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present on the site prior to cutting. Results indicated initial that bunchgrass
densities of 2 plants/m2 were sufficient for perennial grasses to dominate
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the understory component in sagebrush rangelands that are currently
dominated by western juniper woodland.
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UNDERSTORY VEGETATION RESPONSE AND NITROGEN
CYCLING FOLLOWING CUTTING OF WESTERN JUNIPER

CHAPTER 1

INTRODUCTION

The expansion and increasing dominance of western juniper (Juniperus
occidentalis) woodlands in northern Great Basin plant communities has
become a serious land management problem. Succession to western juniper
dominated communities is accompanied by reductions in understory
productivity and diversity (Driscoll, 1964a; Burkhardt and Tisdale, 1969;
Adams, 1975; West, 1984; Bedell, 1987; Vaitkus and Eddleman, 1987),

increasing spatial heterogeneity of nutrients in litter and soils beneath juniper
canopies (Doescher et al., 1987; Josiatis, 1993), increased soil erosion
(Buckhouse and Mattison, 1980; West, 1984), and increased interception of
precipitation (Larsen, 1993). Currently, western juniper is found on 3.2 million
ha. in eastern Oregon, eastern Washington, northeast California, western
Idaho, and northwestern Nevada. The largest concentrations are located in
eastern Oregon, and northeast California.
The expansion of western juniper woodlands began slowly in the late
1800's but has been accelerating in the 1900's (Miller and Wigand, 1994;

Miller and Rose, 1995). Prior to the recent woodland expansion, western
junipers were largely confined to shallow rocky soils along ridges (Burkhardt
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and Tisdale, 1969; Miller and Wigand, 1994), and pumice soils of central
Oregon (Driscoll, 1964b). Since the late 1880's western juniper has
expanded its range into sites with deeper soils and more productive plant
communities, particularly mountain big sagebrush (Artemisia tridentate spp.

vaseyana) grasslands (Eddleman, 1987; Miller and Rose, 1994). The highly
competitive attributes of western juniper in this environment permits it to
establish and dominate plant communities regardless of ecological condition
(Burkhardt and Tisdale, 1976; Eddleman, 1987).

Causal factors implicated in woodland expansion include a
combination of reduced fire frequencies (Burkhardt and Tisdale, 1969; 1976;
Young and Evans, 1981), improper livestock grazing (Burkhardt and Tisdale,
1969; 1976), and shifts in climate conditions (Antevs, 1938; Graumlich, 1985,

Miller and Wigand, 1994). Reduced fire frequency is the main reason for the
expansion of woodlands and increased tree densities (Burkhardt and Tisdale,
1969; 1976; Miller and Wigand, 1994).

Although information pertaining to the western juniper ecosystem is
increasing, there are many gaps in our understanding of basic ecological

processes and functions in the woodlands. Quantitative evidence regarding
the effects of western juniper on understory productivity and diversity, and

nutrient cycling is lacking. There is limited information detailing successional
responses of understory plants to tree removal. Interest in juniper woodlands
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and questions regarding the role of juniper in semi-arid rangelands have
increased since woodlands have expanded into more productive and
biologically diverse plant communities. It is important to address questions

regarding ecological processes in juniper woodlands in order to design and
implement management practices that sustain or improve productivity,

biological diversity, and use of western juniper woodlands.
The purpose of this study was to assess understory plant succession,

soil nitrogen cycling, litter decomposition, and soil moisture availability
following cutting of a western juniper woodland on Steens Mountain, Oregon.
Results obtained from cut woodlands were compared to data obtained from
adjacent uncut juniper woodlands. The objectives of the study include:

1) Determine the effect of juniper removal on understory cover, density and
diversity.
2) Determine the effects of canopy, interspace, and juniper slash microsites
on nitrogen mineralization and nitrification in soils.
3) Determine the effect of juniper removal on soil moisture content and plant
water potentials during the growing season.
4) Determine the effect of juniper removal on nitrogen mineralization and
nitrification in soils.
5) Determine the effects of canopy, interspace, and juniper slash microsites
on nitrogen mineralization and nitrification in soils.
6) Determine the effects of tree removal on the rate of decomposition of
juniper needles and N release.
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CHAPTER 2

LITERATURE REVIEW

Western juniper (Juniperus occidentalis Hook.) is separated into two

subspecies (Vasek, 1966): Sierra juniper (Juniperus occidentalis ssp.
australis) and western juniper (J. occidentalis spp. occidentalis). Subspecies

australis ranges from Lassen County, California south along the east side of

the Sierra Nevada Range to the San Bernadino Mountains. Subspecies
occidentalis, the focus of this dissertation, extends northward from Susanville,

Lassen County California through Oregon on the east side of the Cascade

Range to southeastern Idaho. Stands located from northwestern Nevada
across southeastern Oregon are distributed among a number of mountains or

mountain ranges. Sparse stands of juniper are located in northeastern
Oregon and southeastern Washington.
Distribution and Characteristics of Western Juniper Woodlands

The areal extent of western juniper has not been accurately estimated
although figures indicate the expansion of juniper woodlands in this century.

Eddleman et al. (1994) estimate that western juniper is now established on

1,614,000 ha in Oregon, California, Idaho, Nevada, and Washington. The
bulk of juniper woodlands are located in eastern Oregon with approximately
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932,000 ha (Eddleman et al., 1994). However, a more recent inventory,
based on GIS analysis, estimates that there is 3.3 million ha. occupied by
western juniper (USFS-Pacific Northwest Research Station, Portland OR,
1995).

The elevational range of juniper varies depending on location (Sowder
and Mowatt, 1958). Western juniper is found growing at elevations as low as
180 m. along the Oregon side of the Columbia River (Sowder and Mowatt,

1958) up to 2,000 m on Steens Mountain, Oregon (Miller and Rose, 1995). In
several regions juniper tends to be concentrated between certain elevations.
In central Oregon juniper is most abundant between 915 to 1200 m

(Eddleman et al, 1994) or between perennial; bunchgrass areas and the
ponderosa pine (Pines ponderosa) zone (Sowder and Mowatt, 1958; Franklin

and Dryness, 1973). In northeastern California, juniper is concentrated
between 1220 - 15524 m (Eddleman et al, 1994).

Western juniper woodlands are found on a wide variety of soils
developed from sedimentary, igneous, and metamorphic parent materials

(Driscoll, 1964a and 1964b, Dealy, 1978). Soil classes in the juniper
ecosystem are represented by Mollisols, Aridisols, Vertisols, and some

Agrixerolls (Eddleman et al, 1994). Soil temperature regimes are mainly

mesic but include frigid and cyric regimes. Soils in the western juniper
ecosystem have generally developed under aridic or xeric moisture regimes.
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Driscoll (1964b) has divided western juniper into three physiographic
units based on the soils parent material for the central Oregon region: (1)
soils derived from aeolian deposits of igneous and pumice sands; (2) soils
derived from John Day and Clarno sedimentary deposits; and (3) soils derived

from igneous rock (e.g. basalt, andesite, rhyolite). Canopy cover of juniper is
generally lowest on sites composed of aeolian sand deposits and highest in

areas with soils derived from igneous materials (Driscoll, 1964b). High tree
densities appear to occur in Mollisols (Haploaquolls, Cyroborolls, Agrixerolls,
Durixerolls, Haploxerolls) and some Aridisols (Durargids and Camboorthids)

(Eddleman et al., 1994). Areas identified with lower tree densities include
Aridisols (Durargids, Camboorthids, and Haploorthids), Vertisols
(Chromoxererts), and Agrixerolls (Eddleman et al, 1994).

Western juniper occurs in a range of seral conditions, however,

woodlands can be roughly divided into: (1) old, mature woodlands greater
than 150 years old; and (2) younger woodlands less than 150 years old. The
older mature woodlands are generally found on areas with shallow soils and
where fractured bedrock is exposed or near the soil surface combined

(Burkhardt and Tisdale, 1969; Eddleman et al., 1994). Such areas are

typically found on ridges, hilltops, and mountain plateaus. Burkhardt and
Tisdale (1976) found direct correlation between the amount of exposed rock
and the cover and density of trees in old woodlands. The physiognomy of old
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woodlands are characterized by large, flat-topped, large limbed trees which
are interspersed by dying, dead, and decaying trees.
Younger woodlands are found on slopes and bottom lands composed
of deeper, soils with less exposed bedrock (Burkhardt and Tisdale, 1969).
The establishment of juniper seedlings may be favored on deep fine textured
soils in bottom lands but tree growth may be greater on well drained soils

found on slopes (Burkhardt and Tisdale, 1976). The physiognomic
characteristics of young woodlands are: (1) a lack of dead and downed tree;
and (2) trees possessing cone-shaped crowns with distinct terminal leaders

(Burkhardt and Tisdale, 1969). Trees in young stands may have reached
maturity in regards to height and development of full reproductive potential.
Cover and density of trees in young woodlands will vary depending on site
quality and the age of the stand.

The wide range of sites occupied by western juniper results in a

diverse array of plant species associations and communities. Eddleman et al.
(1994) have divided western juniper plant communities into three types: (1)

those occurring in forested areas; (2) old juniper woodlands; and (3) young
woodlands which have invaded adjacent plant communities. A number of
western juniper plant associations, communities, and range sites have been

described in the literature. However, floristic descriptions of western juniper
woodlands are not complete. As noted by Eddleman et al. (1994) many areas
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within the western juniper ecosystem have yet to be described. The present
expansion of juniper into other plant communities and introduction of exotic

species will continue to change the floristic characteristics of the western
juniper ecosystem.

Woodland Dynamics

Western juniper woodland dynamics have been divided into prehistoric

and historic periods (Miller and Wigand, 1994). The prehistoric era covers
much of the Holocene period, from about 12,000 years ago to the beginning

of white American settlement in the mid 1800's. The historic or recent
expansion phase covers the period from the mid 1800's to present.

Prehistoric Expansions

In the late Pleistocene epoch, juniper species were found some 500 to
640 km south and 1,000 to 1,500 m lower in elevation than their current

distribution (Thompson, 1990; Wigand and Nowak, 1992). Warmer, drier
conditions beginning in the present Holocene epoch, brought about a

northward shift of juniper woodlands. Western juniper first appears in fossil
midden records along the east shore of Lake Lahontan, Nevada, about

12,000 years ago (Thompson et al., 1986)

.

Between 12,000 and 4,000

years ago western juniper woodlands gradually expanded its range into
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northeastern California and eastern Oregon (Bedwell, 1973; Mehringer and

Wigand, 1987). Evidence for the ch6nges in plant community composition
and distributions in response to climate changes comes from the dating of

fossil pollen and packrat midden records, macrofossils, and fin e and coarse
charcoal ratios.

Between 4000 and 1900 years ago (Neoglacial period), increased
precipitation and lower summer temperatures in the northern Great Basin
permitted juniper to expand its range into more xeric plant communities (e.g.
Wyoming big sagebrush grasslands (Artemisia tridentata spp. wyomingensis)

(Wigand, 1987). Although climate conditions would have promoted juniper
growth (Fritts and Xaingdig, 1986), pollen records indicate that tree density of
woodlands during this expansion were lower than today (Wigand 1987).
,

Pollen records also indicate that grasses increased and dominated the

understory component. The low tree density and relatively high composition
of grasses in the understory suggest that fires were important in maintaining
an open savanna during this period (Miller and Wigand, 1994).

At the end of the Neoglacial period, climate in the northern Great basin
became warmer and drier (Wigand, 1987; Wigand and Rose, 1990; Wigand

and Nowak, 1992). Evidence from pollen and packrat midden records
indicate that juniper woodlands retreated upslope in response to the more

xeric conditions. The increased aridity is also evidenced by increased
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sagebrush pollen relative to grass species (Mehringer and Wigand, 1987) and
lower coarse charcoal to fine charcoal ratios (Miller and Wigand, 1994).
Coarse charcoal indicates juniper fuels while fine charcoal indicates
herbaceous and sagebrush fuels.
Juniper began re-expanding in range between 1000 and 700 years

ago. This expansion was curtailed between 700 and 500 years ago during a

period of severe droughts and fires (Wigand, 1987). Western juniper
woodlands (Wigand, 1987) and pinyon-juniper woodlands elsewhere in the
Great Basin (Wigand and Rose, 1990) retreated during this period and
declined in density. Between 400 and 500 years ago a gradual re-expansion
of juniper began in response to increased winter precipitation (Mehringer and
Wigand, 1990).

Recent Juniper Expansion

Prior to Euro-American settlement of the western juniper region in the
mid 1800's, juniper woodlands were sparse and open with a mixed understory

of sagebrush and various herbaceous species. Records from explorations of
eastern Oregon in the early 1800's and government land surveys in the late
1800's and early 1900's, as well as tree age analysis indicate that western

juniper was primarily confined to rocky slopes and ridges (Burkhardt and
Tidsdale, 1969; Miller and Wigand, 1994).
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Since the late 1800's, western juniper has been expanding its range
and increasing in density into sites with deeper soils and more productive
plant communities, particularly mountain sagebrush (Artemisia tridentata spp.
vaseyana) grasslands (Burkhardt and Tisdale, 1969; Eddleman, 1987; Miller

and Rose, 1995). Evidence for the accelerated increase in western juniper is
based upon tree age analysis (Oswald, 1990; Miller and Rose, 1995), review

of historical journals (Shinn 1980; Miller and Wigand, 1994) and analysis of
pollen and pack rat middens records (Mehringer and Wigand, 1987;

Mehringer and Wigand, 1990). Pollen analysis indicates that the density of
trees in the recent expansion is greater than tree densities in prehistoric
expansions. On one site in central Oregon where juniper trees where absent
in 1880, the density of trees increased to over 1000 trees/ha by 1980
(Eddleman, 1987).

The age structure of juniper trees in Oregon indicates that most juniper

woodlands are less than 100 years old. In Oregon, Oswald (1994) estimates
that only 8% of the juniper woodlands are greater than 100 years old. The
other 92% (798,000 ha) of juniper woodlands in Oregon were between 30 and

100 years old (Oswald, 1990). This figure underestimates the percentage of
juniper under the age of 100 years because the study only considered trees

over 30 years of age. A more thorough tree-age classification study
conducted on Steens Mountain, Harney County Oregon indicated that over
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98% of western juniper trees established within the past 100 years (Miller and
Rose, 1995). Over half of the juniper trees on Steens Mountain may have
become established since 1975.

The expansion of western juniper has been into a variety of plant
communities - sagebrush grasslands, aspen woodlands, and riparian
communities (Burkhardt and Tisdale, 1969; Eddleman, 1987; Miller and Rose,

1993; personal observations). The expansion of juniper has accelerated in
the 1900's as more trees reached reproductive maturity (60 -70 years old)

(Miller and Rose, 1995). The dispersal of juniper seed is accomplished by
both biotic and abiotic factors. Abiotic seed dissemination is accomplished by
downslope movement by gravity (Burkhardt and Tisdale, 1969) and overland

water flow, particularly on frozen soils (Eddleman, 1984). Coyotes (Canis
latrans) and several species of birds represent the biotic dispersal agents.
Townsend solitaires (Myadestes townsendii) and American robins (Turdus
migratorius) are major avian disseminators of juniper seed (Lederer, 1977;
Gabrielson and Jewett, 1970).

The recent expansion of western juniper woodlands is not unique.

Throughout the Intermountain region, similar vegetation changes have
occurred from the conversion of large areas formerly co-dominated by a
grass-shrub associations to communities where woody plants now dominate

the system (Ellison, 1960; West, 1984; Miller et al., 1993). Increased cover
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and density of sagebrush species (Ellison, 1960; Tisdale and Hironaka, 1969;

Winward, 1980) and increased distribution, density, and cover of juniperpinyon woodlands (Miller, 1921; Johnson, 1962; Blackburn and Tueller, 1970;

Tausch et al., 1981) are well documented. The recent expansion of western
juniper is theorized to have been caused by a combination of reduced fire
frequencies (Burkhardt and Tisdale, 1969; 1976; Young and Evans, 1981),
improper livestock grazing (Burkhardt and Tisdale, 1969; 1976), and climate
conditions conducive for tree growth between 1850 an 1916 (Antevs, 1938;
Graumlich, 1985).

Prior to settlement, fire frequencies are reported to have been between
15 to 25 years in mountain sagebrush communities (Agee, 1993) and from 8
10 years in ponderosa pine forests (Wright and Bailey, 1982; Kauffman and

Sapsis, 1989; Kauffman, 1990). Fire return intervals of 17 years in mountain
big sagebrush communities were reported for southwestern Idaho (Burkhardt

and Tisdale, 1976). Martin and Johnson (1976) reported fire frequencies of 5
to 15 years in the Lava Beds National Monument, northeastern California.

These fire frequencies are considered to have been adequate in preventing
juniper invasion of sagebrush-grass communities and maintaining more open
woodland conditions in areas occupied by juniper species (Burkhardt and

Tisdale 1976; Agee, 1993). Western juniper trees less than 40 to 50 years
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old and/or trees less than 4 m tall are easily killed by fire (Burkhardt and
Tisdale, 1976; Martin and Johnson, 1976; Quinsey, 1984).

The reduction in fire frequencies, and probably reduced fire size, in the
last 100 years is primarily a result of: (1) the reduction and eventual absence
of fires set by American Indians (Shinn, 1980; Agee, 1993); (2) reduced fine

fuel loads due to livestock grazing; and/or (3) a warmer drier climate

conditions beginning in the early 1900's (Burkhardt and Tisdale, 1976). Since
the late 1940's, fire suppression efforts have become more important in
reducing the incidence of fires in juniper woodlands (Eddleman et al., 1994).

The reduction and eventual loss of Indian set fires in the Intermountain
region resulted from; (1) reductions in Indian populations (up to 80 % for
some tribes) brought about by exposure to European diseases (Cressman,
1981) and warfare, and (2) the eventual confinement of these peoples to

reservations. Indian set fires were probably most important in the mountain
sagebrush communities (Agee, 1993), where fire was used to improve forage
for game animals and enhance production of edible plants.

