis alba
A, tenuis
Arrhenotherem elatius
Boutelonn curtipendule
B. grocilis
Bromus marginatus
Elpmiuy glancuy
Panicum virgatun
Pou ample (Sherman)

P, bulbsaa

—

L

N = LI A

——

I g
[T RS, s I o T | e R P ]

py

—

[
-1

Results.—Except for Astrugelus falcata, all species in pure
seedings and in mixtures established good initial stands (table
82), By 1961 all stands were good.

Yields of most species were good in 1957. Astregalus faleata
was the lowest producing legume and Stipa virtdula, lowest pro-
ducing grass. Yields of these two species and Medicago falcala
increased to their peak in 1959 then declined in 1960 and 1961.
The other grass species produced their highest yields in 1957
and generally declined in each of the four following years. Aver-
age yields over the 5-year period are given in table 82.

The grass-alfalfa mixtures yielded slightly less than the grass
in pure stand the first year. However, production was generally
good. Yields of the mixtures declined in 1958 then reached their
peak production in 1959. In 1958, except for S. viridula the mix-
tures outproduced the grass alone. Over the 5-year period,
alfalfa-grass mixtures also outyielded any of the grasses alone,

Apparently mixtures of grasses with A, fulcate were not har-
vestad for production weights.

Study.—Moccasin alfalfa hay varieties.

Data planted.—19186, 1921, 1923.

Procedure.—Seventeen striins of Medicago sative and M. fal-
cata were seeded. Only two of these strains (Montana common
and Grim) were seeded each year.

Results.—Yields of herbage harvested in 1924 were generally
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good for all strains. Grim, however, was the highest producing
strain from the 1916 and 1923 seedings but was surpassed
slightly by Montana commeon, Ladak, Dakota, and Italian from
the 1921 seeding. These five strains appeared to be the best
adapted of those tested {table 83).

Study.-—Moccasin bromegrass strain test.

Date planted.—Spring 1945,

Procedure.—Seventeen strains of Bromus inermis were
seeded in triplicate randomized plots with six rows per plot,
20 feet long, and spaced 1 foot apart.,

Regults.—This study has been reported by R. E. Btitt (1949).

In summary, the report indicated that by the third growing

TABLE 82.—Esteblishment and herbage production of grasses
alone and in mixtures with sickle milk vetch and ladak elfelfe
near Moceasin, Mont.

Average herbage

Species or mixture yields per acre,
Stand aven-dry weight
1957 1961 (1967-61}
Pet. Pct. Lb.
Pure speeies: )
Medicego fulente {Ladak) - 10 100 1,903
Agropigron irtermedinn - 100 100 1,535
A, degortaritm ssem—mmemaeeenee 92 a7 1,491
Stipa viridpin —eeseeseeemee B3 43 1,227
Bromusg Dermis  seoesmeseesas 100 100 989
Asbrugafus fulcata ~-—-m—-am—mv 25 KB 501

Mixtures: !

Agein and Mela ceermrmie e 100 100 2,208
Apde and Melfa ——eeeermmenens 100 100 2,199
Stvi and Mefa e 100 100 2,092
Brin and Mefa 93 100 1,771
Agde nnd Asfa e - 100 100 1
Agin and Asfa ———-reemeeee 100 100 2
Brin and Asfa —eememeeeeee o8 100 4
Stvi and Asfi —meemecrrenme 13 a7 2

LAgin = Agronpyron intermedinm; Mefa = Medicago falcala; Stvi = Stipa
viridule: Agde = Agropyron desertorum; Brin = Bromus Dnermis; Asfa = Astra-
gelus fmlewda.

* Data not available,
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TABLE 83.—Yield of alfulfa strains near Moccasin, Mont., 192}

Strain Herbage yield per acre
Seeded 1916 Seeded 1921 Seeded 1923

Lb, Lb.
KANSAS wemmmemmmme e e 3,789 --
Utuh 3,735 --
Black Hills 3,609 -
Canada variegated ——-memmmees 3,490 2,690
Baltie 3,908 3,364
Montana conumoen e 3,800 3,977
Liscomb 3,880 3,334
Grimm 4,573 3,780
Orenbery 3,620
Cossack 3,189
Ladank 1,123
Dakota 3,840
[talian 2,980
Turkeslan 3,395
Lebeau
Argenting e
Chubut

season most of the strains had filled in to near complete stands
regardless of initial establishment.,

In the second year after seeding, hay yields were in divect
correlation with stands, but differences between strains were
not significant. Average hay production was about 1,500 pounds
per acre,

Seed production appeared to be inherent in the different
strains and was not related to stand establishment.

Study.—Moceasin renovation of grass and grass-legume
stands.

Date planted.—April 1939. Renovated in 1947,

Procedure.—Twelve species and varieties of grass and two
mixtures of grasses and alfalfa were seeded with three replica-
tions per treatment. In 1947 four renovation treatments were
applied across nine of the grass plots and the two mixtures,
Treatments were as follows: (1) Check without treatment; (2)
cultivated to kill out one-half of the grass in alternate bands
6 inches wide; (3) fertilized with 150 pounds ammonium nitrate
and 50 pounds trebie superphosphate per acre; and.(4) cultivaied
and fertilized combined treatment.
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Results.—Fertilizer treatments more than doubled hay yields
of the grasses but were less effective on the grass-aifalfa mix-
tures in 1947. In 1948 residual effects were present with
increased yields above the nontreated plots, but yields were con-
siderably less than those received in 1947 {table 24},

Renovation by cultivation decreased yields in 1847, but the
plants were larger. In 1948 yields were generally increased
above the check. Only two grasses, Agropyron desertorum (M24-
3) and Flymus junceus, failed to show higher yields the year
after treatment.

Fertilizers combined with cultivation generally increased
yields in 1947 and nearly doubled yields of most species in 1848.
[t also increased yvields above cultivation alone, but yields from
the combined treatment were often lower than from fertilization
alone especizlly in the 1947 harvest,

Study.—Moccasin row spacing and cultural treatments of Rus-
sian wildrye,

Date planied. —Spring 1946.

Procedure.—Elymus junceus was planted in the spring of 1946
in plofs with rows spaced at 0.5, 2, 3.5, 7, and 10 feet. Each
plof ennsisted of four rows except the 0.5 spacing where 24 rows
were seedad. The plots, 132 feet long, were split into a ran-
domized split block design with five treatments: (1) Check; (2}
clipped in April 1947 to 1848; (3) burned in April 1947 to 1949;
{4} 100 pounds per acre of 10-20-0 fertilizer applied each spring
1948 to 1952; (5) 500 pounds per acre ammonium sulfate fertilizer
applied each spring 1948 to 1952,

Results.~—-Increasing the distance between rows, up to 10 feet,
and the rates of nitrogen fertilizer, up to 500 pounds of am-
monium sulfate per acre, raised seed yields. At times clipping
and burning treatments appeared to favor seed production, but
this response was not consistent from year to year {table 85).

Windham

Study location.—Located 5 miles south and 1 mile east of
Windham, Judith Basin County, along the road to Utica, sect.
7, T. 14N., R. 13E. (location 57, fig. 10).

Flevation.—4,500 feet.

Average precipitation.—Annual, 16.4 inches; April-September,
75 percent.

Soils.—Moccasin gravelly silt loam.

Topography.—1 percent slope on gravel-capped benchland.
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Type of vegetation.—Teton River-Judith Basin grassland.

Dominant species.——Bouteloua gracilis, Poa secunda, Stipa vir-
idule, 8. comata, and Agropyron smithii.

Previous use.~—~Abandoned cropland.

TABLE 84.—The effect of cultivation and fertilization on the yield
of grasses and grass-alfalfe mixvtwres newr Moceagin, Mont,

Herbage yield per acre, oven-dry
weight from renovation treatments

Species, strain, or

mixture * Culti- Ferti- (,-ult:uled
Check vatid lized o
lertilized
Lb, L. Lb, L.
Harvested in 1947:
Agropyron deserlorum
(Stundard) —-eememmereemes 613 453 1,583 H3
A, desertarum (M24-3) -meeee 820 263 1,343 677
Pon ampl e et oe7 283 L31G 710
Stipa viridufa -—-eraee-- 523 HE K] 1,390 87
Agropyron IHerme  ——ceme- -- ags 323 1,247 777
A, desertorium (M24-17) —eemn 563 207 1,197 917
Al eristatun (Fairway) - 316 160 1,060 TR0
Bromiuy (Hermis ——veemeeeen - 317 180 977 527
Elpmis Juneeny —eesmmecen-- 340 123 667 337
BN-L mixture —--— oo 1,357 1,003 1,783 1570
Mocensin mixture —— -eeeee 1,276 527 1,407 943
Harvested in 1948:
Pog tmiplit —emseeeeeeamee s 1,040 1,764 1,411 1,942
Agropyron desertorim
(Standard) s 637 1,205 1,122 1,631
Stipu viridula cememeomienas 637 1,031 1,046 1,251
Apropyron Inerme - 720 953 885 1,288
A eristalun (Foirway) - 30T 701 Ra7 898
Bromus Merniis  ceee—eeeemee. 706 8032 820 L7
Agropyron deseriorum
(d24-3) T15 T24 788 g62
A desertortim (M2U-17) —omeme 568 962 770 1,150
Elly s JUHCOUS reemeeeommeaeeen 330 280 453 647
RN-1 mixture -wccmmeee 2,856 2,754 3,004 2,822
Moccasin mixture - 1,233 1,958 1,885 1,251
Leastsignificant difference at
5 pereent level:
1947 - 349 264 445 293
{948 321 654 486 a9G7

! Mixtures were primariiy Agropyron degertorum und Medicago aativa.
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TABLE 85.—Seed yields of Russian wildrye as affected by
Sfertilizers, row spacing, and cultural treatments

Seed yield per acre from
Treatment and year differcnt row spacings
1/2 ft. 2 [, 3 118 L. T ft. 10 [t

L. Lb. LU, Lb. Lib.
Harvested in 1948:
Control 0 b 418 94 121
Clipped in April 1947 —e-- - 0 64 86 100 106
Burned in April 1947 -—eeee 0 343 80 104 104
Fartilizer applied per acre
annually:
100 pounds ---—mmmemer e 4] 18 40 94 70
500 pounds --—-emmsesmsemeeee 0 7 24 110 101
Harvested in 1950
Contrel 0 0 (] 5 21
Clipped in April 194749 - 0 18 0 13 34
Burned in April 1947-49 0 0 0 27 47

Fertilizer applied per aere
nnnually:
100 pounds -~-—--mom e ] 0 0 4 19

300 pounds —---emememmeeeeae 3 9 20 L7 22
Harvested in 1952

Control ] 0 0 21 7l

Clipped in April 194719 -— 0 0 0 2 152

Burned in April 134749 - 0 0 ¢ 25 90
Fertilizer wpplied per acre

annually:
100 pounds sevemsomammenm e 0 0 0 33 93
500 pounds eessemsemsmcam—a—aan v} T4 184 187 138

Study.—Contour furrow planting.

Dute plunted.—November 1, 1938.

Proceditre.—Seven grasses were planted in contour furrows
that were 4 inches deep and 8 inches wide at the furrow crest.
The furrows were spaced not more than 25 feet apart. The seed
was broadeast in strips 4 feet by 200 feet along the furrow. Seed-
ing treatments were repeated five times.

Results.—In 1839 Agropyron cristatum, A. desertorum, and
Bromus inermis established excellent stands. Stands of Agropy-
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ron smiithii were fair, and those of Amrhenatherum elatius,
Bouteloua gracilis, and Oryzopsis Aymenoides were poor.

Fort Benton

Study location.—Located 2 miles west of Fort Benton,
Chouteau County, on the south side of Highway 29, sect. 29,
T. 24N, R. 8E. {location 58, fig. 10).

Flevation.—2,800 feet.

Average precipitation.—Annual, 12 inches; April-September,
82 percent,

Soil.—Joplin loam.

Topography.—1- to 2-percent slope to southeast.

Type of vegetation.—Teton River-Judith Basin grassland.

Doninant species.—Routelowa gracilis, Agropyron smithii,
and Stipa comata.

Previous use.—Cultivated erepland.

Study.—Fort Benton adaptation nursery.

Date planted.—Fall 1950 and 1952.

Procedure.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart. Planting was
done on summer-fallowed ground, The 1950 planting was plowed
in 1952 and replanted.

Resufts.—Oniy a few species established well from the 1950
seeding. By 1952, Agropyron desertoriom (M24-3), Festuca ovina,
Poa pratensis, P, compressa, Dactylis glomerata, and Phleum
pratense were the only species that had maintained fair to good
stands. Most species from the 1952 seeding became better estab-
lished than they did in the 1950 seeding.

By 1954, Agropyron trechycauiom, A. trichophorum, Bromus
erectus, B. inermis, B. marginatus, Elymus junceus, Festuca
elatior, F. ovine, Agropyron desertorum (Nordan), Dactylis
glomerate, and Festuea arundinacea had established good
stands, but of this group B. marginatus and F, elatior died out
by 1956, while stands of D. glomerata and F. arundinacea had
dectined. On the other hand, species that improved their stands -
included Agropyron desertorum (Standard), A. eristatum, A.
trichophorum, A. sibivicum, A. smithii, A. elongetum, Bromus
inermis, B. erectus, Elymus junceus, E. triticaides, and Phleum
pratense (table 86). These species appeared adapted to the site,

Chouteau

Study location.—Located one-half mile east of Chouteau,
Teton County, along the Dutton road, sec. 19, T. 24N., R. 4W.
(location 59, fig. 10).
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TABLE 86.—E stublishment of grasses planted near Fort Benton,

Mont.
Seeded Seeded 1952;
Species 1550; stand —
stand, 1952 1954 1956
Pct. Pet. Pet.
Goeod stands established in both plantings:
Festuce ovine durinseils —————me - 67 a2 90
Daclylis glomerala 87 92 7%
Phicum pratense 67 48 60
Good stands established in the 1950
planting but fair or poor in 1952:
Agropyron desertorem (M24-3) —eeeeeee- 73 50 55
Poa pratensis 50 1 1
P. compress 67 1 1
Good stands established in the 1952
planting but fair or poor in 1950:
Bromus tnermiy (Linceln) ————memmmememae 47 73 95
Agropyron trachycattlum e 10 88 03
Bromug erecius 27 87 93
Agrapyron trichophorum —-emeeocaeeen 13 70 90
A, dezertorum (Nordan) ——memoe - 1 ¥ 80
Elymus jisnceus 10 70 78
Agropyron elongaittin  —m--meecemeeeeeeeeaees 43 87 78
A, intermedinm 35 67 65
Phiewm pratenge (Hopking) —eeomee 30 48 656
Fairstands maintained in both plantings:
Stipa viridule 27 53 57
Festitea arandinucea —---eeemeeeees 43 73 52
Agropyron desertorion (Stundard} --e-e- 35 33 48
Aloprowrns protensiy e 37 38 43
Agropyron inerme 20 ag 41
Poa ample (Robust) 50 27 a2
Fair stunds maintained from one planting
but poor or failed in the other:
Elymus triticoides 0 16 47
Agropprron SibIricHm e 0 25 43
A eristatim (Fairway) - 0 28 as
A smithii 1] 1 30
Phalaris arundinaceq -—--ceemmeemeeeeeees 1 33 27
Elywins canadensis 18 67 20
Fegtuea mibra 23 32 17

Efpmus gluwcus 27 18 8
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TABLE 86, — Establishment of grasses planted near Fort Benton,
Mont. — Continued

Seeded Seeded 1952;
Species 1950;

stand, 1852 1934

Pet. Pcl.

Fairstands maintained fromone planting
but poor or failed in the other—
Continued

Pooe wnply (Sherman) —--memmemmemnns
P, bulbgsa
Festuve clutior
Eromus marginatus
Agrostizs alba

Failed in both plantings:
Agropyron spicaiym
Bouteloua curtipendildea —--——esormoeen e
B. gracilis
Cryropsrs hymenoides oL
Paricum virgutum

Elevation.—8,800 feet,

Average precipitation.——Annual, 11.5 inches; April-September,
82 percent.

Seil.—Clay loam.

Topography.—2 percent slope to the south.

Type of vegetation.—Teton River-Judith Basin grassland.

Dominant species.—~Agropyron smithii, Bouteloua gracilis,
and Stipa comata.

Previous use.—Cultivated cropland previously in small grains.

Study.—Chouteau adaptation nursery.

Date planted. —Spring 1952,

Procedure.—Forty-two grasses were planted in plots 8 by 20
feet with three vows per plot spaced 1 foot apart.

