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The ecological and silvicultural importance of snowbrush,

Ceanothus velutinus, in the areas west of the summit of the Oregon

Cascades was studied. Particular attention has been given its nitro-

gen-fixing ability under both field and greenhouse conditions.

On west slopes of the Oregon Cascades snowbrush occurs above

2, 500 feet elevation, Coiitrary to its permanent presence in some

climax associations of the central Oregon, it may occur after an ab-

sence of 300 to over 500 years in the area of this study. The germ-

ination of the seed, which had accumulated during the brief lifetime

of snowbrush stands in the duff and upper layer of the mineral soil,

is stimulated by fire followed by winter stratification. Extensive

areas have been occupied by snowbrush following logging and slash

burning.

Twelve snowbrush stands ranging in age from three to 15 years



were selected for a biornass study in order to obtain some measure

of nitrogen fixation. Only fully stocked portions of these stands were

sampled. Fresh weights of snowbrush plants were obtained by re-

moving all above-ground portions and weights of roots were deter-

mined by excavation of several root systems in each age class. Rep-

resentative samples of both were taken for dry weight determina-

tions. Litter and herbs were removed from one meter square areas,

All plant materials were dried at 70 degrees centigrade and nitrogen

determined by Kjeldahl analysis.

Total nitrogen in the upper two feet of soil was higher under

snowbrush than in the absence of cover; it is suggested that the dif-

ference may have been caused by loss of nitrogen from open areas

rather than by nitrogen fixation. Total nitrogen in the upper 15 cm

of soil was not significantly different under snowbrush and under

other kinds of shrubs. It is suggested that various shrub species

may increase the total soil nitrogen under their canopies at the

expense of the open unvegetated areas.

Significantly higher amounts of nitrogen may be tied up in the

biomass of mature snowbrush stands than in stands of other shrubs

on the same site. The difference could be explained by nitrogen

fixation which on the average could range from zero to 20 kg/ha/year.

It would require over 35 years for snowbrush to ze-establish the

nitrogen lost in logging and slash burning to its original level. This



points to the need for development of other methods of slash disposal

which would not destroy the organic matter.

Nodulated seedlings produced Z times the dry weight of non-

nodulated snowbrush plants after being grown for eight months in a

nitrogen-deficient soil in a greenhouse. It may be concluded that

61% of nitrogen in the nodulated seedlings has been fixed. Such f ix-

ation perhaps may be reached on infertile soils but is very unlikely

on soils of medium or better fertility. There is some evidence that

in soils with increasing levels of organic matter the nodulation of

snowbrush may be delayed for several years.

Snowbrush may be beneficial or harmful to managed forests.

In general its desirability seems to be inversely proportional to the

fertility of the soil. Some benefit could be expected if coniferous

species were grown concurrently with snowbrush; however, no ap-

preciable benefit can be expected during the first eight years.

Results of the planting experiment suggest that the survival of

planted conifers is significantly higher on freshly-burned clearcuts

than under live or dead snowbruh, or in the openings in snowbrush

stands. Considering all treatments the survival of Douglas-fir was

significantly higher than of ponderosa pine, western hemlock, and

noble fir.
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SNOWBRUSH, CEANOTHUS VELUTINUS DOUGL.,
ITS ECOLOGY AND ROLE IN FOREST REGENERATION

IN THE OREGON CASCADES

INTRODUTION

The genus Ceanothus comprises some 55 species and 25 vari-

eties, all native to the continent of North America. This genus

reaches its maximum development in California (73, p. 144) but the

center of distribution of snowbrush, Ceanothus velutinus Dougi., is

more likely to be in Oregon and in Washington.

Snowbrush is also known under various other common names

such as sticky laurel; mountain balm; and tobacco brush (58, 72, p.

117-121). But the name snowbrush is most widely used by foresters

and will be used in this thesis.

Snowbrush is an evergreen, thicket-forming shrub, which may

reacha height of five meters at maturity (58). It is most common at

higher elevations throughout its entire range which extends from

central California north through Oregon and Washington to British

Columbia; and east from the summit of the Cascade Mountains to the

Rocky Mountains (11, 58, 72, 73, 79). In the area of interest which

extends west from the crest of the Cascade Mountains, snowbrush is

not found in the existing old mixed stands in which Douglas-fir (Pseu-

dotsuga menziesii (Mirb. )Franco) still predominates. Counts made

on fresh stumps indicate that these stands are about 300 to 500
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years old. This suggests the length of time for which snowbrush

has been absent from these areas.

One of the most striking features of this species is its depend

ence on fire for establishment. In the Oregon Cascades it is fre-

quently found forming dense stands after logging and slash burning.

Snowbrush seed, similar to the seed of other chaparral species, is

long-lived, and accumulates in the litter and in the upper layer of

the mineral soil during the lifetime of the shrub, to germinate only

after its double dormancy is broken by heat from fire, followed by

wet cold during the winter months (28). After a rather slow start

during the first few years, it may develop into dense stands which

cover extensive, recently logged and burned areas.

Due to its nitrogen-fixing ability snowbrush may grow success-

fully even in soils which are low in this nutrient and very likely gain

an advantage over the other species which do not possess such ca-

pacity.

From the ecological, and particularly silvicultural standpoints,

a species which is able to fix nitrogen appeals to the forester who

might be willing to cope with some inconveniences caused by the

presence of the shrub if he could expect a fair return. The technique

of growing nitrogen-fixing species has found extensive use in rehabil-

itation and reforestation of infertile sites. ilowever, very little evi-

dence exists as to the quantity of nitrogen fixation taking place. In
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most instances results obtained in greenhouse o laboratory experi-

ments are extrapolated into the field. I do not believe that such pro-

cedure is justified unless some correlation between the greenhouse

and field conditions can be established.

The main purpose of this study was to evaluate the ecological

and silvicultural role of snowbrush in the areas west of the summit

of the Cascade Mountains. Particular attention was given to its nitro-

gen-fixing ability and potential under both greenhouse and field condi-

tions. Snowbrush was also evaluated as a potential nurse crop for

various coniferous species commonly found in those areas. Finally

an attempt has been made to estimate the magnitude of nitrogen losses

and accretions for the area.



REVIEW OF LITERATURE

Biomass Studies

4

Ovington (55) suggested that if forest research is to be fully

effective, it must obtain a better measure of woodland dynamics,

especially of processes affecting productivity, and the flow of energy

and matter through different forest communities.

The ecologist interested in the productivity of plant commun-

ities tries to obtain some measure of the plant biomass. For samp-

ling of low vegetation, frames of various constructions and sizes

have been used (49, 57, 62). Ovington (56, 57) has used a frame

25 x 25 cm for studies of ground vegetation and for sampling litter.

One of the most frequently used methods for sampling forest

stands is selecting one or several average trees, determining their

dry weights and calculating the weight of the entire stand by counting

the trees. Baskerville (7) compared various methods used in deter-

mination of biomass and estimated that some gave results which dif-

fered by as much as 50%. Another potential source of error was

pointed out by Ovington (54) who suggested that errors as high as

45.4% of the nitrogen weight may be caused by neglecting florals,

cones or other components.

Large roots are usually sampled by excavating but small
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rootlets may be more conveniently sampled by extracting soil cores

and separating rootlets from the soil (53).

Considerable attention has been given the production of litter

in various forest types by both foresters and ecologists. The tech-

nique most commonly used is to collect the leaves and other debris

into conveniently located containers (12, 14, 20, 74); such litter is then

periodically removed from the traps, dried and weighed. An excel-

lent review of the literature dealing with the production of litter in

the forests of the world was made by Bray and Gorham (12).

Nitrogen EcQnomy in Nature

Allison (5) pointed out the many insuperable obstacles in draw-

ing up a nitrogen balance sheet, especially because quantitative data

are not available for various components of the nitrogen cycle. There

are relatively accurate estimates of nitrogen in rainfall, irrigation,

seeds and fertilizers; but determination of nitrogen fixation under

field conditions is difficult, presenting also leaching, denitrifica-

tion and volatilization problems (5, 30, 41). For convenience the

references will be divided into two parts: accretions and losses of

nitrogen.

Accretions of Nitrogen

Nitrogen fixation accounts for the bulk of the nitrogen added to



the ecosystem. While the nitrogen-fixing mechanism in the free-

living organisms is being gradually uncovered (10, 13, 23, 35, 47, 50)

many obstacles are encountered in the elucidation of the symbiotic

nitrogen-fixation. However certain progress has been made such

as determining the site of nitrogen fixation in the nodules (8), con-

firming the essentiality of various micronutrients (23, 35), and show-

ing a correlation between the rates of nitrogen fixation and hemo-

globin (77).

Various inhibitors of nitrogen fixation are of physiological as

well as of ecological importance. Nitrite, nitrate, ammonium, and

various amino acids are able to inhibit nitrogen fixation in various

free-living organisms (26; 77, p. 566-557; 81). With increasing

concentrations of combined nitrogen the fixation has decreased also

in several legumes (6). There is also some evidence that nitrogen

fixation may be significantly reduced when clippings of grass and

clover (Trifolium spp.,) are returned to the soil (65). Higher con-

centrations of combined nitrogen may also retard nodulation in some

legumes (43).

Much of the work with non-leguminous nitrogen-fixing plants

has been done by Bond and coworkers (10, 66, 67). The effect of

combined nitrogen on Alnus and Myrica was studied by Stewart and

Bond (67) who report that the absolute amounts of nitrogen fixed

increased slightly at 10 to 50 ppm of combined nitrogen; but at 100

6



ppm the fixation rate was reduced. The nodulation in another non-

legume, Discaria toumatou Raoul. has been shown to be inversely

proportional to the amount of inorganic nitrogen in the nutrient medi-

um, but in the complete absence of inorganic nitrogen, nodules failed

to supply the nitrogen requirements of the plant (46).

The amounts of nitrogen brought down in rain vary considerably.

Virtanen (76) says that in general the amount of nitrogen in precipita-

tion increases from the arctic regions to the south. Bobritskaya (9)

indicates that in Europe 7. 6, in America 8. 5, and in the remaining

continents 6. 1 kg/ha of nitrogen are added to the soil by rain annu-

ally.

Losses of Nitrogen

Except for losses caused by removal of vegetation there is no

accurate measure of nitrogen lost by the other mechanisms. Lipman

and Conybeare (41) estimated that the annual net loss of nitrogen from

agricultural land in the U. S. may be more than 64 million tons, or

about 44. 5 lbs/acre. They suggested that on the average 25. 1 lbs of

nitrogen are removed in crops, 24. 2 lbs by erosion, and 23. 0 lbs/

acre/year by leaching. They did not speculate on the amounts of

nitrogen lost by volatilization and denitrification, but according to

Gilmour' it is nearly impossible to estimate these losses under

'Gilmour, C. M. Professor of microbiology, Oregon State
University, Corvallis. Personal communication.
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field conditions.

The losses of nitrogen to the atmosphere by burning of organic

matter usually interest the forester or ecologist more because con-

trolled burning is considered the only solution to the problem of dis-

posal of slash. In general hot fire is much more detrimental in all

respects than light or medium fire (1, 31, 42, 69). Light fire under

certain conditions is said to be beneficial. The release of various

bases, particularly of calcium and potassium, and of phosphorus may

increase temporarily the fertility of burned soil but this sudden in-

crease may rapidly disappear after most of these soluble nutrients

are leached or eroded away (1, 78).