The removal of fine fuels by livestock grazing reduces the ability of fire
to carry through plant communities (Kauffman and Sapsis, 1989). High
stocking densities and subsequent grazing of fine fuels during the high
moisture period the late 1800's and early 1900's were probably important in

indirectly favoring the initial development of juniper woodlands (Miller and
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Wigand, 1994). Once trees became established and began suppressing the
understory component the opportunity for fires to carry through woodlands
was further reduced.
Grazing also reduces herbaceous competition for soil resources which

may favor juniper establishment (Johnsen, 1962). Others have concluded
that the level of inter-specific competition is not a factor in the establishment
of western juniper (Burkhardt and Tisdale, 1976: Eddleman, 1984). Grazing
of preferred herbaceous plants may increase the density of sagebrush
thereby increasing the number of safe sites for juniper establishment. The
majority of junipers become established within sagebrush canopies (Burkhardt
and Tisdale, 1976: Eddleman, 1984).

Mild winters and increased precipitation in the Great Basin between
1850 and 1916 (Antevs, 1938; Graumlich, 1985) probably contributed to the

initial establishment of trees in the present expansion of juniper (Miller and

Wigand, 1994). As discussed earlier, prehistoric juniper expansions were
also correlated with mild winters and increased precipitation. However,
prehistoric expansions of juniper coincided with greater understory production
and increased fire frequency which tended to maintain an open savannah-like

system. The increased precipitation between 1850 and 1916 should also
have resulted in greater understory production and increased fire frequency.
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However, during woodland expansion between 1850 and 1916 fire frequency
was reduced, as discussed above.

Once western juniper dominate a site an ecological threshold is

crossed. Mature woodlands are relatively stable and are resistant to

alteration by fire (Bunting, 1984). Fire, whether natural or prescribed, is
largely eliminated as a management tool for restoring desirable understory
vegetation in mature woodlands due to lack of fuels (herbaceous fine fuels
and shrub ladder fuels) necessary to carry fires through juniper woodlands.
As a consequence, understory restoration in many juniper dominated
communities is limited to mechanical treatments such as tree cutting or
chaining.

Effects of the Recent Juniper Expansion
The expansion of western juniper dominated plant communities in the
northern Great Basin is a serious land management problem. The increased
dominance of juniper has come at the expense of sagebrush-grasslands and

other plant communities. Succession to western juniper dominated
communities is accompanied by reductions in understory productivity and
diversity (Driscoll, 1964a; Burkhardt and Tisdale, 1969; Adams, 1975; West,
1984; Bedell, 1987; Vaitkus and Eddleman, 1987), and the concentration of
nutrients in soils and litter beneath juniper canopies (Doescher et al., 1987;
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Josiatis, 1993). Decreased understory productivity reduces livestock and biggame carry capacity (West, 1984; Bedell, 1987). Western juniper effects on
watershed hydrology are less well understood but appear to result in

increased soil erosion (Buckhouse and Mattison, 1980), greater interception
of precipitation (Larsen, 1993), and reduced water storage (Jeppson, 1978).

The remainder of the literature review will only focus on overstory-understory
interactions and nutrient dynamics, the two main themes of the dissertation.

Overstory-Understory Interactions

Although it is apparent that western juniper suppresses understory
plants, examination of vegetation dynamics during woodland succession has

not been fully quantified. Understory suppression during western juniper
woodland development, however, is probably similar to overstory-understory
relationships described in other pinyon-juniper and coniferous forests of the

western United States. In pinyon-juniper woodlands (Jameson, 1967; Clary,
1971; Clary and Jameson, 1981; Tausch et al., 1981; Pieper, 1990) and
ponderosa pine (Pase, 1958; Jameson, 1967; Bojorquez-Tapia et al., 1990)
forest there is an inverse relationship between tree canopy cover or basal

area and understory cover and biomass. In addition, species diversity
(Blackburn and Tueller, 1970; Everett et al., 1983) and understory seed bank
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reserves (Koniak and Everett, 1985) decrease with increased cover and
density of pinyon juniper trees.
Competition for available soil moisture is probably the most important
limiting factor affecting the establishment and growth of plants in pinyon-

juniper woodlands (Jeppeson, 1978; Evans and Young, 1985). Artificial
watering and/or the removal of adjacent plant competitors for soil water
generally result in improved water status, and increased growth and survival
of herbaceous plants in semi-arid shrublands (Laurenroth et al., 1978; Allen,
1982; Ehleringer, 1984; Robberecht et al., 1983), pinyon-juniper woodlands
(Tausch and Tueller, 1977), western juniper woodland (Evans and Young,
1985; Jeppeson, 1978) and ponderosa pine forests (McConnell and Smith,
1970; Riegal et al., 1992).

Western juniper and pinyon-juniper trees, in general, possess several
functional characteristics that permit more efficient and greater use of soil

resources than understory plants (West, 1984). As evergreens, trees are
able to take advantage of favorable growing conditions earlier in the spring

than associated plants. Jeppson (1978) has noted that juniper depletion of
soil moisture occurred earlier in woodlands than in adjacent grasslands.

Thus, juniper acquisition of moisture earlier than other plants reduces the
ability of other plants to maximize growth and reproductive effort.
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Juniper is able to access a greater volume of the soil profile due to the
development of an extensive, two-tiered root system (Young and Evans,

1985; Kramer, 1990). The two-tiered root system permits extraction of deep
moisture after upper soil profiles are depleted of available soil water.
Although crown cover of juniper woodlands is rarely continuous, juniper roots
in developed woodlands generally occupy the entire intercanopy zones due to
the extensive lateral root system.

The interception of light and precipitation by juniper canopies may
detrimentally effect understory species. Several studies have reported that as
light levels decrease with pinyon-juniper woodland development, perennial

grass cover decreases (Schott and Peiper, 1985; Peiper, 1990). Low light
levels or lower soil temperatures due to shading by juniper may also reduce

seed germination. The interception of precipitation may lead to reduced soil

moisture availability under tree canopies thereby reducing understory plant
establishment and growth (Johnsen, 1962). Western juniper canopies have
been found to intercept as much as 12.8 % of precipitation from rain storms

(Larsen, 1993). The interception of precipitation will vary depending on
canopy coverage and foliage density of trees, and gross precipitation per
storm event.

Understory density and cover decreases in pinyon-juniper woodlands

as the tree bole is approached and litter layers thicken (West, 1984; Everett
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and Sharrow, 1985a; Armentrout and Pieper, 1985; Dye et al., 1995). Litter
layers interfere with understory plant establishment by physically impeding

seed-soil contact or restricting plant growth from allelopathic leachates (West,
1984). Chemical leachates in juniper and pinyon litters have been found to
inhibit grass growth (Jameson, 1966; Peterson and Buss, 1974). However,
Dye et al. (1995) found no interference by litter on plant growth after removal
of the redberry juniper (Juniperus pinchoth) overstory. Dye et al. (1995),

suggest that it is not allelopathy but competition for moisture, nutrients and/or
light which interferes with understory growth in canopy locations.
The increasing dominance of pinyon-juniper woodlands has lead to the
development of management strategies to arrest the expansion of woodlands

and encourage restoration of original plant communities. Management
techniques include the use of prescribed fire (Young, 1983), herbicides
(Young et al., 1985), and a number of mechanical methods, such as chaining
and cutting trees with chainsaws (Aro, 1971 & 1975; Winegar and Elmore,
1978; Vallentine, 1980).

The removal of overstory competition results in a number of understory

responses. These responses include increases in understory production,
cover, and density, and greater species richness (Dwyer and Pieper, 1967;
Clary, 1971; Barney and Frishknecht, 1974; Tausch and Tueller, 1977; Schott

and Pieper, 1987; Young et al., 1985; Bedell, 1987b; Vaitkus and Eddleman
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1987; Rose and Eddleman, 1994). Increases in forage production after
western juniper control have resulted in increases of 50% to 300% in beef

cattle stocking rates (Bedell and Bunch, 1978; Bedell, 1987a). Other
important objectives of woodland conversions have been to improve big game
habitat and increase water storage and reduce erosion (West, 1984).
The understory response is a result of reduced competition for soil

nutrients and moisture. Increases in soil water and nutrient availability after
removal of pinyon-juniper tree competition has been documented in pinyonjuniper woodlands in Nevada (Everett and Sharrow, 1985a; 1985b) and
western juniper woodlands in northeast California (Evans and Young, 1985).
In these studies the increase in soil water and/or nutrient availability has

coincided with greater understory productivity. Everett and Sharrow (1985a)
found greater N content in understory plants after cutting trees, an indication
of increased N uptake.

The restoration of the original community dominates may not occur due
to the introduction of exotic plants such as cheatgrass (Bromus tectorum) and

medusahead (Taeniatherm asperum). Annuals, particularly cheatgrass, have
tended to dominate following removal of tree dominance in some western
juniper woodlands (Vaitkus and Eddleman, 1984; Quinsey 1984; Evans and
Young, 1985). However, given time to establish, perennials grasses, native or
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introduced, may gradually occupy restored sites (Young et al., 1985;
Eddleman, personal observations).

In other pinyon-juniper systems, annuals typically dominate early
successional stages (1-4 years) following tree removal (Barney and

Frischknecht, 1974; Tausch and Tueller, 1977). Perennial grasses and forbs
may become dominate 2 to 5 years after tree removal (Dwyer and Pieper,

1967; Barney and Frischknecht, 1974; Tausch and Tueller, 1977; Clary and

Jameson, 1981; Everett and Ward, 1984; Young et al., 1985). In some cases,
Barney and Frischknecht (1974) and Quinsey (1984) have noted that the

annual stage may be bypassed in areas with "fair" perennial herbaceous
cover prior to disturbance.
Early successional processes are also influenced by aspect and

elevation (Koniak, 1985). In more mesic high elevation, north and east
aspects, herbaceous perennials and shrubs were dominant following wildfire.
At lower elevation, south and west aspects, annual forbs and grasses may be
dominant.

Understory successional response is largely determined by species

assemblages present on sites prior to pinyon-juniper treatment. Everett and
Ward (1984) and Bunting (1984) estimated that 60 to 90 % of species return

within 1 - 5 years after burning in pinyon-juniper woodlands. Everett and
Ward (1984) state that a qualitative prediction of early succession species
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assemblages can be based on the "initial floristics" (Egler, 1954) of a site.
However, predicting quantitative response of the understory is more difficult
due to specific site factors (soils, aspect, seed pools), growth and
reproductive response of understory species, post-treatment precipitation,
and the method of tree removal (Everett and Ward, 1984; Bunting, 1984).
The reoccupation of the sites by pinyon-juniper may depend on the

type of treatment used to remove trees (Aro, 1975). On burned sites,
dominance by pinyon-juniper of the site may take 70-80 years (Barney and

Frischknecht, 1974). On mechanically treated pinyon-juniper sites succession
back to woodland dominance is faster (Winegar and Elmore, 1978; Schott
and Peiper, 1987).

In mechanical treatments, small trees and lower

branches of large trees are frequently missed. These trees respond rapidly to
the reduced competition for resources after sites are opened up. On some
sites trees re-dominate plant communities with in 15 -20 years.

Nutrient Dynamics

Information regarding nutrient cycling in western juniper woodlands is

limited. Studies in the western juniper system have mainly involved static,
single period measurements of soil nutrient concentrations, rather than

investigation of soil nutrient availability. Inferences made regarding nutrient
dynamics and their availability, and litter decomposition in western juniper
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woodlands have generally relied on results drawn from studies pet-formed in
other aridland and temperate plant communities.

Nutrient and Organic Matter Distribution

In western juniper woodland soils, nutrients and organic matter are

arranged in both vertical and horizontal distribution patterns. Soil nutrient and
organic matter concentrations are generally greatest in upper soil surfaces,

decreasing with soil depth (Doescher et al.,1987; Josaites, 1991). As juniper
woodlands develop nutrients and organic matter tend to become increasingly
concentrated in litter and soils beneath tree canopies (Doescher et al., 1987;

Josaites, 1993). Organic matter, cation exchange capacity, and the
concentration of extractable bases, particularly calcium, increase with tree

maturity. The increase in soil organic matter is probably in response to
greater litter deposition under western juniper trees compared to the

interspace (Josaitis, 1993). Total soil nitrogen (N), and nitrate (NO3 N) also
increase with tree age (Josaites, 1993). Along a moisture gradient, soil
organic matter and nitrogen (N) content tend to be lowest on drier sites and
highest on sites receiving greater amounts of precipitation.

The occurrence of nutrient rich islands in soils under shrub and tree
canopies is characteristic of other semi-arid and arid land ecosystems.

Vertical and horizontal distribution patterns for soil organic matter and
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nutrients have been measured in other pinyon-juniper woodlands (Charley
and West, 1975; Barth, 1980; Klopatek, 1987a; Klopatek and Klopatek, 1987;
Everett et al., 1986; Thran and Everett, 1987; Padien and Lathja, 1992),
sagebrush (Charley and West, 1975; Doescher et al., 1984; Burke et al.,
1989a; 1989b) and mesquite woodlands (Tiedemann and Klemmedson 1973;

Barth and Klemmedson 1982). In pinyon-juniper woodlands soil N, organic
matter, and other nutrients are concentrated beneath tree canopies and at
depths from 0 - 15 cm (Charley and West, 1975; Barth, 1980; Everett et al.,
1986; Klopatek, 1987a; Thran and Everett, 1987; Tiedemann, 1987).

The development of nutrient rich islands occurs during succession from
grass or grass-shrub dominated systems to communities dominated by woody

plants (e.g. pinyon-juniper woodlands, sagebrush) (West, 1991). In grass
dominated plant communities the spatial distribution of total and available N
(NH4+ and NO3) (Bolton et al. 1990) and phosphorus (P) (West et al., 1984)
is more homogenous than in shrub dominated systems. Increasing
dominance by woody plants tends to result in greater nutrient heterogeneity
between canopy and interspace locations (West, 1989).

West (1989) lists five processes that may contribute to greater nutrient
accumulations in canopy influenced soils during succession to woody plant

dominance: (1) absorption of interspace nutrients by lateral roots (effectively
mining interspaces); (2) absorption of nutrients by roots in previously
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unexplored areas of the soil profile; (3) zoo-transport and deposition of
nutrients under canopies; (4) water and wind deposition of litter and soil under
shrub canopies; and (5) fixation of nutrients by plants and associated

mycorrhiza. A feedback mechanism is established whereby nutrients are
recycled in soils beneath woody plant canopies through the decomposition of

shrub/tree litter fall. The creation of nutrient rich patches by western juniper
and other woody plants may be part of the successional process enhancing
their competitiveness with other plant species.

Nutrient Cycling

Research investigating nutrient cycling in western juniper woodlands
and other semiarid plant ecosystems have largely focused on N availability.

Nitrogen is considered to be the nutrient most limiting for plant growth in
semi-arid ecosystems (West, 1989) and dry-land coniferous forests (Gosz,
1980).

In western juniper woodlands in California, Young and Evans (1984)

reported that NO;- N levels increased with proximity to the tree bole. The
higher levels of NO3- N at the base of the bole were theorized to have

resulted from greater soil nitrification due to a combination of high litter
accumulations and stemflow from precipitation (Young and Evans, 1985). In a
western juniper woodland located in central Oregon, in situ measurement of N
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mineralization (ammonification and nitrification) over a period of one year
showed net immobilization of ammonium (NH4) and NO3- N (Myrold et al.,
1989). In their study, Myrold et al. (1989) concluded that using an in situ
buried bag technique did not adequately quantify N mineralization.
Denitrification potential and field measurements of denitrification were
found to be extremely low (less than 2 kg N ha-1 yr 1) in soils of a western

juniper stand (De Vermes and Myrold, 1991). Gaseous losses of N via
denitrification in western juniper woodlands were concluded to be balanced by
N inputs from precipitation and N2 fixation.

In a bioassay study, Tiedemann and Klemmedson (in press) found that
N and potassium (K) availability did not differ between western juniper
woodland and non-woodland sites or between canopy and intercanopy areas
within woodlands. It was determined that P availability decreased in

intercanopy soils and increased in canopy soils as woodlands matured (44 to

135 years old). Sulfur availability was found to increase in canopy influenced
soils of older woodlands (135 - 161 yr). The increase in P and S availability in
canopy soils suggested that there may be significant translocation of P and S
from interspace soils by the lateral roots of juniper.
A main conclusion drawn from other studies in semi-arid plant

communities is that N mineralization and availability is greatest in soils
beneath plant canopies where total N and organic substrate concentrations
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are also greatest. In sagebrush systems (Charley and West, 1977; Bolton et
al., 1990; Burke, 1989a) and in pinyon-juniper woodlands (Charley and West,
1977; Klopatek. 1987; Padien and Lajtha, 1992) the amount and rate of N

mineralization is highest under shrub or tree canopies. The amount of N
made available as a percentage of total soil N, however, may be greater in

interspace soils (Klopatek, 1987a). Nitrogen mineralization also tends to be
greatest in surface soil horizons, decreasing with soil depth (Charley and

West, 1977). These spatial relationships have been either based on
measurements of: (1) the potential N mineralization in soils - soils which have

often been disturbed and incubated under controlled laboratory conditions
(constant temperature and soil moisture) over short time periods; or (2) field
incubations, where again, soil structure has been disturbed by sieving and

sorting of soils prior to incubation. Since soil disturbance and environmental
factors affect soil N mineralization rates these results do not reflect conditions
in the field (Raison et al., 1987). The results from Tiedemann and
Klemmedson (in press) indicate that N availability for plant uptake may not

differ between intercanopy and canopy soils, although total soil N is greater
under juniper tree canopies (Josaitis, 1993).
Disturbance events in woodlands may increase the mineralization and

availability of N and other soil nutrients. In pinyon-juniper woodlands of
Arizona, rates of N mineralization were greatest in a 35 year old burn site
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although total N mineralized remained higher in 200 and 350 year old

woodlands (Klopatek, 1987a). Tree harvesting in pinyon-juniper woodlands in
Nevada increased soil NO3- N and other nutrient concentrations in old canopy
locations but not in interspace soils (Everett et al., 1986; Thran and Everett,

1987). Temporary increases in soil phosphorus and nitrogen may be
achieved by burning in pinyon-juniper woodlands (DeBano and Klopatek,
1987; 1988; Klopatek et al., 1990) and burning of pinyon-juniper slash piles

(Gifford, 1981). The increases in soil P and N generally disappear within a
year following burning. DeBano and Klopatek (1987; 1988) also concluded
that removal of the tree canopy in pinyon-juniper woodlands was as effective

in increasing N and P availability as the burning of tree slash. Greater N
mineralization rates have also been reported following fire disturbances in
ponderosa pine forest (White, 1986), and after tree cutting in most coniferous
forests (Knight, 1991).