Results.—Generally fair to good stands of grass were estab-
lished in 1952. Exeept for a few species, they improved by 1854
and continued te improve or maintain themselves through 1956
{table B7). At that time 25 grasses were maintaining good to
excellent stands. A second group of five species had fair stands
while 11 species generally failed,
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TABLE 87. — Establishment of grasses plunted near Chouteaun,

Mont.
. . Stand
Species 1952 1956
FPet, Pet.
Good stands established for 5 years:
Bromus inermis 48 100
B. erectus 83 a9
Agropyron trichophorom 90 98
A, desertorum (Nordan) - 59 a8
Ductylis glomerate 90 a7
Phiewm pratense {Hopkins) 87 97
P. pratense - 75 97
Arrhenatherum elatins 93 98
Elymus Juneeny 87 96
Agropyrow desertorum (AM24-8) e 83 96
A, sibiricum 77 92
Al erfstatum (Fairway) 48 92
Festuea rubra 91 g1
Alopecurus pralensis 80 91
Festica oving durinsenin 53 90
Agropyron desertorum {(Standard) -----eemeemeeee 85 89
Al fntermedivm 52 88
Poa emple (Robust) 42 88
Agropyron smithii 25 87
Stipu viridida 10 87
Pou pratensis 42 75
Phuluris arandinacen 67 72
Elymus eanadensis 55 72
E. triticoldey 85 70
Agropyron trachycanlum - 72 67
Foir stands maintained for 5 years:

Agropyron elongatum 85 b2
A inerme 50 44
Poa ampla (Sherman} 42 40
Fextuca arundinacen {Alta) ———eemmem oo ee 62 34
Paa compressa 58 a7

Poorly established or failed completely in 5 years:

Agropyron spication 0 [i]
A, subsecrndion B8 0
Agrostis alba 50 3
Bowteloun curtipendula b 1
B. grucilis 0 0
Bromus marginatus RS 0
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TABLE 87. —Establishment of grasses planted near Chouteau,
Mont. — Continued

Species

Poorly established or failed completely in5 years
—Con,
Elynus glaveus
Festuea elatior
Oryzopsis hymenoides
Paigion virgalun
Paq bulbosa

Conrad

Study location.—Located 13 miles west of Conrad, Pondera
County, T. 28N., R. 5W. {location 60, fig. 10).

Elevation.—3,000 feet.

Average precipitation.—Annual, 12.5 inches; April-September,
77 percent.

Soil.—Morton gravelly loam,

Topography.—3 to 5 percent slope to the north on rolling up-
land area above sandstone escarpment,

Type of vegetation.—Teton River-Judith Basin grassland.

Dominant species.—Boutelouwa gracilis, Poa secunda, and
Siipa comata.

Previous use.—Cultivated eropland.

Study.—Conrad adaptation nursery,

Date planted. —October 1950,

Procedure.—Forty-four grasses were seeded in 3- by 20-foot
plots with three rows per plot spaced 1 foot apart.

Results.—Fair to good stands of most species were established
in 1951. Species that maintained good stands through 1954
included Agropyron intermedium, A, trichophorum, A, inerme,
A. gibiricum, A, smithii, A, desertorum, A. elongatum, Bromus
inermis, B. erectus, Elymus canadensts, E. junceus, E.
triticoides, Festuca rubra, F. oving, F. arundinacea, F. elatior,
Alopecurus pratensis, Stipa viridula, Dactylis glomeraia,
Phlewm pratense, Arrhenatherum elatius, and Phalaris erun-
dinacea (table 88).

Bromus marginatus and Agropyron subgecundum established
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TABLE 88.—FE'stablishmnent of grasses planted near Conrad, Mont.

. Stand
Species 1951 1954
Pet, Pet.
Good stands maintained for 4 vears:
Agropyron trichophorum 95 100
Fesluce erundinacea 95 98
Agropyron interntediitm - 85 93
Bromuy inermis {Lincoin} B3 a8
B, inermug (Manchar) ' ' 96
Agropyron desertorwmw (M24-3) v 82 ]
Dactylis glomeraia 92 91
Bromus erectus 88 90
Phivwm pretense (Hopkins} 15 89
Elymus triticoides 30 88
Agropyron sibiricum 72 87
Phlewm pralense 83 85
Agropyron Inerine 67 . 83
A, smithii 406 83 -
Festict FUbre - e 78 ki
Elymus canadensis 40 Kird
Agropyron elongntum 82 73
Alopecurus prolensis T0 73
Stipe viriduie 55 73
Festuca ovina duriuscula 45 73
F. elatior 85 10
Elymus junceus 20 87
Arriienctherwm elatius 75 687
Agropyron deserforum (Sta~dard) ----—eeomeeee- 68 63
Phataris arundinacea 14 60
Fair stands maintgined for 4 years:
Agropyron erislatm 23 47
A, subsecundum 88 43
Elymus glavcus 58 40
Poa amplae (Robust) 23 32
P, ampla {Sherman) 18 32
P. pratensis 6 3
P. bulbosa 23 27
Bromus merginalug - 8 23
Poorly established or failed in 4 years:
Agropyron michnoi 0 1]
A. spicatum 0 4]
A, trachycaunlion 1 3

Footnotes at end of table,
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TABLE 88. — Establishment of grasses vlanted negr Conrad,
Mont. — Continued

Stand

Species 1951

Pet,

Poorly established or fuiled in the 4 vears—
Continuet
Agrostis alba
A tenuls
Bouteloun curtipendula
B, grocills
Oryzopsis ymenoides
Panfcnm eirgefum
Poua compressa

&

— L O O =)

o

P
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! Data not available.

good initial stands but declined rapidly by 1954. Others that
established poor stands or failed completely are listed in table
88.

Northern Grassiand

This type, comprising about 9,474,000 acres, is iocated mostly
north of the Missouri River and east of the Continental Divide
to Daniels and Roosevelt Counties. A few small areas alse oceur
in Jefferson and Cascade Counties. Throughout northern Mon-
tana it is often found adjacent to and intermixed with other
plains and mountainous types.

The elevation is from 2,000 to 4,000 feet where precipitation
varies from 12 to 16 inches annually and where the growing
season is from 80 to 140 days. The soils are mostly moderately
dark loams of the Mollisol order, primarily of the Joplin and
Schobey series.

Bouteloua gracilis, Stipa comata, Carex filifolia, and
Selaginella densa are common species with Agropyron smithii
becoming more important on the heavier soils and higher pre-
cipitation areas. Kveleria cristata, Artemesia frigida, Agropuron
trachycaulum, and Opwntia polyacantha are often found on the
more gravelly, overused, or disturbed sites.

Much of this type has been cultivated; however, vast areas
of rolling lands still remain as native range.

The heavy cover of Selaginella densa and B. gracilis that
covers much of the area also lowevs the carrying capacity of
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the native ranges. Methods that tend to break up the dense
sod and establish adapted forage species increase forage produe-
tion. Studies near Havre, Mont., showed that plowing reduced
competition from these native plants and increased the success
of most seeded species,

Grasses that appear adapted to this type include Agropyron
cristaium, A. dasystachyum, A. desertorum, A, intermedium, A.
michnot, A, sibiricum A, smithii, A. frachycaulum, Bromus
erectus, B. tnermis, B. marginatus, Elymus canadensis, E. jun-
ceus, Poa ampla, and Stipa viridula. Festwca oving also showed
some promise.

Medicago falcata and M. sative started well near Havre but
died back after 3 or 4 years. Field stands of alfalfa, however,
are found throughout this type, particularly in the western
part and nearer the mountains.

Dunkirk

Study locetion.—Located 1 mile west and 8/4 mile south of
Dunkirk, Toele County, sect. 1, T.31 N., R. 1W. (location 61,
fig. 10).

Elevation.—3,400 feet.

Average precipitation.—Annual, 11.5 inches; April-September,
76 percent.

Seil.—Joplin loam.

Topography.—3 percent slope to the northeast on rolling
glaciated tiil.

Type of vegetution.—Northern grassland.

Dominant and associated species.—Bouteloua gracilis,
Agropyron trachycaulum, Carex filifolia, Selaginella dense,
Stipa comaia, and Opuntia polyacantha.

Previous use.—Cultivated cropland.

Study.—Dunkirk adaptation nursery.

Date planted.—October 1950,

Procedure.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart.

Results.—In 1951 the initial stands of many species were fair
to poor. Festuca oving, nowever, established good stands. By
1956 most species had improved, and those rated good or other-
wise appeared well established included Agropyron eristatm,
A, desertorum (Standard and M 24-3), A, trichophorum, A.
stbiricum, A, smithii, Bromus inermis, B, erectus, Elymus jun-
ceus, £, canadensis, E. triticoides, Festuca oving, Poa pratensis,
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P. compressa, Stipa viridula, Phalaris arundinacea, and Phleum
pratense {table 89).

TABLE 89.—E stablishment of grasses near Dunkirk, Mont.

Stand

Species 1851 1956

Pct. Pet.
Good stands established by the 6th year:

Bromus inermis 43 100
Agropyvon trichophorim 33 97
Phieum pratense 56 87
Festuca oping duringcule 83 80
Browmus ereclus 63 7
Elymus Junceus - 5
Pou pratensis 27 73
Phalaris wrundinucen 31 68
Dactyliy glomerata 86 66
Phleum prutense (Hopking) 61 63
Agropyron smithil - 3

Fuir stands established by the 6th year:

Eiymus trificoides
Agropyron eristetum (Fairway} ——-wmeemmoeee
A. desertorum (Standard)
Elymus canadensis
Festiea rubra
Stipa viridula
Festuce arundinaceg (AR} -cr-emmmemmmmemmmmeeees
Agropyron degertoriom (M24-3)
A, fuerme
A, stbiricunt
Festuea elatior
Poa compressa
Alopecurus pratensis
Agrostis alba
Poa ample (Sherman}
Agropyron elongatumn
Poa ampia {Robust)}

Poor stands established or failed:
Agropyron intermedium
A. spicatum
A subsecundum
A. trachycaufum
Agrostis lenuwis
Arrhenotherum elatius
Bouteloua curtipendula
B. gracilis

e
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TABLE 89. — Establishment of grasses near Dunkirk,
Mont. — Continued

Stand
1951 1956

Species

Pct. Pet.

Poor stands estublished or failed—Continued
Browus marginetus
Flymis gloweus
Fegtuca idahoensis
Oryzapsis hymenoides
Fanicum virgelum
Peu bulbosa

—_

PR - B B & B )

—_ e = DD

Species that established poor stands or failed are listed in
table 89,

Cuthank

Study location.—Located § miles north and 1 mile west of Cut-
bank, Glacier County, T. 34N, R. 6W. (location 62, fig. 10).

Elevation.—3,800 feet.

Averege precipitation.—Annual, 11.4 inches; April-September,
78 percent.

Seil.—Cutbank gravelly loam.

Topography.—At base of hill; 5 percent slope to secuthwest,

Type of vegetation.—Northern grassland.

Dominant and associated species.—Bouteloua gracilis,
Agropyron trachyeawlum, Carex filifolie, Selaginella densa, and
Opuntia polyacanthe.

Previous use.—Farmed and abandoned.

Study.—Cutbank adaptation nursery.

Date planted.--September 15, 1952,

Procedures.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart. The species
planted were the same as those planted at Dunkirk (table 89),

Summary of results.—By 1954 most species were poorly estab-
lished. Those that appeared best adapted, however, were Agropy-
ron intermedium, A. trachycaulum, A. trichophorum, Bromus
erectus, B. inermis, Dactylis glomerate, Festuca arundinacea,
F. elatior, and Poa ampla. Although the other species failed
or eéstablished poorly, all these species cannot be considered as
not adapted.
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Havre

Study location.—Located at the Northern Montana Branch
BExperiment Station, 8 /2 miles southwest of Havre, Hill County,
T. 32N, R. 15E. (location 63, fig. 16).

Elevation,—2,700 feet.

Averuge precipitation.—Annual, 11.4 inches; April-September,
77 percent,

Seil.—Scobey loam,

Topogrephy.—2 percent slope to the west on rolling land.

Type of vegefation.—Northern grassland.

Daminant and associated species.—Boutelona gracilis, Carex
filifolia, Stipa comuta, Koelervia eristata, and Artemesia frigidea.

Previous use.—Plowed and cropped in various experimental
plantings since 1917.

Study.—Review of early adaptation studies (1917-82} near
Havre, Mont.

Results.—8Beveral plantings of grass were made each spring
from 1917 to 1920, but none were considered successful until
1920 when Agropyron cristatum, &, imbricatwm, A. tenerum, and
Bromus inermis established fair to good stands. Elymus
canadensis, B, dahuricus, and E. sibiricus also established good
stands, but they winter-killed in 1922, The failure of these early
seedings was attributed to drought.

In the 1930 and 1931 plantings, two additional species showed
some prontise. They werve Calamagrostis epigeios and Agropyron
repens. C. eplgeios made good growth and produced seed stalks
for the first time in 1932 but no seed. 1t was considered more
rhizomatous than 4. repens.

Study.—Havre species adaptation plantings (1938-51).

Date planted.—May 1, 1938; spring 1948; fall 1951,

Procedures:

1938 planting.—Thirty-five grasses were planted in 18-foot
rows spaced 3 feet apart. The seed was hand spread in furrows
and covered with 1/2 inch of soil.

1948 planting.—Eighteen grasses were planted by drilling seed
in 6- by 40-foot plots with rows spaced 1 foot apart.

1951 planting.—Forty-four grasses were seeded in plots 3 by
20 feet with rows spaced 1 foot apart,

Resulte.—Seven grasses that were planted in each study
appeared well adapted. These were Agropyron desertorum, A.
cristatim, A, tnerme, Bromus erectus, B, inermis, Elymus jun-
ceus, and Stipa viridule {table 90). Thirty-one others showed
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TABLE 90.—E stablishment of grasses planted near Havre, Mont.

Stand, spring planted

Stand, [all

Spevies 1938 planting 1948 planting planted, 1951
{1938) {1951) 1951 1944
FPet. Pet, Pet. Fet.
Fair Lo good stands established
in all pantings:
Bromus iHermig  «erev-sserees HE) {5 33 T
B.oereclus semimemssarmmennannes a0 29 a7 T2
Eljpnis Juneeis —---seeemmeeamea 55 83 42 0
Stipa riridilg ceeeeemeceemmaceaeas B0 G5 28 as
Agropygron desertorune -—-—-— Ib) 93 62 68
I O TN L e 75 87 13 57
AL REPIE e - 50 12 33 67
Fair to good stunds established
from spring plantings:
Agropyron paueiflorion - 100 - - --
A PHNGORS  memmsememmanaees 100 - - -
Bromues marginatus - 95 - 1 1
B, polyinthus ceeervemenmsn 07 - - -
Agropyron dusystachypum - 90 - - -
Al spicatim oo 40 23 0 0
Poa veradengiy —mememeecmaena. 85 - - -
Brachypodivm
MIETORULE HE ~rmrmemmmermm s 80 - -- -
Pog wmplt =meees cmemesee e e 80 12 1 A
Agropyron truchpeoulnm --- - 80 5 4
Elymus cantdensis e 75 12 44 0
Foa canliyf] --msemmemrmsemaanan 75 - - -
Feghica elating  mcemmccmmamamaen 70 - 31 0
AGropyron sHLlHil —=—meemaem [ifs} 10 t 24
Do palugfriy ---e--emeeeemeeeee 60 - -
Fairto good standsestublished
lrom fall plantings:
Agropgron sibipricum  —-e--e--- -- - 58 80
A MiCHNG) e e e -- - - 53
A, intermedinm ceeeemeemeeees -- 12 a3 40
Al trichophoriont ———mecemeame - 5 22 37
Festuca ovine duriusculo - -- -- 1 a7
Poa bulbosa —-m—smireieeas - - 0 37
Poorly established or generaliy
failed:
Agropyron clongatem  --——-- 1 - 11 0
Al subsecundum - - 52 10
Agrostiy ulba  —-eeemceee— e - - 4] 0
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TABLE 90. —- Establisliment of grasses plunted neur Havre,
Mont. — Continued

Stand, spring planted Stand, fall
Species 1938 pianting 1948 planting planted, 195}
(15938} {1931} 1951 1954
Pet. Pet, Pet. Pet.
Pooriy estabiished or generally
fniled—Con.
A e RIS rmreemee e e - - ¢ ¢
Aopecrus prulongly ve--—-- -- - 2 10
Arrhenatherum elativg - - ! 1 1}
Buutelowa curtipendule - 20 - i [V}
B. gracllly —-cevemmm e 1 -- 1 o
Brachypoditim
splvaticnm —smemvsmamsemer e ia - - -
Dactylis glomeratn  —eeee -~ - 63 0
Elynmus glunens ~mvvemomeemee- - - %3 0
£ triticoides —mmmmmu o 5 -- 1 0
Festuca arundinacen - - o 2 0
F. rubro - -~ 12 4
Koleria cristuly --—eemm—manm- 30 -~ - -
dMuhienbergia foliosqy —--—w- [t - - -
Oryzopsig hymenoides ------ Y -- 19 27
Panlcum virgatim ——-e—em 40 - 45 ¢
Phalaris arundinaceq —-—--- - -- 3l 0
Ehleum proalense -——e-coeem—— - - -- 28 0
Poa compressa -—--emmremeeee 1 -- 0 0
Sporvbolus cryptandrus -—— iy - -- -
Stipa capillata ——mmemeceeeeo — i} -~ - --
8. comuta e 1 - - -
S, weseyi robustn ——-e——eer 16 -- - -

promise in at least one planting. Another group of 21 species
established poorly or failed completely.

