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Rangeland Improvement Through Seeding
and Weed Control on East Slope Sierra Nevada
and on Southern Cascade Mountains

By DONALD R. CORNELIUS, range conservationist, Agricultural Research Service, and M. W.
TALBOT, associate director, California Forest and Range Experiment Station,* Forest Service

INTRODUCTION

Eight years of research 1u the plateau region of northeastern Cali-
fornia (fig. 1) have shown that seeding aud weed control ave practical
means of quickly restoring productivity and reducing erosion on
deteriorated rangelands. These practices are especially applicable
where recovery cannot be expected within a reasonable time from im-
proved grazing management alone, that is, where the original peren-
nial grasses have been killed and replaced by undesirable species.
This handbook summarizes results and experience indicating how seed-
ing and weed control can be accomplished in this area.

Potentially productive areas on which these nuprovement practices
are needed and are currently feasible amount to at least half a million
acres in the plateau region of California. Iucreasing the productivity
of this rangeland would materially benefit the livestock industry and
the general economy of the region. The increased forage could also
relieve grazing pressure on adjacent ranges and assist in their im-
provement through grazing management. Soil stabilization, water-
shed improvement, and increased game forage are other possible bene-
fits from such range improvement practices. )

The part of northeastern California to which this report applies
most directly has a gross area of about 13 million acres. The findings
may also apply to similar ranges in adjacent portions of Oregon and
Nevada. Shghtly more than one-half of this land in California is in
national-forest, grazing-district, and Indian lands. The remainder
1s privately owned. C .

Northeastern California is a volcanic plateau ranging iu altitude
from 3,000 to 8,000 feet. Volcanic and granitic formations are 1uter-
mixed in the southern fourth of this region. Scattered over the pla-
teau are numerous low buttes and mountains formed from old volcanic
cones, but few peaks exceed 7,500 feet in altitude. Abrupt lava rim
rocks are common. Over mnch of the area the terrain is flat or rolling.
Large plains and valleys occur throughout the central and eastern
parts of the plateau at elevations below 6,000 feet. Smaller flat open-

’1§Iaintained at Berkeley, Calif., by the Forest Servicg, U. 8. Department of
Agriculture, in cooperation with the University of California.
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Figure 1.—Plateau region and main experimental areas.

mgs are interspersed among the timbered mountains at higher
elevations.

The platean has a semiarid climate with wet winters and springs
and dry summers. Precipitation averages about 20 inches a year, but
ranges from 10 inches in the lowlands to 40 inches in the higher
mountains. Blacks Mountain Experimental Forest in Lassen County
1s fairly representative of average conditions. At its headquarters
only 6 percent of the annual precipitation fell during July, August
and September in the period 1945-53 (table 1). Winter snow and
spring rains accounted for about two-thirds of the yearly precipita-
tion. The winters are cold, the summers relatively hot, with maximum
temperatures of 90° to 95° F. and relative humidity generally low,
occasionally dropping to 10 percent or less. Because of the dry sum-
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mer, successful range seeding requires different methods than are used
in many other parts of the West.

Grazing and timber production are the two main land uses. The
plant cover consists of timbered areas intermingled with open areas
of mixed sagebrush and grassland.  The pine timber grows in fairly
open stunds which ‘1ﬁ01 d appreciable grazing, and practically all
of the sagebrush and grassland areas are grazed. After logging or
forest fire, dense pine stands produce higher forage yields until tlmber
reproduction or coarse brush reoccupy the land.  Only dense fir stands,
patches of dense timber of other types, or small areas of steep, rocky
Jand are of no forage value. Perhaps 80 percent of the total area is
gvazed by cattle or sheep. Deer graze much of the same area, as well
as land too rough for domestic livestock.

The plateaun region is an important source of green feed during the
sumuner when forage is dry on most range areas of the State. Forage
growth is active mainly from March or April to July. The main
snmmmer grazing zone lies between 5,500 and 8,000 feet elevation.
Spring grazing occurs between 3,500 and 5,500 feet.

The experimental work reported here was done in 1945 to 1953.
The range plant nursery (fig. 2) and a major part of the field plots
were on the Lassen National Forest at an elevation of 5,600 feet.
Pilot field seeding of forage plants to improve range land was started
in 1946, cooperatively by the administrative and research branches of

F-478141

Figure 2.—Range plant nursery for preliminary testing for adaptation, Halls Flat,
Lassen National Forest.
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the Forest Service in California. These pilot fields varied from 50
to 100 acres in size. Small research plots were established along with
the pilot fields to test adaptation of grasses, legumes, and a few
browse plants on 7 national forests in 6 different counties of north-
eastern California.

In this area range condition varies from excellent or good in most
timbered lands to poor in many mountain meadows and sagebrush
flats where grazing animals concentrate. The field plots were estab-
lished to obtain information on a wide variety of planting sites com-
prising a total of 10 types of range: Big sagebrush, black sagebrush,
silver sagebrush, cheatgrass, tarweed, weedy meadow, rush-sedge, pine
understory, aspen understory, and fir-forest openings. Somewhat

different methods and species were found to be suitable for the various
rangeland types. :

IMPROVING SAGEBRUSH RANGE

Sagebrush types occupy about 5 million acres in northeastern Cal-
ifornia alone. They offer the best opportunity for increasing range
production throughout the plateau region. For many years sage-
brush has been encroaching on areas formerly dominated by grasses.
Open-range livestock grazing weakened the grass stands, and the
relatively ungalatable and aggressive sagebrush thickened over exten-
sive areas where it once composed only a minor part of the range
vegetation. Today, good possibilities of improving forage production
exist on three rather distinct types: Big sagebrush, black sagebrush,
and silver sagebrush (fig. 3). All three occur in northern California
and adjoining States.

Big sagebrush is mostly associated with deep well-drained soils,
a condition usually found on the slopes and knolls. Tt is most abun-
dant and attains its largest size in a broad irregular zone between the
low salty deserts and the high mountain slopes—an extensive zone
of great importance to the grazing industry of the West. This zone
1s generally at elevations of 3,500 to 7,500 feet.

The black sagebrush type, although smaller in acreage than the big
sagebrush type, occurs widely throughout the same zone. Occurrence
of black sagebrush usually indicates shallow soil underlain by bedrock,
claypan, or a cemented layer of iron oxide, at a depth ranging from
a few to 20 or 30 inches. The boundaries of this soil type, and of the
kind of vegetation characteristically associated with it, are usually
abrupt.

The silver sagebrush type in general occurs in flat, saucerlike depres-
sions where drainage is so poor that springtime flooding, sometimes
for several weeks, may occur in all but the drought years. When the
heavy clay soil dries in late summer, large cracks appear. A sharply
defined type line commonly occurs at the margin of the flooded area.
Immediately above this line, black sagebrush 1s usually the dominant
species. Occurrence of silver sagebrush is determined more by soil
and drainage than by elevation. For example, it occurs on some wet,
cold slopes at elevations of 7,000 to 8,000 feet.

340681°—55
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Big Sagebrush Sites

Site Selection

Steepness of slope, erodibility of soil, occurrence of rocks, and
amount of precipitation are the four principal factors to consider in
selecting big sagebrush sites for seeding. Slopes greater than about
35 percent are too steep to work safely with tillage implements. Steep
slopes with soils easily eroded by water should not be plowed. TLoose,
sandy soils are susceptible to wind erosion, and consequently recom-
mendations for range improvement will depend upon the amount of
plant cover that can be kept on the land or the promptness with which
a new cover can be established. Rockiness and roughness of terrain
may limit the work that can be done. An average of 9 inches of
precipitation per year may be regarded as the minimnm under which
seeding can be considered practical with presently known techniques
and with grasses now available.

Species Adaptation

Nine species of forage plants have been found adapted for seeding
on the big sagebrush type. They mclude intermediate wheatgrass,
pubescent wheatgrass, tall wheatgrass, crested wheatgrass,? Fairway
crested wheatgrass, bluebunch wheatgrass, big bluegrass, Ladak al-
falfa, and cicer milkvetch.

Both altitude and annual precipitation affected adaptation. At
elevations of 3,500 to 5,000 feet and precipitation of 9 to 15 inches,
bluebunch wheatgrass and crested wheatgrass have done best.  Above
5,000 feet and where precipitation is more than 15 inclies, Fairway
crested, intermediate, pubescent, and tall wheatgrasses have proved to
be well adapted. These four ave less dronght resistant than erested
wheatgrass, but have produced well with 15 inches of precipitation.
Tall wheatgrass does not mature seeds above 7,000 feet in elevation
at this latitnde; consequently, its persistence over a long period of
years may be questioned, and it can be safely recommended for use
ouly below 7,000 feet. Tall wheatgrass also proved well adapted to
alkaline soil in flat, poorly drained areas at elevations of 3,000 to
5,500 feet.

Seasonal needs for grazing may influence the selection of a grass
for seeding. Crested wheatgrass and Fairway crested wheatgrass
provide early spring grazing but dry up 3 to 5 weeks earlier than
mtermediate, pubescent, or tall wheatgrass. Tall wheaterass stays
green the longest of these three. Leaves of pubescent wheatgrass dry
about 10 days earlier than those of intermediate wheatgrass, but both
remain green a few weeks longer than those of Fairway crested wheat-
grass.

Big bluegrass produces most of its growth in the spring, the foliage
remains green throughout the snmmer and, if ent off, the plant pro-
duces good regrowth. The Albion strain of big blnegrass has been

—_—

2 1 3 -

Refers to Agropyron desertorum, commonly called Standard crested wheat-
grass, and also called desert wheatgrass in some recent publications. Tairway
(rested wheatgrass is used here as the common name of A. eristatun.
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more productive than the Sherman strain at elevations above 5,000
feet, and responds better where night temperatures are characteristic-
ally cool (4).*> The Sherman strain has been more widely grown but
thrives better in localities where the nights are warmer.

Adapted grasses and legumes can extend the grazing season. Some
extension may be attained by sowing grass mixtures, but a better
plan would be to use early growing grasses in one grazing unit and
later developing species in :1llqt11e1' untt. If sown in mixture, the
different grasses may not be utilized at the best stage for highest yield
and perpetuation of the plants.

How yields of different grasses may compare was shown by a range
improvement experiment on the Shasta National Forest. This range
area, at 4,500 feet elevation and with 13 inches average precipitation,
is representative of a large acreage of the drier parts of the big sage-
brush type. Perennial native biunchgrasses and sagebrush had been
plowed out dnring early settlement days. But ‘(Try-land farming
proved submarginal and cultivation was discontinued. Big sage-
brush then reinvaded the area and became dominant. Cheatgrass and
weedy forbs were common associated species, along with scattered
plants of native bunchgrasses such as squirreltail.

The experiment began by plowing the land in the summer of 1945
and drilling seed of 12 forage species before the fall rains. Unfor-
tunately, three desirable wheatgrasses—intermediate, pubescent, and
tall wheatgrass—were not available for testing when the plots were
seedled.

Crested wheatgrass gave a high and relatively consistent yield over
the T-year period (table 2). Big bluegrass produced the highest yield
in the entire test in 1950, and had the highest average yield. However,
it was erratic in production, and its yvield in 1953 was about one-fourth
of that in 1950. Bluebunch and beardless wheatgrasses gave fairly
high and consistent yields until 1952, when the vigor of the plants was
serionsly rednced by snow mold disease. Slender wheatgrass pro-
duced the highest yield in 1948, but this relatively short-lived grass
failed to reproduce, and its yield declined markedly after the fifth
year.

Smooth brome became sodbound and declined in yield after the third
year. For optimum yields smooth brome requires higher fertihty
and soil moisture than this site provided. No fertilizer was tried on
this particular area, but a deficiency of nitrogen for best growth of
smooth brome was definitely indicated by yellowish color and other
symptoms. Density and number of plants of smooth brome did not
decrease, but vigor and general productivity did after the fourth year.

Five other species started fairly well, but failed to maintain a stand
through the test period. In 1948 their production of forage, in pounds
per acre, was: Canada wildrye, 951; mountain brome, 704; orchard-
grass, 553; burnet, 427; and Reed canarygrass, 411. The stands de-
clined rapidly after 1948, and by 1953 were very thin. These species
therefore are not recommended for use on big sagebrush sites.

