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GROWTH AND REPRODUCTION OF BITTERBRUSH IN CALIFORNIA

AUGUST L. HORMAY
California Forest and Range Experiment Station, U. 8. Forest Service
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INTRODUCTION . . Ly
Bitterbrush (Purshia tridentata D. C.) is one of the most valuable
browse plants on western ranges. Its general distribution covers sbout

340,000,000 acres in 11 western states and southern British ee).unbi& P
fAganit r‘{*f% § gffi
(fig. 1. It iz a very palatable and nmutritious shrud and is ,@mnly

grazed by cattle, sheep, and goats and also by deer, and other game animals.
Its seeds are an important item in the diet of several pedents thal are of
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sconomic importance on the range.

In California bitterbrush is the most important range browee on
approximately 7,500,000 acres east of the Sierra Nevada and Cascade Moun-
tains (fig. JA). Here many valuable bitterbrush stands have beem killed
out or are being deteriorated by such factors as improper graszing, fire,
defoliation by caterpillars, activities of rodents, and other influences.
Furthermore there is not enmough ditterbrush reproduction on many ranges to
permit perpetuation of the stand. These conditions represent a serious
loss in livestock production.

Few specific studies have been made of bitterbrush in spite of its
importence and wide distridution. Some experiments were made on the
medicinal value of the plant by Trimble (92) who made & chemical analyses

* of the fruit, and by Netz, Rogers and Jemkins ('40) who made chemical and
histological studies and tests of the curative actiom of fluid extracts
from the plant. Forsling and Storm ('29) pointed out the harmful og;z;&
of close grazing on this plant in a study with cattle in Utah. Dixoy ob-

served the utilization of bitterbrush by mule deer in Califormia. Entomologists ( )

have studied the effects of Gre=t Basin tent caterpillars on the plant.
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FIG. 1. General distribution of bditterdrush in Qaliforais
(A), and the United States and southern British Columbia (B).
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Sampson ('24), Dayton, et al ('37), and others have described bitterbrush
and pointed out some of its range characteristiecs.
However, more information was needed for the proper management of this
plant. For this reason experiments and observations were started on several
bitterbrush ranges in northeastern California in 1940. The first results
of this work are presented in the following paper. Many of the findings may
be applied outside of Californis. oy
DESCRIPTION OF BITTERBRUSH ¢ A

-

Bitterbrush (fig. 2) is a straggly branched, gmyiuhngmn’;hmb 1te A4
e

£

§ feet high with fascicled, 3-toothed, wedge—shaped leaves 1/2 to 3/4 inches '

long. 1Its RumeTOUS yellow flowers have b petals and many stamens. Bitter— l
brush hiﬁéﬁig under several other common names including quinins-drush, O
deer-brush, buckbrush, antelope-brush, greasewood, and black ssge. The names
bitterbrush and quinine-brush are quite appropriate becsuse all parts of the

plant, even the flowers and wood, have a very ditter taste.

Pyeaa
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Detailed Deseription s e
Mature plant. Diffusely-branched, graylsh-green, deciduous shrub
13 to 5 feet high, rarely reaching 16 feet; stems above root croma
1 to 4 inches in diameter sometimes reaching 12 inches, the basal
portione with mumerous adventitious duds; plant anchored by a
sparingly branched, reddish-brown tap root; bark on older stems and
bmchu,/ coffee drown, shreddy and exfoliating in thin layers, on
young branches silver gray, reddish browa when wet, smooth; curremt
year's twigs usually g%gndglar below tip, felty, covered with white
matted haire, the cqj!fgi;: splitting on lewer portion of twig; branches | ‘5
emerging from three sides of the stem one abofe the other; leaves

fascicled, wedge-shaped 6 to 20 mm. long, 3~toothed at apex, set on



FI0. 2. Characteristic form and growth habit of bitterbrush.




ghort petioles with stipules, margins slightly turnmed under,
sdges and veins on under surface usually with glandular halrs,
upper surface thinly hairy, dark green to light gray greeam,
under surface denssly matted with hairs, gray green to almost
white; flowers, usually accompanied by one or two young growing

shoots, set in a fascicle of leaves; petals 5, pale yellow, o fi»

6 to 10 mm. long, 4 to 5 mm. tido/ the tapered end attached to | A
top of calyx tube by a slender claw about 2 mm. long; stamens
about 25 slightly shorter than the petals, attached in a single
row t0 top of calyx tube; calyx densely hairy and frequently
glandular on the ocuteide, not hairy or gim&nlar on the inside,
the tube funnel shaped 3 to 5§ mm. long set on a short stem 3 to B
mm. long; ovary one and sometimes two in each flower, 1 celled,
enclosing a single ovule, stigms placed on one side of the curved
beaked style.

Fruit and seed. Fruit (fig. 3L) a spindle-shaped, conspicuously
ribbed, hairy acheme, 10 to 16 mm. long. Seed (figs.3M and 4)

dark-purplish brown te black, sometimes grayish or motiled with \\’f
* B2

gray, 5 to 8 mn. long, slightly flattened, egg-shaped, tapering %e? Y

g A
A,w

to a point on one end, outer seed coat hard, thin, white and \»\LQ_Q}"";,,%V~‘;‘
relatively transparent; embryo white consisting of two large oval~- o
shaped cotyledons and a conspicucus pointed rootlet directsd

toward the tapered end of the seed, enclosed in a thin white sac; E
sndogperm {the tissue between the seed coat and the sac around the

eubryo) erystalline, gramular, deep purplish-red.
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¥16. 3. (a,b,c,8) Bitterbrush seedling in different stages of growth
from germination to 1 month 0ld; (e) cotyledon ventral surface; (f) leaf
ventral surface; (g) leaf dorsal surface; (h) portion of hypocotyl
ghowing glandular hairs; (1 and j§) glandular hairs; (k) slender rootlet;
(1) frult; (m) seed.




FIG. 4. (A) Bection through fruit showing position of seed inside
ovary wall (pericarp); (B) seed, showing hilum the point of atsach-
mont of seed to pericarp; (€) embryo, lateral view, showing cotyledons
and rootlet {radicle); (D) embrye, dorsi-vemtral view, one cotyledon
removed to show first leaves and shoot.{plumule).