Study.—Havre smooth brome variety tests.

Date planted.—May 1945 and May 24, 1850.

Procedures:

1945 planting.—Eighteen varieties were planted in plots 6 by
20 feet with rows spaced 1 foot apart. Seeding was done with
a beltseeder at 15 pounds per acre; at planting time, the soil
was dry.

1850 planting.—Twelve strains of smooth brome and one of
meadow brome were planted in single-row plots with 3 feet
between rows.
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Results.—Emergence from the 1845 planting was variable and
the continued drought through 1947 reduced stands of all but
one strain. A Nebraska selection (B. in. 9} improved its stand
and maintained it at 82 percent. Another Nebraska selection
{Lincoln) was second best at 72 percent.

In the 1950 planting the strains were not significantly differ-
ent. Most of them established stands of 85 to 95 percent.

Study.—Havre wheatgrass planting.

Date planted.—19564,

Procedure.—Nineteen species and strains of wheatgrasses
were planted in plots 5 by 20 feet with 1 foot between rows.
Seeding treatments were replicated four times in a randomized
block design.

Results.—In 1855 all species and strains, except Agropyron
elongutim, established good stands (table 91). A. elongatum
generally failed. By 1957 stands of Agropyron cristatum, A, deser-
torumt, and A. sibiricum had improved but Agropyron inter-
medizon and A. trichophorum declined.

Yields in 1955 were generally good where stands were good.
A. desertorum was the highest yielding species with Nordan
and Nebraska-10 the highest yielding strains. By 1957, yields
of all selections except A. intermedium (Amur) and 4. sibiricum
(P-27) had declined markedly below those of 1955. That year
A. sibiricum was the highest yielding species closely followed
by A. desertorum and A. intermedium,

Study.—Havre alfalfa varieties and aifalfa-grass hay planting.

Date plunted.—Spring 1951.

Procedure.—Eight strains of Medicago falcuta-sativae were
planted in pure stand: and with crested wheatgrass in simple
alfalfa-grass mixtures.

Resulfs.-—Stands of Medicego were generally good in 1951
{_table 92). Except for Sevelra, the alfalfa-grass mixtures pro-
duced mere than the alfalfa strain alone. Differences among
strains were significant except for Alaska falcata, which yielded
much less than the other varieties when grown alone.

Study.—Havre grass and grass-alfalfa hay study.

Date plunted.—Spring 1954,

Procedure.—Ten grasses and Medicugo falcate were planted
in pure stands and in simple grass-alfalfa mixture, The grasses
and alfalfa were seeded in alternate rows in the mixtures. Plots,
5 by 20 feet with rows 1 foot apart, were replicated four times




256 Technical Bulletin 1479, U.S. Dept. Agr,

TABLE 91.—FEstablishment and herbage yield of wheatgrusses
near Havre, Mont.

Yieid per acre,
Species and strain Stand oven-dry weirht
1955 1957 1855 1957

Pet. Pet.  Lb, Lb.

Agropyrowu erisfatuwm:

Fairway 90 95 3525 1,784

5-i31 - G0 S0 4020 2,200

A-LTTO 30 ¥ 3.085 1,111
Agropyron desertorian:

A2-n 833 35 1,015 2477

Nordan 30 835 3,185 2,348

Nebruskn-10 ) a@ 4,500 2,244

Standnrd 35 o0 4,007 2,253
Agropyron elongalun:

Pl-I196G33 - 3¢ 5 1,530 381

Agropyron Ditermedinne:

Ree 35 60 3,069 2 067

M2-10820—52 85 1 3,629 2,159

A-12484 - 80 15 3,460 2,007

Amuy TG 65 2,575 2,450
Agropyron sibirvicun:

p-2y 1351 a 3,357 2,796
Agropyron Lrichophorum;:

Erah-109 5 T 3,085 1,098

Tapar P-4l 70 20 2,014 1,142

A-TISS 30 50 2,890 1,017

in a randemized block design. The grasses were harvested when
in bloom.

Results.—In 1955, Bromus inermis, Agropyron desertorum, A.
inermne, A. intermedium, and Elymus junceus established fair
to good stands both in pure stands and in mixtures (fable 93).

By 1857, stands of most grasses in pure seedings had improved.
Al fulcata, however, had decreased to a poor stand and in most
mixtures appeared to be kilied out.

Yields in 1955 were good for species with good stands. The
presence of alfalfa in the mixture did not increase yield above
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the grass alone where stands were good, but where stands of
grass were poor the presence of alfalfa did increase yields.

Yield differences between 1955 and 1957 for the different
grasses were not consistent. Some species yielded higher in 1953,
while others yielded higher in 1957.

Study.—Havre cultivation methods for preparing seedbeds.

Duate planted, —1941, 1942, and November 30, 1951.

Procedure.—Different studies were made in which a mold-
board plew and a spike-tooth harrow were used to prepare
seedbeds from sites previously in wheat stubble. At planting
time the seedbeds were free from weeds, and they were firm
but meilow.

Nine grasses and one mixture were seeded in pasture-sized
plots in 1941 and 1942 on plowed and nonplowed seedbeds.

In 1951, fourteen grasses were seeded in 5-row plots with rows
! foot apart. Previous to planting, the seedbed was spike-tooth
harrowed.

Results.—Because of the dry years that followed planting, only
fair to poor stands were established, but better stands were
established on the plowed seedbed.

On the 1951 seedbed that was spike-tooth harrowed, weeds
were abundant, Only a few grass seedlings emerged, and none
of them established satisfactory stands. It was obvious that the
spike-tooth harrow did not adequately prepare the seedbed.

TABLE 92 —Establishment and yield of alfalfa strains, Medicago
feleata-sativa, near Havre, Mont.

Herbage yvields per acre,
Herain oven-dry weight {1954}
Stand 1951 Alfalfs alone WithAgropyron deserforum

Pct, b, Lb.
[ = 1533 V1) (] Qe —— 8T 1,341 2,685
Pilea butta -veeeme o8 1,313 2,137
Ladak ceevmmn. ¥} 1,831 2,045
Alnska Tulenta - T 657 2,004
Rhizoma - K4 1.507 1,837
Ranger -seeieee. =4 1,045 1,510
Nomad  eoerercmen S 1048 1,749

Sevelril s 34 1.8 1,569
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TABLE 93.—Establishment and herbage yield of grasses and
alfalfe seeded in pure stands in simple grass-aifalfa mixtures
near Havre, Mont.

Stand Yield per acre,
Species or mixture Grass Legume aven-dry weight
1955 1957 1855 1957 1955 1957

Pet. Pet. Pet. Pel. Lb.

Species:
Agropyron deseriornm
(Standurd) ---e-cmmeeeree—eee
A, desertorim {Nordan)} ———-
A, elongatun ommmescem e
Al invpme
A fntermediunt -
Brontits e1ectile ——mmemmmmmmmemamnn
B, inermis {(Lincoln} ———eae
Elymus JUncens -—m-a—rm-mmmm-m
Cryzopsis x Stipa
{(Mandan ricegrass) ---——-m-
Poa ampla
Medicage fulcatu
{Ladak)

Mixtures of Medicago fulcaila
with grass:

Agropyron deserforum ----—---- B
A. degertoram (Nordan) 85
A, elongatun —---m——omrmmmmene - 0
A, inerme 40
A, intermedium

Bropuus erectuy ~—----—--em——-——— 80
B. inerntis - 85
Flumus junceus

Oryzopsis x Stipa ~—emmmmearemee 10
Pou twpla 30

Glasgow

Study location.—Located about 11 miles from Glasgow and
8 to 9 miles from Fort Peck, Valley County, SWi4 sec. 27 T.
27N., R. 40E. (location 85, fig. 10},

Elevation.—2,300 {eet.

Average precipitation.—Annual, 13 inches; April-September,
o percent.

Soil.—Scobey loam.

Topography.—1 percent slope to the east.
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Type of vegetation.—Northern grassland.

Dominant and associated species.—Bouteloua graciiiz. Carex
spp., Selaginelle densa, Agropyron smithii, Stipe comata, +nd
Poa secundu.

Previous use.—Abandoned eropland previously in barley.

Date planted. —December 3, 1945,

Study.—Glasgow range plantings.

Procedures.—No seedbed preparation was made. Twenty-five
grasses were seeded in handmade furrows that were chiseled
into frozen ground and covered with frozen seil.

Results.—The study failed and was abandoned. In 1961, the
area was in wheat.

Central Grassland

This shortgrass plains type extends through central Montana
from Canada to Wyoming and is often integrated with the North-
ern and Judith Basin grassland types. It covers approximately
9,088,000 acres.

The elevation is from 2,000 to 4,000 feet where the precipitation
varies from 12 to 16 inches and the growing season ranges from
100 to 125 days.

The soils are clays and clay loams, usually over bedrock or
shale. In northern Montana, it is found primarily on Phillips
loamy soils that have a desolate appearance because of “sliek
spots” or “blowouts” that cover from 20 to 60 percent of the
area. Also Plerre and Lismas eclay loams, found in the shale
region, support scant cover of grass with many bare spots. These
soils are generally not suited for farming and mechanical seed-
ing usually is not successful.

South of the Missouri River and in areas adjacent to the Mus-
selshell and Yellowstone Rivers, the soils are more favorable
for seeding. These soils include Billings, Beaverton, Farland,
Arvada, and Cushman clay loams. Most of the Cushman clay
loam soils were cultivated but abandoned because of drought
and wind erosion. Recently, some of these abandoned areas have
again been cultivated. The Beaverton and Farland clay loams
occur on benches and terraces above the Yellowstone River,
they are dryfarmed for cereal grains and are especially produe-
tive.

The primary species are Boutelowa gracilis, Agropyron smithii,
Stipa comale and Artemesia tridentata novae. Where precipita-
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tion is heavier, A. smithii becomes more abundant. Onthe lighter
textured soils, S. comata becomes more important. On some of
the heavy soils, particularly the Pierre and Lismas soils, Sar-
cobatus vermiculetits and numerous annual weeds are prev-
alent,

Studies are reported from only three sites in this type, and
one, Roy, Mont., appears to be a gradation with the Judith Bas-
in grassland type. Initial stands of grass at all three areas
were relatively poor, but a few species established fair =fanils,
and the niore adapted species improved theis stands as they
matiirad.

The best adapted grasses for this type include Agropyron
desertorum, A, sibiricum, Bromus erectus, and B. inermis.
Others that appeared to be adapted at one or more locations
were Agropyron cristetum, A. smithii, A, trachycawlum,
Alopecurus pratensis, Arrhenatherum elatiug, Bromus mar
ginatus, Dactylis glowmerata, Elymus canadensis, E. junceus,
Phleun pratense, and Stipe viridula.

Molt

Study loration.—Located 4 miles southwest of Molt, Stillwater
County, T. 1N, R, 22E. (location 88, fig. 10).

Elevation.—4,000 feet,

Average precipitation.-—Annual, 12.8 inches; April-September,
71 percent.

Soil.—Clay loam.

Topography.—5 percent slope to the east on undulating to roll-
ing land.

Type of vegetation.—Central grassland.

Dominant species.~Bouteloua grecilis, Stipa comata, Agropy-
ron smithit, and Artemesia tridentata.

Previous use.—~Abandoned cropland.

Study. — Molt adaptation nursery,

Date planted. — Qetober 9, 1951,

Procedures.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart. The seedbed
was not treated before seeding.

Results.—Stands in 1952 were relatively poor with a few
grasses establishing fair stands. The next year most were
improved. Those that appeared adapted included Agropyron
desertorum, A. trachycanlum, A. intermedinum, A. sibiricum,
Bromus erectus, B. inermis, B, marginatus, Elymus canadensis,
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Arrhenatherum elatius, Alopecurus pratensts, Dactylis
glomerata, and Phleuwm pratense {table 94).

TABLE M. —Esiablishment of grasses planted at 8 locebions inthe
central grassland type

Yield per

Species Stand! acre
Molt, Round- Round- {oven-dry)
1953 up, 1952 up, 1959 Koy, 1959

Pet. Pel. Pt Lb.
Fuir to good stands established at all
focations:
Agropygron desertoruin {Novdan) - 72 2 54 300
Bromus inermiy {Lincoln) e 68 50 87 709
B, erecluy - 68 40 39 333
Agropyron desertoriem {(M24-3) e 62 63 a2 633
A desertorin {(Standard) e 43 80 57 933
A, sibiricum 42 53 54 833
A, eristatum 37 27 54 600
Fairtogood standsestablished at 1or2of
the 3 locations:
Agropyron trachycaalnn ~—coeemomnnns 80 23 0 2
Bromus marginatus ooeeeemeeeas 80 1¢ 1 2
Pilewm pratense (Hopking) —nreee 67 12 1 *
Daetylis glomerata 48 28 17 2
Phlewm pratense 48 27 0 2
Alopecurng prafensiz --emeeecevecaeaee 45 10 1 2
Elymus cunadensis --—-mmmmmmmmaemee e 43 30 [ 2
Arvhenathernm elafius 42 g 0 2
Agropyron (ndermediHm  —-ereemcmemcareaes 40 43 i4d t
A. trichophorim 4§06 42 12 2
A. elongatum 37 43 7 2
Festuea arundinaeeg -——-vmvemmmemeeeeees 33 27 0 2
A. subzsecrundum 21 47 1 2
Stipa wiridula 27 18 53 533
Phaloric arundinacea -—---cmeemeeieeeai 25 4 [ 2
Agropyron [nerme 23 33 1 z
Elymus junveus 8 33 a7 566
Agropyron smithii 1 1 48 566
Poor stands established or failed com-
pletely at all 3 loeations:
Agropyron spicaium -we-ememceeermemeeeaen 2 1 1
Agrostis alba 0 i} 9 t]

Footnotes at end of table.
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TABLE 94.— Establishment of grasses planted at & locations in the
central grassland type — Continued

Yield per

Species Seand? acre
Molt, Round- Round- {oveun-dry)
1953 up, 1952 up, 1959 Roy, 1959

Pci. Pel. Pet. Lb.

Poor stands established or fuiled com-
pletely at all 3 locations—GCon,
Bowtelown curtipendula ----—e—aeeme v
B. gracilis
wlymus gloudus
E. triticoides
Festure elulior
B, orabrd -
Oryzopsis Aymenoides -coemevvmm e
Paoavicum virgafum
Pou ampla
E. bulbosa
P. compressa
P. pratensis -

[ 3=]
L B LCTC I e T e )

-
L v o e e R

LU B L B G 5 R o L I I T
[

[ <L R e S I e W = R N N ]

B BN NS RO O O DD

t Grasses plantad us follows: Molt and Roundup, 1951; Roy, 1954,
? Dain not available,

The study was overrun by Bouteloua gracilis and was aban-
doned.

Roundup

Study location.—Located 12 miles north and 2 miles west of
Roundup, Musselshell County, T. 9N., R. 25E, {location 67, fig.
10).

Flevation.—3,300 feet,

Average precipitation.—Annual, 10,8 inches; April-September,
T4 percent.

Soil.—Cushman clay loam.

Topography.—b5 percent siope to the east on rolling lands.

Pype of vegetation.—Central grassland.

Dominant and associated species.—Boutelowa gracilis,
Agropyron smithii, Stipe comata and Artemesia spp.

Previous use.—Abandoned cropland.

Study.—Roundup adaptation nursery.
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Duate planted. —October 1950,

Procedure.—Forty-two grasses were planted in plots 3 by 20
feet with three rows per plot spaced 1 foot apart.

Results.—In 1952 stands were relatively poor. Only a few
species rated fair, but those that appeared best adapted included
Agropyron deseviorum, A, elongafum, A. intermedium, A,
sthirtcum, A. subsecundum, A. trichophorum, Bromus erectus,
and B. tnermis (table %4}

By 1958 the area was overrun with Bouteloun grecilis and
Stipa comata.

Roy

Study location.—Located 5 miles east of Roy, Fergus County,
sec. 17, T. 18N., R. 23E. (location 68, fig. 10).

Elevaiton.—3,500 feet.

Average precipifation.—Annual, 12 inches; April-September,
76 percent.

Soil.—8ilty clay loam.

Topography.—2 percent slope to the north near the swale bot-
tom of rolling lands.

Type of vegetation.—Central grassland-Judith Basin grass-
fand.

Dominant species.—Bouteloua gracilis, Agropyron smithii,
Stipa comata, and Artemesia tridentata.

Previous use.—Cropped to small grains.

Study.—Roy adaptation nursery.

Date planted,—1954,

Procedures.—Forty-two species were planted in plots 3 by 20
feet with three rows spaced 1 foot apart. Seeding treatments
were replicated three times in a randomized block design.