. \Vl}]h Intermediate and tall wheatgrasses (fig. 4) were not included
In this trial, results of two tests on the Lassen National Forest show

* Italic numbers in parentheses refer to Literature Cited, p. 45.
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TasLe 2—Forage production of 7 seeded forage species and of the
adjacent untreated range, Shasta National Forest, 19}7-531

Yield of forage, ovendry weight
Species | ' | f
1947 | 1948 1940|1950 | 1951 | 1052 | 1953 Aa‘:geg‘
|
| |
Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
per | per | per | per | per | per | per | per
acre acre acre | acre acre acre acre | acre
Big bluegrass__ ______________|_____ 6871, 351{2, 596(2, 344/1, 130| 5951, 450
Bluebunch wheatgrass_ . ______ 1,226/ 9731, 0391, 210]1, 007 - _|----_ 1, 109
Beardless wheatgrass_________|_____| 600/ 9701, 509(1, 895| 233|._._. 1, 041
Slender wheatgrass__ __ ~.--[1,0891, 615 645(1,352] 500\ ____|_____ 1, 030
Crested wheatgrass___________ 1, 446!1, 415| 9011, 020, 802, 681 7591, 003
Smooth brome_______________ 8971, 274 590 545 252/ 494 338 627
Western wheatgrass________._|____. 165/ 534 651 668_____ | 621 588
206 127|_._ ... 151

Untreated range_ - ___________ 126 135i 95| 127
| | | | |

1Seeded in 1945,

the high yielding ability of these species, particularly at higher eleva-
tions with more favorable moisture conditions. Both tests were on
depleted sagebrush range that had never been cultivated, Elevation
was 5,600 feet, average annual precipitation 18 inches. One test, in-
cluding plots on both big sagebrush and black sagebrush sites, com-
pared 9 different grasses, sown in 1947 and harvested in 1949-53.
Yields for the two sites, being closely similar, were averaged (table
3). The second test, in the big sagebrush only, compared 10 different
grasses representing 6 species, sown in 1949 and harvested in 1951-53
(table4).

In both tests, intermediate wheatgrass and tall wheatgrass gave
the best yields. One selection of each, intermediate wheatgrass acces-
son No. P-2327,* and tall wheatgrass accession No. P-2326, were
particularly outstanding in the 1949 trial. The larger form of inter-
mediate wheatgrass (P-2327) also produced much higher yields in
this second test than the short form (P-14).

Peak production for tall wheatgrass came 1 year later than for
intermediate wheatgrass in the 1949 test. This finding is In accord
with results obtained under dryland conditions in Idaho (70). The
Lassen National Forest site was not suitable for Siberian wheatgrass,
bluebunch wheatgrass, and Sherman big bluegrass—plants that have
performed better at lower elevations having warmer and even drier
conditions. _

Western range technicians generally report that the yield of forage
reaches a maximum in the second to fourth years after seeding. Then
the yield begins to diminish gradually even though basal density of
the stand may increase. Vigor is reduced, and hence forage yield
per unit area is lowered. Such a decline was noted among the grasses

‘The Soil Conservation Service nurseries of the Pacific Northwest snpplied
seed of all of the plants referred to by the P-series accession numbers.
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F-478140, 478139

Figure 4.—Individual plants of two species of wheatgrass. A, Intermediate wheatgrass,
which spreads by short rhizomes. B, Tall wheatgrass, showing its typical bunchgrass
habit of growth. This species has no rhizomes.

TanLe B.—Forage production by 9 grasses, big sagebrush and black
; 7 9 1 ARG
sagebrush sites, Lassen National Forest, 1949-531

Yield of forage, ovendry weight

Speeies |

Aver-

1949 | 1950 | 1951 | 1953 age
Pounds Pounds Pounds Pounds Pounds

per per per per per

acre | acre | acre | acre | acre
Intermediate wheatgrass_ __ 623 11,092 | 747 (1,111 893
Tall wheatgrass_  _______ 554 | 978 928 | 879 835
Western wheatgrass______ . | 560 | 697 | 712 656
Slender wheatgrass_ _ 715 772 527 379 598
Crested wheatgrass_ __ 302 ‘ 662 | 696 | 693 588
Pubescent wheatgrass__ 332 843 519 605 575
Beardless wildrye__ __ _ . 649 569 | 397 538

Smooth brome __ . B 381 583 | 210 | 388 390
Timothy_ __ e 407 418\ 260 |- --- ‘ 362

1 Seeded in 1947.
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TaBLE 4—Forage produced by 10 grasses, big sagebrush site, Lassen
National I'orest, 1951-53

Yield of forage, ovendry weight

Species Accession No,

' | 1951 | 1952 | 1953 | Average
Pounds|Pounds Pounds| Pounds

per | per per per

acre | acre acre acre
Intermediate wheatgrass_. .. P-2327_______ _ __ 1,547 |1,206 | 602 1, 118
Tall wheatgrass___________ P-2326__________._ 609 |1, 115 |1, 026 017
Big bluegrass______ o - P-8903 (Albion).__ ______| 641 530 590
Pubescent wheatgrass_ ___ __ P—41______ __-- 613 \ 588 246 482
Intermediate wheatgrass___ P-14_ __ _ - 668 584 186 479
Siberian wheatgrass________ P27 . _ 390 657 | 264 137
Big bluegrass_____________ P-6303_ . __ ___________ 376 | 361 368
Bluebunch wheatgrass_ ____ | P=7845____ o _____ 184 335 260
Big bluegrass_____________ Sherman__ _______|______ 27 206 162
Bluebunch wheatgrass_ _ _ __i P-6409________ ________ 82 197 140

1 Seeded in 1949,

included in the longer test on the Shasta National Forest (table 2).
The decline was most conspicuons i smooth brome, but apparent in
all the grasses that maintained a stand throughout the test period.

Despite this leveling off in yield 8 years after sowing, the seeded
areas were nevertheless producing 2 to 9 times as much forage as the
previously plowed, nonseeded range. The plots were not grazed.
Longevity and productivity of grass stands might be somewhat dif-
ferent under use by livestock. But the indications are strong that
established stands of these species will persist for a long period of years
under good management. Crested wheatgrass especially has demon-
strated both persistence and consistently good yields. TFor example,
one of the oldest seedings of this grass at Mandan, N. Dak., has been
productive since 1915 (74).

Legumes available for testing have not proved as well adapted as
grasses for range seeding in Northeastern California. Of some 30 leg-
umes tested in the big sagebrush type, Ladak alfalfa gave best results
for elevations between 3,500 to 5,500 feet. Cicer milkvetch was best
from 5,500 to 7,500 feet. Although these legumes are adapted to the
soil and climatic conditions. rodents and other wild animals often kept
them from becoming established. Tegumes are needed throughout
the range country to build up and maintain soil fertility and to provide
better nutrient halance for livestock. Included in a mixture with
grasses, lecumes usually add to the protein, \"it:llll]ll, and 1}1111eral
content of forage. This addition is especially mportant during the
season when grasses are maturing and drying. Continued search and
test of native or introduced legumes will be required to meet the need
for better adapted plants. DBut until the rodent and rabbit damage
on wild land can be minimized, leeumes cannot take their proper place
In range seeding mixtures.
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Methods of Preparing Land

Experiments in all three sagebrush types show that competing vege-
tation must be eliminated ov reduced to establish grass stands by
seeding. Buruing, spraying with hevbicides, and mechanical clearing
will work. Each method has advautages and limitations. A detailed
description of methods of controlling sagebrush on western rangelands
is given in U. S. Department of Agriculture Farmers’ Bulletin No.
2072 (7).

Mechanical clearing.—Plowing with disk-type equipmeut proved
practical on most of the deteviorated range suitable for seeding on big
sagebrush sites. DBig sagebrush has brittle, easily broken stems, mak-
ing it vather easy to kill with this equipment. The s[pecies does not
sprout from the crown or root, and cousequently breaking or cutting
off the top of the plant results in good control. The disk plow and
one-way Wheatland plow gave virvtually the same excellent kill of
sagebrush, but the disk-plowed plots produced a better stand of sown
grass aud a higher yield of forage (table 5). The disk plow was
more effective than the one-way plow in reducing competition from
forbs. sedges, and native grasses because of its deeper penetration and
adjustable angle of the disk. In general, the yield of forage increased
as density of sagebrush decreased.

Rockiness of the area largely determines the best type of plow to
use. One-way Wheatland plows are adapted to moderately rocky
laud, whereas lighter disk plows are hmited to virtually rock-free
areas. Big sagebrush averaging about 2 feet tall was fairly well con-
trolled by using a light farm disk or mower. Where sagebrush is
reinvading seeded rock-free range, mowing may be used to kill the
sagebrush beforve it attains much size. If the area is protected from

TaBLE b.—Density of residual sagebrush, and forage production in
relation to method of land preparation, on a seeded big sagebrush
site

[
’ Forage production !

Density of

Method sagebrush | Seedlings |Yield, oven-

| per square | dry, per

‘ foot acre

Percent Number Pounds
Untreated____________ R 18, 7H55 2 SN 287
Mower_____________________ 2.1 1 4 494
One-way plow__________ .. _lllin .0 2.1 644
Light farm disk__________________________ 15 2.6 445
Diskplow . __________________ " 1 4.4 1,294

lPl(')ts prepared and forage mixture drilled in autumn, 1947; seedling count
made in 1948; yield measured in 1950. The forage mixture sown (in pounds per
acr'e) consisted of: Smooth brome 4, mountain brome 4, western wheatgrass 4,
Fairway crested wheatgrass 214, alfalfa %, timothy 34,

Untreated plot not seeded; vield is from native plants. Yields on treated plots
arc from seeded and native plants,
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grazing for a year to permit production of a hay crop, then a mower
can be profitably used to harvest the hay and control the sagebrush in
one operation.

Spraying with herbicides—Spraying with 24-dichlorophenoxy
acid (2,4-D), carefully planned and applied, can control big sage-
brush. The butyl-ester form of 2,4-D, applied at the rate of 2 pounds
in an emulsion of 14 gallon diesel oil and 9 gallons of water per acre,
gave 85 to 95 percent kill in replicated tests extending over a 6-year
period on the Lassen National Forest (fig. 5). The best time to spray
{)ig sagebrush was when growth of flower stalks was 3 to 4 inches in
length. At this stage the developing flower stalks still appear similar
to new twig growth. This stage was reached between May 20 and
June 20 at 5,600 feet above sea level—earlier at lower elevations, later
at higlier elevations.

| - pound rate 2-pound rate
100 =

PERCENTAGE CONTROL OF SAGESBRUSH

JUNE 20

MAY 20 JUuLY 20

TIME OF SPRAYING

Big sagebrush _Block sagebrush Silver sagebrush

Figure 5.—Control of three species of sagebrush as influenced by time and rate of spraying

with butyl ester of 2,4-D.
349681°—55— 3
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Several supplemental field-scale spraying tests at elevations of
4,000 to 7,500 feet i other parts of northeastern California resulted
in satisfactory kills of 85 to 95 percent of big sagebrush. Some of the
variation in percent kill may resunlt from unrecognized geuetic dif-
ferences in sagebrnsh. Ward (77) has recently reported that two
forms of big sagebrush, with different chromosome numbers, occur
in northeastern California. _ ) '

Thorough coverage of the foliage with spray solution was found
necessary to obtain a good kill of sagebrush. A method for deter-
mining and recording distribution of the spray particles was developed
in the course of the experimental spraying (2). Bond paper was
sensitized with tanuic acid solution and placed on the ground across
the swath to be sprayed. Iron chloride added to the spray solution
during the calibration of the equipment gave a dark gray mark on
the sensitized paper showing size and distribution of particles (fig. 6).

i pEEL
kNI

o
5
£

d%

d

{inch—»

F-478129, 478130

Figure 6.—At left, spray pattern representing complete coverage with 10 gallons per acre.
This is considered to be ideal droplet size and density. At right, spray pattern represent-
ing 10 gallons per acre with poor coverage.

Spraying with 24-D increased forage production in the present
study either with or without seeding. The test was in a rocky, de-
teriorated area of big sagebrush, where the stand of good perennial
grasses before spraying averaged one plant per square foot. Spraying
alone increased forage prodnction to nearly four times that of the
mntreated range. This improvement occurred in the second year after
the competmg sagebrnsh had heen killed (table 6). The grass plants
increased in density, vigor, and yield.

Spraymg and seeding together increased production sixfold, on
the average. A mixture of mtroduced forage grasses was drilled the
fall after the spraymg. Three years later an average of three grass
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TasLe 6.—Forage production under several combinations of spraying,
tillage, and seeding on big sagebrush range, 1950-5.3"

Forage vicld, ovendry, per acre

Treatment ‘ ‘
1950 1951 1952
| | |

age

]

-
1953 l Aver-

!