Seedling. (fig. 3). Cotyledons 6 to 10 mm. long, 5§ to 6 mm.
wide, on short pedicels 1 to 2 mm. long, wedge-shaped, the base M&wg
with two pointed lobes! tip broad, slightly indented, edges and |, @‘“"&;j,
sometimes lower part of upper surface with gland-tipped hairs,

otherwise smooth; stem {hypocotyl} usually 20 to 30 mm. long, 4
conspicuously reddigh-purple and covered with reddish gland~tipped

bairs for distance of 10-15 mm. bDelow cotyledons; young leaves

shnnly hairy, feliy; the top surfaces less hairy than the under

surfaces{ edges, teeth, and midrids of under surface with gland v’
tipped hairs; first and second leaves 3- to 4-toothed along
margins, the éhirl and fourth toothed on upper third of leaf only,

.
£
H b3

usually the fifth and succeeding leaves 3 toothed at spex. Lo bles ™

A

Bitterbrush plants grade from silver-gray to dark greea in ifm:“

Thess differences are due primarily to the hairiness of the leaves. The
coversd with

leaves on the grayish plants are densely/white hairs on both surfaces and
are aprinklsd lightly with resinous gland-tipped hairs on the wxindm&
veins of the under surfaces. On the greemer plants the leaves are frequently
smaller and much less hairy; the wpper surfaces being almost smooth in some
cases. They are densely covered with pustulate glands as well as glandular
hairs, which gives the plants a strong and | somewhat obnoxious resinous odor.
Some of these color variations no doubt represent varietal differences, since
sharply contrasting forms may de found growing side By side in the same
enviromment. In some localities the lighter-colored plants appear to be
graged less by livestock than the darker ones, perhaps Decause of the

greater hairinesa.



The stems of Ditterbrush are woody. The wood is hard and brittle,
The sapwood is white in the living plant and turns deep yellow when the
stems are cut and exposed to the air. The yellow coloring, which may have
value as a dye is less intense in the dried wood. The heartwood is reddish
brown.

The stems show definite amnual growth-rings. The spring wood is
characterized by the presence of a large number of conspicuous pores which
are smaller in later wood and are replaced completely by a compact mass of
fiber cells in the wood formed in late summer. Qfontrasts in color and struc
ture of the cells Detween summer and spring wood permits differentiating ome
growth ring from amother in most thrifty plants.

HABI7AT

In California bitterbrush is found at elevations from about 3,000 to
9,000 feet. The average annual precipitation on some areas where it grows
is 28 low as 10 inches and on others it reaches 45 inches. About 80 percent
of the precipitation on bitterbrush range falls from November to April mainly
in the form of mmow. ¥he plant survives temperatures from -35° to 110°
Fahrenheit.

Bitterbrush grows on sites occupied by big sagebrush (Artemisia tri~
dentata), Sierrs juniper (Juniperus occidentalis) and ponderosa and Jeffrey
pine (Pinus ponderosa and P. Jeffreyl). The densest and more vigorous
stands are found in pine forest openings and on ssgebrush lands bordering the
open~pine ferest. The plant most commonly sssociated with bitterbrush is
big sagebrush.

Bitterbrush flourishes on most types of light, well-drained soils,

Some of the largest and fastest-growing plauts are found on fine-textured ) -

$ly et
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volcanic soils and also on coarse sanly gramitde soils. j.> G 97 .
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GROWTH AND DEVELOPMENT
Mature Plant

The seasonal growth and development of bitterbrush varies in dif-
ferent localities depending on elevation, weather, and other conditions.
In & particular locality growth progresses generally as follows: |

The young leaves, which are enclosed in the ssme bud with the undeveloped
flower, emerge in late April or early May and grow to full size in two %o
three mka By the time leaf growth ig completed the small round grayish
flower buds become evident and some of them start to apur in late May or
sarly June . xfiocrxdiek mt flowering follows shortly and lasts for a period
of abéut 20 days ending in the latier part of June, These flewers are borne
on the previous year's twig growth. o

Gurrent twig growth starts at about the pesak of flowering and ends
isto ﬁmﬂka later in the middle of m:‘f"m of the twige send out
lateral shoots. The period of most rapid twig growth is duri#g the month
of July. Apparently radial growth in the main tap root and stem start bew
fore twig growth is initiated since more than half of the anmual increment
is often formed in the main Mot and stem before twig elongation starts.

The seeds mature in late July or early August before twig growth is

completed. Practically all of the heavier viable seeds drop from the plants
during a period of about a wesk. The endosperm in the seed develops a deep
purplish~red Ju;on about 1 month after pollination of the ovary. The seed
ripens in sbout 8 to 3 weeks after this red juice becomes evident.
' Bitterbrush sheds its leaves in September or October when soil mols-
ture reaches a low level or freexzing temperatures set in. Jn some years the
leaves drop off earlier in the season, probably ia response to drought cone
ditions. @nly the blades of the leaves fall off. The short petiolses with

their two-pointed stipules remain attached to the branches. By November,

i



Growth (Inches)

the leaves are practically all caet and the plant passes through the winter
in thin condition,

The progress of growth of bitterbrush in a specific locality is showm
in Table I.

TABLE 1. Growth and development of bitterbrush, 1942
Hall's Flat, lassen National Forest

- ~ ‘ _ - -
Stage : Month ¢ Growth
1, Leaves growing xx May 8 -~ 20
2, Flowering XXX June 1 - 20
Sept. 15
3. Twigs growing IXXXEXXXXXTXE XXXXXX dune 10t
4. Seeds rips and falling xx Auvgust 1 - 10

5. leaves falling

e
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June July August Sept.
FIG, 8. Growth of twigs on bitterbrush at Hsll's Flat on the lassen

National Forest, 1942,
(See page 7s)

The seedlings of bitterbrush germinate in the spring when the pareat
plants atart to grow., The cotyledons are raised 1 to 2 inches above the
soil surface on the growing hypocotyl. By the end of the first month, & to
7 leaves and one-half to one inch of stem growth are produced above the
cotyledons, and the roots are 6 to 8 inches long.

o
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Bitterbrush provides bulk and nutritious forage for livestock and game
animals, A bitterbrush stand of 0.2 density will yield about 900 pounds of
forage per acre in an average year. This figure is bdased on a measured
average yleld of 47.6 grams per square foot of crown area at the Burgess
Spring Experimental Range on the lassen National Forest in 1936. The yleld
of bitterbrush is closely related to the length of twig growth which ranges
from 2 to 3 inches in poor growth years to 10 to 12 inches in the most favorw

able years. The twig growth at Burgess Spring in 1936 averaged 7.5 inches,

f
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The stems rarely exceed 2 to 3 inches in height at the end of the
first growing season. The roots, however, get to be 15 to 20 inches long.
lateral branching of the stem usually starts in the laoond year or some-
times in the first when th. aoodlingn have been grazed.
| Flowering and geed production start around the fourth or fifth year
of growth on some sites and a few years later on other aites (tadle II).
Appreciable seed production cannot be expected in most localities before
the tenth year. The youngest flowering plants are 8 to 12 inches wide and
10 to 18 inches high.

TABLE II. TYoungest bitterbrush plants producing flowers and sgeed.