Disturbances also lead to nutrient losses from pinyon-juniper

ecosystems. The burning of slash piles after tree harvest standing woodlands
result in substantial losses of soil N and C (Klemmedson, 1976; Klopatek et

al., 1990) and the fixation of P in insoluble forms (Stevenson, 1986). Klopatek
(1987) estimated that takes more than 150 years for soil C and N levels to
return to pre-burn levels. In lodgepole pine forests, clearcutting increases
nitrate outflow from soils (Knight et al., 1991).
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The availability of soil nutrients is dependent on the mineralization and
release of inorganic compounds from decomposition of organic matter. There
are very few studies that have investigated organic matter decomposition and

release of nutrients from litter in pinyon-juniper woodlands. Whitford (1987)
used barley straw to study decomposition of organic matter and nitrogen

release in a pinyon-juniper woodland in New Mexico. Nitrogen was
immobilized during the first 100 days of decomposition. The release of N was
correlated to the activity of fungus feeding tarsonmid mites.
Decomposition studies in the other Great Basin ecosystems and
coniferous forests of the western United States have focused on sagebrushgrassland (Murray, 1975; Comaner and Staffeldt, 1979), ponderosa pine
(Pinus ponderosa) forests (Klemmedson et al., 1985) and lodgepole pine

(Pinus contorta) forests (Fahey, 1983; Yavitt and Fahey, 1986). Litter of
coniferous trees is generally of low quality as indicated by high C:N or lignin:N

ratios (Gosz, 1980). Rates of litter decomposition and nutrient release are
reduced as litter quality declines. As a consequence, litter decomposition
rates in coniferous forests are usually less than rates of litter deposition
resulting in the build up of litter on forest floors and relatively slow releases of

nutrients (Gosz, 1980; Fahey, 1983; Pearson et al., 1987). Nitrogen release
from lodgepole pine litter doesn't occur until decomposing litter C:N ratios fall
to 95:1 which may take as long as five years after litter deposition (Yavitt and
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Fahey, 1986). Nitrogen release from decomposing ponderosa pine needles
may take from two to three years (Klemmedson et al., 1985). The buildup of
litter is characteristic of western juniper dominated systems which indicates
that the cycling of nutrients through the soil system has slowed compared to

sagebrush-grass dominated communities. The decomposition of sagebrush
litter is fairly rapid and release of nutrients usually occur within the first year of
litter deposition (Murray, 1975).

Ecosystem disturbances (fire, disease, timber harvest) in coniferous

forests increase litter decomposition and speed the release of nutrients
(Knight, 1991). Clearcutting and stand thinning of ponderosa pine forest in
Arizona resulted in significantly faster decomposition of pine litter and greater
release of litter nitrogen compared to fully stocked stands (Klemmedson et al.,
1985).

Increased soil moisture content and warmer soil temperature

following removal of the overstory stimulates greater soil microorganism

activity and subsequently faster litter decomposition and nutrient turnover
(Knight, 1991).
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CHAPTER 3

STUDY AREA AND SITE DESCRIPTION

Study Area

The study was located on Steens Mountain in southeastern Oregon.
Steens Mountain is a fault block mountain reaching an elevation of 2967

meters. Geologically, the mountain is capped by Miocene epoch flows of
basalt (Walker and McLeod, 1982). At the mountains lower elevations are
found tuffaceous sedimentary rocks and flows of rhyolite, andesite, and dacite
dating from the Pliocene and Miocene epochs. Glacial carved canyons and
cirques characterize the headwaters and upper drainages of most of the
mountains waterways.

The climate is typical for eastern Oregon. Winter and spring are
normally cool and moist, with the majority of annual precipitation falling
between November and late May or mid-June. Summers are usually warm

and dry. Long-term records (25 - 50 years) from stations located 27 km
southwest of the site (elevation - 1350 m) and 30 km northwest of the site
(elevation - 1250 m) show that water year (October 1

September 30)

precipitation averages 28.2 cm and 24.9 cm, respectively. Climate conditions
on the study site and precipitation levels at nearby recording stations during
the study period are provided in Appendix 1.
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Vegetation on the mountain is dominated by five types: sagebrushgrassland, western juniper woodland, quaking aspen (Populus tremuloides)
woodland, riparian communities, and subalpine communities (Mairs, 1979).
Other locally important plant communities are characterized by mountain
mahogany (Cercocarpus ledifolius), bitterbrush (Purshia tridentata).

There are two major sagebrush communities, mountain big sagebrush
(Artemisia tridentata spp. vaseyana) and low sagebrush (Artemisia arbuscula).

These communities are associated with a variety of understory grasses and

forbs depending on soil type, aspect, and elevation. Mountain sagebrush
dominates on deeper well drained, loamy soils from 1525-2750 m. Low
sagebrush is dominate in two areas; shallow, rocky soils with low site

productivity, and deeper poorly drained soils with a clay restrictive layer
dominated by Idaho fescue (Festuca idahohensis) grassland.

The juniper belt is found between 1150 - 2150 m and is characterized

by both old and young woodlands. Old growth juniper woodlands ( > 150 yrs)
mainly occupy areas characterized by shallow soils underlain by fractured

basalt. These areas are primarily found along rocky ridges and rims, and
among the less productive low sagebrush sites (rocky, shallow soils). The
younger stands of juniper are expanding and dominating adjacent more
productive deeper soil sites such as mountain big sagebrush and low
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sagebrush-Idaho fescue communities, riparian areas, and aspen woodlands
(Miller and Rose, 1995).

Settlement of the Steens Mountain area began in the mid 1860's. By
the late 1800's and up until 1930 the area was heavily stocked to domestic
cattle and sheep. Sheep numbers in Harney County peaked between 1910
and 1930 at approximately 200,000 animals. A government survey in 1901
reported that Steens Mountain was being grazed by nearly 182,000 sheep

and 20,000 cows (Griffiths, 1902). Presently only one band of 2000 sheep

graze on the mountain (Personal communication Bureau of Land
Management, Burns Oregon). Cattle numbers in Harney County have
increased since the early 1900's from about 37,00 head to between 100,000
and 125,000 today (Census of Agriculture, 1978). Wild ungulates on the

mountain include a sizable mule deer (Odecoileus hemionus) herd (8,000

head ODFW, 1995), bighorn sheep (Ovis canadensis), pronghorn
(Antilocapra americana), and rocky mountain elk (Cervus elaphus).

Study Site
The site selected for the study was an 80-year old, fully developed,
western juniper woodland located on private ranch land owned by Fred Otley.
The site is on the north end of the mountain 9.5 km southeast of Diamond,

Oregon (118°37', 47°55'). Elevation is 1525 m, with a 22 % slope. Aspect of
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the slope is west-facing. The lack of juniper seedling recruitment and limited
leader growth on established trees indicated that the site was fully occupied
by western juniper.

Soils on the site are shallow (40 to 50 cm deep), rocky, and are mainly

clay-loams in texture. Inclusions of deep (to 90 cm) clay soils are
intermittently scattered across the site. Soils are underlain by thick, cemented

silicic ash layer of rhyolite and rhyodacite composition. Soils are classified as
clayey, montmorillonitic, frigid, Lithic Agrixerolls of the Ninemile series. Soil
pH (0-10 cm) averages 7.6. Soil water content (volummetric) at field capacity
(-0.3 Mpa) between 0 - 20 cm is approximately 33 % in interspace soils and

29.8 % in soils under juniper canopies. Wilting point (-1.5 Mpa) at this depth
is approximately 18 % in the interspace and 17.7 % in the canopy. Between
20 - 40 cm field capacity is 41 % in the interspace and 30.9 % under the

canopy. Wilting point bwtween 20 - 40 cm in the interspace is 22 % and 18.3
% under the canopy.

The ridgeline was used for wintering domestic sheep in the early
1900's (Fred Otley - personnel communication). Current livestock use has
generally involved early spring grazing by cattle and occasional late summer

grazing by ranch horses. The ridge is frequented by mule deer throughout
the year and occasionally by elk bands during winter months.
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Baseline vegetation data of the site was measured in July 1991.
Western juniper canopy cover averaged 23 %, and tree density averaged 228

trees/ha. Bare ground accounted for 75 % of the area and rill erosion was
evident throughout the site. Although many trees were cut for fence posts in
the 1930's, the majority survived, forming multi-stemmed trees from uncut

lower branches. Total site dominance by western juniper was indicated by:
(1) the very low basal cover value of herbaceous perennials, averaging less
than 3% across the site; and (2) the majority of mountain big sagebrush was
either dead or of extremely low vigor, and there was a complete lack of

recruitment of new sagebrush plants. The understory was primarily
represented by Sandberg's bluegrass (Poa sandbergii). Sandberg's
bluegrass basal cover represented about 75 % of the total understory

perennial plant cover. Other important species included squirreltail (Sitanion
hystrix), bluebunch wheatgrass (Pseudoroegenaria spicata), Thurber's

needlegrass (Stipa thuberiana), basalt milkvetch (Astragalus filipes), pale
alyssum (Alyssum alyssoides) and microsteris (Microsteris gracilis).
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UNDERSTORY DYNAMICS IN CUT AND UNCUT WESTERN

JUNIPER (Juniperus occidentalis spp. occidentalis) WOODLANDS

ABSTRACT

The expansion of western juniper (Juniperus occidentalis spp.

occidentalis) woodlands in the sagebrush steppe has the potential to change

the composition, structure, and productivity of understory vegetation. In this
study, understory successional responses were evaluated following the

removal of juniper. Understory cover, plant density, plant diversity, biomass,
and nitrogen content were compared between cut and uncut woodlands

during the first two growing seasons following treatment. Soil water content
and leaf water potentials of juniper (11J1) were measured during both growing

seasons to evaluate soil water availability between treatments. The removal
of juniper trees resulted in an 9-fold increase in biomass of understory

species by the second growing season. Understory cover and diversity were
300 % and 160% greater, respectively, in the cut treatment compared to the

control in the second post-treatment year. The increase in plant biomass and
N concentration in the cut treatment resulted in a 900% increase in N biomass

in the understory component. We concluded that increases in the availability
of soil resources in the cut treatment and the presence of adequate densities
of perennial grass species prior to cutting allowed for rapid recovery and
restoration of the understory component.
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INTRODUCTION

The expansion of western juniper (Juniperus occidentalis spp.
occidentalis Hook.) into associated shurb-grassland communities in the

northern Great Basin is a serious land management problem. Succession to
juniper dominated woodlands is accompanied by reductions in understory

productivity and diversity (Driscoll, 1964; Burkhardt and Tisdale, 1969; West,
1984; Vaitkus and Eddleman, 1987), the concentration of nutrients in soils
and litter beneath juniper canopies (Doescher et al., 1987; Tiedemann, 1987;
Josiatis, 1993), and greater soil erosion (Buckhouse and Mattison, 1980).
Prior to Euro-American settlement, western juniper was largely

confined to areas with shallow rocky soils underlain byfractured bedrock and
along rocky ridges (Burkhardt and Tisdale, 1969; Miller and Wigand, 1994;

Miller and Rose, 1995). Since the late 1880's western juniper has expanded
its range into sites with deeper soils and more productive plant communities,
particularly mountain sagebrush (Artemisia tridentate spp. vaseyana)

grasslands (Eddleman, 1987; Miller and Rose, 1995). Presently, western
juniper woodlands are concentrated in eastern Oregon, southwest Idaho,
northeast California, with extensions into northwest Nevada, and eastern
Washington (Dealy et al., 1978; Eddleman et al., 1994).
On many sites, dominance by western juniper represents an ecological

threshold. Mature woodlands are relatively stable and are resistant to
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alteration by natural (e.g. fire) disturbances (Bunting 1984). Fire, whether
natural or prescribed, is largely eliminated as a management tool for restoring
desirable understory vegetation in mature woodlands due to lack of fuels
(herbaceous fine fuels and shrub ladder fuels) necessary to carry fires

through juniper woodlands. As a consequence, understory restoration in
many juniper dominated communities is limited to mechanical type treatments
such as tree cutting or chaining.
Tree cutting is used to restore the understory component in areas

occupied by western juniper. In addition to cutting for restoration purposes,
commercial cutting in the western juniper ecosystem may increase in the near

future due to the interest in juniper as a wood product (Swan, 1992). The
cutting of trees in western juniper (Vaitkus and Eddleman, 1987; Rose and
Eddleman, 1994) and other pinyon juniper woodlands (Everett and Sharrow,
1985a) has lead to increased understory productivity and cover. However,

there is insufficient quantitative and qualitative evidence that: (1) document
the impact of western juniper dominance in plant communities, and (2)
monitor the response of the herbaceous and shrub understory following tree

removal by cutting. There is concern that lack of a good ecological data base
will hamper or misdirect decision making in the restoration and use of lands in
western juniper woodlands.
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The objective of this study was to assess early understory successional
response following cutting in a fully developed western juniper woodland. It
was hypothesized that the cutting of juniper would reduce below ground
competition for water and nitrogen, resulting in increased understory cover,
biomass, density, and diversity.

METHODS

Study Site

The study was conducted on Steens Mountain in southeastern Oregon.
The study site was located on the north end of Steens Mountain about 9.5 km
southeast of Diamond, Oregon (T3OS R33E, Sec. 26). Elevation at the site is

1525 m. Aspect is west facing with a 22% slope. The site was dominated by
an 80 year old, fully developed, western juniper woodland. Juniper woodland
canopy cover averaged 23 %, and tree density was 228 trees/ha. Bare
ground accounted for 75 % of the area and rill erosion was evident throughout

the site. Total site dominance by western juniper was indicated by: (1) low
basal cover of understory perennials - averaging less than three percent
across the site; (2) the majority of mountain big sagebrush was either dead or

extremely low in vigor; and (3) lack of extensive leader growth on established
juniper trees and no recruitment of young trees.
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The understory was primarily composed of Sandberg's bluegrass (Poa

sandbergii). Sandberg's bluegrass basal cover represented about 75 % of the

total understory perennial plant cover. Other species characteristic of the site
included squirreltail (Sitanion hystrix), bluebunch wheatgrass

(Psuedoroegneria spicata), Thurber's needlegrass (Stipa thuberiana), basalt
milkvetch (Astragalus filipes), and pale alyssum (Alyssum alyssoides).

Climate of the site is typical for southeastern Oregon. Winter and
spring is normally cool and moist. The majority of annual precipitation falls
between November and late May or mid-June. Summers are warm and dry.
Water year (October 1

Sept. 30) precipitation at weather stations located 27

km southwest (elev. 1300 m) and 30 km northwest (1250 m) of the site
averages 28.2 cm and 24.9 cm, respectively.

Soils on the site are 40 to 50 cm deep, rocky, and are mainly clay-

loam in texture. Inclusions of deeper (to 90 cm) clay soils are intermittently
scattered across the site. Soils are underlain by thick, cemented silicic ash
layer of rhyolite and rhyodacite composition, which limit root penetration.

Soils were classified as clayey, montmorillonitic, frigid, Lithic, Agrixerolls of
the Ninemile series.
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Experimental Design

The experimental design was a randomized complete block with 8
blocks and two treatments, cut and uncut (woodland) western juniper

woodland. Eight 0.8 ha blocks were established along the contour of the
ridge slope in June 1991. Following measurement of baseline vegetation
characteristics in July 1991, half of each block was cut with chainsaws in

August 1991. Juniper slash was left on the cut treatment plots. Three small
juniper trees (< 3 m) were left on each cut plot in order to measure xylem
pressure potentials (WI). Field measurements of understory characteristics,
WI, and soil water content began in April 1992 and were concluded in

September 1993. Livestock were excluded from the site during the study.

Understory Measurements

Understory measurements included basal cover (perennial plants
only), canopy cover, density, diversity, biomass, and nitrogen (N) content.
Understory plants were measured on a species basis but in this paper are

organized into five functional groups for a majority of the discussion (Table
4.1). Functional groups are: (1) Sandberg and other bluegrasses (POA); (2)
deep-rooted perennial grasses (PG); (3) perennial forbs (PF); (4) annual
grasses (AG); and (5) annual forbs (AF).
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Table 4.1. Understory functional group species list for most common species
identified in cut and woodland treatments.