The intensity of fire and its distribution over a clearcut is still

a subject of controversy. The older reports indicate that fire may

consume most or all organic matter including litter and duff (31;37,

p. 48-49; 38) but presently there is some indication that with the

change in the method of slash disposal the proportion of areas with

hot fire may be only 5% (31, 45, 69).

The volume of slash left after logging operations, as reported

by various workers, shows great variability. From 64 to 1, 999

cubic feet per acre may be left on the site the accumulation being

especially heavy in old-growth Douglas-fir stands (4, 44). Olson (52)

estimated that from 130 to 550 cubic feet of piled slash may accumu-

late per 1, 000 board feet logged.
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In the process of slash burning part of the litter is always

consumed. Yourigberg (86) found a reduction in the organic matter

ranging from 40 to 75% after a moderate to severe fire in Washington.

However, even a fire which is classed as light may consume about 50

grams of needles per square foot (78).

EcQiogy of Shrub Communities

Many species of the California chaparral are not only prolific

seeders but they have seed which accumulates in the soil and in duff,

able to germinate whenever the conditions become favorable (16, 48,

68). The mechanisms responsible for longevity and germination in

Ceanothus velutinus var. laevigatus (Hook.) Torr. & Gray were stud-

ied in great detail by Gratkowski (28, p.67 and p. 102-108). The

seed of this species possesses an impermeable seed coat which re-

quires fire or another source of heat, or some kind of mechanical

abrasion, to become permeable. The seed has also a dormant em-

bryo, and to germinate requires two to three months of cold strati-

fication after prior heat treatment. He estimated that the seed may

live for 250 to 325 years in the duff or in the soil, and not lose its

viability. Both dry and wet heat are effective in stimulating the

germination but no other cofactor such as wood ashes or charcoal

is needed. A temperature as low as 60 degrees centigrade, reported

to exist even under field conditions, is enough to increase the
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germination several times. However, the ideal temperature range

occurs during light or medium fire during slash burning. Quick (60,

61) also contributed considerably to the understanding of the mechan-

ism of germination of various Ceanothus species.

In general it has been noted that the occurrence of various

Ceanothus species is correlated with some kind of disturbance. It

is known that fire many times opens an area to the invading shrubs.

California chaparral is mostly a fire type which maintains itself

partly by sprouting and partly by germinating seed after fire (16, 36).

Members of the genus Ceanothus are among the most prominent in

these communities in California (16, 33, 36, 59, 60, 61, 79), forming

also extensive brushuields inOregon and Washington (22, 27, 28, 45,

58, 82, 83), in Idaho (17, 18, 48), and several other states of the

Pacific Northwest (11,42,72,73).

The most common species of the higher elevations in Oregon,

Washington and elsewhere in the Pacific Northwest, is snowbrush.

It is said to improve the nutrient status of infertile pumice soils

and the growth of the associated coniferous species (24, 80, 82, 84, 85).

The most important feature in snowbrush, and other Ceanothus spe-

cies, is their ability to fix atmospheric nitrogen. At least 12 of the

55 species have been shown conclusively to fix nitrogen at rates

termed ecologically significant (19, 24, 33, 79, 85). Many field obser-

vations seem to confirm the nitrogen fixation capacity of this genus.



11

Quick (59) observed that gooseberry in the California Sierras was

developing much better under the cover of Ceanothus cordulatus Kell.

than in the open. Wahlenberg (80) suggested that better growth of

ponderosa pine under snowbrush could be ascribed, at least in part,

to its presumed nitrogen-fixing ability. Delwiche and coworkers (19)

calculated that about 60 kg/ha of nitrogen may be contributed annually

to the ecosystem by various members of the genus Ceanothus, includ-

ing snowbrush. However, their calculation seems to be rather hypo-

thetical in nature lacking a solid evidence to support it.

Great attention to the nitrogen-fixing capacity of snowbrush was

given by Wollum (24, 82, 83) and by Wollum and Youngberg (84, 85).

They indicate that more than 70 lbs/acre of nitrogen may be added

annually by snowbrush to the soil; however their evidence is based

on a limited greenhouse study in which nitrogen accretions were

calculated from the dry weight production of an indicator plant.

The major part of the 55 Ceanothus species may be found asso-

ciated with various other shrub species, particularly in California

chaparral. Deerbrush, Ceanothus integerrimus H. & A., is often

found with manzanita (Arctostaphylos spp.), gooseberries (Ribes

spp), and other species of Ceanothus (16). Snowbrush is more likely

to occur in pure stands especially on recently burned-over clear-

cuts; or it may exist as an understory in various forest communities.

Daubenmire (18) says that in northern Idaho snowbrush occurs in the
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transition zone between Pinus ponderosa/Agropyron spicatum associ-

ation and semidesert or grassland communities. It is also found in

Thuja plicata/Pachistima mirsinites climax association. In southern

Oregon snowbrush is found above 2, 500 feet elevation on west slopes

associated with a number of other shrub species such as deerbrush,

mountain whitehorn, redstem ceanothus (Ceanothus sanguineus Pursh),

manzanita, golden chinkapin (Castanopsis chrysophylla (Dougl.) A.

DC., big whortleberry (Vaccinium membranaceum Dougl. and others

(27, p. 26-28). Dyrness (22, p. 96-110) found snowbrush in a vari-

ety of associations such as Pinus ponderosa/Ceanothus velutinus-

Purshia tridentata, Pinus ponderosa/Ceanothus velutinus, and Abies

concolor/Ceanothus velutinus, in Oregon east of the Cascade Moun-

tains.

Brush and Silviculture

The plant communities which are classified as shrubs by the

ecologist, are usually called brush by the forester. In most in-

stances shrubs are undesirable on the forest land and only seldom

some benefit can be provided by them.

The use of nitrogen-fixing species as nurse crops has been a

standard procedure in forestry over the world. Lupines, Scotch

broom, and various non-legumes such as alder and Casuarina

equisetifolia Forst. have been used purposely to improve the



habitat for forest tree seedlings (21, 51). This method, very prob-

ably, originated from field observations in which tree species were

found growing better under a given cover than in the open. Dyrness

(22, p. 96-106) working in Pinus ponderosa and Abies concolor asso-

ciations with Ceanothus velutinus observed that over 60% of all conif-

erous seedlings were rooted directly within the shrub clumps. Simi-

lar observations were made by Wahlenberg (80) in Montana, and by

Wollum (82) and Wollum and Youngberg (84) in ponderosa pine region

in central Oregon. Also Gratkowski (28, p. 109-114) reported that

in many areas young stands of varnishleaf ceanothus seem to act as

an effective nurse crop providing a degree of shade suitable for the

establishment of Douglas-fir. All above mentioned workers seem to

agree on one point: the establishment and growth of coniferous seed-

lings may not be affected so much by the nitrogen-fixing character

of Ceanothus as by its ability to provide a more favorable habitat,

particularly by extending the time for which soil moisture remains

within the available range (28, p. 153-161; 80).

The beneficial influence of snowbrush on planted coniferous

seedlings has been shown by Wahlenberg (80) and is reported by

Gartman. 2 They both planted coniferous seedlings under snowbrush

and in the open. In general in both experiments the survival of the

2Gartman, John. Personal communication. March, 1965.

13
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seedlings planted under the protection of the brush was significantly

higher than in the open. While in Wahlenberg's experiment the main

reason for higher survival seems to be the reduction of transpiration

and more favorable soil moisture conditions under snowbrush, in

Gartman's trial the brush reduced the mortality caused by frost and

animals.

An established stand of brush, of any kind, may present a vari-

ety of problems to the forester. One of the most frequent and con-

sistent is the increase in the number of animals. The damage caused

by rabbit and deer usually constitutes the major source of mortality

in afforestation of brushy areas (16, 27).

Brush usually interferes with the planting operations (16) in-

creasing the cost and subsequent maintenance. Very frequently such

a plantation may result in a complete failure even after some prepara-

torywork had been done (27, p. 36-41).

Brush also competes with the planted seedlings for moisture.

Gratkowski (27, p. 109-114) maintains that on sites with less than

30 inches of annual precipitation any brush may be undesirable. Con-

siderable amounts of soil moisture may be transpired by a well estab-

lished dense stand of living vegetation especially in sunny climate (49,

p. 95).

Suboptimal light intensity under any cover may prevent various

coniferous species from establishment. For example Isaac (37) says

that seedlings of Douglas-fir need at least 50% of full light for a satis-

factory growth under field conditions.



FIELD INVESTIGATIONS

Methodology

Selection of Snowbrush Stands

Dense stands of snowbrush usually develop after clearcutting

and slash burning, especially in the old-growth stands of Douglas-fir,

western hemlock (Tsuga heterophylla (Raf. )Sarg.) and true firs (Abies

species), on the west slopes of the Cascade Mountains above 2, 500

feet elevation. Available age-classes and other pertinent character-

istics such as the aspect, elevation, accessibility, and general appear-

ance of the stands were recorded in several areas. The criteria for

selecting a given area were presence of fully stocked snowbrush

stands conveniently located and easily accessible from the main

highways. Of the two areas eventually selected for these investiga-

tions, one is located at Lava Lake near the junction of highways 20

and 22 in the Cascade Mountains; the other at Foley Ridge in the upper

part of the McKenzie River watershed, about 15 miles off highway 126.

According to Franklints classification (25) these two areas are

located on the borderline between his Three Sisters and Willamette

provinces. The climate of this area is warm and dry in summer,

cold, with heavy snow accumulation in winter, with the relatively

short growing season limited by low summer moisture supply. The

15
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climate of these two areas may be inferred from the average

climatological data as reported by four weather stations located

in the Oregon Cascades. These are summarized in table 11, Appen-

dix.

The main tree species found in these areas include Douglas-fir,

Pacific silver fir (Abies amabilis (Dougi. )Forbes), western hemlock,

grand fir (Abies grandis (Dougi. )Lindl.), western redcedar (Thuja

plicata Donn.), with local occurrences of Engelmann spruce (Picea

engelmannii Parry), western white pine (Pinus monticola Dougi.) and

magnificent individuals of noble fir (Abies procera Rehd.) at higher

elevations. The volume of these stands ranges from some 50, 000

to over 100, 000 board feet per acre gross volume.

Both areas are located in a region which underwent many

changes due to volcanic activities during the recent postglacial

period (79). Some of the volcanoes erupted within the past several

thousand years, notably Mount Mazama which ejected pumice for a

distance of about 100 miles. According to Hansen (79) some other

volcanoes ejected pumice after the eruption of Mount Mazama, and

Devil's Hill eruption might be responsible for the pumice found in

these areas. Several lava flows are said to originate from erup-

tions as recent as several centuries ago.

The soils which are rich in pumice are stony in many places,

relatively poor in organic matter at Lava Lake and somewhat higher
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at Foley Ridge. The water holding capacity of these soils is low so

that soil moisture may be exhausted by the end of June, especially

under heavy stands of snowbrush. High yielding old-growth coniferous

stands indicate that moisture may be available for longer time at

greater depths.

Eight snowbrush stands ranging from three to 15 years in age

were selected for investigations in the area of Lava Lake. These

stands are located at elevations between 3, 700 and 4, 300 feet, mostly

on southern and eastern slopes which range from zero to about 50%.

Figure 1 shows a typical freshly logged and burned clearcut with

charred logs scattered throughout. In the background a well estab-

lished stand of almost pure snowbrush may be distinguished. Figure

2 shows a five-year-old burn with a developing snowbrush stand of

the same age.