: loeation

——

Age i+ " Portela : Truckee
Yoarg Humber ¥amber

EhECBwovavooeu e
E ’woocwwwaauaao
Fawa*aamwooco
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NOTE: Samples were taken from the smallest bitterbrush plants
in the stand that produced seed.

Stems
Dominant, vigorously-growing bitterbrush plants produce one growth
ring a year (table III). In rapidly-growing plants the growth rings often

exceed 1/8-inch in width. The age of most dominant plants can be determined

'



TABLE III. Correlation between the kmown age and the number of
anmeal rings in the stems of dominant bitterdbrueh plants

Cases Age Anmial rings
Nunber Years Hunber
1 10 10
1 10 11
11 11 11
2 11 10
1 12 12




by counting the annual rings. A 6~ to 10-power hand magnifier will serve

for this purpose. Bitterbrush reaches 80 years of age. The average age at
death is probably Between 50 and 80 years. on all plants
Accurate age determinations cannot simwgs be made framxyingxesumts

for seversl ressoms. (1) Growth rings are not formed in some plants in
certain years or may be so suppressed that they can not be seem. (2) Por-
tions of the bases of the stems frequently decay from accumumlations of soil
and litter in the lower crotches and some of the growth rings are destroyed.
(e) Bitterbrush commenly develops irregular-shaped stems (fig. 6). In some
cases the first gmwth rings lie on one side of the stem instead of near
the nid%fla‘\" &afcn?legs»d to destruction through weathering, ebrasion, and
decay. The older stems are the most irregular and eccentric.

~ The best place to section the stem for ring counts is just above the
root crown and below the point where the main stem starts flaring into the
branches, for all growth rings are present at this poins.

Por many practical purposes stem size may be used to gage the rela-~
tive ages of bitterbrush plants on a given site (fig. 7). The carrelation
between stem size and age is rough decause of differences in shape of stem
and widith of anmual rings of-ples

BEPRODUCT ION

Bitterbrush reproduces essentially from seed. It has been observed
to sprout from some of the numerous buds located near the base of the main
stems following injury or removal of the crowa by fire, or mechanical means
such as chopping or ecrushing (fiz. 8). BSome plants decome established by
layering, that i{s by the rooting of older branches that touch the ground
(fig. 9). Sprouting and layering ocour fafrequently, however, and are not
important in the propagation of ditterbrush in California. Measurements and

widespread observations have shown that in California bitterbrush stands

-G



PIG. 6. Cross sections showing shape of bitterbrush stems. The
white dot marks the location of the first growth rings. (4) Symetrical
growth, thin sapwood, (B, D, E) Irregular one-sided growth, limited
sapwood, (C) Rapid-growing stem, thick sapwood.

7FIG. 7. Relation between stem diameter and age of bitterbrush.
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FIG, 8. Resprouting of bitterbrush fellewing burning is rare in
California.

N

F16. 9. Bitteydbrush rooting from a dranch that touched the ground.




become established mainly from seeds planted by roamtsf
Rodents Plant Bitterbrush Seed

Rodents bury caches of bitterbrush seed from 1/2 to 1} inches deep in
the soil. The seeds in these caches germinate in the epring to form clusters
of seedlings (fig. 10). As many as 80 seedlings have been found growing from
a single seed cache. Observations show that all of the seeds in the caches
do not germinate so 1t is likely that as many as 100 are planted in the larger
ones. A tuft of germinating seedlings may be easily mistaken for a single

1N ! ;@fl
bitterdbrush plant -g,gral\‘p;ean 0ld. This may have led some observers to o

overlook bitterbrush seedlings when they were actually present.

The amount of caching done by rodents from year to year no doudt de-
pends on the amount and quality of the ssed produced, 1ts value as f58d to
the rodent compared to other mmlla’blo‘ food and other factors. Some bitter—
brush seed is probably planted in most good seed-production years (table ).
In the poorer years the scant seed supply may all be eaten by rodents.

Seed caching by rodents was very heavy throﬁghaut northeastern
California in 1940. In contrast it was very light in 1941. The number of
germinating seedling clusters found on experimental plots in 1941 averaged
around 150 per gere. 8Small areas usually not more than 100 to 200 feet in
diameter, apparently centers of heavy seed supplies and concentrated rodent
activity, are planted more densely than the surrounding range. An area 50
feot wide and 66 feet long on one of these sites near Erowns Well on the Modoco
National Forest contaimed more them 100 caches of the same age (1941 germina~
tion) (fig. 11). This represents a population of about 1300 caches per asre,
A plot £a,n§od against grasing on the Lassen National fureat contained over
72 cethés on sn area 100 feet wide and 132 feet long. Rodents do not replant

the same areas intensively year sfter year since there is no evidence that

~10-
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PI6. 10. (A) A cluster of bitierbrush seedlings germinating from a
rodent seed cmche. (B) The seedlings {shown in A) partly excavated
and spread out to show numbers. Notice the cotyledons on the seedlings.

PI¢. 11. The stakes mark the location of bitterbrush seedling
clusters derived from rodent seed caches. The plantings were ex~
ceptionally abundant on this limited area in this year.

=108~




the mature stand is more dense or is represented by a larger number of age
classes in one place than another. (continued on page 11,)
TABLE IV. Age and muber of groups of bitterbrush

plants in the stand originating from seed cached dy

rodents.

Bear Wallow Mountain, lassen National Porest, 1941

$
Caches Caches
Age . Busber  Agh Fusber
1 5 24
2 2 28 1l
3 26
4 1 2%
B 3 28
8 39
7 1 30
8 1 n
9 32
10 1 33
11 34
12 3B
13 g 36
14 37
15 1 a8 3
1é 2 39
17 40
18 41 2
19 42
20 1 43
21 1l 44
22 48 2
23

HOTE: Many of the single plants in the siand were
part of rodent caches in previous years. Because
thess could not be identified, they could not be
entered in the tadle.

Daring the summer and fall evidense of the sating of bitterbrush
geeds by rodents is found almost everywhere. Hundreds of seed coats can
be found on rocks, stumps and logs {fig. 12). Chipmunks have been observed
eating bitterbrush seed when it is in the red juice stage. This sticky red

Juice which resembles blood to a remarkable degree gete on the feset of the

11l



If the average age of bitterbrush at death can be assumed to be 60
years and the population of the average stand to be 2500 plants per acre,
which is the average of several stands studied, the establishment of about
42 rodent caches per acre per year on the average would be sufficient to main-

tain the bitterbrush stand.