Bluegrass (POA)

Poa pratensis
Poa nevadensis
Poa sandbergii

Perennial Grasses (PG)
Bromus marginatus
Elymus cinereus
Koeleria cristata
Oryzopsis hymenoides
Pseudorogenaria spicatum
Sitanion hystrix
Stipa thurberiana

Perennial Forbs (PF)
Agoseris glauca
Astragulus filipes
Calochortus macrocarpus
Chaenactis douglasii
Crepis occidentalis
Erigeron linearis
Lomatium donnelli
Lomatium nevadensis
Lomatium triternatum
Lupinus caudatus
Penstemon specious
Phacelia hastata
Phlox hoodii

Annual Forbs (AF)

Annual Grasses (AG)
Bromus japonicus
Bromus tectorum

Trees and Shrubs
Juniperus occidentalis spp.
occidentalis
Artemesia tridentata spp. vaseyana
Artemesia arbuscula spp. arbuscula
Chrysothamnus vicidiflorus
Ribes cereum
Tetradymia canescens

Alyssum allyoides
Amsinkia tessallata
Blepharipappus scaber
Cirsium utahensis
Collinsia parviflora
Crypthantha watsonii
Descurainia pinnata
Epilobium paniculatum
Gilia sinuata
Latuca serriola
Microsteris gracilis
Phacelia linearus
Ranunculus testiculatus
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Understory biomass was sampled in mid-June 1992 and in late May

1993 for PG, POA, PF, and AG groups. Vegetation was clipped, by functional
group, to a one centimeter stubble height in 30 - one m2 micro-plots in each

cut and woodland plot. Microplots were sampled for biomass at 3 m intervals

along two 45 m transects. Transects were randomly selected. Clipped
herbage was dried at 60 ° C for 48 hours prior to weighing for biomass yields.

Herbage N content was estimated in 1993. Subsamples of each plant
group were ground in a Wiley Mill to pass a 1 mm screen and analyzed for N
content using a Perkin-Elmer 2400 II CHNS analyzer.

Understory plant density was sampled each year of the study (1991

93). Plant density was measured using 30.5 x 61 cm microplots. Twelve
trees were selected randomly each year in each cut and woodland plot.
Density was measured in two locations, duff and interspace, in the four

cardinal directions around cut and uncut trees (Fig 4.1). In duff locations,
microplots were placed at the edge of the canopy dripline pointing inward
towards the tree bole. Interspace zones were located approximately 3 m from
the outer edge of the duff zone or, when necessary, at the midpoint between

duff locations. Analysis showed that cardinal direction was not a significant
factor in explaining treatment differences. Consequently, presentation of
results only considers treatment and location effects for plant density and
canopy cover.

Interspace

Interspace

Fig 4.1

Plot layout and location descriptions for cut and uncut
woodland treatments
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Understory canopy cover was estimated in the same microplots as

density measurements in 1993. Canopy cover was estimated using the cover
class techniques described by Daubenmire (1959). Seven cover classes

were designated: trace (0 -1 %), I (1 - 5 %), II (5 - 25 %), III (25 - 50 %), IV

(50 75 %), V (75 - 95 %), and VI (95 -100 %). Midpoints of the cover classes
were used for statistical analysis.
Understory basal cover of perennial plants (PG, POA, and PF) was
measured along five 30.5 m line intercepts (Canfield 1941) in each cut and

woodland plot in 1991 (baseline year), 1992, and 1993. Basal cover was
spatially separated into interspace and duff areas.
Diversity indices were determined for each treatment using data from

density measurements in 1992 and 1993. Hill's (1973) N1 and N2 diversity
indices were used to analyze treatment and location differences. Hill's N2
index is a measure of the very abundant species and Hill's N1 index is a

measure of abundant species. Total species number in each cut or woodland
plot were used to compare species richness between treatments. Hill's
modified evenness ratio was used to compare the relative abundance of
species between treatments.
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Soil Water Availability

Soil water availability was determined from gravimetric soil water
content and leaf water potentials (W1) during the 1992 and 1993 growing

seasons (April - September). Leaf water potential of juniper was determined
using a pressure chamber (PMS Instrument Co., Corvallis, OR) using
methods described by Turner (1981). Predawn and midday WI were recorded

bi-weekly on 12 dates in 1992 and 13 dates in 1993. In each cut and
woodland plot three small trees ( < 3 m) were selected for measurement of
plant WI throughout the study period (n = 24 trees per treatment).

Soil water was measured gravimetrically the day preceding leaf water

potential measurements in five of the eight blocks. Soil water measurements
were collected at two depths, 0 - 20 cm and 20 - 40 cm, in interspace soils of

cut and woodland treatments. Five randomly located, replicate samples were
collected for each depth in cut and woodland treatments. Soils were weighed,
dried at 106° C for 48 hrs, and reweighed to determine percent gravimetric
water content.

Statistical Analysis
Understory parameters were compared between treatments over time

for interspace and duff locations using ANOVA techniques for a randomized

block design. The main effects in these analyses were year (1991, 1992,
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1993) and treatment (cut woodland). Understory measurements were also
,

analyzed by location (e.g. cut interspace vs. woodland interspace) for each
year to aid in explaining time by treatment interactions.
Soil water content was analyzed in each year using a two-way ANOVA

for a randomized block design. The main effects were treatment, soil depth,
and time. Percent water content was transformed using an arcsin-square root

transformation for statistical analysis to achieve normality. Leaf water
potentials (predawn and midday) were analyzed using a two-way repeated
measures ANOVA for a randomized block design for each year of the study

(1992 and 1993). Leaf water potentials and soil moisture content were
analyzed by sampling date to help explain time by treatment interactions.
All statistical analyses were performed using the-Statistical Analysis

System (SAS Institute, 1988). When interactions were significant, multiple
comparisons were made using Duncan's New Multiple Range Test. The
alpha level was set at p > 0.05 for statistical significant.

RESULTS

Climate Conditions

In 1992, the growing season was warmer and dryer than local and

regional averages. Water year (Sept. 30, 1991 - Oct. 1, 1992) precipitation
values at nearby weather stations were 25 % below average. On the study
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site precipitation in the 1992 water year totaled 21.3 cm, half of which was

received in June and July of 1992. The 1993 growing season was cooler and
eastern Oregon received record amounts of moisture. Precipitation at the
nearby weather stations were 140 % and 149 % of long term averages,

respectively. Water year precipitation on the study site totaled 41.8 cm and
85% of the precipitation fell during the winter and early spring.

Soil Moisture and Leaf Water Potentials

Soil water content, at both soil depths, was significantly greater in the
cut treatment than in the woodlands throughout the 1992 growing season
(April - September) (Table 4.2; Fig. 4.2A & B). In the high precipitation year

of 1993 soil water content did not differ significantly betWeen treatments until

late June. In 1993, soils generally remained near field capacity (-0.03 MPa)
in both treatments until early June. From late June through September, 1993,
soil water content was significantly greater in the cut treatment at both depths.
The higher soil water content in the cut treatment translated into
greater soil water availability for plant uptake in comparison to the woodland.
In 1992, juniper predawn and midday WI were significantly less negative in the
cut treatment compared to the woodland (Table 4.3; Figs. 4.3A & B).
In 1993, predawn and midday .P1 were significantly less negative in the
cut treatment than the woodland (Table 4.3), although absolute differences
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Table 4.2. Statistical analysis (ANOVA) of treatment (Trt ; woodland and cut),
soil depth (Dep ; 0 -20 cm and 20-40 cm), time, and interaction effects for
interspace gravimetric soil water.

Time Effects and
Interactions

Main Effects

Year

Trt

Dep

Trt x
Dep

***

***

N.S.

Time

Time
x Trt

Time
x Dep

Time
x Trt
x Dep

1992

Soil

Water

N.S.

1993

Soil

Water

ir**

*irk

N.S.

*** Indicates statistical significance at p >0.001. NS is not statistically
significant (p < 0.05).
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Fig 4.2. Gravimetric soil water content in interspace soils from:
(A) 0-20 cm; and (B) 20 - 40 cm during the 1992 and 1993 growing
seasons. Data are in means + one standard error. Asterisks indicate
significant treatment differences (p < 0.05).

53

Table 4.3. Statistical analysis (repeated measures ANOVA) of treatment
(woodland and cut) predawn and midday leaf water potentials (11.),) and
interaction effects for interspace soil moisture.

Main Effect

Year

Treatment

Time Effects and
Interactions
Time

Time
x Trt.

1992

Predawn

Midday

Irk*

***

***

Ink*

***

***

***

***

***

1993

Predawn

Midday

*Int

*** Indicates statistical significance at p >0.001. NS is not statistically
significant (p < 0.05).
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day measurements. Data are in means + one standard error.
Asterisks (*) denote significant treatment differences for p < 0.001.
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separating the treatments were less during the spring (March - June) than

during the drier 1992 season (Fig 4.3A & B). These results, coupled with soil
water patterns in 1993, provide an indication of the effect of juniper
competition for water even in years with above average precipitation.

Although soil water content in the spring of 1993 did not differ between
treatments, juniper LP, was 0.2 to 0.4 MPa more negative in the woodlands

than in the cut treatment.

Understory Dynamics
There were significant differences between treatments in both locations
in 1992 and 1993 for most understory parameters measured (Tables 4.4 

4.6). Compared to the woodland, the cut treatment had greater understory
biomass (Figs. 4.4A & B), basal cover (Figs. 4.5A & B), density (Figs. 4.6A &
B), understory N content (Figs. 4.7A & B), canopy cover (Figs. 4.8A & B), and

diversity (Table 4.6). For all perennial plant groups (POA, PG, and PF) there
were significant year by treatment interactions for biomass, basal cover and

plant density. The year by treatment interactions were due to: (1) reductions
in POA, PG and PF basal cover and reduced PG density in the woodlands
between 1991 and 1993, and (2) large increases in biomass, basal cover, and
density of perennial plants (except POA density) in the cut woodlands,
particularly between 1992 and 1993.
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Table 4.4. Interpace location statistical analysis (ANOVA) of treatment (cut
and uncut woodland), year, and interactions for basal cover, density and
canopy cover by species functional group.

Species Group

Yr.

POA

Basal Cover

**

Density

NS

Canopy Cover

Yr x
Trt

'

NS

-

1991a

1992

1993

Trt

Trt

Trt

NS

NS

Irk*

NS

NS

NS

***


Perennial Grass
Basal Cover

* **

***

Density

***

***

NS

***

***

NS

***

irk*

Canopy Cover

Irk*



Perennial Forb
Basal Cover
Density

*

***

Canopy Cover

***

NS

**

**

NS

NS

NS

*
***

NS

NS

NS



***



Annual Grass
Density

Canopy Cover

*

--

NS

-

Annual Forb
Density

**

NS

Canopy Cover

NS

Irk*

***

***


Totals
Basal Cover

***

***

NS

*

***

***
Canopy Cover
- 
a Values for 1991 represent data prior to tree cutting. * Indicates statistical

significance for p > 0.05. ** Indicates statistical significance for p > 0.01. '
Indicates statistical significance for p > 0.001. NS is for non-significance.
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Table 4.5. Duff location statistical analysis (ANOVA) of treatment (cut and
uncut woodland), year, and interactions for basal cover, density and canopy
cover by species functional group.

1991a

1992

1993

Trt

Trt

Trt

***

NS

NS

***

NS

NS

NS

NS

NS

-

-

-

Basal Cover

***

***

Density

***

***

Species Group

Yr.

Yr x
Trt

POA

Basal Cover
Density

Canopy Cover

Irk*

Perennial Grass
NS

Canopy Cover

NS

*
***

***
***
irit*



Perennial Forb
Basal Cover

*

***

Density

***
NS

Canopy Cover

***

NS

NS

NS

NS

NS
***

NS

NS



Annual Grass
Density

Canopy Cover

*

NS

NS

***


Annual Forb
**

Density

Canopy Cover

NS

-

-

***

***

NS

**

**
***



Totals
Basal Cover

NS

*

***

***
Canopy Cover

a Values for 1991 represent data prior to tree cutting. * Indicates statistical
significance for p > 0.05. ** Indicates statistical significance for p > 0.01. ***
Indicates statistical significance for p > 0.001. NS is for non-significance.
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Table 4.6. Plant diversity (Hill N1 and N2), species numbers, and eveness
ratios in duff and interspace locations for cut and woodland treatments.
Different letters indicate significant location differences within each year (p >
0.05). Different numbers indicate significant year differences within location (p
> 0.05).

Year/
Location

N1

N2

Species
Number'

E5

1992

Interspace
Cut

3.5 al

5.0 al

34 al

0.6 al

Wood.

2.5 bl

3.2 bl

16 bl

0.7 al

Duff
Cutt

4.9 cl

7.0 cl

0.6c

Wood.

2.5 dl

3.6 dl

0.6c

Cut

4.0 al

5.9 a2

45 a2

0.5 al

Wood.

2.6 bl

3.5 bl

25 b2

0.6 al

Cut

6.2 c2

8.5 c2

0.7 cl

Wood.

3.1 dl

4.6 b2

0.5 dl

1993

Interspace

Duff

a - Species numbers are for all locations

duff and interspace areas.
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Fig 4.4. Understory plant biomass (kg ha-1) in: (A) 1992; and
(B) 1993. Different letters denote significant (p > 0.05) differences
between treatments for functional group and total biomass.
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Fig 4.5. Understory plant basal cover (%) in 1992 and 1993 for:
(A) interspace; and (B) duff locations. Different letters denote
significant differences (p > 0.05) between treatment, for basal
cover values of the speices functional groups.
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Fig 4.6. Understory plant density (m-2) in 1992 and 1993 for: (A) interspace; and (B) duff locations. Different letters denote significant
(p > 0.05) differences between treatments for the functional groups.

62

0.........

c
so
.z..

-g
2
C
a)

0
cO
0

Z

1

POA

PG

AG

PF

a

(B)

5
4

3

a

2
1

0
PF

TOTAL

Fig 4.7. Understory N content in May 1993 for: (A) N concentration (%);
and (B) biomass N (kg/ha). Different letters denote significant (p < 0.05)
differences between treatments for plant species functional groups.

63

20

(A) Interspace

Cut

Woodland

16

12

a

a
a

b

b

ab
POA

PG

AG

PF

AF

TOT

POA

PG

AG

PF

AF

TOT

32

28
24

20

16
12

8

4
0

Fig 4.8. Understory canopy cover (%) in 1993 for: (A) interspace;
and B) duff locations. Different letters denote significant (p > 0.05)
differences between treatments for functional group and total
canopy covers.
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Treatment Differences, 1992

In 1992, differences between treatments mainly occurred in the PG,
PF, and AF groups. Total understory biomass was two times greater in the cut
treatment than in the woodland, primarily due to greater PF and PG biomass

in the cut treatment (Fig 4.4A). Greater basal cover (Fig 4.5A & B) and
density (Fig 4.6A & B) of PF and PG in the cut treatment resulted from
reductions in PG and PF density and cover in the woodland treatment

between 1991 and 1992. The decline in PG and PF densities and basal
cover in the woodlands was probably in response to drought conditions in

1991 and 1992. Basal cover and density of PG and PF in the cut treatment
did not change between 1991 and 1992.

Plant species richness and diversity were greater in the cut treatment

in 1992 (Table 4.6). The higher diversity indices (Hill's N1 and N2) in the cut
treatment were due to a greater variety of PF and AF species. In both cut and
woodland treatments, the greater density of annual forbs, particularly pale
alyssum, relative to other species reduced the species evenness ratio. An
evenness ratio approaching zero indicates that one species is more abundant

relative to other species. An evenness ratio of one would indicate that all
species were equally abundant.
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Treatment Differences, 1993

In 1993, treatment differences in understory biomass, cover, density,

and diversity were magnified. In the woodland, the understory exhibited few
changes between 1992 and 1993 despite increased soil moisture availability
in 1993. In the cut treatment, understory biomass, cover, density, and
diversity increased significantly between 1992 and 1993.
Higher spring moisture conditions in 1993 resulted in increased

understory biomass in both treatments (Fig. 4.4B). However, the relative
increase in biomass was greater in the cut treatment. Biomass of all plant
groups (POA, PG, AG, PF) were significantly greater in the cut treatment than

the woodland. In the woodland, biomass of species groups, except POA, did
not increase between 1992 and 1993.

The greater understory biomass production in the cut treatment
translated into greater biomass N compared to the woodland (Fig 4.7A).
Nitrogen concentration (Fig. 4.7B) in biomass was also greater in the cut

treatment for all plant groups except POA. The lower N concentration in POA
in the cut treatment compared to the woodland may have been due to a
dilution effect resulting from greater POA biomass production in the cut

treatment. However, a dilution effect was not apparent in the other groups of
the cut treatment.
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Total perennial basal cover (Fig 4.4A & B) and canopy cover (Fig 4.8A
& B) were approximately 3.5 times greater in both locations of the cut

treatment compared to the woodland. Treatments differences were primarily
due to increases in perennial plant basal cover in the cut treatment during the
1993 growing season. There was little change in perennial basal cover in the
woodlands from 1992. Canopy cover of the species groups ranged from 1.5
to 20 times greater in the cut treatment compared to the woodland treatment
(Fig 4.8A & B).

Densities of PG remained greater in both locations of the cut treatment

compared to the woodland (Fig. 4.6A & B). Differences in PG density
between treatments was due to increases in PG density in the cut treatment
combined with little change in PG density in the woodlands between 1992 and

1993. Annual forb densities in both locations of the woodland were greater
than comparable locations in the cut treatment.

Plant species richness and diversity remained significantly greater in

the cut treatment in 1993 (Table 4.6). In both cut and woodland treatments,
the number of plant species increased by an average of nine species between

the dry year in 1992 and the wet year in 1993. The increase in the number of
species between years resulted from the emergence of native and introduced

annual forbs and the growth of native perennial forbs. The greater density of
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pale allyssum relative to other species resulted in reduced species evenness
in both treatments.