Pounds ' Pounds = Pounds | Pounds | Pounds

Plowed and drilled_ __________ H73 1, 007 _ 1, 183 921
Sprayed, disked, and drilled._ - _ _ 522 817 1, 086 043 842
Sprayved; not seeded___________ 462 542 427 602 ! 508
No treatment__ .~ ___ _____ 110 147 141 149 137
I N I

1Sprayed with 2,4-D in July 1948; seeding done in fall of 1948.

plants per square foot were fully established, even thongh disking to
prepare the seedbed had reduced the native grasses about 50 percent.
Introduced grass plants made up three-fourths of the vegetation and
native grasses one-fourth.

These results show that introduced grasses can be successfully

drilled into sprayed sagebrush areas without plowing. Sowing, how-

ever, cannot be done satisfactorily without some tillage to prepare a
seedbed. Where disk-harrow equipment can be operated on sprayed
sagebrush areas, the tillage will usually be suflicient to prepare a seed-
bed and to break down the dead brush ahead of the drill. A brush-
Jand drill (fig. 7) recently developed by the Forest Service also guve

F-ATE146

figure 7.—Brushland drill for sowing seed on trashy seedbeds and on uneven soil surfaces.
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adeqnate tillage and pel'fm_-mod well where rocks and bl'u:“?h \\'011]_d
have stopped ordinary drilling equipment.  Becanse each drill arm 1s
independently hinged, depth of seeding 1s fairly mnfo.l'm 011.1'ough
ground.  When this type of drill hecomes ganeru]]y‘:1\%111:11)]@, 1t may
be possible to use it on sprayed sagebrush areas without disking or
plowing. ) ] )

The principal use for spraying, we believe, will be on land support-
ing enongh perennial grasses to produce an adequate cover of forage
after the sagebrush 1s killed. Spraying is especmll_){ adapted to
rocky land that cannot be plowed, and also to some sl‘opmg land tl}at
might erode seriously if plowed. On slopes and easily eroded soils,
particnlar cave must be taken not to kill sagebrush by spraying unless
the understory of native grasses is adequate to prevent serious erosion
or a seeded cover can be rapidly established. Although sagebrush is
not desirable as a forage plant, it does help to protect the so1l against
washing and blowing. If native grasses are not present to revegetate
the range, introduced grasses should be sown. ‘

Range managers will want to consider certain other hazards in the
use of selective herbicides. Ifirst, the sagebrush crowns protect rem-
nants of perennial grasses from grazing, and therefore sagebrush
should not be destroyed by spraying unless grazing can be managed to
perinit the grasses to regain and retain their vigor. Also, 2,4-D can
be very detrimental on some sheep ranges by killing many perennial
herbs, such as geraninm, and scattered legnmes.  Bitterbrush, snow-
berry, aspen, and willow, particularly valuable browse plants for sheep
and deer, can be damaged by sprayimg. These hazards can be mini-
mized by careful selection of area, equipment, and time of
application.

Lurning—Effectiveness of burning i seedbed preparation was
demonstrated along with the species-adaptation testing.  One series of
drilled plots was established in 1948 on & controlled burn in the big
sagebrnsh type. The burn, on a selected tract in the Modoe National
Forest, was clean and provided an excellent seedbed for drilling
without tillage.

Crested wheatgrass and four other adapted wheatgrasses were sown
within a few weeks after the burn.  The area was grazed moderately
the first year after sowing, then rested 1 year, and grazed heavily the
thid year. By 1950 crested wheatgrass had developed a basal density
of +.5 percent, an optimum coverage for the site.  Native perennial
grasses that survived the fire added 2.0 percent of basal density, making
a total of 6.5 percent.  On the adjacent unburned range, perennial
native grasses—mainly squirreltail, western needlegrass, bluebunech
wheatgrass, and Idaho fescue—had a density of 4.2 percent.

Burning reduced the native grasses by more than 50 percent in this
expeviment.  Idaho fescne proved to be especially susceptible to injury
by fire.  Cheatgrass, an troduced weedy annual, was decreased from
2.3 percent basal density on the unburned range to 1.5 percent on the
burned and seeded area. But five also removed sagebrush, which on
the unburned range reduced the yield of the forage. Thus, forage

mereased in quantity and became more accessible to livestock as &
1'6:111t of the combined use of fire and seeding to improve this kind
ot range,
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New sagebrush seedlings have grown since the burn, and eventually
somme action will be needed to reduce them. An average of 4,698 seed-

ling sagebrush plants per acre were found in 1950 on the burned arvea.
The unburned range had 2,523 seedlings and 2,958 matmre plants,
making a total of 54Q1 per acre. Bumrning might have contributed
to the abundance of seed]mws but did not appear to he entir ely respon-
sible; climatic conditions for establishiment of sagebrush seedlings
qpp‘lrenth were unusnally favorable. Observ ations of ne: wby sage-
brush areas indicate that big erops of sagebrush seedlings have grown
in only 1 year in 10 on these rangelands.

Despite the sagebrush qeed]mm, the grass was vigorons and produc-
tive on the area as a whole in the fifth vear after sowing. In small
enclosures fenced from livestock and rabbit grazing, cr 0\19(] wheat-
grass yields were at the rate of 9.194 ponnds of forqge, diry weight, per
acre; intermediate wheatgrass, 1,936 pounds per acre. These }m]{ls
were comparable to those obtained on another area plowed and seeded
at greater expense, and they indicate the possibilities of increased
productlon from seeding burned-over range in the big sagebrush type.

Studies in the Intermountain Region (6) have shown that burning
big sagebrush to reduce competition with associated grasses can be an
effective range improvement practice on selected areas. Risk, diffi-
culty, and expense can be reduced by thorongh preparation in advance,
by accurate sizeup of the best time to burn, by skillful handling of the
burn, and by meeting requirements of local fire-control anthorities.
Good manfl(rement of grazing is just as important after bnrning as
after spraying to allow new seedlings to develop and released p Jants
to gain vigor.

To obtain the best forage returns, burns on sagebrnsh range from
both controlled and wild fires should be seeded in antumn of the same
year: otherwise, soil becomes compacted and competition from cheat-
grass and other range weeds will be increased greatly.

Methods and Rate of Seeding

Covering of seed was found essential for good establishment of
rasses. Throughout the T vears of testing, drilling gave consistently
etter stands of arass than broadeasting, with two e\ceptmns Dhill-

ing was not necessary on burned-over timberland with heav - ash, nor

where needle fall of conifers or leaf fall of aspen was suflicient to
cover the seed. On burned-over sagebrnsh land, however, ash did
not cover the seed adequately. There and on plowed seedbeds dyilling
Was necessary.

COHS]SH}HHV hetter stands of grass were obtained where the so1l on
plowed seedbeds was firmed before drilling.  For example, in one
experiment with land roller and disk, used qnw]s and in combination,
the comparative results, expressed in number of seedlings per Squ‘ue
foot, were: Plowed, 1.2; plowed and disked, 1.3: plow ed and rolled,
o and plowed, dlsked and rolled, 1.7. In this experiment a cast
1ron roller was used, but elsewhere log rollers and concrete cyvlinder
rollers proved S‘ltlsf‘wtory Usually mllmfr and drilling can he done
in one operation when the roller is pulled ahead of the drill.
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and a few weeks of warm weather. Seedlings germinated too soon,
and losses were heavy during the winter. Plots sown to grass later
n the fall of that same year had no germination nntil spring, and a
better stand was obtained. Since the earliness or lateness of storms is
unpredictable, it would be desirable to sow in late fall, between Oc-
tober 10 and 30, for elevations of about 5,600 feet. In Nevada at
elevations of 4,650 and 5,200 feet, Robertson (9) also found that late
fall seeding gave better results than early fall seeding.

Early spring proved suitable for sowing areas that are readily ac-
cessible. However, if equipment and supplies have to be moved an
appreciable distance, muddy roads and fields and early spring storms
make spring sowing too difticult and costly. By the time planting can
be done mn the spring. it is too late for the slow-starting grasses to
become sufticiently well developed to survive the summer season with-
out rain. Legmmes develop more rapidly than grasses aund have re-
sponded better to spring =owing than to fall sowing. If a mixtnre of
grasses and legumes is to be sown, eavly spring would be the preferable
tiume.

Stand Establishment

Grazing by livestock should be withheld until new seedling plants
have had an opportunity to become well established. The period of
tome will vary for different species, seasons, and sites, but as a general
rule a full year after seeding is required to avoid pulling up many
seedlings which do not become firmly anchored the first growmg sea-
son. Special situations may justify protection into the second year.

Occasionally a satisfactory stand of grass developed despite early
livestock grazing. Such an example occurred with the newly seeded
crested wheatgrass on the 1948 controlled burn of big sagebrush. The
autumn, winter, and spring proved exceptionally favorable for growth
of the crested wheatgrass seedlings. Although grazed the first sum-
mer after sowing, they developed into vigovous plants as large at the
end of 1 year as would normally be expected in 2 years. Conversely,
the big bluegrass sown on plots at the same time and treated in the
same manner as the crested wheatgrass germinated well, but the seed-
lings were pulied up by livestock, and the stand of grass was a failure.

Rodents and rabbits were observed to damage rauge seedings in
varying degree during the test period. The vodents included ground
squirrels, mice, and gophers. Rabbits destroyed some new seedings
of forage grasses. Rodents and rabbits eliminated legumes from some
grass-legume mixture seedings. Rabbits were not controlled success-
fully on the experimental range areas except by fencing. On one
small test area they consumed nearly two-thirds of the forage. Where
livestock and rabbits were excluded. the amount of grass at maturity
was 2,065 pouuds per acre compared to 792 pounds per acre on a
small plot fenced against livestock but grazed by rabbits. On this
area the grass stand was established before the peak of the rabbit
population occnrred. If seeding is desired for a large range where
the rabbit population is high, the best solution may be to defer seeding
untﬂ the numbev of rabbits can be rednced by natuval enemies or
util more effective control methods are developed.
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Black Sagebrush Sites

Site Selection

Since shallow soils characterize the black sagebrush range, special
attention should be given to soil depth in selecting areas for seeding.
The depth of soil above rock or consolidated substratnm should be
9 feet or move for good grass growth. The black sagebrush type is
generally found on gentle slopes; so steepness 1s no problem in most
Tocalities. TRRockiness, however, prevails through most of the black
sagebrush rangeland. and for this reason much of the area cannot be

treated with tillage equipment.

Species Adaptation

Grasses found adapted for use in seeding deteriorated black sage-
brush range were: Intermediate wheatgrass, tall wheatgrass, western
wheatgrass, Standard crested wheatgrass, pubescent wheatgrass, Fair-
way crested wheatgrass, and smooth brone,

In one comprehensive test tor yielding ability of 9 grasses on the
Lassen National Forest, intermediate wheatgrass and tall wheatgrass
gave the highest and the next highest yields, respectively, and far
exceeded T other species in relative production (table 3). Nitrogen
deficiency accounted for the low production of smooth brome on the
test avea.  On soils of higher fertility, especially at somewhat higher
elevation and with better soil-moisture conditions, smooth brome has
performed better than it did here. The test was made at. 5,600 feet,
near the npper lmit of adaptation for Standard crested wheatgrass;
at higher elevations Fairway crested wheatgrass has persisted and
produced better than the Standard strain.

Methods of Preparing Land

echonical clearing—Of the several kinds of tillage equipment
tested, a disk plow gave hest control of competing vegetation in the
black sagebrush type (table 8). Plowing has proved best only on
relatively rock-free areas. A light farm cTisk, W]hich can be operated
on some land too rocky for plowing, gave good control of black sage-
brush when the land was disked twice and the dislk blades were kept
shavp.  Difliculty was enconntered with the one-way Wheatland plow.
Many small plants of black sagebrush slipped between the ciasks; other
plants were not killed because the disks werely rolled over them.
Mowing was ineffective, since it was impossible o cut low enough to
kill many of the plants. This difficulty was partly caused by the
rough smface of thesoil.  Erosion between the black sagebrush plants
had Teft many of them on pinnacles of soil. 1

SNpraying —Spraying with 2, 4-D gave satisfactory control of black
sagebrush, equal to that of big sagebrush, Rocky rangeland that
canuot. be plowed is most suitable for spraying. Desirable native
grasses, though limited in amount, are allowed to increase when re-
leased from sagebrush competition by spraying with selective herbi-
cides. Comparative yields from sprayed and unsprayed strips of
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similar range afford a measure of this stimulus.  Sandberg bluegrass
and other native grasses produced 273 pounds of forage pev acre in
1951 on mnsprayed black sagebrush range on the Modoc National
Forest. An adjacent avea sprayed with 2,41 by airplane the year
before produced 578 pounds of forage per acre.  On an area support-
ing a fair stand of Idaho fescue, a liigher producing native orass. the
yields per acre were 470 pounds without spraying and 893 pounds witl
spraying.