Results,—Stands of grasses were relatively poor in 1955, and
only few species rated fair. By 1959, stands of some species had
improved,and those that appeared best adapted included
Agropyron eristatum, A. desertorum, A. sibiricum, A. smithii,
Bromus inermis, B. erectus, Elymus junceus, and Stipa viridula
(table 94). In 1959 the highest yielding species were Agropyron
desertorum and A, sibiricum.

Eastern Ponderosa Pine Forest and Ponderosa Savannah Type

These two types were located in the southeast quarter of the
State at an elevation of 3,000 to 5,000 feet. Precipitation varies
from 12 to 16 inches annuslly, and the growing season ranges
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from 95 to 130 days. The forest type covers approximately
3,391,000 acres and the savannah type, approximately 2,477,000
acres,

The vegetation is predominantly scopulorum variety of Pinus
ponderosa with Agropyron spicatum, A. smithii, Bouteloua
grecilis, Carex filifolia, and Stipa comata. Pinus ponderosa is
more dense in the forest type and scattered in the savannah
type.

Soils ate thin loams and stony loams over bedrock primarily
ofthe Bainville, Travessilla, and Flasher series. The topography
is relling to broken. These areas are not suited to cultivation
but are used for grazing.

Studies have not been reported for these two types. Because
ofthecharacteristic topography and shallow soils, seeding wouid
be difficult and expensive. Management of native species
appears to be the most efficient method for range improvement.
Where artificiai seeding Is practical and desirable, species that
are considered as being adaptable include Agropyron deser-
torum, A. eristatum, A. sibiricum, A. smithii, Bromus erectus,
B. inermis, Elymus junceus, and Stipa viridula.

Missouri River Breaks Scrub Pine

This type is located along the Missouri River and northern
end of the Musselshell River in the north-central part of the
State at an elevation of 2,000 to 3,000 feet. It includes about
1,744,000 acres. Precipitation varies from 12 to 16 inches, and
the growing season is from 105 to 125 days. The soil, primarily
Pierre and Lismas clays, is mostly bare of vegetation. However,
Juniperus scopulorum and Pinus flexilis are found on the shaded
slopes. Agropyron smithii, A. spicatum, Bouteloua gracilis, and
Muhlenbergia cuspidata are also found in favorable sites.
Generally, this type is not suited for seeding because of the
adverse soil conditions and topography. Studies have not been
made on this type. It is doubtfu] if any attempt to plant grass
would be successful without research into methods of seeding.

Beartooth juniper-Limber Pine

This type is primarily located in the Pryor Mountains in Car-
bon County. A few scattered areas are also located near the
Missouri River headwaters. It covers approximately 148,000
acres at elevations from 4,000 to 5,000 feet. Precipitation aver-
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ages from 8 to 12 inches, and the growing season ranges from
95 to 130 days.

The soils are light-colored thin loams over bedrock, usually
sparsely timbered withJuniperus scopuiorum and Pinus flexilis.
Bouteloua gracilis, Agropyron spicatum, and Carex filifolic are
also common, The topography is rolling to steep slopes. Because
of the adversity of these sites, studies have not been made in
this type and artificial seeding is not recommended.

Prairie County Grassland

This type is located in the ceniral part of eastern Montana
in Prairie County and adjoining counties. I covers an area of
3,361,000 acres at elevations from 2,500 to 3,500 feet. Precipita-
tion varies from 12 to 16 inches, and the growing season ranges
from 100 to 150 days. The soils are shallow loams over bedrock
and eclay.

At one time most of this type was planted to wheat but was
abandoned in the 1930's. From 194¢ to 1950 much of the aban-
doned land was seeded to crested wheatgrass. Some areas, how-
ever, are still cultivated and planted to small grains. Failures
from drought and grasshoppers are still 2 problem in this area.
Primary vegetation is Bouteloua gracilis, Stipa comata, and
Carex fiilfolia. Andropogon scopariis is also found on the more
favorable sites, annual weeds dominate abandoned croplands.

In studies at Rock Springs, cultivation before planting was
necessary to success. Also, date of planting was critical for
Boutelowa gracilis and Poe bulosa, which established best from
spring planting. Date of seeding (spring versus fall) made little
difference in the establishment of cool-season grasses.

None of the studies on this type were extended over more
than 3 years. Therefore, conclusive results on longevity of
speciescannect be made. Speclesthat establish well and appeared
adapted to the area, however, included Agropyron cristatum,
A. desertorum, A. inerme, A. infermedium, A. smithii, Elymus
Junceus, and Medicago falcata.

Rock Springs

Study locution.—Located 1 mile southeast of Rock Springs,
Ev:NE4 zec. 18, T. 12N,, R. 44E. (location 69, fig. 19).

Elevation.—2,500 feet.

Average precipitation.—Annual, 9.6 inches; April-September,
80 percent.
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Soil.—Sandy clay loam underlain by clay.

Topography.—2 to 3 percent slope to the west.

Type of vegetation.—Prairie County grassland.

Dominant and associated species.—Agropyron smithii, Stipa
cornata, and Bowtelowa gracilis.

Previous use.—Cultivated for cereal farming from about 1815
to 1935 then abandoned; annual weeds including mustards,
Russian-thistle, peppergrass, and wild lettuce were abundant.

Stidy.—Rock Springs adaptation planting (1940).

Date planted.—November 8-7, 1940.

Procedures.—Thirteen grasses were planted without seedbed
preparation in plots 33 by 132 feet. Planting was done with a
one-horse drill in rows spaced 14 inches apart. Plots were
arranged in a randomized block design with two replications.

Summary of results.—With the exception of Boutelowa gracilis
and Poa compressa, most of the species germinated and began
growth in the spring of 1941, Many seedlings died between July
and October 1941, The loss of stand was attributed to a combina-
tion of weed competition, grasshopperdamage, and low-soil mois-
ture.

Species that appeared best adapted were Agropyron cris-
tatum, A, desertorum, A. intermedium, A. sibivicum, and Bromus
erectus (table 95).

Study.—Rock Springs adaptation planting {1942).

Dute planted.—Fall 1942,

Procedures.—Thirteen grasses were planted. The seedbed was
prepared by cultivating before planting.

Summary of resulte.—By 1945 Agropyron desertorum, A.
smithii, Oryzopsis hymenoides, and Stipa viridule had estab-
lished good stands while Agropyron eristatum, 4. trachycaulum,
Bromus erectus, and Festueca arundinacee rated fair. Species
that failed or established poor stands were Bouteloua gracilis,
Bromus marginatus, B. inevmis, Panicumvirgatum, and Phlewm
pratense.

Study.—Rock Springs preparatory erop planting.

Date planted.—October 11, 1943,

Procedures.—Two strips, 66 by 396 feet, were plowed in the
late fall of 1942 when the soil was frozen. Although a packer
was puiled behind the plow, the soil was left rough through
the winter. In the spring of 1943 the plowed strips were double
disked with a tandem disk. At the same time two 14- by 396-foot
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TABLE 95.—Ruatings of estublishment of species plunted near
Rock Springs, Mont. !

. Fall seeded Spring seeded, 1943
Species Stand Stand Stand, Stand
19412 1944 2 1943 1944

Rating Rating Rating Ruting

Funirto good stands established
from beth spring and fall
plantings:

Agropyron crisfelum - G 8§ B G
A, degertarim cmemmeeeneay G 9 8 5
. THEFHEE  meamasemm e F 8 8 3
A datermedinng —ememeeemmae s G ) 9 4
Elymug Juncews --------m--- P 8 ] 5
Blymus x Secale  ---oerommes F 9 9 10
Medicago fulewln «reemre—evamenas O 1] & 7
Agropyrme dosystachyum - - B 8 k]
A Hibiricunt —meeemceeeee - G 8 7 2
T YT 117 T TR ——— F T 8 <4
Arrtenutherion elatiis - - 7 8 1
Broutits ereclus  --s---m-mmemmes - G 6 8 1
B. Inermis (Parkland) --ee-- F 8 B 1
Elymus deluiricns ceommmmeees - 8 9 1
E. sibiricud ~-emceemmcmmemeeeee - 9 9 4
Poa ampli vt e P T 7 g
Festuea arundinnrea  —----- - 8 8 1
Stipa viridiula --—eeememaeneeaes - G 8 1
Established best from spring
plantings:
Bouteloww graciliy -—-—m—- - 1 1 & 0
Pou Dulbosu -—ceeevmmmscena . - 0 3 1

' Rating senle G = good; F = fair; P = poor; 10 = excellent; | = failure.
% Plante« 1040,
I Planted 1943.

strips of unprepared soil were disked. Half of each cultivated
strip was seeded to sudangrass on May 28, 1943, and the other
half was seeded to millet. The grain was not harvested. In the
fall Agropyron cristatum was seeced across one end of the study
area so that both sudan and millet strips, as well as an unpre-
pared strip, were all drilled in one operation. Seeding was made
with a one-horse grain drill at 8 to 10 pounids per acre.
Swumniary of results.—Although the preparatory crops were
not harvested, good stands of both sudan and millet were estab-
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lished except on the unpliowed but disked area. Disking without
plowing was ineffective in destroying Agropyron smithii that
formed rather dense patches. The millet seemed to have pro-
duced more farape than sudan. Yields of sudan were estimated
at 1-V» tons per acre and that 1-¥ to 2 tons per acre.

In general, the Agropyron eristatiom planting was satisfactory
but uneven. Better stands were established on the disked areas,
but the plants were larger and more vigorous on the plowed
areas. Vigor and size were both better on the millet than on
the sudan areas and poorest on the unprepared seedbed.

Study.—Rock Springs adaptation plantings {(1943).

Previous use.—The area used was previously part of the pre-
paratory crop study that had been in millet and sudangrass.

Date planted.—April 16 and QOctober 12, 1943,

Procedures.—Twenty-four speeies of grass and legumes were
planted in plots 5 by 16 feet in three rows 18 inches apart. Seeds
were spread in furrows made with a hoe and then covered and
packed with a garden rake. Before spring seeding the avea was
plowed, harrowed, and hand raked. The fall seeding was made
inte millet stubble.

Summaryofresults,—Datawere available for only two seasons
from the spring seeding and only one seasen from the fall seeding
because the area was plowed out in 1945, Initial establishment
was about equal for spring and fall seedings, with good establish-
ment for most species, In the second growing season (spring
seeded), most species rated poor to fair. Species that rated best
included Agropyron eristatum, A desertortom, A, inerme, Elymus
Juneeus; Elymus x Secele, and Medicage felcata (table 95).
Although Elymus x Secale established pood initial stands; in
other studies it was short lived and soen died out.

Study.—Rock Springs range plots.

Date planted. —October 11, 1943.

Planting procedures. —8ix grasses and alfalfa were seeded in
plots 8 by 135 feet so that they crossed three seedbed-
preparatory cropping treztments. The seedbed treatments
included plowed millet stubble, plowed sudan stubble, and unpre-
paved seedbed. Seeding was done with a one-horse drill at 10
pounds seed per acre in rows spaced 7 inches apart. Seeding
depth was about three-fourth inch except for blue grama that
was pianted % inch deep. Plols were replicated three times in
a randomized block design.

Summary of results.—Ratings in 1944 were made only from
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the plowed sudan stubble treatment. Initial establishment, of
all species except Bouleloua gracilis, was good. B, gracilis was
nearly a complete failure (table 95). The other species included
Agropyron desertorwm, A. inerme, A. intermedium, Bromus
erectus, Elymus junceus, and Medicago falcata.

Study.—Rock Springs biue grama and blue grama-wheatgrass
planting.
Date planted.—April 15 and May 15, 1944,
Procedures.—Boutelown gracilis, Agropyron ertstatun, and A,
smithil were planted alone and in mixtures through a Planet
Juntior hand seeder into an area that had grown sudan and
millet the previous year. The avea was covered with a heavy
growth of Russian-thistle and tumble mustard that was raked
and burned before seeding.
Seeding combinations and rates were as follows:
1. A eriséatuwm (180) — 8 to 10 pounds per acre
2. A, smithii (247) — 18 to 20 pounds per acre
3. B.graciltis (245) — 6 to 8 pounds per acre
4. Al eristatim — 4 to § pounds
B. gracilis — 3 to 4 pounds
o, Al swmithii — 9 to 10 pounds
B. graucitis — 3 to 4 pounds
6. A cristatum — 2 to 3 pounds
A, smithii — 4 to 5 pounds
B. gracilis — 3 to 4 pounds
Summary of results.—0On June 23, 1944, stands of all species
ware geod from both plantings, but seedlings from the April
planting were larger than those from the May planting. At that
time, the plantings showed no signs of competition between
species in the mixtures. Apparently, the study was abandoned
soon after, and no additional information was recorded.

Badlands Grassland

This type of the Shortgrass Region is found adjacent to the
Yellowstene River in eastern Montana along the Missouvi River
in Garfield and Valley Counties and along the Musselshell River.
It covers approximately 2,499,000 acres at elevations from 2,000
to 3,000 feet. Precipitation varvies from 12 to 16 inches, and the
growing seasonis110te 140 days long. The topography is charac-
teristic badlands with steep and broken terrain.

The badlands of the Missouri River area are cut from ¢layey
parent material. These soils are similar to the Lismas clay,
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which was probably the orviginal soil type. The primary species
include Artemesia tridentata nova, Sarcobatus vermiculetus, and
a sparse growth of Agropyron smithii.

Along the Yellowstene River the parent material from which
the badlands were cut is an integration of the clay-shale and
sandstone types. Grass production on the sandstone formation
is generally better than on the clay and shale formations.
Production, however, is extremely low on all badland types.

Because of the adverse soil and topography of this type, none
of it has been cultivated and today is used only for grazing.
Whether these sites will ever be successfully revegetated by
artificial seeding is doubtful. No research studies have been
made on this type.

Sagebrush-Saltbush Rangeland

This type of the Northern Desert Shrub Region is found scat-
tered throughout eastern Montana. Large areas oceurin Carter,
Carbon, Musselshell, Rosebud, Fergus, and Valley Counties. It
covers approximately 3,932,000 acres at elevations from 3,000
to 5,000 feet. Precipitation ranges from 8 to 14 inches, and the
growing season is 100 to 135 days long.

The soils arve thin clay loams over shale, which include the
Lismas and Pierre clay loams and the badland basin soils. The
permeability of the soil is peor, and the rate of infiltration is slow.
Most of the precipitation is lost as overflow.

The vegetation is primavrily Atriplex nuttallii, A. confertifolia,
Artemesia tridenteta nova, Sarcobatus vermiculatus, and Opun-
tia polyacantha. On the flood plains, Agropyron smithii is an
important species, while on the higher and light-textured soils,
scattered plants of Bouteloua gracilis, Stipe comata, and Poa
secunda are found.

Studies on this type were conducted near Glasgow, Mont,, in
1958 by the Animal Industry and Range Management Depart-
ment of Montana Agricuitural Experiment Station. All species,
which were seeded by drilling in a water-spreading project, failed
to become established although some showed good germination
and initial emergence.

Other management practices on this type near Glasgow
showed that fairly good stands of Agrapyron desertorum could
be established by seeding in contour trenches and by protecting
the seedings from grazing.

Although soil conditions and precipitation are adverse to
establishment of good grass stands, artificial seeding on the
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more level sites appears possible. Reasonable care, however,
must be taken in preparing a seedbed to reduce runoff and
increase water infiltration. Salt-tolerant and drought-tolerant
species should be seeded, and the seeded stands must he given
adequate protection from overgrazing.

Sandy Grassland

This type occurs in relatively smali areas along the Yellow-
stone River and in northern Montana. Most often it is found
intermingled with other grassland types on the light-textured,
droughty soils. It covers an area of approximately 2,832,000 acres
at elevations from 2,000 to 3,000 feet. Precipitation varies from
12 to 14 inches, and the growing season varies from 80 teo 140
days. Soils are gravelly to siléy loams primarily in the Cheyenne,
Bainville, and Turner series.

The primary vegetation consists of Bouteloua gracilis, Carex
Silifolia, Stipa comata, and Calamorvilfa longifolia. Much of this
type was cultivated, but because of the lower water-holding
capacity of the soll, grain crops often failed and the fields were
abandoned. Most of the abandoned areas have bheen seeded to
Agropyron desertorum. '

Studies have shown that Agropyron cristatum, A, desertorum,
and E. junceus are all well adapted fo this type. Other species
which have established fair to good stands include Boutelouy
curtipendula, B. gracilis, and Séipe virvidula.

Deer Creek

Study location.—Located 20 miles northwest of Glendive, Daw-
son County, on the north fork of Deer Creek, along a diversion
ditch, sec. 20, T. 18N., R. 33E. (location 71, fig. 10).

Elevation.—2,600 feet.

Average precipitation.—Annual, 13 inches; April-September,
T7 percent.

Soil.—Bainville silt loam.

Topography.— percent slope to southeast.