11




FIG. 12. Remains of bitterbrush "seeds® on top of old stump,

F16. 13. The red julce of bitterbrush seed smeared om rock and
branch by rodents. ’




chipmnks. It vw be found smeared on rocks, sticks, logs, stumps, fence

o AN

posts, thé stems of shrubs and even branches of pine treee 5 to 6 fést above 4
the ground (fig. 13). The amount of tell-tale red juice found on objects &%
in bitterbrush etands roughly indicates the amount of rodent activity and the ; %
amount of seed produced durdng the season. j‘“;

* Rodsnts show some preference in planting sites. Soft, loose, or g‘%

reecntly disturbed soile such as road shonlders, road benke, borrow pits,

A il
< 4{4{ Bk,

{
and areas disturbed by 1e§g1nf are favored. The deep duff and litter at the 3 zii
base of pino trees is a- 4 planting site. Bitterbrush seedlings may : mg ,
be found here when they cannot be located slsewhers in the vicinity. Bitter— z‘ 3 ;
brush mﬂinct from rodent seed caches havs been found in all types of soils E“: ,g%

AN

on which bitterbrush has been cbeerved to grow.

The planting of bitterbrush seed by rodents has not been directly
observed, although chipmunks and golden Mantel ground squirrels have been
seen to dig into the base of germinating seedling groups in the epring of
the year. Ths rodents believed te be primarily responsidle for the caching
of bitterbrush seed are chipmunks (Batamias), mlmfmtﬂ@érmmd squirrels

(citellus lateralis chrysodeirus, Merriam), and probably mice (Peromyscus).
‘ (Citellus douglasii Richardson

The limited distribution of the digscer squirre ' erbrush areas rules

out this rodent as a principal planting agent., The large number of seed in

many ¢aches and the depth of planting suggests that chipmunks and golden

‘ ed
mantel ground squirrels do the bulk of the caehing.

Rodents Plant Bitterbrush Stands

The most convincing ivi&ucn indicating that bitterbrush stands grow
primarily from seeds planted by rodents is the presemce in the stands of a
large number, and sometimes a majority of crowns, which are made up of two

or more plants. On one area where records were made, 58 percent of the crowns

-12-



consisted of two or more plants (table V). On four other areas the percent-
ages were found to be 40, 23, 18, and 15. The lower percentages are correlated
with cleseness of grazing. Olose grazing reduces the number of plants in the

crowns
TABLE V. Number of plants per crown in a lightly grazed
: bitterbrush stand, lessen Hational Forest, 1941.
Plants : k Lpproximtt dismeter of stems '
per @ z!cutal : Percent \}D

erown ; 17161 178 Pi/2 11 ;18 2 123 8 :
/\t,ﬁ’\,

Rvnb or

13- 8 3 6 3 52" 43 -
2 1 3 4 6 9 2 2 27 22 o
3 -] 2 2 2 11 9
4 1 2 3 4 10 8 g
s 1 2 4 7 B |
6 1 2 2 2 7 B
? 11 2 2/
8 11 2 2/
9 1 1 1
10 1 2 3 2
1 1 1 1
17 1 1 1
a7 ?Ig 36 10 E 124
I ) 4 100

7 ‘
‘!hi mmber of plante mrviviu in caches decreased with the age of the

plants. All of the seedlings 4ie the first ysar or two after germination
in some caches. In others the numder surviving range from one to many.
Redords taken in two locations show that at the end of the second year about
20 percent of the caches were represented by single seedlings (tadle YI).
Many of the single plents in the mature stand therefore originate from rodent
caches,

Only a small proportion of the stand becomes established from the seed
that 1s not cached by rodents. This is indicated by the following observa-
tions. Bitterbrush seed is relatively heavy and is not provided with struc~

tures for widespread dimsemination by wind or water. A few peeds get inte
the interspaces betweea the larger plants, prodably by being brushed or

-13-
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TABLE VI. Survival of bitterbrush teo&linmy in rodent caches.

Sept.

L

o
3 w

XNumber of caches
1941

Sept. :June 19,: ¥Wov. 12, ¢
1941

1942 ; 1942

H
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carried there by livestock or other animals besides rodents, but most of
them fall directly to the ground under the parent plants or withia a

few inches of their outer edges (fig. 14). The seedlings which germinate
from these geed (table VII) do net survive for more than & few years in
this environment probably because of shading by the parent plant and com—
petition for moieture (table VIII).

TABLE VII. Ilocation of germinating bitterbrush seedlings
in relation to parent plants, lassen National Forest, 1941.

o

= Area Wo. 1L/ ; Ares No. 23
: weation e Location —
i Inter- : : i Inter— : :
: spaces : Under : ¢ spaces : Under
: between : parent: Total : between : parent : Total
i plante : plant ; 3 plants _ plant ;
:
Percent Porcent Percent : pPergent  Percent Percent
Single seedlings 9 62 7no o B 93 98
3
Bodentoaches 19 1 29 ;3 1 2
Total , 28 72 100 : 8 94 100
1/ Based on 21 seedlings.
2/ Based on 274 seedlings. #
TABLE VIII. location of bitterbrush reproduction of different
size (age) classes in relation to the crowns of parent plants.
“Aversgs stem  1_ ' Tocation ) J
diamete iUnder plant crowns : Between plant erown '
Inches Percent Rercent
1/16 89 11
1/8 89 4
1/4 18 82
1/2 & 96
1 6 94
2 0 100
3 4] 100

Eighty-nine percent of the youngest plants with stems averaging
1/16-inches in diameter were found umder or around the edges of parent
plants, and only 1l percent were in the open between plants. On the

=16~



FI16. 14. Distridution of bitterdbrush seed around the parent
plant.
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other hand 82 percent of the older plants with stems 1/4 inches in diameter
wers found growing in the open and only 18 percent were under the crown of
the mother plants. Only & percent of stems 1/2 inch in dlameter were under
the parent plants and 95 percent were in the interspaces. This shows that
~most of the plants starting growth under or around the crowns of older plante
die before they reach 1/2 inch in diameter. Some of the survivors are from
rodent caches since rodents plant under the crowns of older bitterbrush
plants (table VI).

Records indicate that seedlings from rodent-planted aeed have about
twice the survival rate of seedlings from unplanted meed growing under the
same conditions. This may be due to the selection of the more viable seeds
by rodents, and perheps to depth of planting. Close inspection of several

%,

>0l
rodent caches showed that the—lergest-part of the planted seeds gormiu‘h,(. 5}

e
R

The planting of seed 1/2 to 1} inches in the scil probably permits og/z:;}ix:ﬂw !
root development which provides the seedling with sufficient moisture for
survival during the summer.

The large number of seeds in most rodent caches more or less insures
the germination of at lsast one vigorous seedling in the cache. The roots
of some of the seedlings in rodent caches penetrate the soil more deeply
than others snd are the ones that finally survive. Deep root pemetration
and firm anchorage of the plant the first winter reduces the chances of the
seedlings being heaved out by freeszing and thawing during the winter and
spring, which causes the loss of many seedlings.