In the area of Foley Ridge the choice was more limited. Only

four stands were eventually accepted for sampling; the ages of these

four stands ranged from 10 to 15 years. They were also uniform,

except for some signs of deterioration in the oldest stand. All four

had a southern aspect with slopes ranging from zero to about 30%, at

elevations from 3, 500 to 4, 000 feet. A complete list of all stands is

presented in table 12, Appendix.

Since the main purpose of this study was to obtain an estimate

of nitrogen accretion under these stands, only fully stocked
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communities were used. Therefore the selection of a particular

sampling plot was somewhat biased with the assumption that the ad-

vantages gained by working with only fully stocked stands outweighed

the drawbacks. The study was designed to investigate a trend which,

it was believed, could better be demonstrated by using maximum

obtainable values rather than averages. It was recognized that selec-

tion of the sampling plots at random would have been highly desirable

but under the existing conditions it was not practical.

Biomass of Snowbrush Stands

After the center of each sampling plot was determined and the

height of the stand, and other characteristics recorded, a circular

area of 1/100 acre was delineated by driving wooden stakes into the

ground. Circular plots were preferred for several reasons: they

can be established easily and for a given area they have the shortest

boundary so that the errors due to the uncertainty about a plant being

inside or outside the sampling plot were reduced. The criterion for

including or excluding plants was the location of the root collar; if

more than half of the root collar was inside the plant was included.

All the above-ground parts of the snowbrush plants were cut

off at the soil surface, and the numbers of plants and fresh weights

recorded. A typical sample of the snowbrush was then separated

for determination of the fresh weight/dry weight ratio.
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The amounts of litter on the ground, and of the herbaceous

vegetation were obtained by removing the litter and herbs from an

area of one meter square. No attempt was made to separate the

litter into the various components.

The proportion and the absolute weight of leaves in each plot

were obtained by removing the leaves from the sample taken for dry

weight determination. The weight and proportion of the roots were

based on an independent sampling in which several plants in each age

group were excavated. At the same time the roots were checked for

the presence of nodules.

All plant materials were dried at 70 degrees centigrade and

weighed to the nearest 0. 1 gram. After prior pulverization through

a 60-mesh screen nitrogen content was determined by a standard

Kjeldahl analysis, and the total nitrogen weight calculated for each

component and for each clearcut.

The study extended over a period of three years so that the

majority of the stands were sampled three times within that period.

This permitted close observation of the development of the snowbrush

stands, particularly of the young ones which usually show great

changes from year to year.

Litter Fall

The litter collected in tin cans distributed throughout each stand
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was the basis for estimating the annual litter fall. Ten cans were

placed in each stand and emptied periodically so that some insight

was gained into the seasonal pattern of the litter fall. Since the

amounts of leaves in each stand were also determined in the way

already described, it was possible to compare the annual litter fall

with the weights of leaves. The litter which accumulated in the cans

consisted mostly of leaves, with small amounts of seeds and twigs.

Since the main purpose of the study was the nitrogen cycling and

accumulation no attempt was made to separate the litter into the

various components.

Soil Nitrogen

Total nitrogen in the soil was determined from soil samples

taken at five depths ranging from zero to 24 inches. Separate sam-

ples were taken for nitrogen and for bulk density determinations in

each clearcut from two pits under snowbrush cover and in the open.

Two sets of samples were obtained by this method; one, of soils

under the influence of snowbrush while the other set was taken in the

same clearcuts but outside the influence of the snowbrush. From

the nitrogen contents and bulk densities the total nitrogen in the upper

two feet of soil was calculated and the amounts found under and out-

side the snowbrush stands were compared.

The total soil nitrogen in the upper 15 cm was also determined
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by another method which consisted of extracting 50 paired soil cores

on each clearcut, one always under snowbrush plants while the paired

core was taken under another kind of shrub. The purpose of this

sampling was to obtain some information about the nitrogen status

under two different kinds of broadleaf plants, and also to confirm

the first sampling. Since the volume of the core was known it was

possible to use it in calculating the total nitrogen in soil. It was

believed that this method would provide a more representative esti-

mate of the soil nitrogen of a given clearcut since 50 paired cores

were collected from the area while the determinations of the soil

nitrogen by the first method was based on two pits only.

The soils were analyzed by the usual procedure used in the

Oregon State University soil testing laboratory (4). It is acicnowl-

edged that a part of the soil sampling, and all soil and plant analyses

were made by others.

Field Planting

Seedlings of four coniferous species, three native to the areas

of the study, and one introduced, were planted in four different en-

vironments in order to obtain some information about the effects of

snowbrush on their survival. The four different planting sites were

as follows:

1. freshly burned clearcut
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center of the 1/100 acre plot after prior removal of

the snowbrush plants

live snowbrush

dead snowbrush

Local wild seedlings were used in all these plantings. They

were very carefully dug out and selected or uniformity in size. They

were planted at two different dates: in the fall of 1963 and in spring

of 1965. The species planted in all clearcuts were:

Douglas-fir

Ponderosa pine (Pinus ponderosa Laws.)

Western hemlock

Noble fir

In several clearcuts these additional species were planted:

Pacific silver fir

Engelmann spruce

Western white pine

Due to severe damage caused by rabbits during the winter of

1963/1964, some mortality occurred within the test plantations and

had to be replanted in the spring of 1964. At that time it was de-

cided to protect all seedlings with protective wire screens which

prevented further damage by rabbit, but which contributed to mortal-

ity caused by heavy snow during the winter.

The final survival count was taken in fall of 1965 for both



planting dates. In evaluating the mortality no attempt was made to

differentiate between the various factors which contributed to it,

Results

Biomass of Snowbrush Stands
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The summary of results obtained by sampling the 1 2 snowbrush

stands is presented in figures 3 to 8, and in tables 1, and 13 to 19,

Appendix.

The curve of stand heights over the age (figure 1) is a typical

sigmoid curve which after a slow start shows a steep increase be-

tween the ages of three and ten years, reaching a maximum of 2. 7

meters at the age of 13 to 15 years. However, the height-growth

showed considerable variability, reflecting site quality. The heights

reported in literature also vary considerably (42, p. 96-97; 58, p.

511-514; 73, p. 99-100).

In general snowbrush is a relatively slow-growing species

which may owe its widespread occurrence among other things to the

absence of another aggressive species able to grow on the same soils

and form dense communities. On the average in the areas of the

study snowbrush still is a relatively low shrub of less than one meter

in height at the age of five; it doubles its height in the next five years.

Then the height-growth slows down and only about half meter is added



Estimated values.

Ceanothus species are known to be prolific seeders, able to

establish large numbers of seedlings under favorable conditions.
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in the next five years. Mature individuals higher than three meters

can be found only occasionally but the total lengths of the individual

branches may be longer than the average height of the canopy, as

they are curved and spreading.

Table 1. Ceanothus velutinus. Average heights and number of
plants at various ages.

Age

years

Height

meters

Number of plants
per hectare

range

1 0.03 over 100,000*

2 0.07 over 100,000*

3 0.2 64,300

4 0.4 99,950

5 0.9 27,700- 62,600
6 1.2 72,700

7 1.8 92,400

8 1.8 44,500

9 1.8 12,100- 96,200
10 1.85 44,800-112,200
11 2.3 10,750- 84,800
12 2.2 6,680- 32,150
13 2.4 8,160- 42,600
14 2.4 8,900- 32,150
15 2.4 11,860
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Figure 3. Height growth of Ceanothus velutinus.
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The number of seedlings between the ages of three and ten years may

not show any striking difference in size because the respective num-

bers of plants found under natural conditions in stands of the above

ages were in some cases over 100, 000 per hectare. On the other

hand only 27, 700 plants were found in a five-year-old snowbrush

stand in the same general area, and some 6, 700 in another, twelve-

year-old snowbrush community. In general the number of plants

decreases with the age (table 1), but the above examples show the

variability which may be encountered in nature. They also suggest

that snowbrush plants are able to compete with each other for a long

time.

There is some evidence that the numbers of snowbrush seedlings

may be influenced by various ecological factors, especially by fire.

Light to intermediate fires seem to be best in promoting germina-

tion but disturbance of various kinds such as logging or perhaps

moving water may stimulate germination in snowbrush by making

the seedcoat permeable with mild abrasion (28, p. 102-108).

Dry weights of tops, roots, litter, herbs, and other compon-

ents are presented in several tables. The correlation between fresh

and dry weights of tops is very high, linear, and positive (table 13,

Appendix). There is some evidence that the content of water in the

tops of snowbrush plants may fluctuate from year to year, following

the fluctuations of the soil moisture; moreover the percentage of the
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dry weight of the plants increases with age. In figure 4 it can be

seen that the water content in the tops of the snowbrush plants was

slightly higher in the 1963 sampling than in the 1964 sampling in spite

of obtaining the samples in August or September in both years. It is

believed that the variation was caused by differences in precipitation

during the summer of 1963 and 1964. The summer of 1963 was gen-

erally wetter, while the summer of 1964 drier than the average for

those areas.

The regression of dry weight of tops, and of nitrogen in tops,

with age is essentially linear in the range from three to 12 years

(figure 5 and table 14, Appendix). At the age of 12 years, the bio-

mass seems to be reaching nearly its maximum. Field observations

suggest that the maturity may be attained between 12 and 15 years

when the stands may start to "fall apart" usually under the influence

of heavy snow accumulations which cause splitting of the root collar.

During the winter even the oldest stands may lie flat on the ground

under the heavy weight of snow cover, and any vegetation, more

particularly forest tree seedlings, may be badly damaged or even

killed by the joint action of snow and brush.

Three, possibly four stages in the organic matter accumulation

may be distinguished. In the first stage only very insignificant

amounts of organic matter will accumulate; at the age of five years

the slow period is followed by a period of rapid accumulation of
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organic material between the ages of six to 11. These two stages

are also characterized by a relatively insignificant breakdown of

snowbrush litter. When at the age of 11, the snowbrush commun-

ities reach the maximum accumulation, an equilibrium is established

between breakdown and annual deposition of litter as can be also seen

in figures 6, 7 and 10, and in tables 14, 15, 17 and 18, Appendix.

Based on these observations a fourth period in the life of snowbrush

communities could perhaps be predicted, a period of deterioration,

in which presumably the breakdown of snowbrush litter would out-

strip the accumulation. Stands would then become more open due to

higher mortality of individual plants. There is some indication that

the 1949 stand on Foley Ridge (table 12, Appendix) might have

reached this fourth stage.

In general, the changes in nitrogen of the biomass follow very

closely the changes in organic matter (figure 6 and 7, table 16, Ap-

pendix). At the age of 15 years, a fully stocked stand of snowbrush

including the snowbrush plants, litter, and herbs, may contain some

770 kg of nitrogen per hectare which corresponds to about 22% of the

total present in the ecosystem including two feet of soil (table 16,

Appendix).

The quantities of litter on the ground of ten to 15-year-old

snowbrush stands may range from 21. 5 to 24. 6 metric tons per

hectare, with nitrogen amounts from 314 to 432 kgs/ha. These
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amounts do not change significantly within the above age range.

The average weight of roots of snowbrush at the age of three

years is equivalent to about half of the top weight. This proportion

decreases with age to about 1/3 at 10 years as shown in figure 8.

While the proportion of roots changes slowly with age, the

changes in the proportion of leaves are more pronounced. At the

age of three (figure 8, and table 15, Appendix) the dry weight is

divided about equally among three components: leaves, stems, and

roots. The proportion of leaves decreases steadily from about 30%

at the ages of three to five years to about 6. 1% of the total plant

weight at 15 years. The absolute weights of leaves do not change

much from six to 14 years as can be seen in table 15, Appendix.