DISCUSSION

Removal of Juniper Competition

Under conditions of this study, western juniper clearly suppressed the

herbaceous component in woodland communities. The cutting of juniper
reduced competition for below-ground resources and released additional soil

water and nitrogen for uptake by understory plants. Reduced below-ground
competition in the cut treatment was indicated by; (a) less negative juniper WI;

(b) increased soil water content; and (c) greater understory biomass N

content compared to the woodland. Understory plants in the cut treatment
responded to the improved growing conditions with increased productivity,

plant density, cover (basal and canopy), and diversity. Individuals of all plant
species were noticeably larger in the cut treatment indicating greater below-

ground resource acquisition. The relative size of plants is often a reliable
indicator of a plants ability to acquire and utilize scarce resources (Goldberg
and Werner, 1983). Increases in soil water and nutrient availability after
removal of pinyon-juniper tree competition has been documented in other
studies in the northern Great Basin (Everett and Sharrow, 1985a, 1985b;
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Evans and Young, 1985). In these studies, the increase in soil water and/or
nutrient availability coincided with greater understory productivity.
The understory in the cut treatment generally did not become water

limited during the 1992 and 1993 growing seasons. In both years, plants in
the cut treatment stayed green longer into the growing season and several

species of annual and perennial forbs continued to flower through August and
September. In 1992, herbaceous plants in the cut treatment had a 5 to 6
month growth period (March - September). Perennial grasses exhibited
extensive basal tillering and several species (e.g. Sitanion hystrix, Poa
sandbergii) produced a second set of reproductive shoots after heavy rains in

late June and July 1992. In the woodlands all understory plants were
dormant by mid June 1992.

In 1993, perennial grasses remained green six weeks longer in the cut
treatment than in the woodland treatment. In addition, several plant species

characteristic of more mesic sites such as found in nearby flood meadows and

riparian areas grew and produced reproductive structures in the cut treatment
(Alopecurus spicatum, Cirsium arvense, Potentilla gracilis, Taraxacum

officinale). A prolonged understory growing season in ponderosa pine forests
has also been observed by Riegal et al. (1992) after removing tree
competition for below-ground resources.
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The greater availability of soil water in the cut treatment lead to a shift

in the relative composition of the understory. In the juniper woodland, shallow
rooted and earlier growing species such as POA and pale allyssum made up

the majority of understory cover and biomass. In the cut treatment, later
developing, deeper rooted perennials (e.g. Stipa thurberiana,

Pseudoroegneria spicata, Sitanion hystrix, Astragalus filipes, Lomatium
donnelli ) and annuals (Latuca serriola, Epilobium paniculatum, Cirsium spp. 
biennial) became more dominate components of the understory. For
example, in 1993 PF and PG represented 58 % of total canopy cover the cut
interspace location, but in the woodland interspace these groups only
accounted for 24 % of total cover.
During the wet growing season, 1993, understory plants in the

woodlands were limited in their ability to utilize the increase in soil water
resources. Except for POA, there was little change in biomass (Fig 4.4B) and
cover (Fig 4.5B) of other plant species in woodlands when compared to 1991

and 1992 data. In contrast, understory plants in the cut treatment showed a
significant growth response (i.e. cover, biomass, and density) in the high
precipitation year.
The lack of herbaceous response to additional moisture in western

juniper dominated communities may not be unusual. Vaitkus and Eddleman
(1987) found little change in the understory component in plant communities
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dominated by western juniper, although precipitation over a two-year period

was nearly double the thirty-year average. The evidence suggests that when
soil water is not limiting other factors may become more important in
regulating understory growth in juniper dominated communities.

Factors that constrain understory growth in juniper woodlands in high

moisture years probably involve competition for nutrients and/or vigor of

understory plants. Plant N nutrition is likely one important factor. Without
adequate N nutrition carbon assimilation and growth of plants is constrained
(Millard, 1988). In this study, results demonstrated that the N status of the
understory in the woodlands was significantly less than the N status of

understory plants in the cut treatment. Because N availability in soils did not
differ between treatments in 1993 (Bates et al. 1996a) it is possible that

juniper competition for available soil N reduced the uptake of N by understory
plants in the woodland, thereby limiting understory above and belowground
growth.

In the cut treatment the lack of N uptake by juniper roots increased the

availability of N for uptake by understory plants. The increased size of
aboveground plant structures in the cut was likely accompanied by an

increase in root growth thereby increasing the potential for greater nutrient

uptake. This is supported by the greater N concentration and/or greater total
aboveground biomass N in the understory component in the cut treatment.
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Everett and Sharrow (1985b) reported both increased understory productivity
and N uptake in understory plants after cutting pinyon-juniper woodlands in
Nevada.

The importance of adequate N nutrition for understory production and
reproduction in the Great Basin has been demonstrated in several studies.

Miller et al. (1991) found that additions of nitrate based fertilizers increased
aboveground biomass by 150 %, doubled tiller density, and tripled

reproductive shoot density of Thurber's needlegrass relative to unfertilized
plants.

Successional Dynamics Following Cutting
Understory successional response was largely determined by species

assemblages present on the site prior to juniper cutting. Approximately 80%

of the species identified during the study were present prior to cutting. New
species that emerged following cutting were hypothesized to have originated
from soil seed bank reserves (particularly annuals), and from dormant belowground tubers or corms of perennial species (i.e. lomatium (Lomatium spp.),

wild onion (Allium spp.), and sego lily (Calochortus macrocarpus)). Everett
and Ward (1984) and Bunting (1984) estimated that 60 to 90 % of species
return within 1 - 5 years after burning in pinyon-juniper woodlands.
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Dominate understory plants on the site prior to treatment also tended to

dominate following juniper cutting. Perennial grasses (e.g. Poa sandbergii,
Sitanion hystrix, Psuedoroegneria spicata, and Stipa thuberiana) made up the

bulk of total herbaceous biomass and/or cover although there was a
composition shift toward deeper rooted perennials (PG & PF) following

cutting. Annual forbs, particularly allyssum, remained the most abundant

species (e.g. highest plant densities). The results from our study and others
(Everett and Ward, 1984) indicate that a qualitative prediction of early
succession species assemblages can be made based on the "initial floristics"
(Egler, 1954) of a site.

With the greater density of annual plants in the woodlands it might
have been expected that annuals would dominate the early successional
stages following tree cutting.

However, early secondary succession in the

cut treatment was largely dominated by perennial plants (e.g. cover and

biomass), particularly PG. Early dominance by annuals after cutting would
have fit successional models developed for other pinyon-juniper woodlands

(Barney and Frischknecht, 1974; Tausch and Tueller, 1977). Annuals have
tended to dominate the understory following tree removal in other western
juniper woodlands (Vaitkus and Eddleman, 1984; Quinsey 1984, Evans and
Young, 1985).
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The lack of early successional dominance by annuals may have been
due to low seed bank reserves and/or increased perennial plant competition.
The pre-treatment densities of PG species (2 to 3 plants/m2) were apparently

sufficient for bunchgrasses to recover and dominate the understory
component following cutting. Barney and Frischknecht (1974) and Quinsey

(1984) have noted that the annual stage may be bypassed in areas with "fair"
perennial herbaceous cover prior to disturbance.
Several aspects regarding annual forb dynamics should be clarified.
The lower annual forb density in the cut treatment relative to the woodlands
resulted from a decline in the density of pale allyssum in the cut treatment.
Declines in pale alyssum density may have been a result of less favorable
germination conditions, increased seed predation, and/Or increased

competition from neighboring understory plants. Densities (and cover) of
other annual forb species tended to increase and were greater in the cut

treatment than the woodland. In addition, the diversity of annual forbs was
significantly greater in the cut treatment (p > 0.0001).
Understory response, although significant for most parameters
measured, was limited in the first year (1992) following cutting. It was not
until the second year, 1993, that large increases in biomass, density, and

cover were measured. Other studies in pinyon-juniper woodlands have
generally shown delays of one to several years before the understory
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component fully responds to removal of tree competition (Barney and
Frischknecht, 1974; Tausch and Tueller, 1977; Everett and Ward, 1984).
In this study, there are several possible explanations for the delayed

understory response. First, as a result of juniper competition, perennial plants
were low in vigor, with small basal areas and limited herbage production per
plant. Understory perennials may not have developed sufficient rooting
capacity quickly enough to exploit the increased soil moisture in 1992, which

would explain the high moisture availability late in the season (Figs. 4.2 &
4.3). Others have noted lags in tree growth after forest thinning (Brix and
Mitchell, 1986; Rose and Eddleman 1994). The response lag in these studies
was attributed to the inability of root systems to develop quickly enough to

absorb additional soil water and nutrients (Brix and Mitchell, 1986). The low
vigor of understory perennials resulting from juniper competition was probably

compounded by selective grazing pressure from previous years. Perennial
bunchgrasses may take one to several years to fully recover following
defoliation, even under reduced competition (Daubenmire 1940; Mueggler,
1967 and 1972; Ganskopp, 1988).

Second, soil seed banks were probably low in these woodlands. New
plant recruitment in the first and second year following cutting was limited to
bottlebrush squirreltail (Sitanion hystrix), Indian ricegrass (Oryzopsis
hymenoides) and some annual and perennial forbs,

During succession to
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woodland dominated systems, soil seed reserves of understory species

decline as a result of low seed production (Koniak and Everett, 1982). The
lack of seed reserves may delay understory recovery after pinyon-juniper
competition is removed.

Third, understory response in 1992 was limited by dry soil conditions in
the spring (March - June). In the cut treatment leaf water potentials were 0.3
to 0.6 MPa more negative in spring, 1992, compared to the same period in

1993 (p > 0.0001). Both leaf expansion and dry matter production of plants
are reduced by relatively small declines in plant water status (Hsaio et al.
1974; 1976; Chaves, 1991).

It is hypothesized that plant water stress in the

spring of 1992 also limited the ability of understory plants to respond in the
first year following removal of juniper competition. However, as discussed
earlier, plants in the cut treatment continued to grow into mid September,

1992. This was because heavy rains, totaling 10.5 cm, in late June and mid
July revived understory plants and permitted continued vegetative and
reproductive growth into the late summer.

SUMMARY AND CONCLUSIONS

The objective of this study was to assess early understory successional

response following cutting in a fully developed western juniper woodland. It
was hypothesized that the cutting of juniper would reduce below ground
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competition for water and nitrogen, resulting in increased understory cover,
biomass, density, and diversity.
Western juniper suppresses herbaceous and shrub vegetation in
eastern Oregon plant communities by out-competing other plants for available

soil resources. The cutting of western juniper reduced below-ground
competition for soil water and N. Leaf water potentials were less negative
and N concentration and biomass in understory plants were greater in the cut

treatment. The understory component (all species) in the cut treatment
responded to improved growing conditions with increased productivity,

density, and cover. Biomass production, cover, and density of the understory
will continue to increase until remaining open spaces are effectively utilized in
the cut woodland.
Evidence from this study indicates that juniper woodland dominance

reduces the species diversity of understory plants. In this study, the
woodland sites were mainly dominated by Sandberg's bluegrass and pale

allyssum. When tree competition was removed the number and diversity of
herbaceous species were, respectively, 80% and 60% greater in the cut
treatment in 1993.
Results from this study and others indicate that restoration of woodland
sites requires patience. It may take one or more years for understory species
to respond to the removal of juniper, particularily during periods of drought.
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The wide variability in site characteristics across the western juniper
ecosystem will also influence understory response to juniper control projects.

Additional research is required to develop models that assist land managers
in predicting understory response and successional pathways following tree
cutting (and other treatments) across a variety of woodland dominated sites.
With the increasing budgetary constraints for land management projects,
successional models would assist land managers in targeting those areas
where desirable understory vegetation may be successfully restored.
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CHAPTER 5

UNDERSTORY SPATIAL VARIATION IN
CUT WESTERN JUNIPER (Juniperus

occidentalis spp. occidentalis) WOODLANDS

Jonathan D. Bates, Richard F. Miller, and Tony Svejcar
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UNDERSTORY SPATIAL VARIATION IN
CUT WESTERN JUNIPER (Juniperus

occidentalis spp. occidentalis) WOODLANDS
ABSTRACT

Cover, density, and diversity of understory species were spatially
compared between interspace, duff, and slash locations in cut western juniper

(Juniperus occidentalis spp. occidentalis) woodlands. Understory species in
cut juniper woodlands exhibited strong location dependence and in all

locations plant cover and densities increased following tree cutting. Cover
(basal and canopy) and density of Sandberg bluegrass (Poa sandbergii) and
bottlebrush squirreltail (Sitanion hystrix), and canopy cover of annual forbs

were greatest in duff locations. Density and cover of perennial grasses, and
total densities of perennial forbs, pale alyssum (Alyssum alyssoides), and

microsteris (Microsteris gracilis) were greatest in interspace locations. Slash
locations tended to have the lowest overall understory cover and plant density

values. Understory species which dominated the duff or interspace locations
prior to treatment in 1991, continued to dominate in these locations the first

two years (1992 and 1993) following juniper cutting. Juniper slash had both
positive and negative effects on understory species. Species common to
interspaces were reduced in density under juniper slash, although plants that

survived or established beneath the slash grew larger than their counterparts
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in the interspaces. Species that increased in density and cover under slash
were plants characteristic of duff locations and whose seeds are typically wind
dispersed. Seeds of wind dispersed species appeared to be more effectively
trapped in locations with juniper litter (duff and slash) compared to the

interspaces. The establishment of these species in slash and duff areas was
probably enhanced by increased availability of soil water, and/or nutrients,
and cooler temperatures. Juniper slash increased water storage on the site.
Possible causes for higher soil water content under juniper slash compared to
interspace soils were not investigated but may result from reduced evapo
transpiration because of lower temperatures and/or increased infiltration.
Species composition in duff and interspace locations following removal of
western juniper appears to be based on pretreatment understory floristics.
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INTRODUCTION

Pinyon-juniper woodlands in the western United States have been

rapidly expanding into associated shrublands since the late 1800's (Tausch et

al., 1981; West, 1984; Miller and Wigand, 1994). Western juniper (Juniperus
occidentalis spp. occidentalis), the northwest representative of pinyon-juniper
woodlands, has invaded extensive areas of sagebrush-grasslands and other
plant communities in the Pacific Northwest (Burkhardt and Tisdale, 1976;

Miller and Rose, 1995). The transition from shrub steppe communities to
pinyon-juniper woodlands has resulted in reduced understory productivity and
diversity (Johnson, 1962; Jameson, 1967; Burkhardt and Tisdale, 1976;
Tausch et al., 1981; Vaitkus and Eddleman, 1987; Tausch and Tueller, 1990).
During succession towards western juniper and other pinyon-juniper
woodlands understory spatial patterns may also become more strongly
developed (Johnsen, 1962; Peiper, 1990; Vaitkus and Eddleman, 1991).
Spatial patterns of understory plant composition in these woodlands may
develop in response to soil nutrient distributions (Doescher et al., 1987),
possible allelopathic effects of tree litter or root exudates (Jameson, 1966;
Peterson and Buss, 1974), competition with trees (Peiper, 1990), grazing
history (Vaitkus and Eddleman, 1991), microclimate effects (Vaitkus and
Eddleman, 1987; Padjen and Lajtha, 1993), and seed dispersal (Padjen and
Lajtha, 1992).
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Management prescriptions employed to reduce western juniper

dominance in rangelands have been successful in increasing understory
productivity and cover (Vaitkus and Eddleman, 1987; Young and Evans,

1984; Rose and Eddleman, 1994; Bates et al., 1996a). The spatial response
of understory species following juniper removal, particularly with methods that
leave substantial amounts of juniper slash and debris are poorly documented.
Everett (1984) has reported that understory spatial patterns may remain
unchanged for several years following tree removal in duff and interspace

locations. This suggests that floristic composition in early successional duff
and interspace locations are predictable based upon understory surveys
made prior to tree removal.

The objectives of this study were to: (1) assess understory spatial
characteristics within an intact western juniper woodland prior to tree cutting;
and (2) evaluate the effects of cutting trees and leaving slash on understory

spatial composition. Evaluating understory spatial distributions may prove
useful in generating hypotheses on species interactions and predicting
successional responses and pathways following juniper control.
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METHODS

Study Site

The study site is located on Steens Mountain 9.5 km southeast of

Diamond, in southeastern Oregon (118°36', 42°55'). The site is on a west-

facing ridge slope at an elevation of 1500 m. Prior to cutting, the site was
dominated by an 80-year-old western juniper woodland. Juniper canopy
cover averaged 23 %, and tree density averaged 228 trees/ha. Limited
terminal leader growth on juniper trees and the lack of juniper seedling

recruitment indicated that this was a fully developed stand. Understory basal
cover averaged 2.5% in the interspaces and 2.9% under tree canopies (duff

location). The dominant understory plant was Sandberg bluegrass (Poa
sandbergii) which represented nearly 75 % of the total understory perennial

plant basal cover. Other species characteristic of the site included squirreltail
(Sitanion hystrix), bluebunch wheatgrass (Psuedoroegneria spicata),

Thurber's needlegrass (Stipa thuberiana), basalt milkvetch (Astragalus filipes),
microsteris (Microsteris gracilis), and pale alyssum (Alyssum alyssoides).

Climate of the site is typical for southeastern Oregon. Winter and
spring are typically cool and moist. The majority of annual precipitation falls
between November and late May or mid-June. Summers are warm and dry.
Mean water year (October 1 - Sept. 30) precipitation at weather stations
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located 27 km southwest (elev. 1300 m) and 30 km northwest (1250 m) of the
site average 28.2 cm and 24.9 cm, respectively.

Soils on the site are 40 to 50 cm deep, rocky, and are mainly clay

loams in texture. Inclusions of deeper (to 90 cm) clay soils are intermittently

scattered across the site. Soils are underlain by thick, cemented silicic ash
layer of rhyolite and rhyodacite composition, which limit root penetration.

Soils were classified as clayey, montmorillonitic, frigid, Lithic Agrixerolls of the
Ninemi le series.

Experimental Design and Measurements

In June 1991 eight 0.4-ha plots were established along the contour of
the ridge slope. Following the measurement of baseline vegetation
characteristics, juniper trees were felled with chainsaws in August 1991.

Juniper slash was left on the plots. Subsequent measurements of understory
characteristics and soil moisture content began in April 1992 and were

concluded in September 1993. Livestock were excluded from the site during
this time period.