The establishment of most of the bitterbrush stand from rodent—
planted seed is largely explained them by (1) rodents plant the seed in the
ghrud interspaces which are more favorable for seedling growth than the area

under the crowns where the seeds are cast naturally (2) rodemts bury the

seed 1/2 to 1} inches in the soil which gives the seedlings a better
15



chance for survivel (3) rodents apparently plant seed of greater than aver-~

age viability (4) the large number of seeds per cache more or less insures

the germination of one or more vigorous seedlings. These pointe have im- . ¥
portant applications in the artificial reseeding of bitterbrush which is die- ‘* ee%
cussed briefly later. ‘3 v?

Rodents have been observed to destroy germinating bitterbrush seedlings v"

7 EUERNE A

and to girdle and kill some mature plants during the winter and spring, dut { J"Sa@
on the whole their influence on the growth and reproduction of bitterbrush |
is overwhelmingly beneficial.

EFFRECT OF GRAZING AND DEFOLIATION

Graging by Iivestock 3

Livestock grazing is perhaps the most important biotic factor in-
flueneing ths growth and reproduction of bitterbrush., Both cattle and sheep
graze this browse in all stages of growth.

Bitterbrush crowns assume characteristic shapes in response to graz—
ing by cattle and by sheep. As a rule, cattle graze this browse more closely
than sheep, utilizing not only current twig growth but also woody branches S
up to 1/4 inch in diameter. Cattle graze bitterbrush heavily on the top, E‘?

3

80 thowpllants acquire a strongly hedged, mushroom-like shape after a period \f” 0{{
A q,
o

%t ‘:’ £
- t0 & height of 1 to 2 feet which is well within reach of the livestock. pfﬁ‘“&, A\

of years (fig. 15). On most cattle ranges, ditterbrush is kept grazed down

Sheep confine their grazing mainly to the cuzjrent year's growth fre- ”}!

quently stripping off only the leaves and rarely utilizing the woody

o M o
AT N
.d:,x.,u} & doar * ¢ f!g
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FIG. 15. Characteristic shape of bitterbrush planta on catile.
ranges. ;

¥16. 16. Characteristic shape of bitterbrush plants on sheep
ranges.
~378-




growth of previous years. They do not top the plants as closely as cat—
tle. The plants do not become strongly-hedged and mushroom—shaped like
those on cattle ranges but maintain a semi-erect, straggly-branched form
(fig. 18). Under moderate or even heavy use, several terminal shoois are
usvally left ungraszed on many plants on shesp ranges. %These often grow
beyond the reach of sheep and the forage becomes unawvailable for graszing.
In general there is greater seed production on gheep ranges than on cattle
ranges. In spite of this, however, young reproduction is not necessarily
more abundant becanse the ground cover is often elosely utiliged and the
young seedlings are eaten or trampled out.by af&»x«fé@ s

The vigor of the bitterbrush stand and especially the amount of re—
produstion in it s directly related to the intensity of grasing of the
plants. QTontinuous close grazing from one year ¢o the next is the main
cause for the mass &eterioration of bitterbrush stands.

Bitterbrush can withstand very heavy grazing for a long period of
time because about 15 to 20 percent of the growth is protected from use
by & relatively stiff woody twig stubble. The ungrazed falm;'%ﬁoﬂdu
snough photogynthetie tissue to permit the plant to ecntinmig/. Plante which
are known to have been closely crepped for 15 to 20 years still survive,
The serious problem on heavily graszed bitterbrush ranges is the lack of
young reproduction to replace the older plants as they die.

Close grazing is deirimental to flower and seed production. Measure
ments on 64 heavily grazed bitterbrush plants on a eattle range on the Modoc
National Forest showed an average flower production of only 2 percent. A
similar munmber of plants fenced against grazing for 6 years had an average
flower production of 58 percent. It is common to see plants om which the
upper ungrazed portions bear flowers and fruit in abundance while the lower
grazed parts produce only occasional flowers and fruit (fig. 17).

~18-



¥16. 17. The upper ungrased portion of this ditterdbrush plant
produced flowers and fruit., The lower portion which was closely
grazed produced only a few flowers.




Since close grazing limits the amount of seed produced it also
reduces the number of caches made by rodents. Rodent gaches are virtually
abeent on heavily grazed areas tm‘:::;l: are found in abundance on ad~
Joining areas protectéd from grazing.

The effect of close grazing on the composition of the bitterbrush
stand is to eliminate the smaller plants and to reduce the number of plants

per crown to a small number (tadle IX).

TABLE IX. Composition of a heavily-grazed bitterbrush /i
stand, Iassen Nationsl Porest, 1940 o
Plantst Approximate dlameter of stems : :
: ‘ of plants - inches et TOtal Percent
83 13 3 172 A 21983 33 : |
Nusber Humber of crowns {
- 1
1 4 24 18 10 4 1 61 8-
2 & 6 & 16 20 52
3 ) § 1 1 32
Total 3 % 23 16 4 1 7§ -
Fercent B ¢ 2 @B 1 |
3 0 :

Compare this table with table ¥ on page 13 which shows the composition
of a very lightly grased atand. Notice the high proportion of the stand
made up by young plants in the latter case and the large number of plants
in some crowns. The ages of the plants shown in table IX are given in
table X. There were no plants younger than 15 years of age in the stand.

~19-



TABLE X. Age of bitterbrush plants in a heavily
graged stand, lassen National Yorest, 1940

2

Age : -2l N

Yoars Fumber

0-5
© 8-10
11-15
16-20
21-25

31--35

46-80
Bl-B5
56-60
6165
66~T0
7175

.

81-86

%aaeau vonbaruliBeancoo

The 30~ to 35~year age class contained the greatest number of plants. A
high proportion of the stems ranged from 50 to 78 yearn old, One plant
surpassed 80 years of age in spite of close past use,
Heavily-gragzed bitterbrush plants respond rapidly to protection from
grazing. In about two grawing seasons they will usually produse enocugh
twig growth and seed to permit seed caching by rodents.
These obserwtions indicate that bitterbrush ranges may be regenerated
and kept in good produstive condition by a system of defersmed-smd—ratatton
grazing which will permit the planta to produce seed.

Heagivements indicate the heavy w.’mti&‘

o made of bitterdbruysh by deer
on some aress. »

mole deer utilized

A,

summer, In the winter 1941-42 the utiliszation of bitterbrush as about



Graging by Deer
Bitterbrush is an important item in the diet of Rocky Mountain Mule |
Deer (Ceryus hemionus, Rafinesgue). It is also grazed by Columbian Blask-
tailed Deor (ng magrotis var. Columbiana, Richardson) on limited areas |
-mainly in Sigkiyou and Shaste Counties where the range of this specles of
desr overlaps the range of bitterbrush. FProng-horn Antelope (Antilocarpa

Apericana penningularis) also graze bitterbrush to some extent.