Litter Fall

34

Seasonal distribution of litter fall was determined by trapping

litter in tin cans located throughout several fully stocked stands.

The pattern of litter fall is shown graphically in figure 9, and is

summarized in table 17, Appendix separately for each stand sampled.

Due to its evergreen character snowbrush leaves fall throughout the

year, but some 70% of the total may fall between July and November.

From December to April the litter fall is relatively low, reaching

a maximum of less than nine percent. On the other hand about 20% of

the annual accumulation fall from May to June. Part of the litter
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collected between September and November is composed of seeds.

The weights of the annual litter fall in stands ranging from six

to 15 years show relatively steady levels between 4, 399 and 6, 184

kg/ha; there is some evidence (figure 9) that the maximum may occur

prior to the age of 15, indicating further that at this age the snow-

brush stands may already be somewhat decadent.

Compared to other plant communities snowbrush seems to be

a prolific producer of litter (12), a characteristic which may be of the

same importance as its nitrogen fixing ability. By efficiently recyc-

ling the nutrients removed from lower soil strata, snowbrush in-

creases the fertility of the upper soil layers.

In figure 10 and table 18, Appendix, the quantities of litter

found in the snowbrush stands are compared with cumulative weights

of leaves and with cumulative weights of the litter collected in cans.

The regressions agree reasonably well until nine years of age when

rate of increase of the weights of litter on the soil surface slows

down. This suggests that no appreciable breakdown of litter has

taken place before the age of nine to ten years. Various factors may

be involved such as small production of litter in the first five years

of age, or slow breakdown of litter due to limiting moisture in sum-

mer and cold in winter, or perhaps the chemical composition of the

leaves which are covered with a sticky, resin-like substance.

The herbaceous vegetation contributes relatively small



6

5

4

3

2

1

100

80

6 9 1 11
Age -

Figure 9. Ceanothus velutinus. Dry
litter fall and its seasonal

12
years

weight of
distribution.

13

U'I
I'll

14 15

May-June
Dec. -Apr.
Sept. -Nov.
July-Aug.

37

4I.

I

I..

I 1

1
tt1
'ItII.
'II

It
I

Utiti
III
I

-
I

'
'I

( II
I

1

II. I

II
- ,

I

I

F

4. I.,II
;-r

-
I

I

I
1

II
lI

tiI,
t i

Ills
II

I' I ii .I,
I I

II

0

60

40
p4

20



5

"C

"I 7'
litter ,'
f all ,' /

pI /I,, , leaves
/

1 /'II/
C

litter on soil
surface

0 0

I I I

38

4 5 6 7 8 9 10 11 12 13 14 15

Age - years

Figure 10. Ceanothus velutinus. Dry weight of litter on
the soil surface (o) and cumulative dry weights
of litter fall (x) and of leaves (s).

30

25

/



39

quantities of organic matter to the litter (table 14, Appendix). Such

plant residues are high in nitrogen, however, and usu3lly decompose

very quickly. Due to the somewhat open character of snowbrush

stands, the weight of herbs was not found to change much over the

entire lifespan of the snowbrush stands, being higher at the early

ages, decreasing somewhat when the stands become dense at about

eight years, and increasing again when they start to open at the on-

set of decadence.

Due to their extraordinary capacity or producing litter high

in nitrogen, snowbrush stands also recycle large quantities of it,

and presumably of other nutrients.

Nodulation of Snowb rush

Nodulation of seedlings under field conditions ws determined

while excavating the root systems for the biomass study. In general,

the incidence of nodulation increases with the age of the plants but

occasionally a narked difference could be observed, especially among

the clearcuts. Possible reasons for this will be discussed later.

Table 2 summarizes findings pertaining to nodulation. It is believed

that, under average conditions, a 100% nodulation may occur at the

age of eight years in the two main study areas. It has been reported

by others (24, 85) that nodulation of snowbrush seedlings in central

Oregon may occur in the first year.



Table 2. Ceanothus velutinus. Incidence of nodulation at various

Locality

Lava Lake

Foley Ridge

central Oregon
near Bend

ages under field conditions.

Age in
years

Number of snowbrush plants
Dug out Nodulated % Nodulation

1 200 0 0

2 200 1 0.5

3 40 13 32.5

4 25 10 40.0

5 20 13 65.0
5* 35 0 0

6 5 3 60.0

7 3 3 100.0

9 6 4 66.7

10 3 3 100.0

3 40 9 22.5

4 10 5 50.0

11 3 3 100.0

4 120 59 49.9

North slope with few scattered individuals.

Soil Nitrogen

The results of the soil sampling for total nitrogen are illustrat-

ed in figures 11 and 12, and summarized in tables 3, and 20, Appen-

dix. The most striking feature of these data is the variability of the

total amounts of nitrogen in soils of apparent similarity in areas

40
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of comparable topography and stand history.

Table 3. Ceanothus velutinus. Total nitrogen in the upper 15 cm of
soil in kg/ha. Comparison of two sampling methods.

Soil sampled in two pits dug out in each clearcut.
Soil sampled by extracting 50 cores in each clearcut.

The amounts of nitrogen in the upper two feet of soil were not

significantly different under stands of snowbrush ranging in age from

zero to 15 years (figure 11). The same conclusion wa.s reached when
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Under snowbrush Outside snowbrush
Two pits* 50 cores** Two pits* 50 cores**

- 827 865
990 1,380
859 1,526

1,069 1,001 1, 151 1,190
1,129 1,047

1,250 1, 107
1,144 - 1, 169
1,084 1,116 1, 107 1, 324

993 1,067 1,069 1,010
1,091 986 804 1,158

1,183 - 1,218
861 1,314 735 1, 112

1,495 977
1, 035 925
1,016 - 553

756 906

1, 063.8 1,055.4 1, 028.6 1,098. 9

1,045.8 1,048.5 1,213,3 1,121.5

1,081.8 1,061.2 843.8 1,080.8

Age
years

2
3

4
5

6

7
8

9

10
11
11

12
13
14
15
16

Ave rage

Ave rage
below 10 yrs.

Ave rage
above 10 yrs.
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the amounts of nitrogen in the biomass were added to the soil nitrogen

(figure 12). However, the amounts of the soil nitrogen found in the

open showed a decrease with increasing age. This regression was

tested and found significant at the 5% level. In figure 11 it can also

be seen that in the first few years after slash burning the total nitro-

gen contents in the open were higher than under the snowbrush cover,

while the situation was reversed in the older stands. The possible

explanations for these differences will be explored in more detail

later.

The composite samples taken under snowbrush and under other

kinds of shrubs revealed no significant difference within or between

the samples in the total nitrogen of the upper 15 cm of mineral soil

(table 3). This suggests that shrubs, not necessarily nitrogen fixers,

may be able to hold nitrogen in the soil at a certain level while more

nitrogen accumulates in the biomass. This hypothesis will be dis-

cussed later.

The absolute amounts of nitrogen in the upper 24 inches of

mineral soils ranged from about 2,400 to 5, 100 kg/ha. These

amounts are not considered deficient as also may be evidenced by

the relatively good growth and high yields of the existing coniferous

stands.



Field Planting

Survival counts for the four coniferous species planted in the

experimental areas are summarized in tables 4 and 5. The appar-

ently higher survival of the 1963 planting is due to replanting the

mortality in spring of 1964.

Table 4. Survival of seedlings of four coniferous species planted in
snowbrush stands.

Planting site Seedlings Survival by species Totals
planted D. -f. P. p. W. h. N. f. Surviv. Planted

each
species

45

1963-1964 planting
Freshly burned 9 8 9 7 4 28 36
Openings in snowbr. 12 9 4 0 4 17 48
Live snowbrush 46 32 21 23 5 81 184
Dead snowbrush 47 32 15 22 5 74 188

Totals 114 81 49 52 18 200 456

1965 planting

Openings in snowbr. 10 6 5 1 3 15 40
Live snowbrush 38 18 14 8 0 40 152
Dead snowbrush 40 23 16 6 0 45 160

Totals 88 47 35 15 3 100 352

Both plantings
Freshly burned 9 8 9 7 4 28 36
Openings in snowbr. 22 15 9 1 7 32 88
Live snowbrush 84 50 35 31 5 121 336
Dead snowbrush 87 55 31 28 5 119 348

Totals 202 128 84 67 21 300 808

D. -f. Douglas fir
P.p. Ponderosa pine
W. h. Western hemlock
N. f. Noble fir
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Table 5. Percentage survival of seedlings of four coniferous species
planted in snowbrush stands.

Statistical analyses revealed that for both planting dates the

survival of Douglas-fir seedlings was significantly higher than of any

other species planted at the same time. Ponderosa pine and western

hemlock survived better than noble fir which performed, on the aver-

age, very poorly.

The best survival was observed on the freshly burned clearcut,

while there were no significant differences found among the remaining

Planting site Percentage of survival
Douglas

fir
Ponderosa Hemlock Noble

pine fir
All

1963-1964 planting

Freshlyburned 88.9 100.0 77.7 44.5 77.8
Openings in snowbrush 75.0 33,4 0 33.4 35.4
Live snowbrush 69.6 45.7 50.0 10.9 44.0
Dead snowbrush 68.2 31.9 46.8 10.6 39.4

All planting sites 71.0 43.0 45.6 15.8 43.8

1965 planting

Openings in snowbrush 60. 0 50. 0 10. 0 30. 0 37. 5
Live snowbrush 47,4 36.8 21.0 0 26. 3
Dead snowbrush 57.5 40.0 15.0 0 28. 1

All planting sites 53. 5 39. 8 17. 1 3. 4 28. 4

Both plantings

Freshlyburned 88.9 100.0 77.7 44.5 77.8
Openings in snowbrush 68. 2 40. 8 4. 5 31. 8 36.4
Live snowbrush 59.5 41.7 36.9 6.0 36.1
Dead snowbrush 63. 2 35. 6 32. 2 5. 8 34. 2

All planting sites 63.3 41.5 33.2 10.4 37.2
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three planting sites. Disregarding the exceptional result on the

fresh clearcut there was no evidence that the survival of the planted

seedlings was correlated with the age of the snowbrush.

Individual species showed a pronounced preference for particu-

lar planting sites. Thus, the survival of hemlock seedlings was rela-

tively good under some kind of cover, either dead or live snowbrush,

but only one out of 22 hemlock seedlings planted in the openings sur-

vived. Noble fir on the other hand, survived significantly better in

the openings and on the freshly burned clearcut, but very poorly

under any kind of cover. Douglas-fir and ponderosa pine did not

show any pronounced preference for any site.

The survival of Engelmann spruce which had been planted in

several locations, was even better than that of Douglas-fir. Twenty-

four out of 29 seedlings planted survived, and showed excellent vigor.

Also white pine seedlings performed well and 16 out of 27 planted

survived. The survival of Pacific silver fir was relatively poor.

No distinction has been made among the various causes of

mortality; rabbit damage in some areas was the predominant cause

of mortality, particularly in ponderosa pine and Douglas-fir; in

hemlock the evidence pointed more strongly to drought while low

light intensity might have caused some mortality in noble fir.



Bioassay

GREENHOUSE EXPERIMENTS

The main purpose of the greenhouse experiments was to furnish

some supporting evidence for the field studies. Two different experi-

ments were conducted:

Bioassay, intended to provide some estimate of nitrogen accre-

tions to the soil by snowbrush.