TasLe 8.—Density of residual sagebrush, and forage production in
relation to method of land preparation, on a seeded bluck sagebrush
site

|
| Forage production !
Density i
el o}f)]i?;g}?— | Seedlings h’ield, oven-
’ per square | dry, per
foot acre
Percent | Number | Pounds
Untreated__________________ —~ I R .- 26,4+ o _____. | 168
Mower_______________ — - T 7.7 3.5 | 311
One-way plow________ L . SSSaais 4.5 4.8 | 483
Light farm disk_ o . 1.1 6.3 456
Disk plow____________ . .7 9.1 1, 638

! Plots prepared and forage mixture drilled in autumn, 1947; seedling count
made in 1948; vield measured in 1950. Torage mixture as in footnote 1, table 5.

Untreated plot not seeded; vield is from native plants. Yields on treated plots
are from seeded and native plants.

Ratls and pipe harrows (72) gave unsatisfactory resnlts in tests on
black sagebrush. This rather small shrub is often multiple stemmed
and 1s not eastly pulled out or broken off.  Tor example, in one field
test of the pipe harrow on Lassen National Forest. black sagebrush
plants were reduced only from 12,197 per acre to 5,123—an insuflicient
kill for successtul range improvement.

Method and Rate of Seeding

As on the big sagebrush sites, drilling seed in the fall generally gave
best results. .\ fter sprayving, some tillage is desirable hefore drilling ;
this may be done with a light farmi disk or the rocklaud tiller (fig. S).
In a test with the rockland tiller, about half of the native grasses snr-
vived and drilling added an average of 2.4 erass seedlings per square
foot. Plowing and drilling produced 5.8 seedlings per square foot
but eliminated all the native grasses, an undesirable result on erodible
areas. In general, however, the best results from the drilling niay be
expected on a seedbed that has heen prepared by plowing and rolling.

In these tests the optimum rate of sowing was 8 to 12 pounds per
acre, and the best depth of covering. one-half inch.  On land too rocky
or rongh for either plowing or drilling, vet deficient in forage cover,

349681°—55—4
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Figure 8.—Rockland tiller used to prepare seedbed for range seeding.

orass seed can be covered by using a pipe harrow in the fall after sage-
brnsh has been killed with a hormone spray applied the preceding
spring.

Stand Establishment

To insure establishment of seedlings, the same protection from graz-
ing is necessary on the black sagebrush as on the big sagebrush range.
The young grass plants mnst be given time to become adequately rooted
before being grazed.

Silver Sagebrush Sites

Site Selection

In the stlver sagebrush type the soil is flooded when the snow melts
in the spring.  Where water unsually stands more than 4 or 5 weeks,
seeding 1s inadvisable nnless drainage can be improved. Preparation
for seeding is more diflicult in this type than in either big sagebrush
or black sagebrush.

Soil 2 feet or more in depth has generally prodneed enongh forage
to jnstify the expense of seeding. Loam soils have given hest results
m revegetation, but clay sotls, which are most prevalent in this type,
also have given satisfactory stands of grass.

Silver sagebrush is usually found on relatively level land, except at
elevations of 7,000 to 8,000 feet. Here the steeper slopes may present
an eroston hazard, and special care must be taken in tillage to prepare
the land for seeding.

1
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Species Adaptation

Grasses proved adapted for seeding on silver sagebrush sites were:
Tall wheatgrass, western wheatgrass, meadow foxtail, bearcless wild-
rye, smooth brome, and thickspike wheatgrass. All of these grasses
satisfactorily withstood a few weeks of flooding.

Intermediate wheatgrass, pubescent wheatgrass, and Siberian
wheatgrass did not withstand flooding well enough to warrant their
use on areas that are likely to be under water or even waterlogged for
more than 2 weeks after snow melts in the spring. Reed canarygrass
also failed to persist on these sites; although it withstood submerg-
ence, 1t did pot survive the dry summers on the heavy clay or loam
soils found in the silver sagebrush type. These findings on the relative
resistance of forage plants to flooding are in very close agreement
with those obtained in Canada (5).

Methods of Preparing Land

Mechanical clearing—Plowing gave excellent results and is recom-
mended for silver sagebrush areas. The disk plow gave the best con-
trol of any of the methods tested (table 9). The one-way plow was
better than the light farm disk, but neither is to be recommended if
a disk plow can be used. The light farm disk was less effective on
silver sagebrush than on black sagebrush (tables 8 and 9) because
silver sagebrush sprouted from the crown but black sagebrush did not.

Sprouting of the silver sagebrush occurred wherever the plants were
not completely cut off a few inches below the soil surface. The most
effective depth for plowing was 6 to 8 inches. Mowing proved less
successful : practically all of the silver sagebrush stubble sprouted.

Drilling without controlling sagebrush failed to produce forage
seedlings: grasses could not be established on bare soil between the

TasrLe 9.—Density of residual sagebrush, and forage production in
relation to method of land preparation, on a seeded silver sagebrush
site

Forage production !

Density of i
esod sagebrush | Seedlings | Yieid, oven-
per square | dry, per
‘ foot. acre
! |
Percent Number Pounds
Unimeatedee =~ L ___ 26. 4 .. 26
s . 17. 9 0.7 | 66
One-way plow___________________________ 9. 4 5 57
Light farm disk__________________________ 4.6 1. 4 276
Diskplow____________ .. 1 3.6 1,091

! Plots prepared and forage mixture drilled in autnmn, 1947; seedling count made
in 1948; vield measured in 1950. Forage mixture as in footnote 1, table 5.

Untreated plot not seeded; vield is from native plants. Yields on treated plots
are from seeded and native plants.
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sagebrush plants.  The soil was fully occupied by the sagebrush roots
even thongh only about 25 percent of the ground surface was covered
by the sagebrush eanopy (fig. 3, (7). .
“Plows must be weighted and set at the proper angle to eradicate
silver sagebrush, a tongher plant than either big sagebrush or black
sagebrush.  Also, heavy equipment or added weight on the plow
usually is necessary to penetrate the heavy-textured soil, especially
during the late summer when the soil becomes dry and hard. Notched
blades (fig. 9) gave better penetration than smooth disk blades and
have been more generally satisfactory in uprooting this tenacious
sagebrush species. . ‘ .

Ridging—TRidging of the soil improved drainage and increased
forage yield, and was conveniently done at the time of plowing. A
disk plow was nsed to make ridges (fig. 10). The center strip, which
formed the ridge, was double plowed, and the back furrows were
thrown to the center. A dead furrow was left open between the
videes to serve as a shallow ditch or swale for drainage (fig. 11). The
ridges were laid ont in the direction of natural drainage. The gradient
has been found to be slight on the floor of the valleys or depressions
where this sagebrush type occurs.

Ridees were constructed 12 feet apart in the first experiment, be-
ginning in 1949, to test this method of drainage improvement against
regular plowing. Reseeding followed both treatments. Ridged plots
averaged 27 percent more forage production than level plots in the
vears 1951-53, as shown in the tabulation below.

‘F_orage_a ,1/_1'_eId.__a1l(_ir1/_(Lounda)
Ridged Flat-plowed

1051 1,355 922
100 e 643 hh4
1O e 863 171

AvVerage oo 954 749

The percentage difference between ridged and level plots was greater
m 1951 when the plots were submerged about 8 weeks than in 1952 or
1953 when flooding occurred for only 2 or 3 weeks each spring. It
was concluded that differences in growing conditions, rather than a
decrease in effectiveness of the ridges, accounted for the lower yields.

Later experiments conducted with ridges spaced 18 feet apart re-
vealed advantages for the wider spacing. The flatter slopes permitted
more nniform depth of seeding. Also, 1 large-scale seeding the 18-
foot spacing wonld fit the larger plows better.

Spraying—Spraying silver sagebrush with 24-D with the same
procedure and formulation used for big sagebrush gave a high per-
centage kill (fig. 5). Forage production was extremely low without
treatment (table 10). Where the sagebrush was killed the forage
vield increased more than sevenfold, chiefly as a resnlt of increased
vigor of native Nevada bluegrass. On most depleted silver sagebrush
range arveas, however, the thin remnants of native grasses do not
warrant the use of chemical sprays alone as an improvement practice.
Seeding of adapted grasses is usually required and should follow some
tillage treatment to prepare a seedbed. For this purpose, use of a
light farm disk ahead of the drill has proved satisfactory.
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F-463989

Figure 9.—Stubble plow used in preparing silver sagebrush range for reseeding.
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Figure 10.—Disk plow used for plowing ridges to improve drainage on a silver sagebrush
site before seeding.

Spraying and seeding gave an average forage yield 13 times greater
than that of the untreated range (table 10). Nevada bluegrass, a
highly desirable native grass, occurred on the untreated plots at an
average rate of 11 plants per milacre, or 1 plant for each 4 square feet.
New plants of Nevada blnegrass hecame established on the sprayed
plots; an examination the third year after spraying revealed 44 plants
per milacre. or 1 plant per square foot. Virtually the same number
of plants, 45 per milacre, were counted on the sprayed and seeded
plots; 19 were introduced, and 26 native grass plants. Disking and
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F-478 45

Figure 11.—Silver sagebrush range ridged to improve drainage and prepare area for seeding.

TasLe 10.—1Yield of forage on treated and untreated silver sagebrush
range, 1951 und 1953

Yield per aere, ovendry

Treatiment !
1951 1953 ‘ Average

Pounds 1 Pounds ‘ Pounds

Noue_ R | 91 28 60
Sprayved with 2,4-D_____ S 562 | 356 459
sprayed and drilled 2 _ . 048 631 790

Plowed and drilled 2___ . ______ . 1, 036 729 l 882

I Applied in 1948,

? Forage mixture seeded per aere ineluded: Smooth brome, 2.5 1bs.; western
wheatgrass, 2.5 1bs.; Fairway erested wheat grass, 2.0 1bs.; orchardgrass, timothy,
Chewings fescue, and redtop, 1.0 1b. each; Reed eanaryvgrass, 0.5 ib.

drilling had eliminated about half of the native grasses. The increased
vield from spraying and seeding, then, vesulted from the introduction
of higher yielding grasses and more vigorous growth of remaining
native plants. Spraying and seeding are especially suited to areas
that have scattered rocks sufliciently near the surface to stop plowing
but not too near to prevent disking and drilling.
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Methods and Rate of Seeding

Drilling seed in September or October before the fall storms arrive
proved to be the most satisfactor v seeding practice for silver sage-
brush range. A suitable mixtnre is: Tall wheatgrass, b pounds; west-
tern wheaterass or beardless wildrye, 4 pounds: and meadow foxt: l,
8 pounds, makwng a total of 12 ]mumlx per acve.  Thickspike wheat’

grass can be substituted for western wheatgrass or heardless wildrye.
If a single species is desired, then 12 pounds of tall wheaterass or
western wheatgrass s recommended. Seeds should e covered, but
not more than one-halt inch deep.

Broadeasting seed in the fall resulted in poor stands of grass on the
heavy soils. Sowing in spring and early summer is also unsatisfactory,
because silver sagebrush areas ave then too wet and nuddy for the
use of machinery. Scattering the seeds iu the floodwater in early
spring failed to establish a grass stand.

Stands of grass contam‘no ripe seed can be mowed, buuched until
fall, and then scattered to seed the plo“ ed area. This method of
establishing native grasses succeeded in 3 different years. Advautages
were: Fnst. a mulch was provided and thls aided seedling establish-
ment, and second. adapted native grasses conld be used when their
seed was not commercially available. Nevada bluegrass predominated
on the areas thus mowed and seeded. Meadow barley and tufted haiv-
grass were also present and propagated readily by this method. Care
must be taken to mow the grasses before too much seed is lost by
shattering. Grass should not be mowed from weedy meadows for
this t\pe of seeding. Some weeds, though, may be coutrolled hy
spraying with selective herbicides a yewr in advauce of mowing. On
the experimental area, enough seed and muleh material was mowed
from 1 acre toseed 5 acres,

F-478142

Figure 12.—Buncher attachment for use on mower in harvesting native hay as seeding
material.
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A buncher attacliment for the mower (fig. 12) was used to bunch
the grass at the time of mowing. This not only saved time and labor,
in comparison with sepavate mowimg and raking, but also reduced

loss from shattering of the seed.
Stand Establishment

Livestock generally should not graze newly seeded silver sagebrush
range until the secoud year after pl:_mtmg: n order to allow p‘lants to
develop satistactorily. On clay soil subject to spring flooding, the
development of roots at the root crowns of the young seedling plants
was slower than in well-drained loam soul. Also, soil temperatnre
during the spring was lower on the flooded area, and crowth of new
seedlings was retarded. Often crown roots did not develop at all
during the first summer. These roots were necessary to anchor the
arass plant adequately in the soil. The seedling grass plants with only
primary roots were easily pulled up by grazing annnals, and a good
stand of grass was ruined by grazing before the plants were firmly

anchored.