Bitterbrush provides both summer and winter grazing for mule deer.
areas like
It is especially impertant on/the DevilSGarden XwmE on the Modoc National
Porest, the area bordering the northeastern edge of the Plumas National
Torest around Doyle and similar places where mule deer concentrate by the i

thousands during the winter.

o34 ‘hy v

On the Modoe National Porest, during the winter of

194041, mule deer utilized about 51 percent of the twig growth produced

the preceding summer. In the ax winter of 1941-42 the utilization of bitter-

brush was about 33 percent. Bitterbrush made up about 15 to 20 percent of g

‘Q“
the ground cover on this range. 3, 3
Th SN ;«‘}f

The summer use of bitterdrush by mule deer is also sppreciable al- ,:? &;‘

though it i1s much less than the winter use. Thig is probadbly due to the Bg %"’! ey ‘5
fact that the deer are spread over a much larger area during the mr VQ\ _

of 7he deer
whersas deep snows and the migrational hadits limit the areas that are graged

in winter. The summer utilization of bittu&a’;mh by deer is quite evident
(in the absence of livestock grazing Jon areas where bitterbrush makes up
only a small percentage of the stand. About 80 percent of the current twig
growth of bitterbrush was used by éaar?f&rly Avgust in the Burgess Bpring
Bxperimental Pasture on the lassen Wational Forest in 1939. Bitterbrush
mode up sbout 1 to 2 percemnt of the ground cover on this range.

2



Bitterbrush is suffering greatly on some ranges which are graged by
livestock in summer and by deer in winter. It has not been determined yet
vwhether the summer use by livestock or the winter use by deer is principally
responsible. Portions of bitterbrush ranges on the Modoc National Forest
which are too far from water to be utilized by cattle in the summer but are
grazed heavily by deer in winter do not show marked signs of deterioration
and lack of reproduction indicating that winter use by deer alone may not be
too kmx harmful. i Bitterbrush ranges grazed by sheep and deer are generally
in better condition than those graszed by cattle and deer. It seems there-
fore that heavy cattle grazing is most d@trimental to bitterbrush. MFurther
investigations of the relative effects of livestock and deer grazing onm the
growth and reproduction of bitterbrush are needed. The relative effectis of
the different seasons and intensities of use are important.

Defoliation by Caterpillars

Bitterbrush is subject to partial or complete defoliation from time to

time by Great Basin Tent Caterpillars (Malacasoma fragilis) which reduces the

vigor of the plants or kills them altogether. The infestations occur on
localized areas framka few acres to several thousand acres in size throughout
the range of bitterbrush and vary in severity from one year to the next and
from one locality to another,

The degree of the injury suffered by the stand depends on the intensity
and duration of the infestation and on the vigor of the plants. In light
infestations only individual plants may be injured or killed. In heavy
infestations virtuslly all of the plants in an area may be partly or iotally
killed. Plants weakened by grazing or other causes may be killed by a single
heavy defolistion while plants in good vigor will recover quickly under the

same condition.



The influence of the vigor of the plants in minimizing the damaging
effect of defoliation was seen on 2 aress near Truckee, one closely graged
and the other ungrazed by livestock for many years. In late July 1941 the
‘plants on both areas were practically completely defoliated and were brown
in appearance. In the spring of 1942 plants on the ungrazed range were
green and thickly covered with leaves and growing vigorously while those on
the grazed area were weak and eickly. Only sbout 20 percent of the branches
on the latter produced leaves and twig growth and all the plants had a
sickly brownish sppearance. The plants on the grased area were defoliated
again in the summer of 1942 and nearly all were killed.

Defoliation of 50 percent or more of the foliage of vigorous plants
has the effect of reducing or preventing flower production the following
season. Twig growth on defoliated plants start sooner in the spring and

usually not
18/1/2 to 1 inch long at the time growth starts on plants which have/been

defoliated the previous year.

23
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The Insedt Laboratory of the Bureau of Entomology at Berkeley has
studied the Great Basin Tent Caterpillar and its principsl host ditterbrush
since . Theyme following comments to-wake on the life history
of this insect. " The Great Basin Tent caterpillar is known to fsed on several

species of shrube including ceanothms (Ceanothus spp.), currents and goose~

berries (Ribes spp.), espen (Populus tremulojdes), désert peach(Prunus andersonii)
as well as its principal host bitterbrush. The insect occurs anmually through- ‘
out its range, sparingly in the timbered section and more abundantly in the

open brush ranges. Its damaging effects consist of defoliating the host.

When severes (80 to 90 percent of leaves eaten) the host is usually killed.

Severe defoliation over extensive areas occurs only during epidemic infesta- *
tions. - |
(fig. 174)

#The adult moths/are of a dark tawny color with narrow, brown, ¥ransverse,
bands across the forewings. The femalks are lighter in color than the males,
s,nd are larger. They have a wing spread of about 13 inches. In the males
the wing spread ls less than 1 inch, Both sexes are strong fliers and
normally migrate several miles during the flight period.

"The adult moths emerge and fly during the period from late May, thru
June, and into early July. Sezsonal dates depend on altitude and climatic
factors. During this period the eggs are deposited in compact masses,
usually in a band around the smaller stems of the host. Insubatiom 15 Pro—
longed. The young caterpillars develop within the egg shells before the

fall of the year, but the eggs do not hatch until the following epring.

The young caterpillarse leave the egg shells in March and early April
i

and immediately set upon the leaves of the host. Feeding 1s heavy and the !} %}?
caterpillars grow rapidly, reaching their full size by the middle of&,,” ot 8" :

The caterpillars are gregarious; th‘Wom or several egg masses

congregate in a single colony and remain together untild pupation takes place.
-23F




FIG. 174, Life history of the Great Basin tent caternillar, Malacosoma fragills,
Strech. 13 Aduli moths, male and female. 2: Hgg massee on bitterbrush., 33 Full
grown catercillar, pupa, and cocoon. 4t Colony of caternillars on weh, ov,

“tent, " attached to bitterbrush. 5t Cocoons attached to stem of host,



During this stage they spin large, web-like nests of silken strands in the
foliage of the host in which they remain snd feed. The common name "Tent
Baterpillar® is derived from these nests or tents. It is during this stage
only thot damage to the host cccurs.

"Pupation occurs inside hairy cocoons which are spun by the caterpillars
and are composed of body haire from the caterpillars and spun silk. They are
usually attached to atems below the tents in which the caterpillars feed.
Pupation begine in late May and extends thru June. About 2 weeks is spent
in the chrysalid stage when the new adults emerge, thus completing the life
cyecle. There is only one g#ncraﬂan of moths each year, but there is some
overlapping of broods..