Understory measurements included: canopy cover, density, diversity,

and perennial plant basal cover. Sampling was spatially separated into three
locations; duff, interspace, and slash (refer to Fig 4.1). Duff locations were
defined as those areas formerly beneath the tree canopy with a surface layer
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of old juniper litter. Interspace zones were the open areas between duff and
slash locations, identifiable by the lack of needle litter on the soil surface.
Slash locations were former interspace areas covered by the cut juniper trees.
Understory plant density (1991-93) and canopy cover (1993 only) were

measured using 30.5 x 61-cm quadrants. A total of 48 quadrants were
sampled for each location in each of the eight plots (a total of 384 quadrants

per location). For duff and interspace locations, plant density and canopy
cover were measured in the four cardinal directions around 12, randomly

selected cut trees each year. Sampling in the duff location was located along

the outer third of the duff location. Interspace locations were located
approximately 3 meters from the outer edge of the duff zone or, when

necessary, at the midpoint between duff locations. For-the slash location
quadrants were randomly placed under 12 cut juniper trees.
Canopy cover was estimated using the cover class techniques

described by Daubenmire (1959). In this study seven cover classes were
designated: trace (0 - 1 %), I (1 - 5 %), II (5 - 25 %), III (25 - 50 %), IV (50 - 75

%), V (75 95 %), and VI (95 -100 %). Midpoints of the cover classes were
used for statistical analysis.
Understory basal cover of perennial grasses and forbs were measured

along five 30.5-m line intercepts (Canfield 1941), parallel to the slope, in each
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of the eight cut plots in 1991 (baseline year - prior to cutting), 1992, and 1993.
Transects were permanently placed in 1991 using rebar stakes.
Diversity indices were determined for each location using data from

density measurements in 1992 and 1993. Hill's (1973) N1 and N2 diversity
indices were used as measures of plant diversity. Hill's N2 index is a

measure of the very abundant species and Hill's N1 index is a measure of

abundant species. Hill's modified evenness ratio was used to compare
relative abundances of species between locations (Ludwig and Reynolds,
1988).

Gravimetric soil water content was sampled in interspace and slash
locations at two depths, 0 - 20 cm and 20 - 40 cm. Samples were collected bi
weekly on 12 dates during the 1992 growing season (April - September) and

on 13 dates during the 1993 growing season. Five randomly located,
replicate samples were collected for each location/depth per plot for each

measurement period. Soils were weighed, dried at 106° C for 48 hrs, and
reweighed to determine percent gravimetric water content.

Statistical Analysis
Understory data was compared between locations over time using
ANOVA techniques for a randomized block design.

Percent cover (basal and

canopy) was transformed using an arcsin-square root transformation to
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stabilize variance and achieve normality. Understory measurements were
also analyzed by year to help explain year by location interactions.
Soil water content was analyzed in each year using a two-way ANOVA

for a randomized block design. The main effects were location, soil depth,
and time. Percent soil water was transformed for normality using an arcsin

square root transformation for statistical analysis. Soil water content was
analyzed by sampling date to help explain time by location interactions.

All statistical analyses were performed using the Statistical Analysis

System (SAS Institute, 1988). When interactions were significant, multiple
comparisons were made using Duncan's New Multiple Range Test. The
alpha level was set at p < 0.05 for statistical significance.

RESULTS

Climate Conditions
In 1991 and 1992, the growing seasons were warmer and drier than

local and regional averages. Water year (Sept. 30 - Oct. 1) precipitation
values were 20% below average in 1991 and 1992 at weather stations 25 km

from the site. Precipitation on the study site was measured from October
1991 through September 1993. Precipitation in the 1992 water year totaled
21.3 cm, half of which was received in June and July of 1992. The 1993
growing season was cooler and eastern Oregon received record amounts of
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moisture. Precipitation totals at the nearby weather stations were 140 % and

149 % of long-term averages, respectively. Water year precipitation on the
study site totaled 41.8 cm.

Soil Water

There were significant time by location by depth interactions for soil

water in 1992 and 1993 (Table 5.1). These interactions generally indicate
that soil water decreased as the growing season progressed and was greater

in the slash location at both depths than in the interspace. Depth by location
interactions indicate that soil water was greater between 20-40 cm than 0 - 20
cm in the soil profile.
In 1992, soil water was significantly greater in the slash locations than

the interspaces, at both depths (Fig. 5.1A & B). In 1993, soils in both
locations generally remained near field capacity (-0.03 MPa) through the first
week of May and were re-saturated following heavy rains in early June (Fig.

5.1A & B). During this period soil water under slash was significantly greater
than interspace at the 0 - 20 cm depth. From late June through September,
soil water beneath slash was greater than in the interspace at both depths.
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Table 5.1. Statistical analysis (ANOVA) of soil water by location (L) and soil
depth (D) in 1992 and 1993. Locations are interspace and slash sites. Depth
is for 0 - 20 cm and 20 40 cm in soil profile.

Time and
Interactions

Main Effects
and Interactions
L

D

LxD

Time TxL

TxD

TxL
xD

(T)

1992

Soil Water

***

***

N.S.

***

***

***

*Or

***

***

***

1993
***
***
***
***
Soil Water
* Indicates statistical significance for p > 0.05.
** Indicates statistical significance for p > 0.01.
*** Indicates statistical significance for p > 0.001.
N.S. is non significant.
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Fig. 5.1. Gravimetric soil water content in interspace and slash
soils from: (A) 0 - 20 cm; and (B) 20 - 40 cm during the 1992 and
1993 growing seasons. Data are in means ± one standard error.
Asterisks (*) denote significant location differences (p < 0.05).
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Understory Density and Cover
Interactions and Year Effects

The relative abundance and diversity of understory species was

significantly different among locations. For many plant species, year by
location interactions for basal cover and density were non-significant (Tables

5.2 & 5.3). The lack of year by location interactions indicated that any relative
change over time for basal cover of perennial plants and the relative density
of plants (perennials and annuals) were consistent among locations between

1991 and 1993. Basal cover of squirreltail, basalt milkvetch (Astragalus
filipes), Donnell's lomatium (Lomatium donnelh), and perennial forbs as a

group did show significant year by location interactions-. The year by location
interactions for these species resulted from an increase in basal cover in duff
and/or slash locations between 1991 and 1993.

Plant basal cover and density also showed significant year effects for

understory species (Tables 5.2 & 5.3). There was a significant year effect for
basal cover for most perennial species. This was due to an increase in

perennial species basal covers between 1991 and 1993. Species with
significant year effects for density were bottlebrush squirreltail, bluebunch
wheatgrass, cheatgrass, and most of the perennial and annual forb (except
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Table 5.2. Statistical analysis (ANOVA) of basal cover in cut juniper
woodland for interspace, duff, and slash locations.

Species

Year

Year x

1992

1993

Loc.

Loc.

Loc.

Sandberg bluegrass

***

Thurber's needlegrass

*

Bluebunch wheatgrass

***

Squirreltail

N.S.
N.S.

**

N.S.
***

***

*

*

***

N.S.
***

N.S.

***

Perennial grasses

***

N.S

N.S.

N.S.

Western Hawksbeard

*

N.S.

N.S.

*

Donnells Lomatium

***

*

*

***

Basalt Milkvetch

N.S.

*

***
***

Perennial Forbs

N.S.

**

N.S.

N.S.

N.S.

N.S.

***
Total Cover
N.S.
* Indicates statistical significance for p > 0.05.
** Indicates statistical significance for p > 0.01.
***Indicates statistical significance for p > 0.001.
N.S. is non significant.
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Table 5.3. Statistical analysis (ANOVA) of plant density in cut juniper
woodland for interspace, duff, and slash locations.

Species

Year

Year x

1992

1993

Loc.

Loc.

le**

irIr*

N.S.

N.S.

Loc.

Sandberg bluegrass

N.S.

N.S.

Thurber's needlegrass

N.S.
**

N.S.

lr*

N.S.

N.S.

N.S.

**

N.S.

Bluebunch wheatgrass

Squirreltail
Perennial grasses
Cheatgrass

Sego Lily
Western Hawksbeard
Donnells Lomatium

Basalt Milkvetch

stir*

**

N.S.

N.S.

N.S.

N.S.

Sr*

N.S.

N.S.
*stst

stir*

N.S.

Microsteris

N.S.
***

Prickley Lettuce

***

Other Annual Forbs

stir

N.S.

stir*

Other Perennial Forbs
Pale Allyssum

N.S.

stir*

N.S.
N.S.

***

* Indicates statistical significance for p > 0.05.
" Indicates statistical significance for p > 0.01.
" Indicates statistical significance for p > 0.001.
N.S. is non significant.

***
*

**It

***

***
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pale alyssum) species. This was due to an increase in the number of these
plants in the second growing season (1993) following treatment.

Pre-treatment Location Patterns

1991

Sandberg's bluegrass, squirreltail, and total perennial plant basal cover
were greatest in the duff locations compared to the interspaces (Fig 5.2A).
Basal cover of Thurber's needlegrass was highest in the interspaces.

Densities of Sandberg bluegrass and squirreltail were greater in the duff

location than in the interspaces (Fig 5.2B). In the interspace, Thurber's
needlegrass, pale alyssum, and total annual forb densities were greater than
in the duff location.

Post-treatment Location Patterns - 1992 and 1993

The major zonal patterns in species composition measured in 1991

remained constant in both 1992 and 1993. Basal cover (Fig. 5.3A & B),
density (Fig. 5.4A & B), and canopy cover (Fig. 5.5 - 1993 only) of Sandberg's

bluegrass, squirreltail, and annual forbs were greatest in duff locations

compared to the other locations. Canopy cover and density of squirreltail and
canopy cover of annual forb species tended to be greater in slash locations

compared to the interspace. Density and cover (basal and canopy) of other
perennial grasses, primarily bluebunch wheatgrass and Thurber's
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3.0

(A) Basal Cover

Interspace

2.5
Duff

2.0

b

1.5

1.0

0.5
0.0
Posa

Stth

Pssp

Sihy

PGT

Asfi

PFT

TOT

Posa Stth Pssp Sihy PGT Brte Asfi PFT Alal Lase AFT
Fig 5.2. Pretreatment understory parameters: (A) basal cover; and (B) plant
density in 1991. Different letters denote significant differences (p < 0.05)
between locations for plant species and plant groups. Posa - Sandberg's
bluegrass; Stth - Thurber's needlegrass; Pssp - bluebunch wheatgrass;
Sihy bottlebrush squirreltail; PGT - perennial grass total; Brte cheatgrass;
Asfi basalt milkvetch; PFT Perennial forb total; Alal pale allyssum;
Lase prickley lettuce; AFT annual forb total.
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Slash
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Fig 5.3. Post-treatment plant basal cover (%) in: (A) 1992; and (B) 1993
for interspace, slash, and duff locations. Different letters denote
significant differences (p < 0.05) between locations for plant speices
and plant groups. Species abbreviations are provided in Fig. 5.2.
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Fig 5.4. Post-treatment understory plant density in:(A) 1992
and;(B) 1993 for interspace, slash, and duff locations. Different
letters denote significant differences (p < 0.05) between locations
for plant species and plant groups. Species abbreviations are
provided in Fig. 5.2.
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Fig 5.5. Understory canopy cover in 1993. Different letters denote significant differences
(p < 0.05) between locations for plant speices and plant groups: Croc hawksbeard; Migr 
microsteris; Depi - pinnate tanseymustard. Other species abbreviations are provided in Fig. 5.2.
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needlegrass, and the density of perennial forbs and pale alyssum were
greater in the interspaces than in either duff or slash locations.

Plant Diversity

Diversity and species evenness tended to be greater in the duff

location in 1991 and 1992 than interspace or slash (1992 only) locations
(Table 5.4). In 1993, diversity and evenness indices in both duff and slash

locations were significantly greater than in the interspace. Plant diversity
increased between 1991 and 1993. There were similarities and differences in
terms of the most abundant species in each location. Abundant species (Hill's
N1 indices) in the duff and slash locations in 1993 were; (a) for annuals - pale

alyssum, microsteris, pinnate tanseymustard (Descurania pinnata), prickly
lettuce (Lactuca serriola), and cheatgrass (Bromus tectorum); and (b) for
perennials - basalt milkvetch, Sandberg's bluegrass and squirreltail.

Abundant species in the interspace were bluebunch wheatgrass or Thurber's
needlegrass, Sandberg's bluegrass, pale alyssum, and microsteris.

The higher diversity and evenness ratios in duff and slash locations
compared to the interspace were mainly due to greater species richness in

annual forbs and lower densities of pale alyssum and microsteris. The high
densities of pale alyssum in the interspaces reduced evenness and diversity
in the interspaces relative to duff and slash locations.
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Table 5.4. Plant diversity (Hill N1 and N2) and eveness ratios in slash, duff,
and interspace locations. Different letters indicate significant location
differences within each year (p > 0.05). Different numbers indicate significant
year differences within location (p > 0.05).

Year/
Location

Hill's N1

Hill's N2

Eveness

1992

Interspace

3.5 al

5.1 al

0.6 al

Duff

4.9 bl

7.0 bl

0.6 al

Slash

3.6 al

5.2 al

0.6 al

Interspace

4.0 al

5.9 al

0.5 al

Duff

6.2 b2

8.5 b2

0.7 bl

Slash

6.3 b2

8.7 b2

0.7 bl

1993
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DISCUSSION

Pre-Treatment Location Patterns - 1991

The results showed distinct understory spatial patterns in the mature

woodland. Plant spatial patterns probably reflect a mosaic of canopy and
interspace environments. In pinyon-juniper woodlands, interspace and duff
locations exhibit distinct physical, chemical, and microclimate patterns (Barth,
1980; Doescher et al., 1987; Klopatek, 1987; Everett et al., 1987; Josaitis,

1990; Peiper, 1990; Bates et al., 1996a). Padjen and Lajtha (1992), have
attributed plant spatial patterns in a pinyon-juniper woodlands to differences
in nutrient availability, shade protection, seed dispersal, and seed
germination.

In this study, it appears that environmental conditions under tree
canopies (i.e. duff locations) were more favorable for both Sandberg

bluegrass and squirreltail than associated species, whereas conditions in the
interspace favored Thurber's needlegrass and several annual forbs (pale
alyssum and microsteris) (Fig 5.2). Junipers influences the microenvironment of duff locations by modifying temperatures and light (Peiper,
1990), nutrient availability (Doescher et al. 1987; Tiedemann and
Klemmedson, in press; Bates et al., 1996b), canopy interception of
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precipitation (Larsen, 1993), and physical or allelopathic interference by litter
layers (Jameson, 1966; Peterson and Buss, 1974).

Soil temperatures under tree canopies were 4 to 7°C lower than in the

interspace (EOARC file data). Haworth and McPherson (1995) found lower
soil temperatures in the summer and higher soil temperatures in the winter

under tree canopies, relative to open grassland zones. Alteration of soil
temperatures beneath tree canopies may favor plants which initiate growth

relatively early in the spring, such as Sandberg's bluegrass and squirreltail.
Cooler summer temperatures under canopies reduce evapo-transpiration
thereby decreasing water stress which may favor seedling establishment.
However, soil water content beneath western juniper canopies can be

reduced by interception of precipitation (Young and Evans, 1984). Larsen
(1993) found that western juniper can intercept as much as 12.8% of

precipitation per event. Several studies have reported that as light levels
decrease beneath the tree canopy with pinyon-juniper woodland
development, perennial grass cover decreases (Schott and Peiper, 1985;

Peiper, 1990). Photosynthetic active radiation (PAR) was not measured
under juniper tree canopies but there were indications that light levels for
plant growth were reduced under canopies in duff locations in 1991. In 1991,
it was observed that perennial grasses tended to exhibit etiolated growth
patterns in duff locations under tree canopies.
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Duff locations were less favorable for the establishment of annual

plants, as evidenced by low annual plant densities. Without suitable light,
temperature, and water conditions seed germination of annual plants is
restricted (Baskin and Baskin, 1985).
It is not known how nutrient distributions in western juniper woodlands

influence species composition. Soil nutrient concentrations in western juniper
duff locations are generally greater than interspaces (Doescher et al., 1987;

Josiatis, 1990; Bates et al., 1996b), and the availability of phosphorus and
sulfur for plant uptake are greater in duff locations (Tiedemann and
Klemmedson, in press). Availability of N has been found to be similar
between duff and interspace locations (Tiedemann and Klemmedson, in
press) or be lower in duff locations than in interspaces (Bates et al., 1996b).

Post-Treatment Understory Patterns - 1992 & 1993:

Following juniper cutting, soil water (Bates et al., 1996a) and nitrogen
(Bates et al., 1996b) were less limiting for understory plant growth. The
increase in belowground resources was reflected by an increase in density

and cover of most plants. Relative plant composition, however, did not
change in either duff or interspace locations. Species with greater cover or
density in duff locations, such as Sandberg's bluegrass and squirreltail,
remained the dominate species in duff locations while Thurber's needlegrass,
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bluebunch wheatgrass, and pale alyssum remained dominant in the

interspaces. These results suggest that understory composition in early
successional duff and interspace locations is predictable, based on

understory spatial distribution prior to tree removal. Bates et al. (1996a) and
Everett and Ward (1984) reported that understory succession following
pinyon-juniper removal is guided by initial site floristics.