IMPROVING DRY GRASSLAND SITES

Cheatgrass Areas

Cheatgrass, a weedy annnal grass from Europe, invaded much of the
Great Basin sagebrush zone during the early part of the 20th centnry.
(This plant is known locally as bronco grass and occasionally as
downy chess.)  On unplowed rangeland at that time. the stand of
pereunials had been rednced by heavy livestock use, fire, insects, dis-
eases, or drought. Big sagebrush predominated on much of this land
until it was removed by wildfire. Then cheatgrass came in to occupy
open ground resulting fron this reduction in perenmals.  Large areas
of rangeland formerly donunated by perennial grasses and forbs have
thus been transformed into a less productive annual-grass range.

At the same time much grassland was cleared for cultivated crops,
but farming was discontinned on large acreages that proved to be
submarginal for dryland grain prodnction. These fields quickly
reverted to rangeland covered by dense stands of cheatgrass.

The chief disadvantages of cheatgrass are its short season of green
erowth for grazing, great fluctnation in awount of forage from year
to year, and high fire hazard presented by the dry mature vegetatiou
throngh the snminrer and fall.  Opportunity is ereat for improving
rangeland by converting cheatgrass areas to perennial grasses.  Where
enough native perennials remain, the iluprovement can be accom-
plished by managing grazing to restore the desirable grasses. On
land that can be worked by tillage equipment, improvement will be
quicker and move positive through reseeding of perennial grasses.

' Medusa-head, another weedy anmual grnss\of more recent introduc-
tion from Europe, has become a further threat to the productivity of
some of these cheatorass areas.  Cheatgrass, though inferior to peren-
nial grasses, provides some forage, but medusa-head is unpalatable to
livestock.  Tinding wavs to control or veplace this later mvader has
barely been started, and no conclusive recommendations can be made
at this time,
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Site Selection

Some abandoned submarginal croplands have been damaged by
erosion. In general, however, cheatgrass-infested rangeland that was
formerly cultivated ofters the most favorable soil and topographic
conditions for seeding in this region. The fields can be tilled. Seed-
lings are established rapidly and come into use soon. Often such
areas are already fenced. They are located near ranch headquarters,
an advantage i supplementing native range. Previously nnplowed
lands with cheatgrass are not so fortunately situated. Some of their
characteristics, such as steep slopes, broken terrain, boulder-strewn
surface, and shallow soils, limit or preclude tillage and drilling,.

Species Adaptation

Onr plot tests and observations of results from field-scale sowings
on privately owned ranches show that the following forage species
are adapted for use on cheatgrass rangeland: Crested wheatgrass, big
bluegrass, intermediate wheatgorass, tall wheaterass, blnebnnch wheat-
orass, beardless wheaterass. and Ladak alfalfa.  For cheaterass areas,
as for big sagebrush range, the final choice of grass for seeding will de-
pend npon the season when additional forage is needed most.  Crested
wheatgrass and big bluegrass reach their peak of production in early
spring. Intermediate wheateorass grows through spring and early
summer. Maximum yields of tall wheatgrass, bluebunch wheatgrass,
and beardless wheatarass are not attained until late summer. Where
rodents or rabbits do not prevent growth of alfalfa, Ladak alfalfa
may be sown 1n alternate rows with the grass.

Method of Preparing Land

Considerable tillage was found necessary to reduce competition
from weeds on cheatgrass areas before seeding grasses.  Prompt prep-
aration of seedbed and seeding of grasses or legumes after a cereal
crop affords the cheapest and best procedure for establishing a stand
of perennial forage plants. The grain stubble needs only to be disked
before the forage seed is drilled into the stubble.

Growing a cereal grain or hay crop before seeding grasses or leg-
umes for grazing has two main advantages. First, the cereal crop
suppresses many weeds and reduces their seed production. Second,
the grain crop repays sonme of the cost of tillage. The feasibility of
this method will depend upon local conditions, including f;lCllltles at
hand for raising a hay or grain crop. Rye grown as a grain crop
before grass establishment resulted in unfavorable competition from
volunteer rye plants, but competition from volunteer plants of wheat,
barley, or oats was comparatively unimportant. If cereal rye 1s
grown, it should be cut for hay before its seed develops.

Where raising a cereal crop was impractical, plowing was found
necessary to prepare cheatgrass land for seeding to perennial grasses.
A year of summer fallow was justified if the cheatgrass had been per-
mitted to produce seed before plowing. In such cases, ‘the field
should be plowed in the fall and disked the next spring to kill cheat-
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orass before it rieads ont.  Then in the fall the area should be rolled
] J

before drilling. Good stands of crested wheatgrass have been ob-
tained by this method, bnt some clieatgrass was present for 2 or 3
years mtil the crested wheatgrass became well enongh established to
suppress the cheatgrass. . : ‘

Poverty weed, wild morning-glory, Jim Hill mnstard, and other
weeds of enltivated lands also competed with new grass plants in
early stages of establishment. These weeds occur mnch more fre-
quently on land formerly cultivated than on unplowed range. A year
of summer fallow did not eradicate them, bnt was highly beneficial in
establishing a grass stand.  The perennial weeds were so weakened
that their competition with the yonng grass plants was negligible.
Local conditions will determine the number of cultivations needed

during summer fallow.

Method and Rate of Seeding

Sinele disk drills gave excellent results on cheatgrass areas that had
been plowed and rolled to give a seedbed of good firmness and tilth.
Optimum planting depth was from ¥4 to 1 inch, depending unpon
textnre of snrface soil. Nine pounds of crested wheatgrass per
acre has been the optimum rate for seeding; proportionately higher
rates are needed for species with larger seeds. A good rate for a leg-
wme-grass mixtnre was Ladak alfalfa, 3 ponnds, and crested wheat-
orass. 6 pounds per acre. Alternate row seeding of legume and grass
has given best results.

Tarweed Areas

Tarweed 1s a native annual weed growing between 4,000 and 7,000
feet in elevation. It oceurs abnndantly on small areas of meadow
and sagebrush range where the native perennial vegetation is almost
completely gone. Tarweed 1s especially common in valley floors,
along livestock driveways, or around watering places. These live-
stock concentration areas usually have high potential capacity for
erazing if desirable forage plants can be reestablished and grazing
properly managed.

Site Selection

In the process of range decline, portions of the tarweed areas have
developed an erosion pavement. These places are less suited to 1m-
provement by seeding than others which still have some surface soil.
If 2 feet or more of soil is present and soil fertility is adequate, a
satisfactory stand of grass may be established regardless of the pres-
ence of an erosion pavement. On badly depleted areas, soil fertility
tests should be made before large-scale seeding operations are
attempted.

Species Adaptation
In an adaptation test including 40 different grasses and legumes, 5

grasses proved best for seeding on tarweed-infested range: Inter-
mediate wheatgrass, pubescent wheatgrass, Chewings fescue, tall
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wheatgrass, and tall fescue. Chewings fescue gave rather short
growth and should not be sown alone. In mixture with some of the
taller growing grasses, Chewings fescue added to density of the result-
ing protective sod. A suitable mixture wonld include 8 pounds of
intermediate or pubescent wheatgrass and 2 pounds of Chewings
fescue per acre. The need on these critical livestock concentration
areas is to restore a dense turf as soon as possible to arrest further ero-
sion and to reduce damage by trampling, which occurs so frequently.,

Tall wheatgrass and tall fescue performed best on the more moist
and poorly drained sites where tarweed had replaced the original
meadow grasses. Intermediate wheatgrass and pubescent wheatgrass
proved better adapted to somewhat driev sites with good internal soil

drainage.

Methods of Preparing Land

Early to midsumnier plowing proved Lest for preparing land for
seeding. The plowing should be done before tarweed matnres seed.
A light farmn disk was tried but did not cut deeply enough to kill all
of the tarweed. A disk conld be nsed where the soil is friable; a heavy
plow would be needed on hard, compacted soils. The essential re-
quirement is to kill the tarweed before seed is produced. If much
surface soil hias been lost, plowing and theun disking may be needed to
provide a satisfactory seedbed. ’

Method and Rate of Seeding

Tarweed areas generally are too wet for early spring seeding. Fall
sowing has given much better results than sowing in late spring. as
soon as equipment can be used on the land. Two methods of seeding
have given satisfactory results: Drilling seed at a depth of one-half
inch, and scattering mature meadow-grass hay containing seed of the
native grasses. Using erass hay gave better results than sowing seed
on crusted or compacted soils or on erosion pavement. Drilling 10
to 12 pounds of seed per acre has given satisfactory stands of grass on
the extensive areas where soil is in reasonably good tilth,

Stand Establishment

Fertility of the soil has been the principal factor in success or
failure of stand establishment on tarweed sites. Both phophorus and
nitrogen were found to be deficient on one experimental seeding on
the Lassen National Forest. A good stand of grass was obtained
where fertilizer was applied at a rate to supply 80 pounds of nitrogen
and 80 ponnds of phosphoric acid equivalent per acre. The average
yield of forage, dry weight, on plots seeded to intermedinte wheatgrass
was 43 pounds without fertilizer and 1,008 pounds with fertilizer.
Tall wheatgrass produced 48 and 449 pounds, respectively.

Heaving of small seedling grass plants by frost action was a problem
on the tarweed areas. Fertilization reduced this loss. The more
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vigorons and larger plants on the fertilized plots were better rooted
thian the plants on the unfertlhged plots. Ieaving loss also was 19“'9_1‘
on the plots seeded with hay from mature native grasses; this indi-
cated that the muleh helped reduce damage from heaving. A direct
comparison was 1ot possible because native species were used on these
plots and introduced grasses were sown on the drilled plots.

IMPROVING WEEDY MOUNTAIN MEADOWS

Meadows produce much more forage per acre than dry upland range
and so are especially important, even though they make up less than
5 percent of the rangeland in the region studied. ILavestock tend to
concentrate on meadow areas. Through years of season-long grazing,
plants of high quality and palatability have declined while coarser
vegetation, such as wire rush and other weedy plants, has increased.
On many meadows this weedy vegetation now predominates. Some
meadow areas have been virtually dennded of any plant cover and

can readily be seeded.
Buttercup-Infested Areas

Low palatability of plantainleaf butterenp, western buttercup, bis-
cuitroot, and other meadow weeds has favored an increase in the
density of these plants while more desirable grasses and legumes have
decreased under grazing pressure. Furthermore, the tops of butter-
cup and biscuitroot dry up about midsummer and virtually disappear,
so that nothing of value remains for the cattle to graze. Yet despite
tlil:eir short period of growth, these weeds greatly suppress growth
of grass.

Site Selection

The best areas for improvement with tillage equipment are the more
level rock-free areas with soil of good depth, tilth, and fertility.
Mauy of the smaller semiwet meadows in the areas of old lava flows
are too rocky for plowing, but can be improved by spraying.

Species Adaptation

Grasses found adapted to seeding on buttercup-infested meadows
are: Meadow foxtail, tall wheatgrass, smooth brome, redtop, timothy,
tall fescue, and Reed canarygrass (fig. 13). Meadow foxtail proved
widely adapted to various soils on which it was tested. Tall wheat-
grass and smooth brome required deep, fertile soils for best production.
Tall wheatgrass was most tolerant of alkaline soils. Redtop did
relatively better on acid soils. Reed canarygrass persisted and yelded
well on semiwet or wet meadow sites but did not survive on soils that
dry out in the summer. Timothy persisted well on wet meadows but
was short-lived on dryland areas.
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F-478128

Figure 13.—Meadow successfully seeded to mixture of redtop, timothy, and tall oatgrass,
Little Shasta Valley, Shasta National Forest.

Methods of Preparing Land

Weedy meadows may be improved by two general methods: Selec-
tive herbicides can be used if enough native grasses ave lett to cover
the ground within a year or two after sprayving.  Ov the meadow can
be plowed and seeded with adapted grasses.