Comparison of dry weight production of snowbrush seedlings

grown under a variety of conditions such as: nodulated versus

non-nodulated seedlings; effect of various levels of organic

matter on nodulation and growth; and effect of urea..-nitrogen on

nodulation and growth.

Methodology
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Two cores of soil were extracted from each of the 14 snowbrush

stands ranging in age from zero to 15 years. Samples were taken with

a steel cylinder of about 15 cm diameter, corresponding to the diame-

ter of a number 10 tin can. The height of the core was about 18 cm.

These soil samples were collected under fully stocked snowbrush

stands which had been previously examined for the presence of

nodules.
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Equal quantities of nitrogen-free nutrient solution were applied

to each soil. Two Douglas-fir seeds, and later two one-year--old

hemlock seedlings were planted in each can. These were kept out-

side, at the Forest Research Laboratory in Corvallis from July until

January when they were transferred into a heated greenhouse -for the

rest of the experiment. The seedlings were watered regularly with

a nitrogen-free nutrient solution, and kept free of weeds.

In September all seedlings were cut at the soil surface and

fresh weights of each determined to the nearest 0. 01 gram.

Growth of Snowbrush Seedlings

Cinder soil with a total nitrogen content of 0. 011% was gathered

near the junction of highways 20 and 22, in the Oregon Cascades. Ii

the same area snowbrush grows naturally on the same kind of soil,

but excavation of several individuals failed to reveal the preserice of

nodules. The soil was dried at 50 degrees centigrade, sieved through

a 1/8 inch mesh, and equal weights were placed in quart-size cans

and saturated with water.

One-year-old snowbrus1 seedlings were planted individually in

these cans in December and left outside for one more month before

they were moved into the greenhouse. The seedlings used in this,

and the following, experiments were gathered at Lava Lake in the

fall, by removing them with a core of soil with the soil extractor
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described above. They had been kept in Corvallis until December

when they were transplanted into the cans as already described. The

dry weights of these seedlings, as determined on a representative

group, ranged from 0. 03 to 0. 16 grams, with an average of 0. 082

grams. The treatments assigned to these seedlings are listed in

table 6.

In the second part of this experiment snowbrush seedlings were

planted in soils containing increasing levels of organic matter. The

same soil as above was used as the main ingredient to which litter,

collected in a Scotch broom (Cytisus scoparius (L.) Link.) patch

near Eddyville, was added after prior pulverization through a 15-

mesh screen. The treatments are listed in table 7.

The seedlings were supplied regularly with a nitrogen-free

nutrient solution in order to minimize the variation in growth due to

any other nutrient but nitrogen.

All seedlings in treatments which called for it, were inoculated

with an aqueous suspension of crushed nodules collected in the area

of Lava Lake. The inoculation was repeated twice within two weeks.

It should be noted that of the 200 seedlings dug out for this experiment

not a single one was nodulated at the time of transplanting. No at-

tempt was made to sterilize the roots of these seedlings except for

washing them thoroughly in distilled water before they were trans-

planted into the experimental soil.



Table 6. Dry weight production of snowbrush seedlings. List of
treatments.

Treatment Seedlings Inoculated Urea-N Mortality
no. planted ppm %

1 40 no no 5

2 40 2x no 2.5

3 10 2x 150 10

4 10 300 100

5 10 Zx 600 100

Table 7. Growth of snowbrush seedlings in organic soils. List of
treatments.
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Note: All seedlings were inoculated twice within two weeks. Small
part of mineral soil in treatments 2 to 6 was applied as top
dressing to prevent growth of the algae.

Treatment
no.

Mineral
soil

g/pot

Organic
matter
g/pot

Nitrogen Seedlings Mortality
plantedg/pot

1 1,000 0 0.011 0.11 40 2.5

2 975 25 0.030 0.30 10 20

3 950 50 0.050 0,50 10 30

4 800 100 0.099 0.89 10 20

5 550 200 0.221 1.66 10 20

6 200 400 0.537 3.22 10 20
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After three months ten seedlings each of the inoculated and the

control group were re-potted in order to check the nodulation. All

seedlings which had been inoculated were already nodulated, but

signs of developing nodules were also detected on the roots of five

control seeedlings. At the conclusion of the experiment 23 out of

38 control seedlings were nodulated. They were assumed to be nodu-

lated for five months.

After eight months both parts of this experiment were conclud-

ed, the seedlings were carefully removed from the soil, the nodules

stripped off and dry weights of tops, roots and nodules determined

after drying the material at 70 degrees centigrade to equilibrium.

The dry weights of tops and roots were determined to the nearest

0. 01 gram, the weights of the nodules to the nearest milligram.

Results

Bioassay

The results of the bioassay are summarized in table 8, and

part is shown graphically in figures 13 and 14. The fresh weights

of both Douglas-fir and hemlock seedlings varied considerably. The

regression of fresh weight of Douglas-fir seedlings over the age of

the clearcuts, from which the soils had been gathered, did not show

any significant increase; in hemlock the increase was significant at
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the 5% level (table 8, and 21, Appendix).

Both Douglas-fir and hemlock showed a significant increase in

fresh weights in regressions in which the dry weights of litter were

used as independent variables (figures 13 and 14). The correlation of

fresh weights and total nitrogen in the soils was not significant in

either Douglas-fir or hemlock (table 21, Appendix).

Since the main purpose of this bioassay was to investigate nitro-

gen accretions by snowbrush in the soils, it must be concluded that

no significant amounts of nitrogen have been added. There seems to

be some evidence that the amounts of litter may influence the growth

of the two species used as indicators, but much largez samples would

be required to show this trend convincingly.

Growth of Snowbrush Seedlings

The difference in dry weight production of nodulated and non-

nodulated seedlings grown in mineral soil of low nitrogen content,

was very striking as can be seen in figure 15 and in table 9. On the

average during the eight months of the experiment the nodulated

seedlings produced 2 times the dry weight of the non-nodulated

plants. The plants which were presumed to have been nodulated for

about five months had 1. 6 times higher dry weight than the non-nodu-

lated seedlings of the same age.

A comparison was made between the growth of the



Age Litter Total sofl Fresh weight in grams
years tons/ha nitrogen in Douglas-fir Hemlock

upper 15 cm average average
kg/ha
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Table 8. Growth of Douglas-fir and hemlock seedlings in soils from
snowbrush stands of various ages. Fresh weight in grams.
Bioassay.

0 0 87 2.93 1.11

4 0.8 859 2.74 1.01

6 5.9 1,129 4.84 1.05

9 19.4 1,084 11.73 3.48

10 21.6 993 9.49 2.72

11 21,9 1,091 10.46 2.96

12 18.6 861 4.78 1.55

13 20.1 1,495 6.72 2.85

14 20.4 1, 035 10, 93 3, 21

15 24.6 1,016 9.15 2.36

Average 7.62 2. 18

Statistical analyses - Linear regression
Independent Dependent Signi.ficanc e Correlation

variable variable % coefficient
r

Age Fresh weight D. -f. n. s.
Freshw. hemlock 5 0.418

Litter Freshw. Dougl. -f. 5 0.413
Freshw. hemlock 2.5 0.443

Soil nitrogen Fresh w. Dougl..-f.
Fresh w. hemlock

n, s.
n. 5.
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Greenhouse experiments--one-year-old seedlings grown eight months
under greenhouse conditions

Cinder soil

*Nodule developed in mineral soil used as top dressing.

In figure 16 the dry weights of the snowbrush seedlings are

plotted with respect to the dry weights of nodules found on their roots.

The correlation coefficient of 0.763 may be considered relatively high

as slight contamination of nodule tissue with tiny particles of soil was

inevitable.
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Table 9. Ceanothus velutinus seedlings. Growth in dry weight under
various treatments.

non-nodulated 15 0 0.33
nodulated 5 months 23 100 0. 54
nodulated 8 months 39 100 0. 84

Urea-nitrogen 150 ppm 9 0 3. 37

Organic matter

8 75 1.62

org. matter total nitrogen
g/pot g/pot

25 0.30
50 0.50 7 14 1.78

100 0.89 8 0 3.83
200 1.66 8 12* 4.87
400 3.22 8 0 8.64

Field-grown seedlings
40 0 0.081 -year-old

2-year-old 28 0 0.62

Treatment Seedlings Seedlings Average dry
used in nodulated weight

experiment % grams
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Figure 16. Ceanothus velutinus. Correlation between dry
weights of seedlings and nodules.
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In the second part of this experiment the dry weights of snow-

brush seedlings were positively and linearly correlated with the 1ev-

els of the organic matter, as well as with the total nitrogen in the

soil. The correlation was high in both instances and explained over

80% of variation. The data are presented in table 9 and shown graph-

icaUy in figures 17, 18 and 19. Referring to table 7 it can be seen

that the levels of the total nitrogen present in the soil, except perhaps

for the highest level, were within the range encountered commonly in

nature. In sampling the soils in the experimental areas the nitrogen

levels found in the upper 15 cm of soil ranged from about 0. 08 to

0. 30% with an average of about 0. 1%, corresponding to the 100 gram

organic matter level in this experiment. At this level, under green-

house conditions, the average dry weight of the seedlings was 4. 5

times higher than the average weight of nodulated seedlings growing

in mineral soil and supplied with all nutrients except for nitrogen.

It is interesting to note that the growth has been even further in-

creased in soils with higher levels of nitrogen.

The most conspicuous feature of this experiment was the almost

complete absence of nodulation in soils with higher levels of organic

nitrogen. Only one seedling became nodulated in the soil with 0. 05%

of nitrogen; and one in the soil with 0. 221% of nitrogen. This latter

nodule developed in a thin layer of mineral soil which was used as a

kind of top-dressing in order to prevent the growth of the algae.
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This suggests that the nodulation in the same individual could be

inhibited by some factor in the organic layer but not necessarily in

the mineral soil (figure 20).

Attempts to inoculate snowbrush seedlings grown in soils with

higher levels of organic matter were negative, and inconsistent with

results obtained under identical conditions in both Scotch broom and

red alder (Alnus rubra Bong.) plants in which the nodulation was pos -

itively correlated with the levels of the organic matter. The pos-

sible reasons for these contradictory results will be considered later.

Urea-nitrogen at 150 ppm inhibited nodulation in nine seedlings

of snowbrush grown in mineral soil for nine months (table 9). How-

ever, the dry weights of these plants were four tirzies higher than the

dry weights of nodulated seedlings grown without combined nitrogen.

As the levels of urea-nitrogen used in this experiment were too high,

it was not possible to ascertain the optima for either growth or nodu-

lation.

3Zavitkovski, J. and Michael Newton. Oregon State University,
Corvallis. Unpublished.





EVALUATION OF THE IMPORTANCE OF SNOWBRUSH

The Role of Snowbrush in the Nitrogen Economy

The nitrogen fixation capacity of snowbrush unde'r field condi-

tions was estimated by four different methods but only one provided

some reasonable values.

1. The first method was based on the results obtained in the green-

house. A similar approach has been used by various workers

(24, 33, 76, 85) and its applicability was evaluated also in this study.

In 15 years the total turnover of nitrogen in snowbrush stands may

reach 1,436 kg/ha (tables 14 and 18, Appendix). Since the nodu-

lated seedlings grown in the nitrogen-deficient mineral soil pro-

duced about 24 times the dry weight of the non-nodulated plants,

it was concluded that about 61% of the nitrogen in the nodulated

seedlings was nitrogen fixed by the nodules (table 9). Using these

two values the nitrogen fixation rate could tentatively be set at

58 kg/ha/year. This value is dubious, however, because it is

based on results obtained in a nitrogen-deficient soil while under

field conditions the plants grow in soil.s which are not deficient in

this nutrient. The greenhouse conditions are artificial in other

respects, as well.