The magnitude of increase in plant densities were less than increases
in cover following treatment, particularly for perennials. For example,
between 1991 and 1993 total perennial grass basal cover increased by nearly

300%, but total perennial grass densities increased by only 65% in duff
locations and 43% in the interspaces. The lower density response of
perennials may have been due to the lack of seed production. Except for
squirreltail, little seed production in the perennial component was observed in
1991 and 1992. In 1992, perennials generally allocated resources to
vegetative growth rather than reproductive structures. Squirreltail was the

only perennial species that was observed to produce relatively large amounts

of seed in 1992. During 1993, it was observed that perennials allocated a
large proportion of there growth to reproductive effort, possibly due to the

higher spring moisture conditions. The higher perennial seed crop in 1993
may change plant composition between locations in subsequent years.
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Litter layers in the duff locations continued to influence species
establishment and growth following cutting. It was observed that plant density

and cover was greatest in the outer portion of the duff location, decreasing
with proximity to tree bole where litter depth increased. In other pinyonjuniper woodlands, understory density and cover decreased as the tree bole
was approached and litter layers thickened (Everett and Sharrow, 1985; Dye

et al., 1995). Litter may interfere with seed germination and seedling
establishment by physically impeding seed-soil contact, reducing soil
temperatures, and by restricting plant growth from allelopathic leachates
(Jameson, 1966; Peterson and Buss, 1974). Allelopathic effects on understory

plants in duff locations should not be discounted but seem unlikely given
growth patterns of plants established in duff areas. Plants that were already

established or became established in the duff location tended to be larger
than their counterparts in the interspace, particularly annual grasses and
forbs.

There was a propensity for greater establishment of squirreltail and
several annual forb species (prickly lettuce, thistles (Cirsium spp.) in duff
locations compared to the interspaces which may be by a result of seed

dispersal and catchment mechanisms. Seeds of squirreltail and these annual

species are typically wind dispersed. Juniper needle litter in duff locations is
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probably more effective in trapping larger numbers of wind dispersed seeds
than the relatively bare soil surfaces characteristic of the interspaces.

Juniper slash increased soil water content (Fig. 5.1) and reduced soil
temperatures (EOARC file data) compared to the interspace. Higher soil
water levels under slash are hypothesized to have resulted from a
combination of reduced evaporative loss, lower moisture demand by plants,

and possibly increased infiltration. Lower temperatures reduce evaporative
loss from soils and vapor pressure gradients thereby reducing transpiration

demand. Others have attributed higher soil water content under pinyonjuniper slash versus interspaces to a reduction in evapo-transpiration (Gifford
and Shaw, 1973).

Juniper slash had negative and positive effects on understory plants.

Prior to cutting in 1991 slash locations were interspace locations. Following
tree cutting and depositing of juniper slash in the interspace, understory
composition under slash tended to assume characteristics more similar to duff

locations than to interspaces. Total annual forb density, and densities of
perennial grasses (except squirreltail and Sandberg bluegrass) and perennial
forbs were significantly reduced under slash in 1992 and 1993. However,
cover and density of squirreltail and wind disseminated annual forbs
increased under juniper slash in both years following juniper cutting.
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The negative impact of juniper slash on annual forbs, particularly
alyssum and microsteris, appeared to result from reduced seed germination

and/or plant establishment - evidenced by their low densities. Low light levels
and lower soil temperatures due to shading by juniper slash may have

reduced seed germination and establishment of annual forbs. However,
annuals that did establish in slash were generally larger and stayed active
longer into the season than their counterparts in the interspaces due to the

greater availability of soil water and lower plant competition for other soil
resources under slash.
Annual forb species that increased in density under juniper slash
included prickly lettuce, epilobium (Epilobium paniculatum), and thistles

(Cirsium spp). These species tended to be found in the more "open" areas
under slash rather than under heavy slash accumulations. The greater cover
and density of these species under slash (as well as duff locations) compared
to the interspace may be due to more mesic conditions, improved nutrient
availability, and/or greater seed catchment into this location.
The negative effect of slash on perennial grasses and forbs was

particularly strong in 1992. Basal cover and density of perennial grasses
(except squirreltail and Sandberg's bluegrass) and forbs under slash were
reduced when compared to interspace values in 1991. Perennial grasses and
forbs were killed under heavy slash accumulations as evidenced by their
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reduced densities. Reduced light levels, especially under heavy slash
accumulations, also effected perennial grass growth. Perennial grasses
under heavy slash cover tended to an exhibit etiolated growth form indicating
inadequate light levels.

Heavy rains in July 1992 and snows during the winter of 1992-93
knocked many needles off downed trees, opening up areas beneath juniper
slash. In 1993, basal cover of perennial grasses increased four-fold under

slash and was nearly equal to basal cover of perennial grasses in interspace
and duff locations. However, most of the change in perennial grass cover
under slash was a result of increased density and cover of squirreltail. It was
observed that juniper litter in slash locations was more effective at trapping

wind dispersed squirreltail seeds compared to the interspace. The
establishment of squirreltail seedlings in slash areas may have been further
enhanced by the greater availability of soil water and more mesic conditions.

The lack of seedling recriutment of other perennial grasses under slash in
1993 was also curtailed by their low seed production in 1992.

SUMMARY AND CONCLUSIONS

Species composition exhibited significant spatial distribution related to

duff and interspace locations. In duff and interspace locations the relative
composition of the understory tended to remain unchanged following juniper
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tree cutting. It appears that range managers may be able to predict early

successional dominance in duff and interspace locations following removal of

western juniper based on pre-treatment understory floristics. Uncertainty in
predicting understory response, however, is introduced by lack of knowledge
on the quantity and composition of seed bank reserves, and understory seed
production following release from overstory competition.

Under juniper slash, species characteristic of interspaces were initially
reduced in density bwtween 1991 and 1993, although individual plants that
survived or established tended to grow larger than their counterparts in the
interspaces. Species increasing in both density and cover under slash were
plants characteristic of duff locations and whose seeds are typically wind
dispersed (e.g. squirreltail, prickly lettuce). In cutting projects, removal or
more effective scattering of juniper slash could be considered in order to

retain bunchgrass species characteristic of the interspace locations, such as
Thurber's needlegrass and bluebunch wheatgrass.
However, removal of juniper slash should carefully considered.

Burning slash immediately after cutting may: (1) kill preferred species due to
high heat fluxes into soils caused by the heavy fuel accumulations; (2) open
up these areas to invasion by undesirable annuals such as cheatgrass
(personal observations); and (3) may increase the proportion of bare ground
which could lead to greater soil erosion.
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In addition, once needles fall from the slash and/or there are sufficient
perennial grass seed sources available retaining juniper slash appears to be
important in perennial grass seedling establishment (of all species not just
squirreltail). Preliminary analysis indicates that for all perennial grass
species, seedlings were 1.5 times as numerous under slash than in
interspace and duff locations in 1994 (EOARC unpublished data).
Amelioration of temperature extremes and increased availability of water

under slash are likely factors in the higher seedling numbers under juniper
slash.
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CHAPTER 6

NITROGEN MINERALIZATION IN CUT AND
UNCUT WESTERN JUNIPER (Juniperus

occidentalis spp. occidentalis) WOODLAND

Jonathan, D. Bates, Tony Svejcar, and Richard F. Miller
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NITROGEN MINERALIZATION IN CUT AND
UNCUT WESTERN JUNIPER (Juniperus
occidentalis spp. occidentalis) WOODLAND

ABSTRACT

The effects of tree cutting in western juniper woodlands on nitrogen (N)
mineralization (ammonification and nitrification) in soils was evaluated.
Nitrogen mineralization was estimated using in situ buried bags at monthly
intervals during the growing seasons and for 4-5 month intervals during the

winter, over a two-year period following tree cutting. Measurement of N
mineralization (0-10 cm) was spatially separated into three locations in cut
woodlands (interspace, duff, slash) and two locations in uncut woodlands

(interspace, duff). Nitrogen mineralization was greatest in cut-interspace
locations in the first year of the treatment. Inorganic N levels and N
mineralization were greatest in cut-duff locations in the second year of the

treatment. Net mineralization, particularly nitrification, was greater in
interspace locations (both treatments) and cut-duff locations, where soil
temperatures were highest and fresh juniper litter inputs were lowest.

Nitrogen mineralization, particularly nitrification, was lower in cut-slash and
woodland-duff locations relative to other locations. It is hypothesized that the

lower nitrification levels under cut-slash and woodland-duff locations resulted
from a) increased demand for N by decomposers as a result of large inputs of
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fresh N poor juniper litter, and/or b) cooler soil temperatures. The higher
rates of N mineralization in woodland-interspace locations contradict results
from other studies in semi-arid plant communities where net N mineralization

has been found to be greater under woody plant canopies. There was high
seasonal and yearly variability in N dynamics on the site. Although variable,
seasonal trends of N mineralization followed similar patterns across all
treatment locations. The results suggest that N mineralization of this site was
controlled by micro-climatic conditions and the availability of organic matter.
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INTRODUCTION

Nitrogen (N) cycling is an important ecological process because the
availability of N in soils often limits plant growth (Binkley and Hart, 1989).
Although there has been considerable research conducted on N cycling in
other temperate plant communities, information regarding N dynamics in
western juniper (Juniperus occidentalis spp. occidentalis) woodlands is

relatively limited. The lack of information on N cycling in western juniper
woodlands is surprising considering their extent and their biological and
economic importance in the northern Intermountain region.

Presently, western juniper woodlands cover nearly 3.2 million hectares
in southeastern Idaho, eastern Oregon, northwestern Nevada, northeastern

California, and south central Washington. Much of this area has only recently
been invaded and occupied (< 100 yrs) by juniper (Miller and Wigand, 1994).
Interest in juniper woodlands and questions regarding the role of juniper in
semi-arid rangelands have increased since the woodlands have expanded

into productive and biologically diverse plant communities, primarily, mountain
big sagebrush (Artemisia tridentata spp. vaseyana), aspen (Populus

tremuloides), and riparian plant communities (Miller and Rose, 1995). Thus, it
is important to address questions regarding N cycling and other ecological

processes in order to manage for productivity and biological diversity of
western juniper woodlands.
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In pinyon-juniper woodlands and other semi-arid plant communities soil

nutrients and organic matter are arranged in both vertical and horizontal

distribution patterns (Charley and West, 1975). Soil N, organic matter, and
other nutrients tend to be concentrated beneath tree canopies at depths of 0
15 cm in pinyon-juniper woodlands (Barth, 1980; Everett et al., 1987;
Doescher et al., 1987; Thran and Everett, 1987; Tiedemann, 1987; Josaites,
1990).

There have been only a few studies investigating N mineralization
(ammonification and nitrification) in pinyon-juniper soils. Results from these
studies indicate that N mineralization is greatest beneath shrub and tree
canopies (Charley and West, 1977; Klopatek, 1987; Klopatek and Klopatek,

1987; Bolton et al, 1990). The proportion of total soil N mineralized, however,
may be greater in disturbed sites and interspace soils of some systems

(Klopatek, 1987). In Arizona pinyon-juniper woodlands the proportion of total
soil N mineralized was greater in interspace areas and in a 35 year old burn
than under tree canopies or in mature woodlands (Klopatek, 1987).
However, these findings on semi-arid N mineralization have been

based on measurements of the potential of N mineralization in soils under
controlled laboratory conditions (Charley and West, 1977; Klopatek, 1987).
There is limited data on N mineralization or N availability in pinyon-juniper

woodlands under field conditions. In a western juniper woodland, in situ
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measurement of mineralization over a period of one year exhibited net
immobilization of NH4+ and NO3- (Myrold et al., 1989).

The objectives of this study were to: 1) assess the effects of cutting
western juniper on soil N availability; 2) determine the spatial aspects of
interspace, duff, and slash locations on N mineralization processes; and 3)
determine the influence of season and year on N mineralization under field
conditions.

METHODS

Study Site

The study was carried out on Steens Mountain in southeast Oregon,

approximately 9.5 km south of the town of Diamond. The study site is located
on a west-facing, 22 % slope, at an elevation of 1500 m. The site is
dominated by an 80 year old, fully developed western juniper woodland.
Juniper canopy cover averaged 24 % and tree density (> 2 m in height)

averaged 220 trees he. Understory plant cover was less than 3 % with most
of the interspace area exposed soil. Long-term precipitation from the nearest
recording station at Frenchglen (elev. 1300 m), 25 km to the southwest,

averaged 30 cm annually. Approximately 90% of annual precipitation is
received from November to June.
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The soils on the site are classified as clayey-skeletal, montmorillonite,

frigid, Lithic Agrixerolls. Soils are shallow, 40 to 55 cm deep, and are
underlain by a thick cemented ash layer of rhyolite or rhyodacite composition,

which date from the Miocene era (Walker and Mcleod, 1982). Soil pH (0-10
cm) in the interspace soils is 7.5 and under tree canopies 7.8. In the
interspace, soils (0-10 cm) are clay-loam in texture and under tree canopies

soils are loamy in texture. Bulk density of the soils was approximately 1.0 in
both the interspace and canopy locations. Organic matter concentration in
the top 10 cm of the soil profile averages 3.1 % in the interspace and 5.1 %
under tree canopies.

In June 1991, eight-0.8 ha sized blocks were established along the

contour of the ridge slope. In August 1991, half of each block was cut with

chainsaws. Juniper slash was left on the cut plots. Measurements of N
mineralization (ammonification and nitrification), inorganic N (NH4+ and NO3 )

pools, and other soil parameters began in November 1991 and were
concluded in September 1993.

Net N Mineralization and Available Nitrogen
(NH4+ and NO3) Pool Level Measurements.

Nitrogen mineralization was estimated using in situ buried bag

incubations as described by Eno (1960) and Raison et al. (1987). Soil
samples (0-10 cm) were removed with a soil corer and placed, with a
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minimum of disturbance, in quart-size polyethylene bags. Bagged soils were
re-deposited in the core holes and covered with soil. By minimizing
disturbance to the soil core, the estimation of N mineralization more closely

duplicates field conditions during incubations (Raison et al. 1987; Binkley and
Hart 1989). For each incubation sample, an adjacent soil sample was
obtained at the beginning of the incubation period to determine ambient
(initial) soil NH4+ and NO3 pool levels.

Sampling was spatially stratified because in most semi-arid soils there

are significant disparities in total N and available N levels between interspace
and canopy influenced soils (Charley and West, 1977; Klopatek, 1987;

Doescher et al., 1987; Everett et al., 1987; Thran and Everett, 1987). In the
woodland treatment, soil incubations were performed in interspace and duff

locations (refer to Fig. 4.1). In the cut treatment soil incubations were
performed in the interspace, under cut juniper slash, and in duff locations.
Sampling in the duff location was done inside the tree canopy dripline about

2/3 of the canopy radius from the tree bole. The duff locations in the cut
treatment were in soils formerly under tree canopies, with a surface covering

of old juniper needle litter. Due to time constraints, sampling in the cut-duff
location was performed in only three of the eight cut plots. Three samples
were taken for each location in each cut and woodland plot (24 samples for
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each treatment location except the cut -duff location where there were only 9
samples taken).

Sampling was conducted from 0-10 cm in the soil profile. This depth
was selected because in many ecosystems over 50 % of N-mineralization and

nitrification occurs between 0 and 15 cm (Binkley and Hart, 1989). In shrub
steppe soils as much as 70 % of total available N is found in the upper 5 cm

of soil profiles (Charley and West, 1977; Schimel and Parton, 1986; Burke et
al., 1989; Bolton et al., 1990).
Soils were incubated for approximately 30 days during the peak
growing season (April to July) and for about 70 days from August into early

fall (September/October). There was a short, 14-day incubation in early June,
1992. In this case, the normal 30-day period was shortened to take into
account a rapid change in soil water content as a result of heavy rains in early
June, 1992. During the winter, soils were incubated for 133 days in 1991-92
and for 166 days in 1992-93. In woodland and cut plots, three incubated and
three initial samples were collected at each microsite per sampling period.
Incubated and ambient soil samples were extracted for NH4+ and NO3

within 10 hours following removal from the field. Prior to extraction for NH4
and NO3, soils were sieved through a 2-mm mesh screen to remove rocks,

roots, and other large organic materials. The extraction technique consisted
of mixing a 10 g subsample of soil with 50-m1 of 2 N KCI solution for 1 hour.
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Extracts were allowed to settle for 30 minutes prior to filtering through # 42

Whatley filter paper. Extracts were then frozen in 20-m1 scintillation vials until
analyzed. Analysis for NH4+ and NO3- content was performed at the Soils

Laboratory in the Forest Sciences Department at Oregon State (Corvallis,

Oregon) using a Techniconl autoanalyzer. Gravimetric soil water content was
determined from separate subsamples after drying for 24 hrs at 106° C.
Values for initial and incubated NH4+ and NO3 content were adjusted to a dry

weight basis.
Net N mineralization, nitrification, and ammonification were calculated
by subtracting ambient levels of NH4+ and NO3- measured at the start of the

incubation period from concentrations of NH4+ and NO3 accumulated in the

incubated samples at the end of the incubation period. The following
equations were used to determine net ammonification, nitrification, and N
mineralization.

(1) Net ammonification = NH 4+(incubated)

(2) Net nitrification = NO3- (incubated)

NH4+(ambient)

NO3(ambierm

(3) Net N mineralization = (NH4+ + NO3)incubated - (NH4+ + NO3-,ambient
1

Values of net N mineralization, net nitrification, and NH4+ and NO3

pool levels are expressed on an area basis in mg N m-2 (0 - 10 cm soil depth).

Mention of trade names does not imply endorsement by USDA-ARS or Oregon
State University
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Daily rates of N mineralization and nitrification were calculated over each
incubation period (mg N M-2 day-1). Estimates of seasonal (spring-summer

and winter) net N mineralization and nitrification were also determined for
1991-92 and 1992-93 by totalling the changes in inorganic N over the

sampling periods. Total seasonal estimates of net N mineralization and
nitrification are expressed in kg N

(0 - 10 cm depth).

Total Soil N, Soil C, and Other Soil Properties
Total soil (0 - 10 cm) N and C levels were determined using a PerkinElmer CHNS/O analyzer at the Eastern Oregon Experiment Station

Laboratory (Burns, Oregon). Prior to analysis, soils were dried to constant
weight at 106 C° and ground in a Quaker City Model 4E Soil Grinding Mill
(The Straub Co., Division of Clinton Separators, Hatboro, PA.). Soil N and C
concentrations were measured at the beginning (Nov. 1991) and end of the
study (Sept. 1993) (48 samples per period per location).
Soil organic C was also measured at the beginning (Nov. 1991) and

end (Sept. 1993) of the study. When treated with a solution of 10 % HCI
soils effervesced slightly, indicating the presence of carbonates. In order to
accurately determine organic carbon the inorganic carbonates must be

removed (Tiessen and Moir, 1993). Carbonates were removed by treating
soil samples with a 4 N HCI solution. Ten-gram samples of soil were treated
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with 5 ml of acid solution, allowed to sit for two hours and then retreated with

2.5 ml of acid solution. Following drying, soil samples were run through the
CHN analyzer to determine percent organic carbon.