Type af vegetafion,—Sandy grassiand.

Dominant and associated species.—Bouteloua gracilis and
Carex filifolia.

Previous use.—Abandoned cropland.

Study.—Deer Creek adaptation pIantmg
Date planted.—April 13, 1938.
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Procedures.—Nineteen grasses weve planted on abandoned
cropland. Three rows per plot were planted by scattering seed
in handmade furrows and covering with one-half inch of soil
The distance between rows was about 3 feet,

Sunimary of vesults.—In 1938 the nursery was rated a medium
success without reference to species. The secding was rated just
as geod in 1945, [n 1950 eight species were observed, three of
which were maintaining full stands. They were Agropyron eris-
tatiun, A, desertorwm, and Elymus junceus. The first two species
had spread extensively throughout the area but had not been
able to invade between rows of E. junceus. Other species with
fuir to good stands were Bouteloua cuvtipendula, B. gracilis,
DBromus fnevinis, and Stipa viridula., Only a trace Oryzopsis
fiymeenvides was found,

Species that completely failed were Agropyron inerme, A.
paweiflorum, A speithii, A spleation, Avvhenatherwn elalius,
Bromus marginalus, Klymus canadensis, Panicum virgalion,
Phienm prateuse, Poe nevadensis, and Stipae comuata.

Study.—bDeer Creek contour furrow planting,

Deate plavded.—April 13, 1938,

Procecure.~—~The study was located on rangeland adjacent to
the Deer Creek adaptation study. Eight grasses were planted
in 4-inch furrows made by plowing on the contour. Each grass
was seeded along 200 feet of each furrow at five different loca-
tions in the area. The seed was broadeast in bands about 5 feet
wide with 2 Teet on either side of the furrow.

Results.—By 1950 four grasses were established. Agropyron
erigtatin had spread to 12 feet below the original seeding. Good
stands of Bowlelona gracilis and scattered plants of Bronmus
inermis and Oryzopsis hymenoides were found in the furrows,

Southeastern Grassland

This type 1s loeated in the southeastern corner of the State.
[t covers approximately 2,683,000 acres at elevations from 3,000
to 5,000 feet. Precipitation varies f'rom 12 Lo 16 inches annually,
and the growing season is 100 to 150 days.

The soil, mostly shallow loams over bedrock, supports native
stands of Buchive dactyloides, Bowleloia gracilis, and Carex
filitolia,

Species that appear adapted to this type include Agropypron
erigtivtun, A desertorung, A smithil A, brachyernndum, Bouteloua
gracilis, and S!ipe eividula,
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Study location.—Located in a shelterbelt area on the fair
grounds at Baker, Mont., T. 7TN., R. 59E. {location 72, fig. 10).

Flevation.—3,000 feet.

Average precipitation.— \nnual, 13 inches; Apri-September,
T8 percent.

Soil.—Clay loam.

Topograpiy.—9 percent slope to the east.

Type of vegetation.—Southeastern grassland.

Doeminant and agsociated species.—Buchles dactyloides,
Boutelona gracilis, and Carex filifolia.

Previous use.—Abandoned cropland and windlreak,

Study.—Buaker species adaptation.

Drate planted.—1938,

Plunting procedures.—Thirteen grasses were seeded.

Summury of results.—By 1945, good stands of Agropyron eris-
tatwm, A desertorum, andA. smithii and fair standsof Agropyron
Erachycaunlion, Boutelovwa gracilis, and Stipa viridula were estab-
lished. Species that friled or had poor stands were Agropyron
spieatum, &, inerme, Poa nevadensis, P. secunda, Bromus
Orermis, Elymus canadensis, and B, junceus.

Northeastern Grassland

This type, located in the northeastern corner of the State,
extends down the eastern border. I't covers approximately
4,110,000 scres at elevations from 2,000 to 3,000 feet. Precipita-
tion varies from 12 to 16 inches, and the growing season ranges
from 80 to 140 days.

The soils are moderately dark loams developed from glacial
deposits. Glaciated boulders and stones are found throughout
the soil layer. These soils, which are productive, have been dry
farmed in areas not too stony or eroded. The stony phases are
used predominantly for grazing.

The dominant native species are Agropyron smithii, Bouteloua
grucilis, and Carex filifolia. On the drier sites Stipa comata 1s
also important, while on the more favorable northern slopes
Andropogon scoparius is commonly dominant.

Species that appeared adapted to this type include Agropyron
cristatum, A, desertorum, A. intermedium, Arrhenatherum
elating, Bowteloua gracilis, Bromus inermis, Stipa viridula, and
Phiewm pratense,
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Mvoen Farm

Study location.—Located near Culbertson, Mont. (location 73,
fig. 10).

Flevation.—2,000 feet.

Average precipitation.—Annual, 13 inches; April-September
80 percent,

Soil.—Williams sandy loam.

Type of vegetation.——Northeastern grassland.

Dominant species.—Andropogon scoparius, Agropyron
smithii, Stipa comata, and Boutefoua gracilis.

Study.—Moen farm range planting.

Date planted.—1950.

Procedure.—Five grasses were seeded in strips one drill width
wide across variable slopes and soil. “Low-ground'’ aveas
received supplemental moisture.

Results.—In 1958 the species were rated in decending order
as follows: On high ground, Agropyron cristetum, A. inter-
medium, Bromus inermis, Stipe viridula, and Elymus junceus;
on low ground, Bromus inermniis, Stipe vividula, Agropyron inter
medium, A, eristutiom, and Elymus junceus.

Scobey

Study tocution.—Located 5 miles west of Scobey, Mont,, Wik
sec. 30, T. 35N., R. 48E. (location 74, fig. 10).

FElevation.—2,500 feet.

Average precipifation.—Annual, 11 inches; April-September
85 percent.

Soil.—Williams loam.

Topography.—5b percent slope to the northeast on undulating
land.

Type of vegetation.—Northeastern grassland.

Dominant and associated species.—Agropyron smithii, Stipa
comuta, Andropogon scoparious, and Bouteloua gracilis.

Previous use.—Abandoned cropland.

Study.—Scobey adaptation planting.

Dute planted.—April 26, 1938.

Procedure.—Fourteen grasses were planted in plots 9 by 32
feet with three rows spaced 3 feet apart. Flanting was done
by scattering seed in shallow furrews and covered with ¥ inch
of soil.

Swunvmary of results.—By 1945 most species rated fair to poor,
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but Agropyron eristatum and Bromus inermis were rated good.
Other speciesthat appeared adapted to the area were Agropyron
desertorum, Arrkenatherusmn elatius, and Phleum pratense. Those
with poor stands were Agropyroninerme, A, smithii, A, spicatum,
A. trachycawluwm, Boutelouo graectlis, Bromus marginetus,
Elymus canadensis, Oryzopsis hymenoides, and Poa nevadensis.

Flaxville

Study location.—Located one-half mile south of Flaxville,
Mont.,, NWWMSWi sec. 9, T. 36N., R. 50E. (location 75, fig. 10).

Elevation.—2,500 feet.

Average precipitation.—Annual, 11 inches; April-September,
84 percent.

Soil.—Daniels gravelly loam,

Topography.—3 percent slope to the southeast on a high
gravelly bench.

Type of vegetation.—Northeastern grassland. _

Dominant and associated species.—Boute!~ua graecilis, Stipa
comatae, and Andropogon scoparius.

Previous use.—Rangeland.

Study. —Flaxville contour planting.

Date planted.—October 1939,

Procedures.—Eight grasses were planted by broadeasting seed
across contoured furrows. Plots were 4 feet wide by 200 feet
long and replicated five times. The furrows were spaced 20 feet
apart. They were 4 inches deep and 8 inches wide.

Swummary of results.—By 1945 stands rated from poor to good.
Species that rated highest included Agropyron eristatum, A.
desertorunt, Arrhenatherum elatius, Bouteloua gracilis, and
Bromus Inermis. Species with poor stands were Agropyron
smithii, A. trachyecauliom, and Oryzopsis hymenoides. These plots
were heavily grazed before the 1945 observations.

Undifferentiated Stream and Lake Bottoms

This type is highly variable depending on location, soils, and
surrounding types of vegetation. It occurs throughout Montana
but has been designated primarily to the eastern two-thirds
of the State as being separate from the Intermountain Valley
grasslands and meadows of the western part of the State. It
is found along the streams and dry lake beds. Most of its 2,625,000
acres are cultivated and irrigated. Elevation, precipitation, and
growing season vary depending on location,.
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The seils range from clays to gravel with large variations
occurring in small distances. Likewise, a large variety of species
is found. Deciduous trees including Salixz amygdaloides, Populus
sargentit, Prunus americana, P. virginione, Acer negundo, and
Fraxinus pennsiyvenica are found along with Juniperus
scopulorum. Some more important grasses and grassiike plants
include Agropyron smithii, Agrostis alba, and species of Carex,
Juncens, and Bechmannia. The more saline areas support Sar-
cobatus vermiculatus, Atriplex spp., Furotia lanata, Distichlis
stricta, and Sheperdia argentea. Artemesio tridenfate is also lo-
cally common in undisturbed areas; several introduced species
have escaped. Introduced grasses that have become naturalized
and are spread throughout this type include Poa pratensis,
Bromus inermis, and Agropyron repens. Bromus tectorum is also
found on disturbed sites. '

Seedbed preparation to eliminate competing vegetation is
essential for successful seedling establishment. Grasses seeded
at Huntley in a stand of B. tectorum established poor to fair
stands, while on cultivated aress stands were good, Near Miles
City about twice as many seedlings were established where the
seedbed had been plowed or disked as compared with nontreated
abandoned cropland. Seedings of Boutelowa gracilis, however,
indicated that the best stands were established on a nonpre-
pared seedbed. Probably, the firmness of the unprepared
seedbed was responsible for the increased success.

Plants established better from drilling than from broadcas-
ting, which generally failed. In one study near Miles City, how-
ever, broadeasting was equal to drilling on prepared seedbeds.
In this study, the seeding rates of the broadcast treatments
were doubled.

In depth-of-seeding studies B. gracilis established better from
very shallow seeding, whereas A. desertorum established sue-
cessfully when seeded to 1-% inches deep. The time of seeding
also affected the establishment of grasses differently. Agropyron
desertorum, A. intermediuwm, A. trichophorum, Festucg oving, Poa
ampla, and Stipa viridule established better stands from fall
seedings, whereas B. gracills consistently established better
from spring seeding, Although stands of the wheatgrass were
better from fall seedings, stands from spring seeding were
adegquate.

Species which were generally adapted to this type included
Agropyron eristatum, A. desertorum, A. intermedium, A.
sthiricwm, A. trichophorum, A, elongatum, A. trachycaulum, A.
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smithii, Agrostis alba, Bromus erectus, B. inermis, Elymus jun-
ceus, Pou pratensis, P. compressa, and Stipa viridula.

Huntley

Study locution.—Located at the Huntley Branch Experimen-
tal Station (Field G) near Huntley, Mont., T. 2N., R. 28E. {location
77, fig, 10).

Elevation.—3,000 feet.

Average precipifation.—Annual, 11.6 inches; April-September,
69 percent,

Seil.—Very fine sandy loam.

Topography.-—Level,

Type of vegetation.—Undifferentiated stream bottom.

Dominant and associated species.—Agropyron smithii, Stipa
comata, Poa pratensis.

Previous use.—Farmland.

Study.—Huntley adaptation planting (1948-49).

Date planted.—QOctober 8, 1948 and March 1949,

Procedures.—Fifteen grasses were planted in plots 12 by 40
feet with 12 rows spaced 1 foot apart. The seedbed was prepared
by summer fallowing in 1948. No further treatment was made
before the spring seeding in 1949,

Resuits.—In 1949, growth on all fall-seeded grasses was taller
than from spring-seeded, in 1950 this difference was not evident.
Agropyron degertorum, A, trichophorum, Elymus junceus, and
Bromus erectus had the best stands on both fall and spring
seedings, and the fall seeding gave the best stands for all species
{table 96). This, however, should not discount spring plantings
that vesuited from weed competition or scil factors related to
the lack of seedbed preparation.

Study.—Huntley adaptation plantings (1945-46).

Duate of plunting.—Fall 1945 and 1948.

Procedure.—Sixteen grasses and legumes were planted in the
fall of 1945 and 13 in the fall of 1946 in plots 14 by 148 feet.
Seeding was done with a single-disk drill into a thick stand of
cheatgrass.

Results.—In 1948 poor to fair stands had established. The fol-
lowing year, stands of Agropyron desertorum {Standard) and
A, trichophorum were good, while A. cristatum, A. desertorum
(M24-3), A. intermedium {Ree), A, slongatum, Bromus erectus,
and 8. inermis rated fair.
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TABLE 96. — Establishment of grasses necr Huntley, Mont., on
stream bottom lunds

Epecies

Planted spring
1949,
stand 1950

Planted
fall 1949,
stand, 1950

Planted fail
19561, stand
1852 1958

Fall and spring seeded

Good stands esteblished and
mazaintained for 7 yoars:
Agropyron desertoram:
Standard ---—-eememneeen
Nordan ---mmcmceeers e
M24-3

Pci.

Fair to good stands established and

maintrined fair stands for
T years:
Agropyron {nerme
A, intermedinn —-emeeame
A, trichophorum --eeemeereeeee
Bromus erectus ---eo——smmamaees
B. inermis {Lincolm)
Flymug JURCEHS -r—mmrmv—mmam

rall seeded

Fair stands maintained for 7
years;
Agropyron crisiatum
{Fairway) ----ecsmmmeemcomemneeas
Agropyron gibiricum  —--eer
A. trochycanium

Poorly established ov falled

within 7 years:

Agropyron elongatum

Al SHTERIT e e

A, spicatun ~e—e--es

A, subsecundum

Agroustis alba

Arrhenalherum elatius

Boulsloua eurtipsndula

B, gracilis -e-—-eesemmeae s

Bromus morginalus

Dactylis glomeralg -----—--

Elymus canadensis

E. glancus -———eemeermmeeeees

E, trilicoldes r—-mmmm e

Pect.

Pat. Pgt.

00 b gt 00 GO G0 £ e D OF B 0D
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TABLE 98, — Establishment of grasses near Huntley, Mont., on
stream bolttom lands — Continued

Planted spring  Planted Planted fail
Species 1948, fall 19489, 1851, stand
stand 1950 stand, 1930 1952 1958

Fet. Pet. FPet, Pet.

Poorly established or fuiled
within 7 years—Con,
Fegtuca qrundingeed —-—-—--- 34 42
F. elutior - -
F. rubra - -
Oryzopaits hymencides --—--- - -
Panicuwmn virgatum --—--—-—- - -
Phaiaris arundiniacea -—-— - -
Phlcum pratense ------—mw----- - .
Poa ampla -1 4 18
B, bulbogi -ee—eemrer— e —mnaannn - -
£, COMPPESEN  —mmmmmmmmmemrer e - -
P. pratensis --———-——ermeoo—an -- -
Stipe viriduela ---oroemmem—n 44 5§

ot

bt
[+ I e ]

[
[ e R L e R I e e ) ]

S bt b (T e

[ L=

Study.—Huntley adaptation nursery (1851).

Date planted.—September 29, 1951,

Procedure.—Forty-two grasses were seeded in plots 3 by 20
feet with three rows per plot spaced 1 foot apart. Seeding treat-
ments were replicated three times. The seedbed was prepared
by summer fallowing in 1951,

Summary of resuits.—Initial stands in 1952 were generally
poor. However, a few species established fair stands. By the
next year, stands were generally improved. Species that
appeared best adapted included Agropyron cristatum, A. deser-
torum, A. intermedium, A. trichophorum., A. inerme and A.
sibiricum {table 96).

Species which maintained poor stands or failed completely
are listed in table 96.

Reed Point

Study location.—Located between Grey Cliff and Reed Point,
Mont., across the railroad tracks from the historical marker
on Highway 10, T. 1S, R. 16E. (location 76, fig. 10).

Flevation.—3,800 feet,
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Average precipitation.~—Annual, 13.5 inches; April-September,
68 percent.

Noil.—Gravelly loam.

Topography.—1 percent slope to the north.

Type of vegetation.—Undifferentiated stream bottom.

Dominant specles.—Artemesia tridentata, Stipu comata, and
Agropyron smithii

Previous use.—Farmland.

Study.—Reed Point adaptation nursery.

Date plunted.—April 12, 1951,

Procedure.—Forty-two grasses were planted in 3- by 20-foot
plots with three rows spaced 1 foot apart. Seeding treatments
were replicated three times in a randomized block design.

Regutls. —Stands in 1952 were generally fabr to good for most
species, but by 1956 most grasses had declined to poor ratings.
Species that appeared best adapted, however, included Agropy-
ron desertorum, A. trichophorum, Bromus inermis, B. ervectus,
Poa compressa, Stipa viridula, and Alopecurus pratensis (fable
7).