Spraying with selective herbicides gave excellent results on meadows
dominated by weedy plants that are susceptible to 2.4-D, such as
plantainleaf buttercup (7). Two pounds of alkanolamine form of
24-D i 10 gallons of oil-water emulsion per acre was the most effi-
clent spray treatment. The oil-water emmlsion included 14 gallon
of diesel o1l and 915 gallons of water. Full bloom of plaintainleat
buttercup was the best stage of developmient for sprayving. \fter
spraying, the suppressed native grasses, including Nevada bluegrass.
tufted hairgrass, and leafy redtop, increased rapidly in ground cover
and 1 yield. Quality of forage was covrespoudingly improved.

Spraying not only resulted in higher total production (table 11),
but more important, it increased the proportion of grasses. From
plots sprayed in 1948, the forage harvested in 1949 was 98 percent grass
and 2 percent weedy vegetation; from nusprayed plots, 20 percent
grass and 80 percent weeds. Some weeds, such as bistort knotieed,
common camas, and squawroot (yampa), were resistant to the 2,4-D
spray.

Of the treatments tried, plowing and seeding resulted in the greatest
annual production of forage from this weedy meadow. The plowed
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plots could not be sown until after a 1-year fallow period, needed to
let the heavy chunks of sod weather down.  Then a satisfactory seed-
bed was prepared.  The sown grasses not only prodneed more volume
of forage (lig. 14), but also remained green 3 to 4 weeks longer in the

summer than the native @rasses on either the untreated or on the
sprayed meadow plots.

F-d7a184

Figure 14.—At left of photo, weedy meadow plot; blossoms of weeds with low forage valuve
and short stature of native grasses are noticeable. At right, a tall growth of grasses with
high grazing capacity resulted fiom plowing and seeding.

TanLe 11—1Yield of forage per acre, dry weight. from weedy meadow
sprayed with 2.4-12, sprayed and seeded, or plowed and seeded

q i Sprayed Piowed
Yedr b})r?z eld and LHERET No tretat-
only seeded ! seeded 2 mes
Pounds Pounds Pounds Pounds
w0 1,200 | ... (I 81, 266
1950 . 467 |___ - 3 145
1951___ . 456 1,073 | 1, 142 3 166
1952 __ Y180 | 4,070 5815
1953___ _ L 716 735 998 1695
Average } S04 904 | 2,070 3617
|

I Treated in 1048,

2 Plowed in 1948, sceded in 1950,
8 Half or more in weeds,

# Considerable squawroot present,
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Method and Rate of Seeding

Drilling seed in the fall gave the best establishment of grass. The
meadows were too wet through the spring for satisfactory nse of
sowing equipment. Broadcast sowing without covering the seed re-
sulted 1 failure. The mixture of grasses and rate of sowing per acre
recommended for meadows are as follows: Smooth brome, 4 pounds;
tall wheatgrass, 4 pounds; timothy, 2 pounds; and meadow foxtail,
2 pounds.

Stand Establishment

Reasonable control of grazing until the young grass stands become
established is required in the meadow type, as in other types. but the
reason is different. In meadows, trampling of young plants when
the soil was wet in early spring was the chief cause of injury. TFlood-
ing is a special problem 1in this type. Three grasses, meadow foxtail,
Reed canarygrass, and tall wheatgrass, withstood considerable flood-
ing without loss in germination or injury to the established plants.

During the period of grass establishment, poisoning of rodents is
advantageous. On the Lassen National Forest, one poisoning helped
in reducing damage by ground squirrels and mice on a semiwet
meadow that was seeded 1n the tests. Any rodent poisoning program
should be worked out with the local county agricultnral commissioner,
farm advisor, or representative of the Fish and Wildlife Service
because the poisons are toxic to hivestock and humans.

Rush-Sedge-Grass Areas

The rush-sedge type occurs in the lower, more level meadows that
may be flooded for several weeks each spring. The soil in this type
remains moist through the summer. Ocecasionally this kind of “wet
meadow” range 1s mowed for hay for winter feeding of livestock.
Much of the hay is stacked, but some is left in the windrow for fall
foraging by the cattle before heavy snowfall. The hay stubble also
provides some grazing for livestock after the close of the grazing
season on summer ranges at higher elevations.

Site Selection

Natural drainage and the possibilities for bettering it are important
considerations in selecting rush-sedge areas for improvement through
seeding. The expense and time needed to work the tough sods into a
usable seedbed proved to be much greater on these meadows than on
dry rangeland types.

Species Adaptation

The grasses adapted to the rush-sedge meadow are: Reed canary-
grass, smooth brome, tall wheaterass, tall fescue, and timothy.  Kach
species has advantages and disadvantages, depending upon local condi-
tions and the objective of management. In northeastern California
a moist soil throughout the summer seems necessary for persistence of
Reed canarygrass. Smooth brome produced high yields of palatable
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forage on fertile soils that remain wet uutil sunumer but have good
internal drainage. Tall wheatgrass withstood flooding. had tolerance
to allaline soil, and vielded @ heavy crop of forage. Tall fescue and
timothy may be included as part of a mixture where quick establish-

ment is important. These grasses, however, proved to be less per-

sistent than the other species. ‘
None of our tests to date has found a legiuie well suited for improve-

ment of these wet meadow sites. Native legumes oceur on some
meadows, and it seems probable that species from other mountainous
areas might be adapted.  Broadleaf birdsfoot trefoil has shown sonie
promise of persistence but has been diflicult to establish, and only
extremely sparse stands have been obtained.

Method of Preparing Land

Plowing was the only completely successtul niethod of preparing
these wet meadows for seeding. Coarse rushes and sedges persisted
wnder treatments that included heavy disking and harrowing, Even
where the rushes were heavily disked, the sod was only partially
broken, and establishment of seedling grasses was very poor. The
draft i plowing is heavy; great chunks of sod are turned up by the
plow (fig. 13). Fallowing for 1 or 2 years appeared to be necessary
before a satisfactory seecdbed could be prepared. Disking and rolling
were required to make a seedbed sufficiently level and firm for sowing
to a uniform depthin soil of good tilth.

F-478135

Figure 15.—Tough sods of plowed rush-sedge require a year or two of weothering before
a seedbed can be prepared.
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One preliminary test with two selective herbicides, 24-D and
trichloroacetic acid (TCA), showed promise for control of wire rush.
On field plots sprayed with 2,4-D, a reduction of 89 percent in wire
rush was obtained. Further study and observation will be needed to
determine whether the remaining wire rush will be suppressed by
increased growth of native grasses that were resistant to 24-D. No
procedure has been found entirely satisfactory for seeding grasses
mnto the sprayed sod. Where snitable native grasses exist in suflicient
amount, 1t appears practical to nse selective herbicides to reduce the
wire rush and thus hasten conversion of these areas to grass without
cultivation.

Seeding Method and Stand Establishment

The methods and rates of seeding prescribed earlier for buttercup-
infested weedy meadows were found suitable also for the rush-sedge-
grass meadows,

The principal precaution to assure stand establishment is to avoid
spring grazing while soil is so wet that livestock trampling would
destroy many yvoung grass plants.

SEEDING GRASSES IN PINE TYPE

Only on burned or logged areas is improvement of grazing capacity
through seeding usually worthwhile on pine ranges in this region.
Although grazing is commmon in open ponderosa pine forests, little of
the timbered range is in critical condition. Ordinarily the native
plants are either yielding about all the forage the site can produce
along with the timber, or are not so seriously depleted that their
productivity cannot be restored through grazing management. After
wild fires or logging operations, however, grass seeding may be justi-
fied for controlling erosion, restoring forage production, or checking
invasion of undesirable plants. Overall land-use objectives will
determine whether or not grass should be sown.

Where timber production is the primary objective and erosion is
not a problem, grass seeding can be undesirable because a dense stand
of grass competes with pine seedlings. If only a quick, temporary
ground cover is desired to help prevent erosion, short-lived grasses
can be used and relatively inexpensive seeding methods may sufice.
Where grazing use is an important or a primary consideration, seeding
persistent, high-yielding forage species is usually desirable on burns
and areas disturbed by logging. In such cases considerable expense
for partial clearing of debris is often justified. Reduction in fire
hazard is another benefit from sowing perennial grasses that help
control cheatgrass, which usually invades burned-over timberland in
thisarea and is highly flammable when dry. Perennial grasses remain
green longer, and even after drying burn more slowly than cheatgrass,

Site Selection

Soil depth and fertility are impovtant factors to be considered in
selecting areas for seeding in the pine type. For forage production
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alone, seeding is nsually profitable only on the better solls. However,
stabilization of erodible soils and protection of watersheds may justify

seeding grass on a wide range of soils.
Species Adaptation

Grasses adapted to seeding in pine areas are smooth brome, inter-
mediate wheatgrass, crested wheatgrass, Fairway crested wheatgrass,
timothy, and mountain brome. Smoo‘th brome has grown remarkably
well af elevations of 6,000 to 7,500 feet, on deep fertile soils where
annual precipitation exceeds 20 inches. This palatable sod grass has
also done well in a few tests on timber burns, for example, on the
Modoc National Forest. Here in July 1947 a wild fire burned a mixed
forest of ponderosa pine and white fir at an elevation of about 6,000
feet. A foraee mixture was broadcast by airplane in Noveniber. The
sowing included: Smooth brome, 3.6 pounds per acre; slender wheat-
grass, 0.9; timothy, 0.6; western wheatgrass, 0.1; and yellow sweet-
clover, 0.4—a total of 5.6 pounds of seed per acre. Smooth brome
became well established; only a trace of the other grasses, mainly
timothy, appeared. The density and yield of forage was excellent in
1950 (fig. 16). TForage production was 2,332 pounds dry weight per
acre as determined fronm milacre samples cut on August 3, at the time
erazing began for that season.

Another highly successful seeding was done on about 6,000 acres
of burned-over ponderosa pine timberland on the Modoc National
Forest in 1951. This area was somewhat drier, and the soil more shal-
low and less fertile than the 1947 burn. A mixture of smooth brome,
crested wheatgrass, and timothy was sown in early October by air-
plane. In 1953, the establishment, development, and respounse of the
grasses was determined on a representative area. Smooth brome gave
the greatest number of established plants per unit area. The spread
of smooth brome by strong rhizomes gave this grass the advantage
over the two bunchgrasses in providing ground cover; crested wheat-
erass and timothy spread vegetatively only by tillering. Results of
this test, and others, show that smooth brome was most suitable in the
zone hetween elevations of 6,000 and 8,000 feet. Crested wheatgrass
was best adapted to the lower adjoining zone from 6,000 feet downward
to 3,500 feet,.

Timothy is a desirable addition to mixtures for use at elevations of
6,000 to 8,000 feet, because it possesses good seedling vigor and estab-
lishes a cover quickly, and the seed is relatively inexpensive. Timothy
seeds, being small, are more likely than other seeds to go into the ash
or small cracks 1 the soil and be covered ; consequently, the chances
for germination are improved. Timothy is a comparatively short-
lived grass, a desirable characteristic where only a temporary cover is
wanted to stabilize erodible soils. But it cannot be depended upon to
persist as long as smooth brome or crested wheatgrass.

Intermediate wheaterass was not sown because at that time the
seed was too expensive. Plot tests have shown it to be widely adapted
for large-scale planting, and it will be used more extensively as see
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Figure 16.—Ground cover established on timber burn by airplane seeding of grass mixture.

A, The slope and the type of timber stand burned; B, smooth brome at the same location,
photographed at close range.

supplies become generally available. Ttalian ryegrass, often called
annual ryegrass in California, is widely used in seed]‘n;: burned'-over
chaparral lands in foothill and coastal areas of the State, but is not
sufficiently cold resistant for use in the platean region.
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Methods of Preparing Land

Newly burned timber areas rarely require tillage to prepare a seed-
bed. Competing vegetation is 1.1rs'ually.at a mininium, and phe surface
iayer of ash and loose soil provides a favorable condition for seedg.
It may be necessary to remove partially burned trees so as to permit
easier operation of seeding equipment if ground equipment is used.

Areas left thoroughly disturbed by recent logging also do not
ordinarily require tillage for seedbed preparation. The loose soil
covers the seed as it settles. Where native plants have not been
destroyed but merely crushed or cut off, seeding probably will not be
successful because of competition from their resprouting. On steep
skid trails or other sloping areas, water diversion devices such as water
bars, small dams, and drainage channels usually are needed to help
control erosion. These devices should be installed before seeding to
insure that seed and young plants are not washed away by snowmelt

or heavy rains.

Method and Rate of Seeding

Prompt sowing of burned or disturbed areas is desirable to take
advantage of available seedbed conditions. By sowing as soon as
feasible, full advantage is taken of the ash, falling pine needles, or
loose so1l for covering the seed. Seeding before the first rain gives
better assurance of obtaining good results than seeding after rainfall.
Rain frequently causes a crust to form on the so1l surface.