The unreliability of such an approach seems to be confirmed
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also by the results of the second part of the greenhouse experi-

ment in which the snowbrush seedlings were grown in soils with

increasing levels of the organic matter (table 9). At levels cor-

responding to those found on the average in the field, no nodules

developed after eight months of growth but the dry weight produc-

tion was significantly higher than that of the nodulated seedlings

grown in the nitrogen-deficient mineral soil. Along the same

lines low incidence of noduJ.tion was observed also under field

conditions in snowbrush stands from one to five years of age

(table 2). These results suggest that nitrogen fixation capacity

of snowbrush depends on the fertility of the soil; they also indicate

that an indiscriminate extrapolation of the results obtained under

controlled conditions into the field may lead to wrong conclusions.

Since the experiments under controlled conditions are usually

conducted in a nitrogen-free or nitrogen-deficient media such

extrapolations will tend to overestimate the nitrogen fixation

rates under field conditions.

2. The second approach used in estimating the nitrogen fixation

capacity of snowbrush was based on the soil sampling. The total

nitrogen in the upper two feet of soils showed no significant differ-

ence under snowbrush stands ranging in age from zero to 15 years.

The total soil nitrogen in the openings, however, showed a de-

crease with time after burning, and was significantly lower than
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under snowbrush at ages above nine years (figure 11). While

nitrogen fixation could be responsible for such difference it is

believed that the main reason might have been hot fires during

the slash burning which consumed most of the organic matter

on the soil surface and in the upper few inches of the mineral

soil. Consequently such spots would be low in nitrogen from the

time of slash burning; moreover, due to the absence of any vege-

tation on these spots, some of the nitrogen could have been lost

by leaching, and some removed by the roots of plants growing

nearby.

3. The next approach was based on the composite samples; 50 soil

cores were removed separately under snowbrush and under other

species of shrubs in each clearcut. No significant difference in

the total soil nitrogen, which would point to the existence of nitro-

gen fixation by snowbrush, could be determined between these two

situations in stands ranging in age from two to 16 years. At the

same time the total soil nitrogen under these two kinds of vegeta-

tion t ages above nine years was significantly higher than in the

openings (table 3), indicating that not only nitroge-fixing woody

species but shrubs in general may be able to increase the nitro-

gen levels of the soil underneath their canopies, possibly at the

expense of the openings, as discussed above, or by removing

the nitrogen from the lower strata. Similar results are also
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reported by Dyrness (22, p. 172).

4. Since the approaches based on the soil sampling did not furnish

any positive evidence of nitrogen fixation, the only possible way

of estimati1g it from the data obtained in the field seemed to be

through the biomass. The following hypothesis has been devel-

oped: If the nitrogen tied up in the biomass of snowbrush were

significantly higher than the nitrogen in the biomass of other

shrubs, the difference could possibly be explained in terms of

nitrogen fixation by snowbrush. This hypothesis does not take

into consideration the possible transfer of nitrogen from one kind

of shrub to another.

The available evidence suggests that the capacity of snowbrush

to accumulate nitrogen is high. At 15 years a snowbrush stand may

contain an amount of nitrogen equivalent to a 22-24-year-old stand

of birch, or a 21-47-year-old stand of oak (55); as for the nitrogen

in the litter it is considerably higher than in a 41-year-old beech

stand (56). There is no reliable way of estimating the nitrogen in

the biomass of other shrubs particularly because they do not form

pure stands in the area of this study; but it is believed that the

amounts of nitrogen tied up in the biomass of snowbrush may be

higher than in the stands of other shrubs. This difference may

range from zero to a quantity which is very difficult to estimate

but which at best may approach 50 percent of the nitrogen tied up
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in the biomass of snowbrush stands. At the age of 15 years the

biomass of a fully stocked snowbrush stand may contain some 770

kg/ha of nitrogen (table 14, Appendix). Consequently the annual

nitrogen fixation rate may range from zero to a maximum of about

20 kg/ha/year in snowbrusli stands with an average cover of about

80%. While the fixation rate cannot be estimated with a higher pre-

cision it should be realized that the true rate very probably is low

and of no great importance for the nitrogen economy of the areas

under consideration. Compared to some published values the above

estimate is substantially lower. Deiwiche and associates (19) esti-

mated that on the average 60 kg/ha of nitrogen may be fixed annually

by Ceanothus species under field conditions. Wollum (24) and Wol-

lum and Youngberg (85) estimated the fication rate of snowbrush at

more than 80 kg/ha/year.

The observations on nodulation of snowbrush plants under field

conditions (table 2) and in the greenhouse (table 9) furnish additional

evidence that no high rates of nitrogen fixation can be expected, par-

ticularly at early ages up to about seven to eight years. It should be

noted, however, that snowbrush behaved differently, in the green-

house experiments, than both red alder and Scotch broom in which

the nodulation was positively correlated with the levels of the organic

matter.4 The explanation of this striking difference may be in the

4Zavitkovski, J. and Michael Newton. Oregon State University7
Corvallis. Unpublished.
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use of the litter collected in an area where both red alder and Scotch

broom grow naturally, and where, presumably, the population of the

microorganisms responsible for the nodulation in these two species

may be high. On the other hand no Ceanothus species is known to

occur naturally in the vicinity. However, all seedlings were inocu-

lated twice within a two-week period with an inoculum shown to be

effective by the successful nodulation of the seedlings in the mineral

soil. Consequently it seems reasonable to assume that the inoculum

was either destroyed, or made otherwise ineffective by some factor

present in the litter; or the nodulation might have been inhibited by

higher levels of the available nitrogen. This last hypothesis seems

to be supported by the inhibition of nodulation by urea-nitrogen at

150 ppm (table 9). The inhibition of nodulation by some unknown

organic compound is reported by Hely and coworkers (34), and by

Thompson (71); the inhibition of nodulation caused by higher levels

of combined nitrogen was observed by Ludwig and Allison (43), and

by Morrison (46).

The importance of snowbrush in the nitrogen economy in the

area of this study may become more obvious when compared with

the estimated losses of nitrogen which on the average may occur

during logging and slash burning. Based on a variety of references

(4, 37, 38, 44, 52, 70, 86) these losses are estimated at about 750 kg/ha

of nitrogen. Assuming that the losses by denitrification and leaching
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are about offset by nitrogen brought down in precipitation; and assum-

ing that the accretions of nitrogen by fixation, as discussed above,

may reach at best 20 kg/ha/year, then it would require more than 35

years before the nitrogen were brought back to its original level.

The implications of having a productive site covered with brush for

such long time will be discussed later. At this time it should only

be emphasized that the losses of nitrogen caused by logging are rela-

tively small and inevitable; on the other hand those caused by slash

burning are high and could be prevented by using other methods of

slash disposal.

In conclusion: there is no direct evidence which would indicate

that the soil nitrogen is affected differently by sriowbrush than by

other kinds of shrubs. }Jowever, it is believed that due to its high

productivity snowbrush may contain more nitrogen in its biomass

than other kinds of shrubs. This difference which could be a result

of nitrogen fixation may range up to about 20 kg/ha/year. Since the

presently used methods of logging and slash disposal may decrease

the total nitrogen of the ecosystem by about 750 kg/ha it would require

over 35 years for snowbrush to re-establish the nitrogen to its orig-

inal level. The existing evidence suggests that the desirability and

nitrogen fixation capacity of snowbrush decreases with increasing

soil fertility.



The Ecological Importance of Snowbrush

Snowbrush, Ceanothus velutinus Dougl. var. velutinus,is most

commonly found at higher elevations either as a permanent member

of various plant associations (18, 22), or as a temporary cover mostly

on the west slopes of the Cascade Mountains above 2, 500 feet eleva-

tion.

The transition between the variety laevigatus and velutinus is

sharp. On Santiam highway at an elevation of 2, 500 feet the variety

laevigatus, and at 3, 000 feet the variety velutinus were identified by

Chambers.5 This elevational boundary is also reported by Oratkow-

ski (27, p. 26-28) from southern Oregon. There is no report known

to the writer which would indicate that the variety velutinus were

found west of the above boundary. The upper elevational limit in the

area of this study is above 5, 000 feet, but there are reports from

other areas (73, p. 171-173) indicating that snowbrush may be found

at 9, 600 feet.

Observations made in the area of interest indicate that dense

stands of snowbrush are more likely to occur on the southern to east-

ern exposures while the density of the stands on northern slopes is

usually very low. The same observation has been made by Mueggler
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Kenton L. Chambers, Professor of I3otany, Oregon State Uni-
versity, Corvallis. Personal communication to Michael Newton, As-
sistant Professor, Oregon State University. Corvallis. November 20,
1963.
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(48) in Idaho and by Wahlenberg (80) in Montana. There is no ready

explanation for this behavior except that on the sunry slopes snow-

brush may have no competitor able to form stable stands. It may

also be a question of drought resistance which favors snowbrush

over its competitors.

Snowbrush is more likely to occur on light, well-aerated soils;

it is characteristically absent from wet sites. Whether this is due

to its inability to adapt itself to such soils or whether it is prevented

from growing there by other better adapted species can be only specu-

lated upon.

From the ecological standpoint the ability of snowbrush to grow

on and improve infertile soils is of great importance for succession.

Dyrness (22, p. 172) found a higher nitrogen content in soils under

snowbrush than under ponderosa pine; and better development of

ponderosa pine growing under snowbrush cover was ascribed partly

to a better nutrient status by Wollum (82, p. 35-40), While in the

area of this study no significant accretions in total soil nitrogen

could be shown, in the greenhouse the growth of coniferous seedlings

was positively affected by the levels of litter found on the ground

(figures 13 and 14).

Counts made on fresh stumps indicate that the intermission

between two generations of snowbrush may be as long as 300 to over

500 years; this time lapse was noted also by Wollum (83, p. 12); and
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by Gratkowski (28, p. 102-108) in the variety laevigatus. There is

no evidence which would indicate that individual plants of snowbrush

could live and reproduce underneath the canopies of the forest types

in the area of the west slope, There are various reports on the

presence of a large number of seeds in the litter and in the upper

layer of mineral soil deposited by the previous generation of

Ceanothus species (28, p. 79-85; 61). Further evidence to support

the hypothesis of the longevity of Ceanothus seeds is the uniform

distribution of snowbrush plants over extensive, recently logged and

burned over areas west of the summit of the Oregon Cascades.

The dependence of snowbrush, and other Ceanothus species,

on fire for their establishment has been observed by the writer, and

reported by workers from various parts of the Pacific Coast and the

interior (16, 17, 27, 28, 37, 45, 48, 80, 85). The observations made in

the area of interest indicate that after a prior heat treatment during

the slash burning, which usually takes place in the fall, the embryo

dormancy is broken by cold, during the winter. The seeds germin-

ate the following spring.

The number of established seedlings may vary considerably

among the various clearcuts (table 1) but in general decreases with

age. The mortality may be caused by various factors such as sum-

mer drought in the first year, competition among themselves or with

other plants in the subsequent years; some mortality may be caused
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by animals. While no particular attention has been paid to insects

and pathogens, no apparent outbreak of either has been observed in

the area. Starting at about 15 years of age most of the mortality

may be ascribed to the action of snow; the root collar may split

under the heavy weight of snow cover and permit the entry of some

pathogen which eventually kills the plant.