Worden

Study location.—Located east and north of Worden, Mont,,
on the Worden Saline Reclamation Project, T. 3N., R. 29E.
(location 18, fig. 10).

FElevation.—3,000 feet.

Arverage precipitation.~—Annual, 12 inches; April-September,
70 percent,

Yoil.—Clay loam saline phase.

Topography.—Level.

Type of vegetation.—Undifferentiated stream bottom.

Dominant species.—Sarcobatus vermicidatus, Atriplex spp.,
Distichlis stricta, and Sheperdia argentea.

Previous use.—Unused except for grazing.

Study.—Worden adaptation nursery.

Date plunted.—1952.

Procedure.—Forty-two grasses were planted on plowed
seedbed in 3- by 20-fuot plots with three rows per plot spaced
1 foot apart. Seeding treatments were veplicated three times.

Reswlts.—In 1953 stanids of the grasses were poor to good.
Species that established good initial stands were Agropyron
desertorum (Novdan), 4. elongatum, A. trachyceuwlum, A,
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TABLE 97.—Establishment of grasses near Reed Point, Mant,

v s Stand
Species 1532 1956
Fet Pet.
Fuir stands maintained for 5 years:
Agropyron deserforum (Standard) -—-——— — 70 53
Alopecurus prafensis 60 50
Reipa viridulu ---- 17 47
Agroppron (richophorum 57 40
Hromus erectis o7 30
B.oinermiz (Lincoln) T8 40
Poa campresso - 17 40
Agropyron eristetin 33 30
A inerme 63 30
Festuea elatior 73 33
Agrostis alba 42 27
Elymus conadensls k1 21
Bair to pood stands establizshed initially but
declined to poor stands by the 5th yvear
Bronus wmarginolus —am 67 23
Elymus juneeus 63 23
Festuee ovine durinsewda —oe-memeesae— e 57 23
Poa ampla 50 23
Agropgron desertorgm (M24-3)  —ommmemcmmmmcmeaee T3 20
Festuea arundinaces 73 20
F.orubra 63 20
Pon pratenats 25 20
Agropyron sibiricum 6o 17
A, Intermediiom 47 19
Ductylis glomerala 78 7
Poorly established or falled comploteiy:
Agropyran elongulim ————— 8 7
A, smibhii - 0 20
A, spieglum - - 0 ¢
A swbsecundum 20 23
A, trachycanium 53 0
Agrostis tennis 25 0
Arrienathernm elating - 8 0
Bouwteloun curtipenduin 0 0
B. gracilis Y 9
Elymus glovcus ¢ G
E. triticoides 0 17
Oryzopsis hymenoides v} 0
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TABLE 97. — Establishment of grasses newr Reed Point
Mont, — Continued

¥

Stand
1952 1956

Spacies

Pet. Pet,

Poorly established or falled completely—
Continued

Pasticum virgabiom - 4] 0
Plularis arundinerea 35 0
Phleunt pratense T 0
Fue bulbose 47 13

trichophorum, Arrhenatherum elatiusg, Elymus canadensis, and
Festuce arundinacea.

By 1956, stands of several species had improved while others
had failed. Those that appeared to be adapted to the saline site
included Agropyron cristatum, A. desertorum (Standard, M24-3,
and Nordan), A. micknoi, A. trachycaunium, A. intermedium, A.
trichophorum, A. subsecundum, A. sibiricum, A. smithii, A, elon-
getwm, Bromus erectus, B, inermis, Elymus canadensis, B, jun-
ceus, E, *rmiticoides, and Stipe viridula (table 98).

E. junceus and E. triticoides appeared particularly adapted.
E. junceus produced a seed crop of 200 pounds per acre, and
E. triticoides was spreading to adjoining plots.

Forsyth

Study location.—Located on the Rosebud County fair grounds
at Forsyth, T. 6N., R. 40E, (location 79, fig. 10).

Elevation.—2,300 feet.

Average precipitation.—Annual, 10 inches; April-September,
80 percent,

Soil.—Very fine sandy loam.

Topography.—1 percent slope to the north.

Type of vegetation.—Undifferentiated stream bottom.

Dominant species.—Agropyron smithii, Bouteloua gracilis,
and Stipa comata.

Frevious use.—Fairgrounds.

Study.—Forsyth adaptation plantings.
Date planted.—1942 and spring 1944.
Procedure.—In 1942, 15 grasses were planted by drilling into
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TABLE 98.—Fsteblishment of grasses on saline soils neur

Worden, Mont.

. Stand
Species 1933 1956
Pct Pel
oo stands maintained for 4 years:
Elymus tritivoides 17 93
Agropgron trachyeaidum 78 G0
A, degertorum (Nordan) 62 85
A Dutermedium 5 85
Flymus cunadensis 0 83
Bromus inernes {Lincoln) 47 83
Agropyron desertorin {(M24-8) cmeemmimeeee 45 83
A, elongatum 70 82
A, desertornm (Standard) 22 80
Elymus juncens 37 T
Agropyren gubsecundiom 1 )
AL sibiricum 22 73
A epistatum (Fairway) 15 T3
A friehophorim 67 70
A michnol 32 67
A, smithii 1 63
Poor to fair stands maintained:
Bromus crecius 30 58
Stipa viridula 53 53
Arrfenutherum elatius 10 37
Alopecurus pratensis 8 24
Festucn arindinaeeae (Albn) coeemmmrmeeeee e 50 22
Phalaris wrundinacea 17 22
Punicun virgaium - 47 13
Generanlly failed within f years:
Agropyron hierme 39 0
Agrosfis albe 1 0
Bouwtelowg curtipendula - 4 0
B. gracilis 2 ¢
Bromus marginatus 25 ¢
Ductylis glomerata 33 0
Elymus glanecus 8 i
Festuca elatior 83 I
F.oving durivscria 1 1
F.orebra - 3 i
Oryzopsls hymengides 7 3
Phlewm prutense -—- 8 G
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TABLE 98. — E'stablishment of grasses on saline soils near
Worden, Mont. — Continued

Stand

Species 1953

Pt

Generally faited within 4 years—Continued
Poa wamplo
P bulbosa
I vempressa
P, pratensiy

a seattered stand of Buchioe ductyloides that had been pre-
viously seeded, In 1944, 16 grasses were planted into a prepared
seedbed.

Sunumary of results.~By 1945 Buchloe dactyloides had spread
into all of the vacant area, Nevertheless, the following species
established good stands: Agropyron cristatum, A. desertorum,
A frachycauhom, Bromus erectus, and B. inermis. Apparently,
competition from B, ductyloides had not become severe by 1945.

In plots seeded in 1944, species that established good stands
included A. eristatum, &, desertorum, A, trachycoulum,
Boutelonu gracilis, Bromus erectus, B. inerniis, B. marginatus,
Panicum virgatum, Phleum pratense, and Poa ampla.

Poor to fair stands were established by Agropyron smithii,
Arrhenatherum elativs, Elymus gloucus, Festuca arundinacea,
Oryzopsis hymenoides, and Stipa viridula. Agropyron spicatum
was the only species planted that failed completely.

Highway 10

Study location.—Located south of Highway 10 in the west end
of field No. 2 at the U.S. Range Livestock Experiment Station
near Miles City, Custer County, sec. 13, T. TN., R. 46E., (location
80, fig. 10).

Elevation.—2,360 feet,

Average precipitation.—Annual, 18 inches; April-September,
T2 percent.

Soil.—Moderately heavy texture with pH of 8.0.

Topography.—Level flaod plain.

Type of vegetation.—Undifferentiated stream bottom.
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Dominant and assoclated species.—Agropyron smithii, Stipa
comatu, and Bouwtelona gracilis.

Previous use.—The field was formerly irrigated and eropped,
but cultivation was discontinued in 1837 because of the heavy
s0il,

Study.—lHighway 10 adaptation planting.

Date planted.—September 24, 1937.

Procedure. —Thirty-six species of grass were seeded i plots
§ by 18 feet with three rows per plot spaced 2 feet apart,

Hegults.—By November several prasses showed posd emer-
gence. By June 1939, however, uonly four of them, Agropyron
sniithil, Andropogon scoparius, Elymus canadensis, and Stipa
comuta, had become established and nine had failed completely.
Those that failed weve Agropyron puucitliorum, Arrivenatherum
elativs, Bromus marginatus, Daciylis glomerata, Festuca
idahoensis, Panicum vivgatuom, Poa nevadensis, P. secundea, and
Stipa viridula.

Species that appearcd best adapted included Agropyron e¢ris-
fatrn, Al desertorwmn, A inerme, A, pungens, A, smithii, A.
spieabum, and Poa eanbyi (table 99),

Species that established vevy poor stands or failed completely
were Andropogon furcatus, Bowlelova curtipenduda, B, gracilis,
Buchloe dactyloides, Calameoevilfa longifolia, Koeleria cristaia,
Oryzopsis hymenoides, Panicwm antidotale, Phalaris arun-
dinaeea, Phleum pratense, Poa pratensis, Puccinellia nuttal-
Hitne, Sorghastron nidans, and Sporobolus cryptandrus.

Study. —Highway 10 method study.

Date planted, —November 1-3, 1939,

Proeedures.—The purpose of this study was to determine the
effects of soil preparation and methods of seeding upon the ger-
mination and establishment of four species of grasses and a
grass-legume mixture. Three types of seedbeds used were
plowed, disked, and no treatment, Seeding methods included
broadeasting, drilling with a double-disk drill, and drilling with
a deep furrow drill. The broadeast treatment was harrowed to
cover the seed. Seeding rates were 5 pounds per acre on the
drilled plots and 10 pounds per acre on the broadecast plots. Plots
10 by 40 feet were replicated three times in a split-plot design,

Swmmary of resudts.—Because Bouteloua gracilis failed to
establish, this species was dropped from the study. It was
omitted from analyses of the data also.

In the first growing season, Agropyron crisiatum established
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twice as many seedlings as Bromus inermis or Agropyron smithii
{table 100}, Since A. erisietum has about twice as many seeds
per pound as the other two species, probably little difference
occurred in the initial germination and establishment percen-
tape based on number ¢f zeeds.

About twice as many seedlings became established on the
disked and on the plowed as on the unprepared seedbeds. More

TABLE 99.—FEstablishment rating of planted species near Miles
City, Mont. t

Highwuy 10, Yellowstone Bridge,

Bpecies planted planted
fall 1937, stand 1933-39; Spring 1938
1937 1949 stund, 1940 stand, 1939

Ruting Pet. Ratiung Pet.

Fuiv to mood struwds established
at both lovations:
Agropyron evistalum
{Faimwvayd s
AL desertorum (Standard) --
A, pungens

Clood ta feirstunds ostablished
aad maintained at 1
focation:

AGPopYron LNErie  a-eemeseees
A ARt e e een
Foa canbyt

Agropyron spicatum

Pog antpda - cemreeasennaeas
Flynmtug Juneens -s-esw-smcemann
Agropuron sibivicum

Poor stonds maintnined at
loeation:
Bromis erevtiig —memeememeae-

s>

B. inermiiz eceeeeese-—-
s can@dengis e
JHipy comutin —emm-srrrmaeaes
Poa compressa

Lespedezn stippluced -
Medicage taleaty

Meltlotus nlbir ceememramnnreae
M, afficinalls -m-veemmmeeeees

[T =TT B o o= I

'Rating G = good: F = falr; P = poor; 0 = failure.
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seedlings were established from drilling into the unprepared
seedbed than by broadeasting,

In 19438, A, eristatum was the outstanding species with good
to excellent stands. A, spithii also was good but generally was
not ay good as . eristatum. B, gracilis failed almost completely
on all plots. Since other studies have shown that B. gracilis
san be successfully established in the spring on a firm seedbed
with only slight covering, apparently the time, depth, or seedbed

TABLE 100.—Estublishnent of seeded species us affected by
seedbed preparation and seeding methods wear Miles City,
Monl.

Plants established

per square foot Stand rating?
Spevies and seeding method {19403 {1043}

FPlow Disk Check Plow Disk Check

No. No. No, No. No. No.

Agropyran eristatm:

Deep furrew - --- ].1 12,1 7.3 84 B7 8.1

Bisk-drill —ouee- 6.4 RS2 4,3 83 B8O B3

Broadeast v orri s 188 15.2 3.1 843 8.0 83
Agropyron smithii;

Doep furrow dod 3.2 2.6 893 B3 B3

DisRedrill coeeens o 2.6 1.5 9.0 RO 8.3

Brondenst -cev s sacanis TR 5.3 -4 83 B7 89
Beautelowa graeilis:

Neep {furrowr sl 2 2 2 7T 0 0

BT IS ) I 2 2 2 3 0 0

Broadeast wemememeevsane o « ¥ z 2 1.0 3 0
Bromus inermis:

Deep furrow ——cermcrmiees 2.2 1.2 2.0 33 L7 20

LS E S| U — 1.0 3.2 9 27 L0 2%

Broadeust -emeeomsime, 4.0 6.4 1.0 33 47 33
Mixture: 3

Deoep furrow 8.1 5.0 3.4 93 83 8O

Thsk-drifl .. 6.4 58 4.4 9.0 83 83

Broadeast e e 1.0 4.6 1.6 B7 83 1.7

t Rating 1 to 18, with 10 = execellent stand.

? Data not available,

¥The mixture cousisted of Agropyron eristetum, Medicago falvala, and
o compressi,
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conditions for planting in this study were unfavorable. B. tner-
mis {Parkland) was fair £o poer on all plots.

The mixture rated good to excellent. However, 4. cristatum
made up approximately 75 percent of the stand. M. fulcata made
up the remaining 25 peveent, while P. compressa failed almost
completely on all plots.

On the cultivated seedbeds, A. eristatum and A. smithil estab-
tished slightly better stands than on unprepared soil and broad-
casting appeared egual to the drilling methods. However, since
broadeasting was done at twice the seeding rate, it is assumed
that broadeasting would not have been as good at comparable
rates.

Of the two drills, the deep furrow seemed to be slightly betfer
than the double disk.

Stucdy.—Highway 10 range planting.

Date planted.—November 8, 1940,

Procedures.—Nine species of grass and legumes were planted
in plots 33 by 132 feet. The seed was planted with a one-horse
drill

Sunomary of results.—At the end of the first growing season,
Agropyron swmithil, Elymus junceus, Medicago lupuling,
Melilotus alba, and M. suaveolens were complete failures.
Medicego felcato established good stands, while stands of
Agropyron eristatwm (Fairway and Standard) and A. inter-
medion were thin,

Yellowstone Bridge Field

Study location.—Located at the U.S. Range Livestock Experi-
ment Station near Miles City, Mont., W sec. 6, T. TN, R. 47E.
{location B9, fig. 10).

Flevation.—2,3b8 feet.

Average precipitation.—Annual, 13 inches; April-September,
72 percent.

Soil.—Fine sandy loam.

Topography.—Flat flood plain bordering the Yellowstone
River that periodically has been flooded with overflow from high
water.

Type of vegetation.~-Undifferentiated stream botioms.

Dominant and associated species.—Agropyron smithii, Stipa
comata, and Bouteloua gracilis.

Previons nuse.—Plowed and cropped from 1910 to 1933 most
crops had failed.
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Study.—Yellowstone Bridge adaptation planting (1933-39).

Date planted. —Several plantings were made from 1933 to 1939.

FProcedures.—This series of seedings included 20 species of
grasses and legumes each of which was planted from 1 to 17
times. Before spring of 1937, most seedings were made with
« double-disk grain drill with 12-inch spacing. Usually, the
seedbed received no preparation before seeding. From 1937 to
1939, the seedings were made with a deep furrow drill. Blue-
grama was seeded by broadcasting and covered by harrowing
or by running an empty drill over the plot.

Suntmary of vesults.—Because these studies lacked statistical
design, the resuits have limited value. The studies were con-
ducted during the droughty years, 1933 10 1937, without seedbed
preparation. Those species that werve successful may be consi-
dered promising. Because of the extreme adverse conditions,
those that failed, however, should not be disregarded as they
may have become successfully established with better seeding
methods.

In 1940, 19 successful species were summarized (table 99).
Agropyron eristatum and A. desertorun appeared best adapted,
while 4. smithii, Bromus inermis, and Lesperdeza stipulacea
established fair stands.

Study.—Yellowstone Bridge adaptation planting (1938-39).

Date planted.—QOctober 11 and November 7, 1938; April 14 and
May 13, 1939,

Planding procedure.—Forty-six species were planted in the fall
of 1938, Forty-four of these and three additional grasses were
also planted in the spring 0f1939. Plantings were made by driiling
with a Planet Junior seeder in rows spaced 2 feet apart, with
seed placed from % to 34 inches deep, depending on seed size.
Plots were 5 by 16-% feat. Spring and fall seedings were made
adjacent to each other in dry soil.

Summery of results.—Fall-planted species did not emerge
unti] the following spring, and because of the very dry season,
which was accompanied by heavy grasshopper infestation,
establishment of all species was poor. Plants that were present
in July appeared dead and many of these had disappeared by
fall. Species that appeared best adapted included Agropyron cris-
tatum, A, desertorum, A. tnerme, A, sibiricum, and Elymas jun-
cens (bable 99).