"Control of epidemics ig usually dbrought about thru natural causes within
2 or 3 years from the beginmning of eplidemics and occurs as a result of a
proportionate increase of insect enemies which prey upon the eggs and
caterpillars. It has been demonstrated that artificial control can de
secured by the use of insecticides. Only those that sre non-polsonous to
grazing livestock and the host can be employed. Light penetrating oils
meet these requirements and are highly toxic to the insect in both the
egg and larval stages. *

These sbaserwations on livestook grasing and defolistion by caterpillare

indicate that hesvy removal of the folisge of bitterdrush retards or completely .

prevents zeed production and therefore the establishment of reproduction. The

\)'% &‘\.g }\

leaving of 50 peyoent or more of the pmmg.; Mr’n twig growth on the bush to

T

Fhetryt FEs :‘ﬁz@g;e,,.i *;/,L,Vc“ ?J )
L”fe»éiﬁ@ Fotn Snoclande Sao 75 508 temasih ofre

- i‘i" ix

maintaln the vizor of the plant and to allow seed to de produced seens nesessary

for the reproduction of bitterbrush which depends on seed formed on previous

yearts twigs.



Where bitterbrush makes up most of the forage on the range, a reduc—
tion in nmumbers of livestock may allow sufficient nunber of branches to go
ungragzed to supply adequate seed for reproduction. The growth habit of
bitterbrush indicates that it would be desirable to protect the same plant
from grazing two years in mceuie; meqmm seed production. The first
year nuﬁ—ho needed to produce the necessary twig growth on which the seed
is borne m.f the second year would-be regquired to allow the geed to grow
and mature. This suggests that a system of deferred and rotation grazing
involving nonuse of the same portion 0§rt§e range for two full seasons in
succession approximstely every ¥br Uyun would encoursge satiasfactory f
growth and reproduction of bitterbrush. Deferred and rotation grazing W”‘b
benseficial not only %o bBitterbrush but to the range as a whole.

Combined with other proper menagement practices ihe switching of
the class of stock from cattle to sheep may promote the estadlishment of
bitterbrush reproduction on ranges where it is lackinmg from too close use
by cattle. More information is needed on the amount of curreat growth that
should be left on the plant to permit sustained growth and reproduction.

Changes ia the nutritive qualities of bitterbrush, and its ability to with-
stand graging at diffsrent times of the season are also needsd to determine
its most desirable and profitable period of use, —“"ﬂtfﬁﬁz):
EFFECT OF BURRING

(£ ig?nlg?lifomu bitterbrush isg killed eutright in most cases by
fire. / Thousands of acres have been destroyed in the past. Even a rela-
tively 1ight scorching of the crowns and stems is fatal (FEFXSFE The
thin bark snd the limited cambium tissue in many stems permits the plant

to be mxxy easily killed. Under California conditions bitterbrush does not

-34-



718, 18. Bitterbrush is almost always killed by fire in California.




regprout following burning except in rare instances. Only one case of
sprouting following burning has been seen by the author in California. This
was near Dellsker on the Plumas National Forest. An intense burn swept

over this area on July 24, 1941 probably at a time when the seed was ripening.
‘When examined on July 29, 1942, twenty-two percent of the plants were found
to be resprouting. Some of the sprouis had already died but many looked like
they would grow into vigorous bushes if they were not grazed too heavily.
Twelve other burned areass examined showed no evidencee of sprouting. ¥o
cases of sprouting have been previously reported from the national forestis

o
5 4» £ doad , o
in California.iwrimchrtaxtarxaf daxgednoeny ([ liu rnd 2act o Mi - N oA

3 o %uu ;@Agnh st

The natural reestablishment of bitterbrush in the mtorior of large
burns is a longtime process because the seed has to be supplied by plants
located around the edges of the burn. Seed from thie source is carried into
burns in appreciable quantities by rodents. It is the principal means by
which bitterbrush becomes reestablished naturally on burned areas,

On an ares near Burney Mountain on the lassen National Forest, rodents
cached bitterbrush seed several hundred yards inside the margins of a bum
which occurred in 1936. Some of the seedlings from these caches were 12
inches in diameter and 12 inches high in 1942. Many were € years old and
others were 4 years old indicating that plantings were made in 1937 and 1939.
Planting of bitterbrush on burns by rodents has been observed in all cases
where there wag an aveilable seed supply around the margins of the burn.
Rodents can play an important supplementary role in artificial reseeding of
bitterbrush,

Only occasional seedlings germinate on bitterbrush ranges following
burning. Apparently fire kills t& seed. cartainly it does not stimulate
their germination. There does not seem to be any delayed germinmation of
bitterbrush on either burned or unburned areas which suggests sither that
rodents gather ~25-



and eat the seed which does not germinate from previous years' seed crops,
or that bitterbrush seed does not remain viable in the ground after one year.

Dense stands of downy chess (Bromus tectorum) which usually invede
burned-over bitterbrush ranges retards the extensive caching of bitterbrush
seed. The lack of bitterbrush reproduction in many areas where seed is
apparently produced in abundance seems to be due to the dense stand of downy
chess in the understory. The denser grass stands not only prevent the wide-
a_prnd activity of certain redents (chipmunks in particular) but prebabdly
stifle many bitterbrush seedlings by shading and competing with them for
moisture. Bitterbrush does become reestablished slowly on areas which suppert
a light or only a moderate cover of downy chess.

Fire therefore not only destrom the bitterbrush plants and seed bdut
creates conditions which may make it difficult for the xtand to become re-
established in a reasonably short periocd of time,

ARTIFICIAL HESEEDING

The technigues used by rodents in planting and getting successful
establishment of bitterbrush suggests the use of the following procedures
in}gtiﬁcial revegetation.of this specles.

1. Plant mature viable seed.

2. Plant several seeds, perhaps 5 to 10 in one spot.

3. Bury the seed } to 1§ inches deep in mineral soil.

v

4. Where bushes are present plant the seed in the interspaces.

5. Plant in the summer or fall of the year.

6. Plant in etrips or belts and leave it to rodents to reseed the
intervening areas. No doubt further study will bring about improvement
or modification of these initial suggestions. Successful reseeding of
bitterbrush will probably depend on some control of rodente at least during
the year of planting to prevent the seed from bdeing eaten, and on the control

~-26-



of livestock grazing after germination of the seedlings to permit their
establishment and growth.

The viability of the seed depends on seasonal growing conditions, the
stage of growth at which the seed is picked, the vigor of the plant from
which the seed is collected, the genetic make-up of the seed, and the care
taken in ite handling and storage. Rumfx Before reseeding ylelds con~-
sistently successful results, seed will have to be obiained from areas or
plants which are kmown to produce viable seed. The good seed produced in
certain years should be collected in quantity snd stored for future plant-
ing. Bitterdbrush seed which was stored in air-tight containers for nearly
3 years at 40° l‘/.ﬂ/::;inatd. Under proper conditions bitterbrush seed
can probsbly be stored for s much greater period of tims There is room
for considerable genetical and physiological work on the selection, storage
and germination of bitterbrush seed.