There are two qualities which distinguish snowbrush from many

other shrub species growing in the area. One is its nitrogen-fixing

ability discussed at some length in the previous section; the othe'r

is the amount of litter, very high in nitrogen, produced annually.

Between the ages of six and 15 years over 5, 000 kg/ha/year

of litter may be deposited on the ground in fully stocked stands of

snowbrush (table 17, Appendix). In terms of nitrogen some 100 kg!

ha may be recycled annually. It is believed that the nitrogen itself,

and its origin, may not be so important for succession on these

soils which are not deficient in this nutrient, as the formation of a

new organic layer which is rich in nitrogen as well as other nutri-

ents. This high production of litter is definitely a great asset of a

pioneer species as has been also recognized by Crocker and Major

(15). In absolute terms the annual production of about 5, 000 kg/ha

of litter between the ages of six and 15 years is about the average

for warm temperate zone, as reported by Bray and Gorham (12, p.

126); it is about 50% higher than the average for cool temperate
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regions into which the area of this study would belong more logically

on account of its high elevation. It is believed that for this quality

snowbrush, under natural conditions, should be recognized as an

efficient pioneer species. While its importance in managed forestry

may be of dubious value on better soils, it cannot be denied on the

infertile soils.

There is no reliable information on the length of time for which

each generation of snowbrush may dominate the site in the area of

interest. Observations made on 15-year-old snowbrush stands sug-

gest that the decadence may make itself noticeable at about this age.

The 15-year-old stand at Foley Ridge shows some definite signs of

deterioration; another stand about 18 years old in the same area is

falling apart and is being invaded by herbaceous vegetation. The

disappearance of snowbrush may be speeded up by concurrent de-

velopment of coniferous species which ultimately will shade out the

light-demanding snowbrush. The reports on this point are relatively

scarce in the literature. Isaac (37, p. 51-59) says that in general it

may take 10 to 30 years before brush is shaded out. Others (85) only

suggest that the snowbrush will eventually be suppressed by conifer-

ous species growing on the same site. Under some conditions snow-

brush together with other shrub species may dominate the site for

much longer than suggested by Isaac (27, p. 4-5).



The Silvicultural Importaice of Snowbrush

The influence of snowbrush on silvicultural practices may be

both beneficial and harmful. Whichever aspect will predominate de,-

pends on a variety of factors such as the fertility of the soil, density

of the brush, animal population, and other considerations. In general

the desirability of snowbrush seems to be inversely proportional to

the fertility of the soil.

The presence of snowbrush on a relatively productive forest

site for any prolonged period of time certainly does not appeal to the

forester who wants to regenerate such areas in the shortest time pos-

sible after logging, unless some benefit could be obtained from con-

current culture of both crop species and snowbrush. There is some

indication that such a situation could be achieved by replanting im-

mediately the freshly burned clearcuts in the areas where the likeli-

hood of nowbrush establishment is high, such as the areas of this

study. Planting 2-1 Douglas-fir seedlings of local origin would in-

sure that they will eventually dominate the site because the growth

of snowbrush is relatively slow d,iring the first five years. It should

be re-emphasized however, that no substantial benefit could be ex-

pected before the age of about nine years; during the first eight years

considerable amounts of litter accumulate on the soil surface but

there is little breakdown taking place (figure 10).
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Seeding experiments made in the area by others indicate that

ponderosa pine might be successfully established if the seeding is

done immediately after slash burning. A temporary suppression

may occur in some restricted areas but on the average the seedlings

seem to be able to develop successfully under a light shade of the

snowbrush or in the openings. The survival and growth could prob-

ably be improved if the snowbrush were sprayed with herbicide at the

age of five or six years because at this age a more severe suppres-

sion of the seeded ponderosa pine could be expected.

While vegetational control was not the subject of this thesis,

the results of the limited spraying indicate that snowbrush can be

easily controlled with relatively small doses of 2, 4-D in diesel oil.

The spraying promotes the growth of the seedlings by removal of the

competition, and may also cause a decrease in animal population by

changing the habitat.

There is no indication that any net benefit could be expected by

allowing the snowbrush to develop for several years before replanting

the clearcuts with conifers, unless some additional measure were

taken to capitalize on the improvement of the soil by snowbrush. The

results of the bioassay provided some evidence that the litter may

favorably affect the growth of some conifers (figure 13 and 14). How-

ever, to obtain the full benefit of the litter in the field it would re-

quire the elimination of competition of the living brush for moisture
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and for the light. The beneficial effect of snowbrush litter is also

reported by Wollum (82, p. 28-35) who obtained a significant increase

in the growth of Monterey pine upon addition of snowbrush litter to

the pumice soil.

After a three-year experience with snowbrush the writer agrees

that the planting operations are more difficult in the dense stands than

in the open. This fact has already been pointed out by Wahlenberg

(80) and by Curtis (17). These stands, however, are far from being

impenetrable. It is suggested that in well managed forests this in-

convenience may never be experienced if the regeneration of the

burned over clearcuts is not delayed.

Various workers suggested that some advantage could be ob-

tained by using the snowbrush as a kind of nurse crop (22, 24, 80, 82,

84, 85). Among the benefits cited is nitrogen accretion (82, 84, 85)

and creation of a more Iavorable microclimate (22, 80, 82). There

is no evidence that some benefit could be obtained in the areas of

this study ur1ess some additional vegetational control were planned,

as mentioned above. The accretions of nitrogen by snowbrush are

not significant, and while the litter may have some stimulating effect,

the increase in animal population and competition for soil moisture

and light may completely overshadow the small benefits.

The results of the planting experiment indicate that Douglas-fir

may be the most successful species for the areas covered by
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snowbrush of any age. Except for Engelmann spruce, which has not

been planted in all clearcuts, the survival of Douglas-fir was signifi-

cantly higher than of any other conifer planted at the same time.

Since this species is also fast growing, high yielding and usually

bringing the best price, and matures naturally in the area, it should

be favored over any other, including ponderosa pine. This last spe-

cies has been planted in the areas with a considerable success. How-

ever, there is some indication that it may be damaged by various

factors such as rabbit arid snow, as well as eventual suppression

by other conifers.

So far one situation only has been considered in connection with

the regeneration of clearcuts. The presence of snowbruh on these

areas has been assumed to be a "normal" condition. The dependence

o snowbrush on fire for its establishment points out very clearly

that the brush problem could be avoided by refraining from burning

the slash. The advantages particularly in respect to nitrogen econ-

omy have been already discussed.

While the evaluation of the alternate methods to slash burning

Is outside the scope of this thesis, one of them, chipping, may be

considered feasible under present conditions. There is no doubt that

it would be more expensive if the operation only were considered.

It is believed, however, that in long range this method, or any other

which would save the organic matter for the soil, may be much less



expensive. Considering the 600 kg/ha of nitrogen volatilized only,

it may be economically more advantageous to pay a little more for

other kind of slash disposal.
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SUMMARY

The ecological and silvicultural importance of snowbrush,

Ceanothus velutinus, in the areas west of the summit of the Oregon

81

Cascades was studied. Particular attention has been given its nitro-

gen-fixing ability under both field and greenhouse conditions.

On west slopes of the Oregon Cascades snowbrush occurs above

2, 500 feet elevation. Contrary to its permanent presence in some

climax associations of the central Oregon, it may occur after an

absence of 300 to over 500 years in the area of this study. The

germiration of the seed, which had accumulated during the brief

lifetime of snowbrush stands in the duff and upper layer of the min-

eral soil, is stimulated by fire followed by winter stratification.

Extensive areas have been occupied by snowbrush following logging

and slash burning.

Twelve snowbrush stands ranging in age from three to 15 years

were selected for a biomass study in order to obtain some measure

of nitrogen fixation. Only fully stocked portions of these stands were

sampled. Fresh weights of snowbrush plants were obtained by remov-

ing all above-ground portions and weights of roots were determined by

excavation of several root systems in each age class. Representa-

tive samples of both were taken for dry weight determinations. Litter

a.nd herbs were removed erom one meter square areas. All plant
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materials were dried at 70 degrees centigrade and nitrogen deter-

mined by Kjeldahl analysis.

Total nitrogen in the upper two feet of soil was higher under

snowbrush than in the absence of cover; it is suggested that the differ-

ence may have been caused by loss of nitrogen from open areas rather

than by nitrogen fixation. Total nitrogen in the upper 15 cm of soil

was not significantly different under snowbrush and under other kinds

of shrubs. It is suggested that various shrub species may increase

the total soil nitrogen under their canopies at the expense of the

open unvegetated areas.

Significantly higher amounts of nitrogen may be tied up in the

biomass of mature snowbrush stands than in stands of other shrubs

on the same site. The difference could be explained by nitrogen

fixation which on the average could range from zero to 20 kg/ha/year.

It would require over 35 years for snowbrush to re-establish the ni-

trogen lost in logging and slash burning to its original level. This

points to the need for development of other methods of slash disposal

which would not destroy the organic matter.

Nodulated seedlings produced 2 times the dry weight of non-

nodulated snowbrush plants after being grown for eight months in a

nitrogen-deficient soil in a greenhouse. It may be concluded that

61% of nitrogen in the nodulated seedlings has been fixed. Such

fixation perhaps may be reached on infertile soils but is very



unlUely on soils of medium or better fertility. There is some

evidence that in soils with increasing levels of organic matter the

nodulation of snowbrush may be delayed for several years.

Snowbrush may be beneficial or h3rmful to managed forests.

In general its desirability seems to be inversely proportional to the

fertility of the soil. Some benefit could be expected if coniferous

species were grown concurrently with snowbrush; however, no

appreciable benefit can be expected during the first eight years.

Results of the plaziting experiment suggest that the survival

of planted conifers is significantly higher on freshly-burned clear-

cuts than under live or dead snowbrush, or in the openings in snow-

brush stands. Considering all treatments the survival of Douglas-

fir was significantly higher than of ponderosa pine, western hemlock,

and noble fir.
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Table 10. Amounts of nitrogen fixed by some species.

Alnus tenuilolia 62 76
Alnus glutinosa 100 76
Ceanothus velutinus 80 85
Ceanothus spp. 60 19
Casuarina equisetifolia 58 21
Clover or alfalfa 200-700 76
Subterranean clover 372-670 65
Ceanothus velutinus 0-20 This thesis

Table 11. Average temperatures and precipitation at four weather stations located in the Oregon
Gas cades.

McKenzie Bridge 1,300 30. 0 86. 8 50. 5 43. 7 6. 9

Government Camp 3, 700 22. 9 69. 0 42. 2 85. 1 16. 2

Odell Lake 4, 788 15. 5 74. 6 40. 8 60. 4 8. 6

Cascade Summit 4, 841 20. 0 75. 0 41. 5 49. 5 6.4

Organism Nitrogen fixed Reference
kg/ha/year

Station Elevation Temperature Precipitation
ft Mm Max. Average Annual May to Sept.

degrees F inches



Table 12. Ceanothus velutinus Dougl. List of sampled stands.

Lava Lake

This is the average percentage cover; only fully-stocked portions of stands were used for
biomass determinations.