Study.—Yellowstone Bridge adaptation planting (1941).
Date planted.—October 13, 1941.
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Procedures.—The seedbed was prepared by plewing out vol-
unteer crested wheatgrass. It was then harrvowed several times
with a spike-tooth harrow.

Five strains of Agropyron eristatium and two each of A. shiithii,
Bouteloua gracilis, and B. curtipendule were planted by hand.
A furrow % inch deep was opened with a Planet Junior hand
seeder, and the seed was distributed evenly along the furrow
by hand, covered with soil, and pa ad. Plots consisted of single
rows spaced 2 feet apart, 16 feet long.

Swmmary of results.—Agropyron eristatum strains. C-1, C-2,
C-3, and FC-22755, ali established good stands but not noticeably
better than the commercial strain. Bouteloue gracilis strain,
Bg-1, grew well and appeared somewhat larger and more robust
and produced much longer seed heads than the native selection.
A. smithii and B. curtipendula failed compleialy.

Study.—Yellowstone Bridge date and depth of seeding,

Date planted.—Fall 1936, spring and fall 1937, spring 1938.

Procedure.—Agropyron cristatum and A. trachycarlum were
each planted in two fall and two spring periods. The seedbed
was prepared by harrowing with a spike-tooth harrow on an
area that had been previously cultivated and planted to grain,
then, abandoned about 1933. Seeding wcs made with a Planet
Junior hand seeder at rates of 7 pounds of seed per acre for
A. cristatum and 13 pounds per acre fo; 4. trachycarlum. Plots
were 6 by 6 feet with rows spaced 1 foot apart. Earty, mid, and
late seedings were made for each season, but the seedings were
averaged since differences were small.

Summary of results.—A. trachyeaniwm generally failed in all
treatments except where planted % inch deep in the fall of 1938,
Seeding at greater depths reduced plant establishment signifi-
cantly (tabie 101).

A. eristatium established better from fall seedings than from
spring seeding. Depth of seeding, however, was not consistent.
The better stands established from the Ye-inch depth seeded
in 1936, but in 1937 the 1-Y4-inch depth was best in the fall. The
‘1-inch depth gave relatively good stands in most seedings,

Study.—Yellowstone Bridge range plot planting.

Date planted.—Spring 1940,

Procedures. —Six grasses, two legumes, and three mixtures
were seeded in Y2-acre plots by drilling with a deep-furrow drill.

Sunvmary of results.—Except for an occasional plant of
Agropyron inerme, the only other species to become established
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TABLE 101.—Fstablishment as affected by date and depth of
seeding newr Miles City, Mont.

Plants per square foot from
Species and date of seeding different seeding depth
1{2 inch 1inch 1-1{2 inch

No. No. No.
Agropyron cristatun:
Fall:
1936 16.1 8.7 39
1937 6.8 8.8 9.8
Spring:
1937 8 1 1
1638 : 1.3 1.7 1.1
Al trachyeanium: b
Fall 1936 2.4 3 1

! No emergence from the 1937 fall and spring seedings.

were Agropyron cristatum and Medicago fulenta. These two
species each averaged about four plants per square foot.
Bouteloua gracilis, Bromus inermis, Poa compressa, Agropyron
smithii, and Medicage lupuline failed completely.

Study.—Yeilowstone Bridge bluegrama planting.

Date planted.—October 15, 1941; April 20 and May 20, 1942;
also October 20, 1942, and April 27 and May 18, 1943,

Procedures.—Boutelonua gracilis from North Dakota seed was
planted in plots & by 16 feet. Seeding treatments consisted of
planting in three seasons (fall, early spring, late spring}; two
soil treatments (disked and packed and no treatment); and three
depths of seeding (slight, ¥ inch, and % inch). The seedhed was
prepared approximately 2 weeks before seeding, and the seeding
was done with a Planet Junior seeder with five rows per plot.
Rows were spaced 1 foot apart and a 4-foot alley was left between
plots. Plots were arranged in a randomized split-plot design with
three replications. The study was duplicated in 2 years. Before
seedbed preparation, the area was covered with a dense stand
of cheatgrass.

Summary of results.—Seeding depth and season of seeding
significantly affected the establishment of B, grecilis (table 102).
Seeding at shaliow depths late in the spring, gave the best
stands. Early spring seeding was slightly poorer than late spring
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seeding but corziderably better than fall seeding. Increases in
seeding depth generally reduced the establishment,
Establishment from the nonprepared seedbed was slightly bet-
ter than from the cultivated; however, differences were not sip-
nificant. The unprepared plots, however, had been cultivated
4 to 5 years previously and were not in native perennial piants.

TABLE 102.—FE'stablishment of bluegremea as affected by season

and depth of seeding and by seedbed preparation, Miles City,
Mont,

Percentage of row occupied
at different
Season and seedbed preparation seeding depths

Surface Vs inch 3 ineh

Pet. Pet. Pet.

Fall:
JHE

Disked
None -

19422
Disked
Nane

Early spring:

1042
Disked
Nane

1943:
Disked
None

Late spring:

1942:
Disked --
None

1943:
Disked 32 28
None 42 42

Note.—Least significant difference at 5 percent level of significance for
SERS0TNS = o,
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Study.—Yellowstone Bridge range plot planting.

Date planted.—November 14-15, 1949, and April 27, 1950,

Procedures.—The area was previously in crested wheatgrass
from seedings made in 1934 and 1939. The area was plowed,
disked, and harrowed in October 1949, Six species of grass were
then drilled in 20- by 1,270-foot strips with rows spaced 1 foot
apart. Duplicate seedings were made in the fall and in the spring.
Seeding rates were as follows:

Pounds per acre

Agropyron desertorum oo o o 4.0
A, intermedinem o e 3.6
A, ErichopROruEI i 8.4
Festuce ovina duriuscule ... . . .... 3.6
Foa ampltt . v i e .- 4.8
Stipe viridula ... o e 4.2

Summary of resulis.—Weeds, sweetclover, and volunteer A.
desertorum comprised from 5 to 15 percent of the vegetative
covar. Nevertheless, the initial stands were good to excelient
for all species seeded in the fail. All the wheatgrasses also estab-
lished good stands from spring seeding (table 103}

In the fourth growing season (1953}, 4. desertorum was the
highest yielding speciea. Yields from fall seeding were higher
than from the spring, whereas 4. intermedium, P. ample, and
S. viridula yielded twice as much herbage from spring as from

fall plantings, F, oving yielded about the same from both plant-
ings.

Study.—Yellowstone Rridge biack medic planting.

TABLE 103.—Establishment and herbage yield of full- and spring-
seeded grasses near Miles City, Mont.

Yield per acre,

Species Stand (1950} aven-dry weight (1553}

Fall  Spring Fall Spring

planted planted planted planted
Pet, Fel. Lb. L.
agrapyron desertorunt -w--—-—-— 100 85 1,855 1,635
A Dlermeditm  —emmmeeeeimeeas 100G 95 580 1,258
A, trichephorum —mseem— e 95 40 --- -
Festuca gring duriuscula -~ a0 35 898 431
Poa wmpln 50 15 226 463

Stipa vividula e e 50 15 221 814
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Duate planted. —March 30, 1944.

Procedures.—About 1 pound of Medicago lupulina seed was
broadcast on each of two 1/10-acre plots. At the time of seeding
the unprepared seadbed was moist with some puddles of water
and patches of snow.

Sumanary of results.—Good stands of M. [upuline were estab-
lished in the first growing season. Many seedlings were found
on the small bare areas and were also found growing fairly well
in the thickest and most vigorous patches of Buchloe dactyloides.
It did best in the low areas.

Study.—Yellowstone Bridge birdsfoot trefoil planting.

Date planted.—April 25, 1952.

Procedure.—Granger birdsfoot trefoil (Lotus corniculatus)
was planted by scattering seed in furrows with about 25 seeds
per foot of row. The seed was then covered with 1/2 ineh of
soil. The plots were 6 feet wide with 2 feet between rows. The
ground, dry at seeding time, remained dry through the following
summey and fall,

Summary of results.—Only six plants emerged and died.

Wagner Corner

Study location.—Located 1 mile northeast of Wagner Corner
en U.S. Highway 2, T. 30 N, R. 29 E (location 81, fig. 10).

Elevation.—2,300 feet.

Average precipitution,—Annual, 12.4 inches; April-September,
75 pervcent,

Soil. —Clay loam.

Topography.—1 percent slope to the south,

Type of vegetation.—Undifferentiated stream bottom.

Doptinunt species.-~Agropyron smithii, Stipe comata, and
Bouteloua gracilis.

Previous use.—Crepland.

Study.—Wagner Corner adaptation planting.
Dateof seeding.—August 1939; overplanted with 4. desertorum
in 1943,
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Procedure.—Fourteen grasses were seeded in plots § by 40
feet with three rows per plot spaced 3 feet apart.

Summary of results.—By 1850, Agropyron cristatum, A. deser-
torum, Blymus junceus, and Stipe viridule had established
excellent stands. Bouteloua gruacilis and Bromus inermis estab-
lished fair stands.

Species that failed completely were Agropyron smithii, A.
trachyceutum, Andropogon furcatus, A. scopularis, Boutzloua
curtipendule, Elymus junceus, Oryzopsis hymenoides, and
Panicum virgatunt.

Sidney

Study location.—Located at the Eastern Montana Branch
Experiment Station near Sidney, Mont., T. 23 N., R. 59 E,
{location 82, fig. 10).

Elevation.—2,000 feet.

Average precipitation.~——Annual, 14 inches. April-September,
72 percent.

Soil.—Clay loam.

Topography.—1 percent slope to the east.

Tynpe of vegetation.—Undifferentiated stream bottom.

Dominant species.—Agropyron smithii, Boutelona gracilis,
and Stipe comala.

Previous use.—Farmed.

Study.—Sidney yield study.

Date planted.—April 11, 1866,

Procedures.—Twenty-two grasses were planted in plots 3 by
16 feet with three rows per plot spaced 1 fool apart.

Sumunary of results.—Herbage samples harvested from 1956
through 1960 average 1/2 to 3/4 tons per acre. The highest yields
of most species and strains were produced in the third growing
season. All strains of Agropyron trichopherum, however, yielded
their highest in the second growing season. Generaily, Agropy-
ron intermediim yielded more than any other species (table
104).
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TABLE 104d.—Yield of wheatgrass species and strains at Sidney,
Mont.

] . Herbage yield per acre,
Species and strains Pl or FC oven-dry weight
aumbar ‘L3537 19568 1959 1960 Av, !

Lb. L&, Lé. L. Lb.

Agropyron cristatune:
e —— 42032 1,440 1,580 920 1,420 1,340ecdeo
A-LTTO el 32013 860 1,060 110 1,300 1,035¢

A, desertorim:
Nordan - 31968 1,620 1,740 1,060 1,500 1,480ube
W-1 32828 1,400 1,900 540 1,480 1,430abe
Nebraska oo 32661 1,58¢ 1,780 800 1,480 1,410cd
42-1 31976 1,600 1,800 1,006 1,380 1,395cd
Summit e 210337 1,260 1,480 1,000 1,640 1,245¢cde
Manadan-21948 . - 32586 1,320 1,500 840 1,540 1,250def

A, elongutun:
5-64 21701 1,640 1,980 980 1,120 1,430be
Do - 32604 1,460 1,560 680 1,360 1 165cq
A-1876 109452 1,800 1,300 560 820 1.126fg

A, inerme: (Whitmar) - 32167 ] G ] 0 0

Adiptermedivm:
E 8 —— 32058 2,220 2,040 G860 1,660 i,645a
Ree 32009 2,120 1,920 1720 1,840 1,650a
M-2-10820 woe e 24707 2,000 1,840 860 1,680 1,595ab
A-12408 —mme e 25006 2,000 1,880 640 1,380 1,475abe
Nuebraska 530 -commeemeemas 31969 1,820 1,860 640 1,380 1,445bc

Al sibivicum (P27) e 32060 1,180 1,380 1,040 1,160 1,180ef

A, triehaphorum:
Mandan e — 32126 2,240 1,860 660 1,770 1,555ab
A-1488 e 32014 1,540 1,180 580 1,360 1,100fg
Utah --- 31875 1,420 1,340 580 960 1,075
24607 1,040 580 660 T80 760h

! Values followed by the same letter do not djffer significantly at the 5-percent
level {Buncan 1855).
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BOTANICAL AND COMMON NAMES OF SPECIES;

Abies grandis {Dougl) LindL Grand fir
Abiles lasiocarpa {(Hook.) Nutt. Alpine fir
Acer negundo L. Boxelder
Achiltiea lunulose Nutt. Western yarrow
Aegiiops mutice Boiss. Goatgrass
Agoseris glawce (Pursh) D. Diety. Pale agoseris
Agropyron gmurense Drob. Amur wheatgrass

Agropyron caninwm (L.) Beauv. -
Agropgron ciliore (Trin. ex Bunge) Franch, -

Agropyron cristetum (L.) Gaerin. Fairway wheatgrass
Agropyron dasystechyum

(Hook.) Scribn. Thickspike wheatgrass
Agropyron degertorum

{(Fisch. ex Link) Schult. Crested wheatgrass
Agropyron divaricatum

Boiss, & Bal Turkish wheatgrass
Agropyron elongafum (Host) Beauv. Tall wheatgrass
Agropyron griffithsii

Seribn. & Smith Griffiths wheatgrass

Agropyron imbricatnm
{Bieb.) Roem, & Schuit. ---
Agropyrou inerme

(Seribn. & Smith) Rydb. Beuardless wheatgrass
Agropyron intermediwom

{(Host) Besauv, Intermedinte wheatgrass
Agropyron junceum {L.) Beauv. Rushleaf wheatgrass
Agropyron longearistatum {(Boiss.} Boiss.
Agropyron michnoi Roshev. Transbaikal wheatgrass
Agropyron orientafe (L.) Roem.

& Schult. Oriental wheatgrass

Agropyron panormitanuwm Parl -
Agropyron panciflorum (A, trachycecuium) ---
Agropyron pungens (Pers.) Roem. &

Schult. Stiffleaf quackgrass
Agropyron repens (L.) Beauv. Quackgrass
Agropyron richardsonii (A. subsecundum)
Agropyron ripgrium

Seribn, & Smith Streambank wheatgrass

3 Getantific names in parentheses are the accepted synonomy and covrectly
identified species,
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Agropyron semicostatumn

(Nees ex

Agropyron gibiricum (Willd.) Beauv.
Agropyron swmithii Rydb.

Steud.) Boiss. Drooping
Stberian

Western

wheatgrass
wheatgrass
wheatgrass

Agropyron spicetum (Pursh)

Seribn. & Smith
Agropyron strigosum (Bieb.) Boiss.

Bluebunch wheatgrass

Agropyron subsecundum (Link)

Hitche.

Agropyron tenerum (A, trachycawlum)

Bearded wheatgrass

Agropyron trachycanliom (Link) Malte

ex H. F. Lewis

Slender wheatgrass

Agropyron trichophorun (Link)

Richt.

Agropyron ugemicum Drob.

Pubescent
Ugam

wheatgrass
wheatprass

Agropyron vielacewm (Hornem.)

Lange

Violet slender wheatgrass

Agropyron trachycaulum X, Hordeum jubatun. ---
Redtop

Agrostis alba L,

Agrosiis hiemalis (Walt.)

B.S.P.

Agrostis palustris Huds.
Agrostis racemosa (Muhlenbergia racemosa)
Agrostis tenuis Sibth,

Alopecirus
Alopecurus
Alopecurus
Alopeciirus
Alopecurus

Winterbent (Ticklegrass)
Creeping bentgrass
Colonial bentgrass
Short-awn foxtail
Creeping foxtail
Water foxtail
Meadow foxtail

aequalis Sobol.,

arundinacens Poir,
geniculatus L.

pratensis L.

nentricosus (A. arindinaceus)

Ammophile arencrie (I.) Link
Amelanchier spp.

Andropogon ennulatus Forsk.
Andropogon furcatus (A. gerardi)
Andropogon gerardi Vibman
Andropogon hallii Hack.
Andropogon perforatus Trin.
Andropogon saccharoides Swartz
Andropogon scoparins Michx.
Antennaria spp.

Arctostephylos wva-ursi (L.) Spreng,
Aristida longiseta Steud.

Arnica spp.

Arrhenctherum elatius (1.} Presl
Artemisie cana Pursh.