Bitterbrush geed ripens very rapidly in the latter part of July or
early August and most of the heavier plump ones fall to the mnf&,ﬁthiﬂ
4 or 5 days after the first seeds start dropping. The seeds t6, ripen first i#
are located on the lower branches while those ripening last are near the
ends of the uppermest branches. Care should be exercised to collect seed
from the part of the plant that is producing ripe seed. The red jules
of the endosperm should be fairly well solidified. Seed may be collected

by stripping the branches by hand with gloves.

The afdvantages of getting seed planted 1/2 to 1} inches deep in
mineral soil were shown on some experimental plots on the Modoc National
Forest. Nine hundred and twelve bitterbrush seedlings were found to gor—
minate on 12 plots totaling 0.48 of an acre on which the soil was heavily

| 1



scarified with a tractor and road ripper. Only 132 or about 1/7 as many
seedlinge germinated on comparable untreated areas. At the end of 2 years,
there were still 255 seedlings on the treated areas and 45 on the untreated.
Scarification buried many seeds in mineral soil and favored their germination
and establishment.
Tige of Planting

Natural planting of bititerbrush seed in the field occurs in the
summer and fall. During the winter, these seeds are subjected to the
effects of stratification which tends to promote early and wniform germina-
tion in the spring. 7Fell planting of untreated seed is thersfore indicated.

Germination tests {table XI) by the Division of Yorest Influences of
The California Forest and Range Experiment Station have shown that fully-
ripened bitterbrush seed stratified for 3 monthse at 40° F. and then planted
in soil at about 70° F. gave consistently high germination. Thi;:::da
germinated within a few hours and none later than 6§ days after being planted
in the soll and subjected to the higher temperature. The elapsed time
between the germination of the first and last seedlings ranged from 14
to 19 days. Unstratified seed subjected to the same germinating condi-
tions gave a lower percemtage germination and the period of time over
which the seedlings germinated ranged from 40 to 79 days. Farther study
might show that spring planting with partly pre-germinated stratified seed
can be successfully carried out.

Mothod of Planting

The planting of bitterbrush seeds in spots can xmmdily dDe relatively
easily carried out by hand. A mattock may be used to dig the small shallow
holes for the seeds or planting may be dome with a corn planter sdapted to
handle bitterbrush geed. Sowings may be also made in shallow furrows mede
by hand or with power equipment such as a tractor-drawn cultivator or

~28~
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road ripper where ground conditions will permit. However most bitterbrush
ranges are strewn with rocks, down logs and other ground obstructioms which \‘
make the cost of operating machinery too high to be oemmieal. Furthermore ;’“\"5
spot planting can probvably only be made by hand. Hand planting mey be
adapted to any ground conditions.

Intensity and Coverage of Planting
It seems unnecessary to go to the expemse of covering sn area

@ i o
L S W Y Lo o i

completely with any given spacing or intensity of planting. The planting -

A PR N W

of strips or belts would be all thst would be required on %&rem. ) «gg
Rodents can be expected to plant up the interspaces between striﬁs?i;hths \i\,j :
seeds produced by the gants sown on the strips. Obgervations have shown f{ % \)
that even in the sparsest bitterbrush stands, rodents do not eat all of the % :‘ié
seed produced in good s-ed years but plant some of them in caches. There § é?i |
is some assurance therefore that the planted strips would provide seed \i‘?\ é\\\%
for interplanting by rodents. : 5

There are from 18,000 to 24,000 good bitterbrush seeds in a pound
depending on the size of the seed. A pound of seed would be sufficient
to plant an acre with seed spots(contalning 5 to 10 seeds esch) spaced at
4~foot intervals along lines located 4 feet apart. This intensity of
planting is the same as the aversge distridution of the bdushes in many
bitterbrush stands.

A 20-foot wide belt planted at this intensity should provide suf~
ficlent plants for further reseeding Rodents are known to travel and
plant bitterbrush seed as much as 200 yards from the nearest seed source
but the greatest number of plantings are probadly made at a closer dis-
tance. A spacing of sbout 400 feet between balts does not seem too great

but what the rodents could plant up the interspaces.
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These suggestions on the artificial reseeding of bitterbrush are
baged almost entirely on the scological behavior of bitterbrush. Une
fortunately the only experimental planting made to date was with shrivelled
seed. The seed was planted 1 to 2 inches deep in mineral soil in rows in
the fall of the same year that ithwyxwwxw 1t was collected. One to 2 pergent
germinated the following spring. Rodents did not seem to dig up any of
the seed, perhaps becouse of its poor quality. The two most critiesl points
in getting bitterbrush established artificially center around getting viable
seed and protecting it from rodents until it has germinated. Further seeding
trials may show these points not to be se important,

SUMUARY

1, Bitterbrush is one of 'tho most important and widely distributed
browse plants on western ranges. It is utilized by livestock and the
various forms of wildlife.

2. Many bitterbrush ranges in Californis sre being deteriorated and
are lacking in reproduction. Therefore studies ’m& observations were started
in northeastern California in 1940 to provids a better basis for managing
this browse.

3. In California, bitterbrush reproduces essentially from seed. A given
year's seed croﬁ is borne on twigs grown in previous years.

4. Bitterbrush stands become established mainly from the seeds planted
in caches by rodents. Chipmunks, golden mantel ground squirrels, and mice
prodsbly do most of the caching.

5. Continuous close grasing of bitterbrush by livestock is the principal
cause of the lack of reproduction on many bitterbrush ranges. Gattle grazing
is generally more destructive than sheep graszing.

6. Winter grazing of bitterbrush by mule deer is very heavy in portions
of northeastern California. 'he relative influence of this intensity and
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season~-of-grazing on the vigor of the plant compared to use by livestock hes
not yet been determined,

7. Defoliation of bitterbrush by caterpillars frequently leads to the
destruction of the stand especiaslly if heavy infestations continue the second
year. Heavily grazed plants are killed more readily by caterpillar defolia-
| tion than lightly or ungrazed plants. If about 50 percent or more of the
bitterbrush plant is defoliated, flowering usually does not occur the fol~-
lowing year.

8. Bitterbrush is nearly always killed by fire in California. Fire ap-
parently destroys most of the seed in the s0il since it has not been observed
to germinate following burning of the stand. Natural reestablishment of
bitterbrush on burns is ﬁ relatively slow process and is brought primarily
about by the planting of seeds by rodentis.

9. With proper management of livestock graszing and control of rodents,
artificial reseeding of bitterdrush can probsbly be carrisd out if the
planting teclmiques used dy rodents are followed closely. Better and im-
proved methods can be expected from further study.
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