Broadcasting seed by airplane has proved most economical for sow-
ing burned-over timberland. Satisfactory stands have been obtained
despite rough topography and surtace obstructions. When broadecast-
ing by airplane, flagmen are usually necessary to attain uniform cover-
age of the area. Clean, heavy grass seed makes for better handling,
less cost per unit for seeding, and less danger of spreading undesirable
weeds.

Sowing disturbed areas with hand or power broadecasters generally
has been satisfactory. When the soil surface has been crusted by rain
or snow, harrowing following seeding may be necessary.

Drilling on burned or disturbed areas assures more uniform dis-
tribution and coverage of the seed. However, this method is much
more expensive than broadeasting and can only be used on relatively
smooth land. Fallen trees. brush, or rock on burned areas will usually
make drilling difficult—or on many areas, impossible.

For drilling, 8 pounds of crested wheatgrass or 12 pounds of smooth
brome of good purity and germination may be considered suitable
basic rates, and also a guide to compounding mixtures. Somewhat
heavier rates are recommended for broadeasting. However, for sow-
ing by airplane lighter rates are customarily used, because the plane’s
load limit is a determining factor in deciding upon the rate to seed.
Six pounds per acre has given satisfactory results under favorable
conditions. Small heavy-seeded grasses such as timothy are better
than larger, chaflier seeds such as smooth brome. Since the grasses
have different advantages, a mixture (table 12) will often be prefer-
able to a single species.



RANGELAND IMPROVEMENT THROUGH SEEDING 41

TaBLE 12.—Forage mixtures suggested for sowing by airplane on
burned-over timberland

Quantity of seed per acre

Species recommended Dry sites, Medium Moist
3500 to sites, sites,
Sobeio | 5,000%0 | 7,000 to

7,000 feet | 8,500 feet.

elevation I R :
elevation | elevation

Crested wheatgrass or Fairway crested Pounds Pounds

Pounds
wheatgrass________ B 3.0 |-
Intermediate wheatgrass_ _ ___ ] . 2.0 2.0 __________
Smooth brome________ - el Mot e s e e 2.0 3.0
Timothy _ - . —— 1.0 1.0 2.0
Yellow sweetclover 1.0 1.0

SEEDING GRASSES IN ASPEN AND RED FIR TYPES

Many scattered openings can be grazed in the aspen and red fir
timber types. The openings produce green forage when most ranges
at low elevations are dry and green forage supplies are extremely
limited. The aspen and fir ranges occur in general above 6,000 feet
in elevation. The growing season is short, but soil moisture is ample
and forage plant growth is rapid. Precipitation and water yield per
unit area are higher than in any of the other types dealt with in this
handbook. Consequently, the aspen and red fir types are important
producing areas, for both water and forage, out of proportion to their
comparatively small acreage of grass.

Site Selection

Two classes of sites offer opportunity for improvement by seeding
in the aspen and red-fir types: In aspen, openings plus the ground
under tree canopies (fig. 17); in fir, openings only. All the aspen
areas studied had suitable soils and growing conditions for range
grasses. Openings in the red fir were generally less favorable, pri-
marily because the soil was acid and low in fertility. In both types.
steepness of slope and accessibility for livestock use are factors to be
considered in selecting sites for seeding.

Species Adaptation

~ Among the grasses tested, six species proved most suitable for seed-
ing in the aspen type: Smooth brome, orchardgrass, tall oatgrass,
timothy, mountain broimne, and slender wheatarass.

In the red fir type, few seedings have been tried and grasses have not
persisted as well as in the aspen type. Chewings fescue was the only
species that persisted out of 16 grasses sown in a set of test plots in
the openings of the red fir forest on the Siskiyou Summit area, Klam-
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F-478127

Figure 17.—S5uccessful seeding of grass mixture under aspen, Bear Camp area, Long Valley,
Modoc National Forest.

ath National Forest. Mountain brome and orchardgrass became
established in an earlier test, and these grasses along with blue wildrye,
intermediate wheatgrass, and big bluegrass appeared fairly promising
the first year but did not survive through the second year. Low soil
fertility seenied to canse these grasses to die out.

Method of Preparing Land

Seeding under aspen canopy does not require any tree cutting or
other preparation of the land. Openings in both aspen and red fir
may requre some seedbed treatment. On the Siskiyou Summit area,
a sparse stand of pnssypaw vegetation was readily reduced by use of a
spring-tooth harrow. This harrowing appeared to give all of the
preparation necessary before seeding grasses in the openings of the
red fir.  Both aspen and fir types arve relatively free from aggressive
competing plants like sagebrnsh and cheatgrass.

Method and Rate of Seeding

Broadcasting is satisfactory for seeding forage species in the aspen
type. Airplane sowing on large areas and hand broadcasting on
small ones have been successful on the Modoe National Forest (fig.
17).  Grass seed should be sown early in the autumn before aspen
leaves fall. Then the aspen leaves provide satisfactory cover for the
seed, as earlier Forest Service work in Utah has shown (&8). A mix-
ture suitable for sowing in the aspen type 1s: Timothy, 3 pounds;
mountain or smooth brome, 3 pounds: tall oatgrass, 3 pounds; and
orchardgrass, 3 pounds. A total of 12 pounds per acre is the optimmm
rate,
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In openings in the red fir timber type, a drill may be used on the
more level ridge tops or saddles.  On steeper areas broadeasting may
be the only possible method. Under such circumstances, some cover-
ing of the seed would be desirable. This might be doune by a spike-
tooth harrow or brush drag.

Stand Establishment

No difficulties were encountered in establishing satisfactory stands
of grass in the aspen type. The red fir type presents a special problem.
In the opening at Siskiyou Summit, Klamath Natiounal Forest, some
vegetative cover proved beneficial to grass seedling establishient.
Seedling grass plants emerged and developed better under rabbitbinsh
plants than where no vegetative cover was present. These results
imdicated the desirability of testing a mulch. Small piles of red fir
boughs were placed to provide shade and mulch on newly sown areas,
but this muleh did not help the grass become established. Serions
deficiency in fertility, especially in calcium and phosphorus, was
indicated by greenhouse pot-culture tests, conducted by Dr. .J. Viamis,
soil chemist, University of California. Although it was not possible
to complete fertility tests in the field, results indicate that successtul
establishment of grasses on open areas in the red fir type may require
considerable investment to supply the necessary nutrients and restore
organic matter. Specific recommendations for this class of severely
depleted rangeland must await results of further research.

On range areas in these two types, because slopes are steep and
precipitation high, the joint attainment of maximum forage produe-
tion and adequate watershed protection depends upon maintaining a
cood density of vigorous forage plants. Precautions therefore should
be taken in grazing to prevent close utilization aud excessive trampling
that may canse erosion after seeding and damage to the seeded grasses.
Otherwise grasses will not persist.

MANAGEMENT OF IMPROVED RANGE AREAS

Improvement of range areas by seeding and weed control will re-
quire certain changes in grazing management to realize full benefits
of these practices. The first need will usually be to defer grazing,
either to allow proper development of new seeded plants or to permit
recuperation of desirable plants released from competition through
weed control. Unless the desirable plants are allowed to develop good
root systems and crowns, they will be weakened and thinned by graz-
ing and undesirable plants will invade the range. In all cases, grazing
should be withheld until seed has been set. The required period of
deferment will be at least one full season. Under semiarid conditions,
however, a good seed crop often does not develop until the second
growing season after seeding. o
_ Of special appeal to the livestock operator is the greater flexability
in grazing season obtained by seeding grasses adapted to ns specific
needs. In this study crested and Fairway crested wheatgrass promded
grazing from 3 to 4 weeks earlier in the spring than was available
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from native perennial grasses or cheatgrass. Where green forage
had been deficient in nnd- to late-summer on some of the rangeland
in the medimm elevation of 5,000 to 6,000 feet, it was possible to nse
such grasses as smooth brome, intermediate.wheatgrass, or tall wheat-
grass to meet the need for later summer grazing.

Stocking rates can be materially lllcl‘ezlsegl on llan.‘O.Ved range z}fter
the new plants are well established. ~ Carrying capacities 2 to 13 times
greater than the former capacity have been obtained by range improve-
ment in the plateau region. No specific figure can be given for an
optimum stocking rate becanse so many factors are involved. A safe
rule of thumb has been to stock at a rate that leaves about 50 percent
of the year’s herbage production on the land at the end of the grazing
season. This would be roughly equivalent to a stubble height of 4
inches for most of the grasses and sites considered here. Observations
indicate that in comparison with native forage species the recom-
mended introduced grasses tolerate an eqnal or greater degree of
grazing.

Good distribution of grazing animals has been difficult to attain
with open grazing when parts of the range were seeded and the re-
mainder left in native forage plants. When given free choice, live-
stock generally preferred the introduced grasses. Consequently, these
grasses have been grazed closer than was desirable, and the native
grasses often were underuntilized. On most ranches, seeded range
areas are grazed as separate nnits. Therefore, distribution of live-
stock is a critical problem only on localized portions of range managed
under open grazing. On open sheep ranges, herding can be used to
distribnte grazing pressnre. On cattle ranges, additional fencing is
required. Ixtra fencing can be held to a minimmm, however, by
careful planning before seeding. Moreover, the fencing will aid in
putting into effect some form of deferred and rotation grazing, a
practice often recommended for range improvement and for obtaining
more uniform use of the range.

COSTS OF SEEDING AND WEED CONTROL

No single improvement practice is best for all lands in any one
range type. Local conditions of soil, vegetation, and management
factors will determine the choice of practice or combination of prac-
tices best suited to the individual ranch enterprise. Cost may be a
hmiting factor.

Initial cost per acre of land preparation, spraying, and seeding will
vary from area to area and from year to year. In the period 1951 to
1954 on large-scale public-land projects, cost of equipment operation
varied from 35 cents an acre for airplane seeding to $4 an acre for
plowing (table 13). Costs are affected by the distance that equipment
and materials must be transported, topography and rockiness of area,
efliciency of equipment operators, and fluctuations in the price of
labor, seed, and materials. The cost of seed and spray materials 1s
not given In table 13. Assuming an average rate of seeding at 10
pounds per acre and a cost of 35 cents per pound for seed, the cost of
the total operation would be increased $3.50 per acre. Likewise, n
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spraying with 2,4-D the total cost would be increased $2.35 per acre
at 1954 prices of spray materials. The materials include 2 pounds
of acid equivalent of 2,4-1D and one-half gallon of dicsel oil to be
applied as an oil-water emulsion of 10 gallons per acre.

TasLe 13.—Sample costs of operating equipment in rangeland
improvement, 1951-5

] Acres | Cost
Job Equipment Unit size per per
hour | acre?
Plowing__________ One-way plow_______ S-10 feet_ __________ 3 $4. 00
Disking____ ... ____ Offset disk____.______ 10 feet_ ____________ 4 3. 00
Rolling__ . ________ Log or cast-iron rol- | 12 feet_____________ 5 | 21.00
| ler.
Drilting____...____| Graindrill__________ 10-12 feet_ _________ 4 1. 50
Broadcasting seed_.| Whirlwind seeder, | 10-qt. capacity______ 14 2.50
hand operated.
Do ... Tractor mounted, | 17-gal. capacity_____ 5 1. 25
bait spreader type.
. [f1,200 1b. load - - _____ |
3 y
Do oeimee- Airplane®. .. ___. et o oo 0.3
Spraying__________ Boom type sprayer__| 20 feet_____________ 5 1. 00
Do ... Turbine type sprayer | 60 feet_____________ 12 1. 25
: 150 gal. load___
3 gal. load._.___._._._
Do..oeoo. Airplane s _________ {190 gog load------ 100 1.00

I Seed and spraying materials not included.
2 Rolling and drilling may be done in 1 operation at no more cost per acre than

for drilling alone.