1963 2 3,800 E 0-25 4
1960 5 3,800 E to NE 0-20 33
1958 7 4, 250 E 20-30 49
1955 10 4,300 S 10-30 77
1954 11 3,800 S 0-30 56
1953 12 3,900 StoSEtoE 0-15 79
1952 13 3,650 E 0- 5 65
1951 14 3, 800 E to NE 0-20 88

1949 16 3,700 EtoNE 0-50 86
1954 11 3,700 NE 5-10 4.6 not sampled
1953 12 4,000 N to NE to E 0-25 40 not sampled

Foley Ridge

1953-A 12 4,000 S 10-20 51

1953-Z 12 3,800 S 10-20 37

1950 15 3, 800 S 0- 5 38
1949 16 3,500 S 30 19

1960 5 4, 200 S 15 20 not sampled
1947 18 3, 200 S 0-10 10 not sampled

Clearcut 1965 Elevation Aspect Slope Snowbrush Notes
burned in age of cove r*

year snowbrush feet
years



Table 13. Ceanothus velutinus. Relation between fresh weight and dry weight.

Age
yrs. Aver,

Tops
fresh weight
kg/ha

Tops
Aver, dry weight

kg/ha
Dry weight

% of FW

3 1,140 469 41.3
4 5, 630 2, 460 43. 7

5 14, 810 7, 370 49. 8

6 24,820 11,990 48.2
7 38,700 20,060 51.8
8 39, 150 19, 940 50. 9

9 39,450 19,210 48.9
10 49, 100 26, 400 53. 8

11 62,600 33,050 52.9
12 60, 350 32, 100 53. 2

13 68,200 36,600 53.7
14 63, 400 36, 100 56.8
15 62 400 35, 150 56.3



Table 14. Ceanothus velutinus. Dry weights and nitrogen amounts in various components of fully
stocked stands in hg/ha.

Age
yr

Snowbrush
Herbs Litter Total No. of

samples
Tops Roots

D. W. N D. W. N D. W. N D. W. N D. W. N

3 469 3.7 235 0.7 317 2.6 296 2. 5 1, 317 9. 5 1

4 2,460 20.1 1,128 7.7 309 2.5 855 12.1 4,752 42.4 1

5 7,370 52.1 3,115 18.8 296 2.3 2,115 22.8 12,896 96.0 2

6 11,990 100.4 4,735 28.4 287 2.3 5,970 60.6 22,982 191.7 1

7 20,060 151.5 7,755 45.9 247 2.2 10,040 104.1 38,102 303.7 1

8 19, 940 142.6 7, 250 51.4 211 2.0 15, 110 170.5 42, 511 366.5 1

9 19, 210 158.4 6,730 47.8 173 1. 5 19, 420 292. 0 45, 533 499.7 2

10 26,400 191.0 8,860 53.2 173 1.5 21,560 314.5 56,993 560.2 4

11 33, 050 177.0 11, 130 66.8 170 1.5 21, 930 359.8 66, 280 605. 1 5

12 32,100 270.1 10,490 62.9 272 2.2 18,610 313.0 61,472 648.2 2

13 36,600 238.4 11,840 70.8 247 2.2 20,150 321.5 68,837 632.9 3

14 36,100 217.5 11,610 69.6 245 2.2 20,400 312.0 68,355 601.3 4

15 35,150 272.0 11,290 67.8 222 2.0 24,610 432.0 71,272 773.8 1



Table 15. Ceanothus velutinus. Dry weights and proportion of various components.

Leaves, flowers, seeds Stems and branches Roots Total plant
Age kg/ha % kg/ha % kg/ha kg/ha

3 210 29. 8 259 36.8 235 33.4 704

4 1, 075 30.0 1, 385 38.6 1, 128 31.4 3, 588
5 2, 865 27.4 4, 505 42. 9 3, 115 29.7 10, 485

6 3,780 22. 6 8, 210 49. 1 4,735 28. 3 16, 725

7 3,695 13.4 16,365 59.0 7,755 27.6 27,815
8 4,875 18.0 15, 065 55.4 7, 250 26.6 27, 190

9 3,945 15. 1 15, 265 58. 9 6,730 26. 0 25, 940

10 3. 950 11. 2 22, 450 63.7 8, 860 25. 1 35, 260

11 3,660 8.3 29, 390 66.5 11, 130 25. 2 44, 180

12 4,810 11.3 27, 290 63.9 10, 490 24.8 42, 590

13 4, 255 8.7 32, 445 66. 5 11, 840 24.8 48, 540

14 4,760 10.1 31,340 65.5 11,610 24.4 47,710
15 2,870 6.1 32, 280 69.4 11,290 24.5 46, 440



Table 16. Ceanothus velutinus. Total nitrogen in the biomass and in the upper two feet of soil.

Age
yrs

Snowbrush
plants

kg / ha
Snowbrush

litter
Soil
2 ft.

TotalAssociated
vegetation

0 - 2,790 2,790
3 4. 4 2. 6 2. 5 2. 974 2, 983
4 27.8 2.5 12.1 2,396 2,438
5 70.9 2.3 22.8 3,006 3,102
6 128.8 2.3 60.6 3,700 3,891
8 193.7 2.0 170.5 3,537 3,903
9 206. 2 1. 5 292. 0 3, 299 3,798

10 244.2 1.5 314.5 3,198 3,758
11 243.8 1.5 359.8 2,816 3,421
12 333.0 2.2 313.0 2,408 3,056
13 309.2 2.2 321.5 3,920 4,552
14 287.1 2.2 312.0 2,954 3,555
15 339.8 2.0 432.0 2,705 3,479



Table 17. Ceanothus velutinus Litter Fall in Fully Stocked Stands

Age
Yrs.

Period of Collection Litter
D.W.
kg/ha

Nitrogen
July - August

kg/ha %

Sept. -
kg/ha

Nov. Dec.
kg/ha

April
%

May
kg/ha

- June
% kg/ba

Lava Lake

6 1, 627 35. 7 1, 574 34.5 366 8.0 993 21. 8 4, 560 1. 42 64. 8

9 2, 608 42. 1 2, 240 36.3 549 8.9 783 12.7 6, 180 1. 71 105.9

10 1,990 43.3 1,543 33.5 222 4.8 845 18.4 4,600 1.83 84.1

11 3,115 50.1 2,030 32.7 435 7.0 634 10.2 6,184 1.83 113.5

12 1,905 40.9 1, 546 33. 3 407 8.8 787 17. 0 4, 645 1.94 90. 1

13 2,202 41.0 1,687 31.4 418 7.8 1,063 19.8 5,370 2.08 111.5

15 1, 624 36.9 1, 548 35. 1 351 8.0 876 20. 0 4, 399 1. 78 78. 3

Average 2,152 41.9 1,737 33.8 392 7.6 853 16.7 5,134 92.6

Foley Ridge

2,265 46.0 1,458 29.6 381 7.7 822 16.7 4,926 1.86 91.511

14 2,655 48.7 1,681 30.6 454 8.3 660 12.1 5,450 1.76 95.8

iS 2, 230 45.5 1, 445 29.5 427 8.7 800 16. 3 4, 902 1. 76 86.2

Average 2, 383 46.8 1, 528 30.0 421 8.3 761 14.9 5, 093 91. 2

Average of
both places 2, 220 43.4 1, 675 32.7 401 7.8 826 16. 1 5, 122 92. 2



Table 18. Ceanothus velutinus. Dry weights of litter and of leaves.

E stimated values.

Age Litter Litter collected in cans Snowbrush leaves
on soil surface

kg/ha
Annual

kg/ha
Cumulative Annual

kg/ha
Cumulative

3 296 - 210

4 855 - - 1,075 210

5 2, 115 1,370* 2,865 1, 285

6 5, 970 4, 560 5, 930 3,780 4, 150

7 10,040 4,940-p 10,870 3,695 7,930

8 15,110 4, 940* 15,810 4,890 11,625

9 19,420 6,180 21,990 3,910 16,515

10 21, 560 4, 600 26, 590 3,940 20, 425

11 21,930 5,560 32,150 3,660 24,085

12 18,610 4,645 36,795 4,805 28,890

13 20, 150 5, 370 42, 165 4, 175 33, 065

14 20, 400 5,450 47, 615 4,745 37, Sb

15 24, 610 4,645 52, 260 2,780 40, 590



Table 19. Nitrogen content in various components of snowbrush
communities biomass.

Component Range of % N

Snowbrush, leaves

sterns and branches

roots

tops

litter on ground

litter in cans

Associated herbs

100

2. 21 - 2. 28

0.42 - 0. 55

0.58 - 0.71

0.45 - 1.00

0. 96 - 1. 88

1.42 - 2.08

0. 58 - 0. 99



Table 20. CeanOthus velutinus. Total nitrogen in the upper 24 inches of soil.

0

Age
yrs

Under snowbrush In the open Difference
Plus

1. - 2.
Minus

o - 2,522
0 3,063
3 2,974 3,846 - 872
4 2,396 5, 101 2,705
5 3,006 3,315 309
6 3,700 3,018 682
8 3,537 3,688 151
9 3,344 4,214 - 870
9 3, 255 2, 366 889

10 3,110 3,218 108
10 3,285 3,411 - 126
11 3, 238 2,038 1,200
11 2,393 1,497 896
12 2,408 1,978 430
13 3,920 2,922 998
14 2,984 2,813 171
14 2,924 1,638 1,286
15 2,705 1,576 1,129

Aver. 3,073.7 2,901.3



Note; Soil 1.
Soil 2.
Soil 3.
Soil 4.

Field Planting "Chi" -square test

Under snowbrush
In the open
Under snowbrush - co
Under another brush -

(Fresh burn)
(Openings)
(Douglas-fir)
(Ponderosa p.)
(Hemlock)

mposite
composite

(Openings and Brush)
(Live+Dead brush)
(Other conifers)
(Hemlock)
(Noble fir)

102

Table 21. Results of Statistical Analyses

Experiment Kind of Analysis Independent var.
(Population 1.)

Dependent var.
(Population 2.)

Signifi-
cance

Bioassay Linear iegression Age of snowbrush F. W. of Douglas-fir n. S.
F.W. hemlock 5% 0.418

Weight of litter F. W. Douglas-fir 5% 0.413
F. W. hemlock 2.5% 0.443

Total soil nitrogen F. W. Douglas-fir n. 5.
F.W. hemlock n. 5.

Growth of -test (Nodulated seedl.) (Non-nodulated s.) 1%

snowbrush
seedlings

Linear regression D. W. nodule
Weight or organic

D.W. snowbrushs.
D. W. snowbrush

1% 0. 763

matter seedlings 1% 0.939
N in org. matter D. W. snowbrush s. 1% 0.945

Biomass Linear regression F. W. snowbrush D. W. snowbrush 1% 0.988
Age of snowbrush D. W. snowbrush tops

3-15 yrs 1% 0.874
Age Sn. 3-15 yrs. Weight of N in tops 1% 0.816
Age sn. 3-11 yrs. D.W. snowbrush litter 1% 0.894
Age sn. 9-15 yrs. D. W. snowbrush litter n. S.

Age Sn. 3-11 yrs. Weight of N in litter 1% 0.939
Age sn. 10-15 yrs. Weight of N in litter n. 5.
Age sn. 3-11 yrs. D.W. biomass 1% 0.983
Age Sn. 10-15 yrs. D.W. biomass n. 5.
Age sn. 3-11 yrs. Weight of N biomass 1% 0.967
Age Sn. 10-15 yrs. Weight of N biomass n. S.
Age of snowbrush %N litter in cans n. S.

%N litter On ground n. S.

%N tops n. 5.

Soils Linear regression Age of snowbrush Total N in soil 1. u.s.
Years after burn Total N in soil 2. 2. 5% -0. 650

"F" -test (Total N in soil 1) (Total N soil 2) 1%

Linear regression Age of snowbrush Total N in soil 3. n. 5.
Age of brush Total N in soil 4. n. S.

"F" -test (Total N soil 3.) (Total N soil 4.) n. S.