European beachgrass
Sarviceberry
Diaz bluestem

Big bluestem
Sand bluestem
Pinehole bluestem
Silver bluestem
Little bluestem

Pussytoes
Bearberry

Red three-awn

Arnica

Tall oatgrass
Silver sagebrush
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Artemisia frigide Willd. Fringed sagebrush
Artemisie nove A. Nels. Black sagebrush
Artemisia tridentuta Nutt. Big sagebrush
Arundinelle eromale Steud.
Aster spp. Aster
Astragalus chinensis L.L Chinese milkvetch
Astragalus cicer L. Chickpea milkvetch
Astrageius feleatus Lam., Sicklepod milkveteh
Astragalus mubyt (Oxytropis

rubyt) Ruby valley milkvetch
Astragalus semibilocularis DC -
Atripler canescens (Pursh) Nutt. Fourwing saltbush
Atriplex confertifolia (Torr. &

Frem.) Wats. Shadscaie
Atriplex nuttelll (A. gardneri) Gardner saltbush
Atrinlex spp. Saltbush
Avena barbata Pott ex Link Slender oat
Avena sativa L. QOat
Balsamorhiza segittata (Pursh)

Nutt, Arrowleaf balsamroot
Beckmannic erwcaeformis

(L.) Host REuropean sloughgrass
Beckmannia syzigachne (Steud.)

Fernald American sloughgrass
Bouteloua curtipendule (Michx.) Torr. Sideoat grama
Boutelouwa gracilis (H.B.K.) Lag.

ex Steud. Blue grama
Boutelouu hirsute Lag. Hairy grama
Boutelowa trifide Thurb. Red grama
Brachypodiion mucronatum

Willk. Beardless falsebrome

Brachypodinm phoenicoides (L.)
Roem. & Schult. ---
Brachypodium pinnetum (L)

Beauv. Japanese falsebrome
Brachypodium sylvaticum {Huds.)

Beauv. Slender falsebrome
Bromus anomalus Rupr. Nodding brome
Bromus carinatus Hook. & Arn. Mountain brome

(Calif. brome)
Bromus catharticus Vahl Rescue brome
Bromus cilletus 1. Fringed brome
Bromus commutatus Schrad. - Hairy chess

Bromus erectis Huds. Meadow brome
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Bromus gracillimus Bunge -

Bromus inermis Leyss. Smooth brome
Bromus juponicus Thunb. Japanese brome
Bromus lanatipes (B. anomalus)
Bromus macrostachys Desf Mediterranean brome
Bromus marginetus Nees Mountain brome
Bromus polyanthus Seribn. Foothills brome
Bromus porteri (B. anomalus) -
Bromus purgans L. Canada brome
Bromus recemosus L. Baid brome
Bromus richardsoni (B. cilictus)
Bromus secelinug L. Chess brome
Bromus tectorum L, Cheatpgrass
Bromus tomentellus Boiss, Subalpine brome
Buchioe dactyloides (Nutt.) Engelm. Buffalograss
Ceatamagrostis canadensis {(Michx.)

Beauv, Bluejoint reedgrass
Calomagrostis epigeios (L.} Roth Chee reedgrass
Calamagrostis inerpanse A. Gray Northern reedgrass
Calamagrostis koelerioides Vasey Fire reedgrass
Catamagrostis montanensis Scribn. Plains reedgrass
Calamegrostis rubescens Buckl, Finegrass

Calamagrostis vividi-flaveseens
(Poir.) Steud.
Calamorvilfa longifolia {(Flook.)

Seribn, Prairie sandreed
Cavex filifolia Nutt, Threadleaf sedge
Cares geyeri Boott Elk sedge
Cenfauren maculose Lam, Spotted knapweed
Cerastium spp. Chickweed
Chloris virgate Swartz Showy chloris
Chrysopogon aucheri {Boiss.} Stapf Golden beard
Chrysothamnus spp. Rabbitbrush
Cirsium arvense (L.) Scop. Canada thistle
Claytonia lenceolata Pursh Spring beauty
Coronille varia L. Crownveteh
Cymbepogon schoenanthus (L.) Spreng.. -
Cynodon dactylon (L.} Pers. Bermudagrass
Cynoswrus echinatus L. Hedgehog dogtail
Ductylis glomerate L. Orehardgrass
Danthonia californica Boland California danthonia
Danthonia spicaie (L) Beauv. Poverty oatgrass
Delphininm spp. Larkspur

Deschampsia caespitosa (L.) Beauv. Tufted hairgrass




Forage Species 301
Distichlis stricta (Torr) Rydb. Saltgrass
Dodecatiieon spp. Shooting star
Elymus ambiguus Vasey & Scribn. Colorado wildrye
Elymus angustus Trin. Altal wildrye

Elymus cunadensis L.

Elymus canadensis var robusfus {Seribn.
Robust canada wildrye

& Smith) Mack. & Bush
lymus chinensis {(Trin.) Keng

Elymus cinerens Scribn. and Merr,

Elymus condensatus Presl

Elymus dahwricus Turez. ex Griseb.

Elymus giganteus Vahl
Elymus glawcus Buckl
Elymus juncens Pisch.
Elymus moavounii Vasey

Canada wildrye

Chinese wildrye
Basin wildrye
Gaint wildrye

Dahurian wildrye
Mammoth wildrye

Blue wildrye
Russian wildrye
Macoun wildrye

Elymus pseudo-agropyram Trin. ex Turez,
Elymus sabulosus Bieb.

(E., gigantens) Russian dune wildrye
Elymus sibirieus L. Siberian wildrye
Elymus triticoides Buckl. Beardless wildrye

{Creeping wildrye)

Elymus virginicus L.

Elymus X Secale

Equisefum hyemuale L.

Eriogonum spp.

Eragrostis curvula (Schrad.) Nees

Eragrostis ferruginen (Thunh.)
Beguv,

Eragrostis trichodes (Nutt.) Wood
Eriochion villose {Thunb.) Kunth
Erodium cieuterium (L)) L'Her
Erodium moschatum (1.} I’ Her
Fuphorbia esula L.

BEuretie lunata (Pursh) Moq.
Festuea arundinacee Schreb.

Festuee brachyphylla (F. oving var,

brachyphylla)
Festuea elatior L.
Festuca idahoensis Elmer

Festuca kingit (Hesperochloa kingii)

Festuca ovina L.
Festueca oving var. brachyphylln
(Schult.) Piper

Virginia wildrye
Scouringrush
Eriogonum

Weeping lovegrass

Korean lovegrass

Sand lovegrass
Haziry cupgrass
Alfileria

Musk heronbill
Leafy spurge
Winterfat

Tall fescue

Meadow fescue
Idaho fescue

Sheep fescue

Alpine fescue
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Festuce ovina var. duriusculs
(L.) Koeh

Festuea oving ssp sulcate Hack,

Festuca pratensis (F. elatior)

Festuca rubra L,

Festuea »ubra var. commutate Gaud.

Fegtuca rubra var. fallax (Thuill)

Hard fescue

Groved sheep fescue

Red fescue
Chewings fescue

Hack. (F. rubra var. commutate)

Festuce scabrelle Torr.
Festuca thurberi Vasey
Festuca viridula Vasey
Frageria bracteatae Heller
Frawinus pennsylvanice Marsh.
Galiuwm spp.

Gayophytim spp.

Gerenium viscosissimum Fisch. & Mey

Gewm triflorum Pursh

Glyceria elata (Nash) Hitehe.

Hesperochloa Kingii (S. Wats.) Rydb.

Hilaria jamesii (Torr.) Benth,.
Hordewm brachyantherum Nevski

Hordeum brevisubulatum (Trin)) Link

Hordeum bulbosum L.
Hordeum pusillizm Nutt.
Hordewm wvulgare L.
Hypericum perforatum L.
Ivesia spp.

Juneus spp.

Juniperus scopulorum Sarg.
Koeleria ¢ristate (L.) Pers.
Loarix occidentalis Nutt.
Lathyrus japonicws Willd.
Lathyrus meritimus (L. joponicus)
Lepidinem spp.

Lespedeza stipwlaces Maxim.
Linaria dalmotica (1) Mill
Lolivem perenne L.

Loliwvm remotum Schrank

Lomativm dissectum (Nutt.)) Math. & Const.

Lotus corniculatus L.

Lepidium spp.

Mahonia agquifolium (Pursh) Nutt.
Medicago fuleate L.

Rough fescue
Thurber fescue
Greenleaf fescue
Wild strawberry
Red ash

Bedstraw
Groundsmoke
Sticky geranium
Prairie smoke

(Old Man’s whiskers)
Tall mannagrass
Spikefescue
Galleta

Meadow barley
Short-awned barley
Bulbous barley
Little barley
Barley

St. Johnswort
Ivesia

Rush

Rocky Mt. juniper
Prairie junegrass
Western larch
Maritime peavine
Pepperweed
Korean lespedeza
Dalmation toadflax
Perennial ryegrass

Wildecarrot
Birdsfoot trefoil
Lupine
Oregongrape
Sickle alfalfa
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Medicago lupuling 1, Black medic
Medicago sativae L. Alfalfa
Melica spectabilis Seribn. Showy oniongrass
Melilotus alba Desr. White sweetclover
Meltlotus afficinalis (L.) Lam. Yellow sweetclover
Melilotus suaveolens Ledeb, Redfield sweetclover

(Daghestan sweetclover)
Mertensia spp. Bluebells
Muhlenbergia asperifolia (Nees & Mey.)

Parodi Alkali muhly
Muhlenbergia cuspidata (Torr.)

Rydb. Stonyhills muhly
Muhlenbergia foliosa {Roem. & Schult.) Trin.  Leafy muhly
Muchienbergia porteri Scribn. Bush muhly
Muhlenbergic racemosa (Michx.) B.S.P Green muhly
Muhlenbergia richardsonis (Trin.) Rydb. Mat muhly
Muhlenbergia squarrose (M. richardsonis) -
Onobrychis wiciifelic Scop. Sainfoin
Orobrychis vulgaris (0. victifolic)
Opuntia polyacantha Haw. Prickly pear
Oryzopsis exigua Thurb. Little ricegrass
Oryzopsis hymenoides (Roem. & Schult.) Indian ricegrass

Ricker
Oryzapsis miliacea (L.) Benth. & Hook. Smilograss

Oryzopsis hymenoides X Stipa viridula Mandan ricegrass
Osterdamic japonica {Zoysia japonica) ---
Osterdamia pungens (Zoysia matrella) -
Oxylropis sericea Nutt. White point loco

(Silky crazyweed)
Oxytropts riparie Litv, ---

Panidum antidotale Retz, Blue panicum
Panicum miliaceum L. Broomcorn millet (Proso)
Paricum obtusum H.B.K. Vine-mesquite
Panicum wirgatum L. Switchgrass
Phalaris arundinacea L. Reed canarygrass
Phalaris brachystachys Link Shortspike canarygrass
Phalaris canariensis L. Canarygrass
Phalaris tuberosa var, stenoptere

(Hack) Hitche. Hardinggrass
Phlewm alpinum L. Alpine timothy
Phleum boehmeri (P. phleoides) .-
Phleum phleoides (L,) Karst. Dryland timothy
Phlesum pratense L. Timothy

Phlox spp. Phlox
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Physocarpus malvaceus (Greene) Kuntze Ninebark
Picea engelmanni Parry ex Engelm. Engeilmann spruce
Pinus vlbicaulls Engeim, Whitebark pine
Pinus contorta Dougl. ex Loud. Lodgepole pine
Pinus flexilis James Limberpine
Pinus ponderose Dougl ex P.&C. Lawson Pondervosa pine
Pinus ponderosa var. scopulorum Engelm. Bull pine
{(Rocky Mt. Ponderosa pine)
FPoa alpine L. Alpine biuegrass
Poa ampla Merr. Big bluegrass
Pow arachnifere Torr, Texas bluegrass
FPow bulbose 1. Bulbous biuegrass
Pou canbyi (Scribn.) Piper Canby bluegrass
Poa compressa L. Canada bluegrass
Poua epilis Scribn. Skyline bluegrass
Poua juneifolic Seribn, Alkali bluegrass
Poa longifolia Trin.
Pow luclde (P. caonbyl)
Poa macraontha Vasey Seashore bluegrass
Poa nemoralis L. Wood bluegrass
Poa nervesa (Hook.)) Vasey Wheeler bluegrass
Poa nevadensis Vasey Nevada bluegrass
Poa palustris L. Fowl bluegrass
Poa pratensis L. Kentucky bluegrass
Poa scabrella (Thurb.) Benth. Pine bluegrass
Poa secundne Presl Sandberg bluegrass
Pou sphondylodes Trin.
Poo stenantha Trin, Trinius bluegrass
Poc trivialis L. Roughstalk bluegrass
Polygonum spp. Knotweed
Polypogorn monspeliensis (L.) Desf. Rabbitfoot polypogon
Populus sargentii Dode Plains cottonwood
Potentilia spp. Cinguefoil
Prunus americanae Marsh. Wild plum
Prunus virgintene L. Chokecherry
Pseudotsuge menziess: (Mirbel) Franco Douglasfir
Pteridivm aquilinion {L.) Kuhn Bracken
Puccinellin aireides (Nutt)) Wats, & Coult. Alkaligrass
Puceinellia nuttalliona (P. airoides) .-
Purshia tridentate (Pursh) DG. Anteiope bitterbrush
Ranwunculus spp. Buttercup
Rosa spp. Wildrose
Rudbeckia ocecidentalis Nutt. Niggerhead
Saliz amygdaleides Anderss. Peachleaf willow
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Salsola kali var, tenuwifolia

Tausch Tumbling Russian-thistle
Sembucus microbotrys Rydb. Elderberry
Sanguisorbe minor Scop. Small burnet
Sarcobatus vermiculatus (Hook.) Torr. Greasewood
Sechizachne purpurescens (Torr.) Swallen Falsemelic
Secale cereale L. Rve
Secale montenum Guss. Mountain rye
Selaginelle densa Rydb. Clubmaoss
Sesleria spp.
Setarie macrostachye H.B.K. Plains bristle prass
Shepherdia wrgentee Nutt. Silver buffaloberry
Sisymbriwm altissimum L. Tumblemustard
Sitantion hystriz (Nutt.)

J. G. Smith Bottlebrush squirreltail
Solidago spp. Goldenrod
Senchus grvensis L. Sowthistle
Sorghastrum nutens (L)) Nash Yellow Indiangrass
Sorghwm almion Parodi Sorghum almumgrass
Sorghum halepense (L.} Pers. Johnsongrass
Sorghum sudanense {Piper) Stapf Sudangrass
Sorghum bicelor {(L.) Moench Sorghum
Spartine gracilis Trin. Alkali cordgrass
Spartina pectinata Link Prairie cordgrass
Spiraea spp. Spirea
Spodiopogon sibiricus Trin. ---
Sporobolus aireides (Torr.) Torr. Alkali sacaton
Sporobolus asper (Michx.) Knuth Tall dropseed
Sporobolus cryptandrus (Torr.) A. Gray Sand dropseed
Sporobolus flexuosus (Thurb.) Rydh. Mesa dropseed
Sporobolus heterolepis (A. Gray) A. Gray Prairie dropseed
Stipa californica Merr. and Davy Pacific needlegrass
Stipa capillata (S. comaia) -
Stipa columbiana Macoun Subalpine needlegrass
Stipa columbiane var. nelsonii

(Scribn.) Hitche. Big subalpine needlegrass
Stipa comate Trin. and Rupr. Needle-and-thread
Stipa lettermanii Vasey Letterman needlegrass
Stipa neoemexicana (Thurb.)

Seribn, New Mexico feathergrass
Stipa oceidentalis Thurb. Western Needlegrass
Stipa pulchre Hitche. California needlegrass
Stipa richardsonii Link Richardson needlegrass

Stipa robuste (Vasey) SBeribn. . Sleepygrass
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Stipa spartea Trin. Porcupinegrass
Sitpe speciosa Trin. and Rupr, Desert needlegrass
Stipa splendens Trin. Cheatgrass
Stipa vaseyl {S. robusta)
Stipa viridule Trin. Green needlegrass
Stipa wiridule X Oryzopsis hymenoides Stiporyza
Stipa williamsii Scribn, Williams needlegrass
Symphoricarpos spp. Snowberry
Taraxacitm officinale Weber Pandelion
Taxus revifolia Nutt, Pacific yew
Thalict»um spp. Meadowrue
Themeda anathera (Nees) Hack. Kangaroograss
Thuja plicata Donn ex D. Don Red cedar

(Gaint arborvitae)
Trifolinm ggrerium L. Hop clover
Trifolivm gmbiguum Bieb. Kura clover
Trifolivm fragiferum L. Strawberry clover
Trifolium hybridum L. Alsike clover
Trifelium pratense L. Red clover
Prifolivm repens L. White clover
Trifolinvm subterranewm L. Subterranean clover
Trisetum spicatum (L.} Richt. Spike trisetum
Triticum aestivum L. Wheat
Tsuga heterophyila (Raf) Sarg. Western hemlock
Vacecinium spp. Huckleberry (Blueberry)
Wyethie amplexiequlis (Nutt.) Nust, Mules-ears wyethia
Zoysia japonica Steud. Korean lawngrass

Zoysia matrello (L)) Merr, Manilagrass
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