3 Noorduyn Norseman and Stearman airplanes were used.
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APPENDIX

TapLe 14 —Characteristics of grasses and legumes recommended

| . | Normal
Species Growth habit 1 Site adaptation Purity 2 S;trl?li, f;fggyi
acre
Percent| Percent| Pounds
Blucgrass, hig A long-tealed bunchgrass.  Moderately dry sites in 81 49 6-10
Produces a high yicld of sagebrush or pinc zones
forage in carly spring on wide range of soils
and makes good re- from 3,500 to 7,500 feet.
growth alter summer Albion strain best at
grazing. Roots poorly high elevations; Sher-
in seedling stage and is . man strain at low cleva-
casily pulled up by graz- tions,
ing animals. '
Brome. mountain____| Short-lived bunchgrass. | Sandy or sandy loam soils 98 | 85 8-12
| Sced large and heavy at 5,000 to 8,000 fect on
and secedlings exeeption- burned-over timberland.
ally vigorous. Similar to
slender wheatgrass and
timothy in providing
quick ground cover.
Brome, smooth . _____ Highly palatable sod-form- | Well-drained. fertile elay 92 | 85 8-12

ing grass which spreads
vigorously by rhizonies.
Medium  in  scedling
vigor and ease of ¢stah-
lishment. Grows mainly
during spring and fall at
medium elevations; dur-
ing summer, at high ele-
vations,

Sec footnotes at end of table,

loan1 soils with 20 inches
or moure precipitation per
Vear. Southern strains
such as Lincoln, Achen-
bach, and Fischer best
up to 5,000 fect; Manchar
and other northern |
strains, above 5,000 fcct.
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TABLE 14.—Characteristics of grasses and legumes recommended—Continued

B

Norunal
Species Growth habit 1 Site adaptation Purity ?| 1(1}:\111211:’ | l\‘]{'(‘\l:::!ll
acre
Percent| Percent| Pounds
Canarygrass, Reed....\ Coarse bunchgrass with | Wet meadows with deep 96 80 5-10
short rhizomes; produces fertile soil and constant
high forage yiclds hnt supply  of  moisture
palatability is low,. through summer as from
Seedling vigor low but snbirrigation  without
vigor of established stagnation. Thrives
plants high, Sced shat- from 4,000 to 8,000 feet.
| ters badly and therefore
is rather expensive. l
Fescuce, Chewings .| Bunchgrass with tufted | Acid soil of low fertility in 97 80 5-10
growth habit, Foliage openings of red-fir forest
remains green through- at 6,000 to 9,000 feet ele- R
out summer but produc- vation,
tion is low.
Fesene, tall ___________ Coarse bunchgrass which @ Wet or moist meadows 96 90 6-12
produces high yields of with alkaline to slightly (62 (63}
forage and sced. Re- acid soils. |
mains green through
summer but sensitive to
summer drought.
Toxtail, meadow ____ Bunchgrass with carly Wet meadows or arecas 90 80 10-12
maturing seed stalks, snhmerged up to 2 weeks ‘
hut foliage stays green in spring. Withstands
throughout summer. slightly alkaline soil,
Good seedling vigor. ulso moderately drought
Seed chaffy and difficult resistant.
to drill alone.
Oatgrass, tall._._______ High vielding bunchgrass; = Moist, deep soils .o ... 92 87 fi-12
medium in palatability. 3 (3)
Orchardgrass. ........| Bunchgrass which pro- | Moist, shady conditions 90 9ih 5-10
duces moderate yields under canopy of aspen. (%) (6)]
of high quality forage.
Seedling vigor is strong.
Redtop. ..o Sod-forming grass of me- | Wet meadows with medi- 92 90 5-10
dium vproduetion and um to fertile soils that
palatability. Grows may be weakly acid;
throughout most of sum- not suited to alkaline
mer; fairly late in setting | soils. Elevation 4,000
seed. Seed s small, to 8,000 feet.
but yiclds are fairly high
and seed is readily avail-
able. |
Timothy___________.___ Short-lived bunchgrass. | Light textured soil on 99 90 4-8
Secedlings vigorous and burned-over timber-
quickly estahlished but lands, or in mixtures for
stands decline after 2 or wet meadows at 5,000 to
3 years on drier sites. 8,000 feet. Not drought
Small, hcavy sced is resistant.
suited to broadcasting |
on ash.
Wheatgrass, beardless..| Similar to bluchunch Sameasbluebunch wheat- 92 | 90 6-12
wheatgrass hut absenee grass. Whitmar strain (3)_ (67

of awn makes sced easicr
to drill.

Sec footnotes at end of table.

heing most widely used.
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TABLE 14— Characteristics of grasscs and legumes recommended—Continued

. |Normal
Species Growtl habit ! Site adaptation Purity ? l(l}ftrlf)nnl" :sglgg
acre
Percent| Percent| Pounds
Wheatgrass, hlue- | Moderate-ylelding buneh- | Dry sites in lower sage- | 94 90 6-12
bunch, grass, stahle In produc- brush zone, 3,500 to 5,000 3) (€3]
tion through favorable feet.
and unfavorable seasons. |
CGrows throughout sum-
mer and stays green for
late sumnier grazing. |
Seedling vigor weak.
Wheatgrass, erested. .| Vigorous, well known | Sandy or clay loam soils at 95 85 | 8-12
bunehgrass. (Also 3,500 to 5,(W0 feet, with 1)) (14)
ealled Standard erested 9 to 15 inches annual pre- |
wheatgrass and desert | cipitation. Drought and
wheatgrass.) Grows cold resistant.
mainly during spring
and provides early
spring forage. Highly
palatable hefore secd
stalks develop. Strong
seed  producer. Seed- |
lings moderately vigor- |
ous and slow to develop. |
Wheatgrass, Fairway | Very similar to ecrested | Sandy or clay loam soils, 05 85 6-12
erested. wheatgrass but shorter cold dry sites at 5,000 to (14) 14)
and finer stemmed with 7,500 feet. Droughtand
| more spreading crown, cold resistant.
sparsely halry leaves, | |
and  shorter, more
wedge-shaped seed
heads,
Wheatgrass, inter- | Sod-forming grass with | Wide range of soils at 4,000 89 91 812
mediate. short rhizomes whieh to 7,500 feet with preeipi- |
usually appear after tation of 15 to 25 inches. |
plantls 1 yearold. Hlgh Falrly drought resistant. ’
seedling vigor and easily Moderately tolerant to
established. Grows dur- alkaline soils; not to
Ing spring and summer flooding.
at medium elevations.
Wheatgrass, pubeseent. Similar to intermediate = Same  as intermediate 93 85 8-12
wheatgrass but leaves wheatgrass but slightly i
dry from a few days to more drought resistant |
2 weeks earlier in sum- and reported to he
mer. " slightly hetter on soils
of low fertility.
Wheatgrass, slender .| Short-lived huncherass | Burned-over timberlands 95 85 8-12
with mueh the same at 5,000 to 8,000 feet.
characteristics as timo- Strains with different
thy and  mountain local adaptation oecur.
hrome. Good emer- i
gence and carlier ground
cover than from some
longer lived grasses.
Wheatgrass, tall. . Coarse  hunehgrass but | Wide variety of sites; tol- 94 90 8-12
foliage highly palatahle. erant to alkaliand flood-
Remains green through- ing up to 7 or 8 weeks in
out summer, Good the spring at snowmeit.
seedling vigor. ‘ Requires annual precip-
itation 15 to 25 inches.
Fails to malure seed
above 7,000 feet. |

See footnotes at end of table,
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TABLE 14.—Characteristics of grasses and legumes recommended—Continued

G . .Norr_nal
Species Growth habit 1 Site adaptation Purity ? naetrigg zlfﬁfgiﬁﬁ
| acre

Wheatgrass, thickspike| Sod-forming grass, spread- | Arcas submerged for a fow 85 88 5-15
ing by strong rhizomes. weeks In the spring; elay (63 (€3]

or sandy soils.

Wheatgrass, western .| Sod-forming grass, spread- | Areas submerged for a fow 80 80 5-15
ing by viporous rhi- weeks in the spring.,
zomes. Foraze produe- Doces best ou elay loan
tion and palatability soil. Tolerant to alkali.
high. Sced dormaney
high when  first  har-
vested, but  fmproves | !
with 1to 2 yecars’ storage. | |
Scedlings weak,

Wildrye, beardless.____ Similar to western wheat- | Especially adapted to wet 88 90 | 5-15
grass. Sced production alkaline flats. Occaurs |
undependable and seed on sandy to clay soils |
is frequently unavail- and from sea level to
able. Slow germina- 8,000 feet in California. |
tion and weak secdling |
development. |

Alfalfa, Ladak ________ Highly palatable and nu- | Well-drained soils. 98 90 | 5-10
tritious legume with Stand greatly reduced
deep tap root. Grows if rodents or rabbits arc
most rapidly during abundant.
spring and more slowly
during summer. Re-
sponds best to spring
sceding.

Milkvetch, cicer_..._. Sod-forming legume. Well-drained soils; clay to 98 90 10-12
Summer grower and sandy loam.’ Suitable
drought and frost resist- at high clevations.

ful alkaloides. May be

ant. Containsno harm- \
sown in spring or fall. ’

! Unless otherwise noted, the species are mediume- or long-llved. All arc perennials.

*For average good lots of seed; data are from 1948 U, S. Dept. Agr. Yearbook, pp. 743-752, unless another

literature cltation is shown in parentheses.

Common and Botanical Names of Species Mentioned

GRASSES AND (GRASSLIKE PLANTS

Bapley___ . ___________________ Hordeum vulgare
Barley, meadow________________. Hordewm brachyantherum
Bluegrass, big__________________ Poa ampla
Bluegrass, Nevada______________ Poa nevadensis
Bluegrass, Sandberg____________ Poa secunda

rome, mountain_______________. Dromus marginatus
Brome, smooth_________________ Dromnus inermis
Canarygrass, Reed______________ Phalaris arundinacea
Cheatgrass _____________________ Bromus tectorum
Fescue, Chewings_______________ Festuca rubra commutata
Fescue, Idaho__________________ Festuca idahoensis

Beenenball " . Festuca arundinacea
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Foxtail, meadow________________ Lopeeurus pratensis
ITaiverass, tufted ______________ Desehampsia caespitosa
Medusa-head ___________________ Llymus (‘a])ut-me(hts.a
Oatgrass, tall___________________ Lrrhenatherum elatius
Oats_ . Awena sativa
Ovehardgrass_ - ________ Dactylis glomerata
Redtop. . Agrostis alba .

Yedtop, leafy______________ ___. 4_4'9/'0.5-118 dieqoensis

Ve e Necale cereale

Ryegrass, Ttalian (or annual)____ Lolium madtiflorum
Sedges_ . ('arce spp. '
Squirreltaal o ____. Nitanion hystriz
Timothy_______ DPhlewin pratense
Wheat_ - Triticum aestiviem
Wheaterass, beardless___________ Agropyron 7'770_;’7776
Wheatgerass, bluebunch__________ Agropyron spieatum
Wheatgrass, Fanrway crested____. Agropyron eristatum
“'lmntﬁruss, crested_____________ Agropyron desertorum.
Wheatgrass, mtermediate________ Agropyron intermedium.
Wheatgrass, pubescent__________. Agropyron triehophorum
Wheaterass, Stherian.____ ______ ALagropyron sibiriewm
Wheatgrass, slender_____________ Agropyron trachycanlum
Wheaterass, tall________________ Agropyron elongatum
\Vhont;f_rr:lss, thicksprke_ _________ Agropyron dasystachyum
Wheaterass, western____________ Agropyron smithi:
Wildrve, beardless (or creeping). lymus triticoides
Wildrye, Camada_______________. Elymus canadensis
Wiverush______________________ Juncus balticus

T.ecUumeEs

Aalta, Tadako oo __________ Jedicago sativa
Milkveteh, cicero_____________. Astragalus cicer
Sweetclover, vellow_____________ M elilotus officinalis
Treforl, bivdsfoot _______________ Lotus cornicvlutus

Orner Forps

Burveto .o ______________ Sanguisorba minor
Buttevcuy, plantainleaf_________ Ranunculus alismaefolius
Buttercup, western______________ Ranunculus occidentalis
Bisewitroot_____________________ Cogswellia sp.

Camas, convwon________________ Camassia quamesh
Knotweed, bistort_______________ Polygonwm bistortoides
Morning-glovy, wild____________. Convolvulus arvents
Mustard, Jim Hill______________ Sisymbrivm altissimum
Poverty weed__________________ Tva axillaris
Pussypaw______________________ Calyptridium wnbellatum
Squawroot (yampa)_o___________. Perideridia gairdners

Tarweed_______________________ Madia glomerata
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Rhee - . Lopulus tremuloides
Bitterbrush____________________. Purshia tridentata
Bed Abies magnifica

Bine, Jeffrey___________________ Pinus jeffreyi

Pine, ponderosa________________ Pinus ponderosa
Rabbitbrush____________________ Chrysothamnus bloomers
Sagebrush, big_________________ drtemisia tridentata
Sagebrush, black________________ Artemisia arbuscula
Sagebrush, silver_______________ Adrtemisia cana
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