Other soil parameters measured in the study included soil pH, bulk

density, and texture. Soil texture was determined using the hydrometer
method developed by Bouyoucos (1962). Soil pH was determined from a 1:1

slurry mixture of 10 g of soil and 10 g of distilled water. Soil pH was
measured using an Orion SA520 pH meter (Orion Research, Inc.).

Study Design and Statistical Analysis
The design of the experiment is a randomized block design with eight

blocks and two treatments, cut and uncut western juniper woodland. Net N
mineralization and inorganic N pool levels were analyzed between treatments

over time and by sampling period. Total N, total carbon, and organic C were
compared between treatments and locations for the November 1991 and
September 1993 sampling dates and also between the two sampling dates.
Cut-interspace and cut-slash locations were compared to woodland
interspace and woodland-duff locations using ANOVA procedures for a

randomized block 2 X 2 factorial design (all eight blocks). Variables analyzed
were total soil N, total soil carbon, organic carbon, net N mineralization, net
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nitrification, and pool levels of NH4+ and NO3 . The main effects are treatment
and location.

Cut-duff locations were compared to the other locations in the cut and
woodland treatments using ANOVA procedures for a randomized block design

(three blocks). Location was the main effect in this analysis.
All statistical analyses were conducted using general linear model
(GLM) procedures with the SAS statistical package (SAS, 1988). Means were

separated using Duncan's New Multiple Range Test. Significance levels for
all tests were set at p < 0.05.

RESULTS AND DISCUSSION

Climate Conditions
Climate conditions differed between 1992 and 1993. In 1992, water
year (Oct 1 - Sept. 30) precipitation in the Steens mountain area was 80 % of
average and temperatures, particularly in the spring, were warmer than

average. Precipitation in 1993 was approximately twice the regional average,

with high winter snowfall. The study site received water year precipitation
totals of 20.5 cm in the 1992 and 40 cm in 1993. Over half the moisture

received in 1992 arrived in early June and mid July. The winter and spring of
1992 (March - May) were extremely dry. There were very few days with snow
cover and soils remained frozen during most of the 1992 winter period. In

131

1993, over 90 % of moisture received arrived by the second week of June.
During most of the 1992-93 winter the ground was covered by snow and soils
generally remained unfrozen (0-10 cm).

Soil Water, Total N, Total C, and Other Soil Properties

In the drought year, 1992, soil water was significantly greater in all

locations of the cut treatment than in the woodland treatment (Fig 6.1A). In
the high precipitation year, 1993, there were few differences in soil water
among treatments. Soil water in cut-duff locations tended to be greater than
in soils under cut-slash and woodland-duff locations from April - June in 1993

(Fig 6.1B). During both years there were significant time by treatment by
location interactions (Table 6.1) which is why comparis6ns were made by
sampling date.

Soil textures of interspace and duff locations were significantly different

at the 0-10 cm depth (Table 6.2). The textural difference may result from
eolian accumulation of sand and silt under the trees as suggested by Barth

(1980) and Klopatek (1987) for other pinyon-juniper woodlands. There were
also greater concentrations of total N, total C, organic C, and organic matter

in duff locations compared to interspace locations (Table 6.2). Soil C and
organic C concentrations increased significantly in soils in cut-slash locations
between November, 1991 and July, 1993. The increase in soil C was
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Fig 6.1. Gravimetric soil water (%), 0-10 cm, in: A) interspace soils;
and B) under cut-slash and duff (cut and woodland) locations. Data are
means + one standard error. Asterisks (*) denote significant treatment
differences (p < 0.05).

Table 6.1: Statistical analysis (ANOVA) of treatment (Trt - woodland or cut), location (Loc - interspace (both
treaments), cut-slash, and woodland-duff), time (Tm), and interaction effects for soil moisture, NH4+ pools,
NO3- pools, ammonification, nitrification, and net N mineralization.

Main effects and interactions

Time effects and interactions

Trt

Loc

Trt x Loc

***

*

**

***

***

**

NS

NS

***

*

NO3- pool

it**

***

NS

***

*it*

Ammonification

NS

NS

NS

***

*

Nitrification

***

***

***

***

Net N
mineralization

***

***

***

Tm

Tm x
Trt

Tm x
Loc

Tm x Trt
x Loc

Nov. 1991 - Oct.
1992

Soil Moisture
NH4+ pool

*.**

*

*

NS

NS

tfr*st

*

NS

NS

Irk*

***

***

*it*

***

**

*Indicates statistical significance at p< 0.05. "Indicates statistical significance at p< 0.01.
statistical significance at p< 0.001. NS not statistically significant (p< 0.05).

'Indicates

Table 6.1. Continued

Main effects and interactions

Trt

Time effects and interactions

Loc

Trt x Loc

Tm

**

*

***

Tm x
Trt

Tm x
Loc

NS

***

*

NS

Tm x Trt
x Loc

Oct. 1992 - Sept.
1993

Soil Moisture

NS

NH4+ pool

NS

*

NS

***

NS

NS

NO3- pool

**at

Irk

NS

***

***

***

NS

*

***

*

NS

***

***

1r**

***

***

***

***

**

***

*

Ammonification

**

Nitrification

***

***

Net N
mineralization

**

***

NS

NS

*Indicates statistical significance at p< 0.05. **Indicates statistical significance at p< 0.01. *"Indicates
statistical significance at p< 0.001. NS not statistically significant (p< 0.05).

Table 6.2. Physical and chemical characteristics of soils for treatment locations in 1991 and 1993.
Dissimilar higher case
letters indicate significant treatment location differences within years. Cut slash locations
are compared to the woodland
interspace location. Different lower case letters indicate differences between years within
a treatment location. (p < 0.05).

Total

Treatment

CUT

CUT

WOOD

WOOD

Year

1991

1993

1991

1993

Location

C (%)

Organic
C (%)

Nitrogen
(%)

C/N

Bulk
Density

Sand
(%)

Silt
(%)

Clay
(%)

Texture

(g/cm3)

Inter

1.34A

1.27A

0.13

9.8A

Slash

1.40Aa

1.33Aa

0.12

11.1Aa

Duff

2.80

2.53

0.15a

16.9c

Inter

1.51C

1.43C

0.13

11.0C

1.00

34.7

31.2

34.1

ClayLoam

Slash

2.00Db

1.90Db

0.13

14.6Db

1.01

36.5

28.5

35.0

ClayLoam

Duff

2.84

2.55

0.18b

14.2d

0.99

40.8

34.7

24.4

Loam

Inter

1.72B

1.61B

0.11

15.6B

Duff

2.72

2.45

0.16c

15.3e

Inter

1.82D

1.730

0.12

15.2D

1.00

34.5

29.9

35.5

ClayLoam

Duff

2.82

2.54

0.19d

13.4f

1.00

40.9

32.0

27.1

Loam
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presumably in response to the increased amount of litter deposited on soils
under juniper slash and subsequent microbial decomposition of this litter.

Soil C/N ratios fluctuated between 1991 and 1993. The soil C/N ratios
tended to decrease slightly in duff locations of both treatments and in the

interspaces of the woodland treatment between 1991 and 1993. Increases in
soil C/N were detected under slash and in the interspace of the cut treatment

from 1991 to 1993. Duff and slash locations had higher C/N ratios than the
interspace soils in the cut plots.

N Mineralization and NH4+ and NO3 Pools

There were significant interactions of time with treatment and location

for N mineralization and inorganic N pools (Table 6.1): In addition, analyses
also showed significant treatment by location interactions, though this
interaction was not consistent for all parameters sampled, nor for all sampling

periods. To deal with the interactions we compared woodland-duff with cutslash locations (both received fresh litter inputs during the study period) and
the woodland-interspace to the cut-interspace locations (Figs. 6.2-6).
Sampling dates were also analyzed separately as an aid in explaining the

interactions with time. The cut-duff locations were compared to other
locations using seasonal N mineralization totals (Fig. 6.7).
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Cutting juniper resulted in greater rates of N mineralization (Fig. 6.2A)
and nitrification (Fig. 6.3A), and higher soil nitrate pool levels (Fig. 6.4A)

during 1992 in the cut-interspace than the woodland-interspace. The greater
rates of N mineralization in 1992 in the cut-interspace resulted from higher
nitrification rates because net ammonification (Fig. 6.5A) did not differ
between treatments.

Juniper cutting did not lead to increased nitrification or N mineralization
rates in soils under cut-slash (soils under slash were essentially interspace
soils prior to tree felling). In general, N mineralization (Fig. 6.2B), nitrification
(Fig. 6.3B), ammonification (Fig. 6.5B), and ammonium levels (Fig. 6.6B) in

soils under cut-slash did not differ significantly from the woodland-duff

locations during the study period. Cutting did result in higher NO3- pool
levels under cut-slash compared to woodland-duff locations over the growing
season in 1992 (Fig. 6.4B).
Except for the cut-duff location, there were few consistent differences
between treatments N pools or N transformations during the 1993 growing

season. The cut-duff location had the greatest rates and levels of nitrification
and net N mineralization compared to the other locations in 1993 (Fig. 6.7A).
Over the course of the study there were distinct spatial and seasonal

trends in both nitrification and net N mineralization (Fig. 6.7). During the first
growing season (1992) the interspace locations (cut and woodland) had
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greater rates (and totals) of nitrification and N mineralization compared to duff

(both treatments) and cut-slash locations. In the winter of 1992-93 the cutduff location had the highest rates of NO3- and NH4+ immobilization or losses

(Fig 6.7B). For all treatment locations, available N pools and N mineralization
rates were much greater in the first year (1992) of the study, a drought year,
compared to the second year (1993), a wet year.

Soil moisture alone was not a good predictor of N dynamics in this

study (Fig. 6.8). The data in Fig. 6.8 are from the cut-interspace location,
however, similar results were obtained for the other treatment-locations.

DISCUSSION

A major impact of cutting juniper in our study was the increased

availability of C substrates for decomposition in soils. There were two
distinctly different sources of C substrates added to soils. First, in all
locations of the cut treatment the entire root mass of trees became

immediately available for decomposition. Soil pits dug on the site provided
observational evidence that juniper roots dominated interspace locations (and
slash) and duff locations. Second, a flush of fresh needle litter from felled
trees was added to soils under cut-slash locations. Litter fall from juniper
slash continued throughout the study period and was estimated to be twice as

great as litterfall in the woodland treatment (Bates et al., 1996a). The inputs
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of C substrates appear to have been one factor that influenced soil N
dynamics following tree cutting.
In the cut-interspace, soil C content and C/N ratios were less than the

woodland-interspace in November, 1991, three months after juniper were cut

(Table 6.2). Because soils were not sampled prior to cutting, it is not known
whether differences between cut-interspaces and woodland-interspaces in
soil C content and C/N ratios existed before the trees were cut. However, if

soil C levels were similar between woodland-interspaces and cut-interspaces
prior to cutting, then the lower C content in cut-interspace soils would indicate
an increased release of soil C, with juniper root detritus the most probable C

source. Thus, a decrease in soil C content relative to N would then have
reduced the C/N ratio of cut-interspace soils.
If soil C was depleted and became less available as an energy source

for soil microbes, this may then have been a factor permitting the greater
levels of N mineralization in the cut-interspaces than woodland interspaces

(and other locations) in 1992 (Fig 6.3A & 6.4A). Generally when an energy
(C) deficit occurs (or nutrients aren't limiting) the mineralization of organic N
compounds to inorganic N compounds (NH4+ and NO3-) increases (Richards,

1987). The increased availability and mineralization of N in the cut
interspaces was not unexpected. Other studies have reported increased
inorganic N pool levels, nitrification, and N mineralization following the cutting
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of trees for harvest or for other management objectives (Vitousek and Matson,
1981; Vitousek, Matson, and Van Cleve, 1981; Matson and Vitousek, 1985;
Thran and Everett, 1987).

The cut-slash locations, which were interspace soils that received large
inputs of needle litter from cut trees, exhibited different patterns of N

dynamics than the cut-interspace. Although there was little difference in
ammonification levels, nitrification and N mineralization were less in the cut-

slash location than the cut-interspace, particularly in 1992 (Fig 6.7A).

I

hypothesized that the lower soil nitrification levels in cut-slash locations
resulted from the additions of juniper needle litter from cut trees. These
results suggest that roots, which have better soil contact, contributed to the

available N pool more effectively in the cut-interspacet than additions of
aboveground litter in the cut-slash locations. Seastedt et al. (1992) have
noted that the N immobilization potential of roots is lower than that of
aboveground (foliage) litter.

The lower nitrification levels in the cut-slash locations than the cut
interspace may have resulted from chemical inhibition by secondary
metabolites or exudates released from juniper litter, lower soil temperatures,

and/or microbial immobilization of N. The inhibition of nitrification by
allelochemicals in litter has been debated extensively in the literature with
results both supporting (Lodhi and Killingbeck, 1980; Baldwin et al., 1983;
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White, 1986) and rejecting (McCarty and Bremner, 1986; Bremner and

McCarty, 1988) the nitrification inhibition hypothesis. Although nitrification
inhibition by juniper litter in this study should not be discounted, this
explanation doesn't appear to be plausible because nitrification rates and
levels were high in the cut-duff locations (areas with heavy litter
accumulations) during the growing season (Fig 6.7A), and nitrification was
able to proceed under juniper slash, although at very low rates (Fig 6.3B).
Lower soil temperatures due to shading by slash may have inhibited

microbial nitrification processes. Optimum temperatures for nitrification fall
between 25-35°C (Haynes, 1986). During the 1993 growing season, soil
temperatures under cut-slash were generally less than 25°C (Bates et al.,
1996b). However, not enough data was collected to adequately assess the

effect of soil temperature on nitrification in this study. For instance, soil
temperatures were not measured in 1992.

Greater demand for available N by soil microorganisms is a probable

cause for the lower soil nitrification rates under cut-slash locations during
growing season periods. Under cut-slash the large inputs and accumulations
of litter from cut trees increased carbon content and C/N values by 43% and

32%, respectively during the study (Table 6.1). The litter deposited under
slash was also of low quality with C/N ratios much greater than those in the

soil. Carbon/N values were 55:1 in juniper needles and 240:1 in the wood

149

(Bates et al., 1996a), whereas C/N values ranged from 11:1 to 14:1 in cut-

slash soils. The input of litter with C/N ratios greater than 20:1 to 30:1
generally results in increased demand for N by soil microbial populations
(Richards, 1987). In several studies, NH4+ and NO3- immobilization by soil

microbes has been found to be substantial in forests with high litter C/N ratios

(Schimel and Firestone, 1989; Davidson et al., 1992) and by the addition of
fresh litter substrates (Jones and Richards, 1977).

The spatial patterns of nitrification in woodland-duff and woodland
interspace locations were very similar to the relationships between cut-slash

and cut-interspace discussed above. In woodland duff locations, where
temperatures were lower and fresh litter inputs greater, nitrification was less

than the woodland-interspaces, particularly in 1992 (Fig 6.7A). This was an
unexpected result. Other research in semi-arid plant communities have found
greater N mineralization, nitrification, and larger inorganic N pools in soils
under shrub and tree canopies (Charley and West, 1975; Klopatek, 1987;

Bolton et al., 1990). However, these studies were conducted under controlled
laboratory conditions (constant temperatures and moisture conditions), where

the potential of soils to supply inorganic N is estimated (Charley and West,
1975; Klopatek, 1987; Bolton et al., 1990). Soil samples used in the

laboratory incubations were sieved, thereby destroying soil structure. The
destruction of soil structure often increases the amount of organic N that is
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mineralized (Raison et al., 1987). The disruption of soil structure in other
studies may disproportionately increase N mineralization in soils with greater
organic carbon such as found in canopy/duff influenced locations relative to
interspace locations.

There were distinct seasonal trends in N availability which were

consistent across all treatment locations. Peak inorganic N pool levels and N
mineralization occurred during the growing seasons periods (Fig. 6.7A). The
principle differences between the growing seasons were that net nitrification

and N mineralization rates, and inorganic N pools were significantly greater in
1992 than in 1993. Over the winter of 1992-93 there were relatively high
levels of available soil N immobilized and/or lost from the soil (0-10 cm).
Differences in N availability between the 1992 and 1993 growing
seasons appear to have resulted from disparities in spring-summer climatic

conditions. Although soil water content was not correlated with N
mineralization (Fig 6.8), the influences of moisture and temperature on plant
production and subsequent litter production undoubtedly effected microbial
activity and soil N dynamics.

Dry soil conditions during most of 1992 limited plant growth and litter
production. Low amounts of litter production may have resulted in an energy
deficiency reducing microbial demand for N and increasing the release of
inorganic N. Poor growing conditions for some microbial populations (high

151

temperatures and dry soils) may also have resulted in a microbial die off.
Grazing of dead microbial biomass by soil fauna during drought periods has

been demonstrated to increase N mineralization (Ingham et al. 1987). In
several studies, microbial biomass has been demonstrated to contribute
substantial amounts of N and other nutrients to available soil pools (Marumoto
et al., 1982; Paul, 1984)
It was apparent that high rates of nitrification occurred under very dry

soil conditions (< -1.5 MPa - about 16 % moisture) in 1992. Other studies
indicate that under dry soil conditions nitrification may increase (Birch 1960;

Fisher et al. 1987). During dry periods, disruption of soil aggregates may
increase exposure of organic matter to microbial attack, thereby increasing N
mineralization (Birch 1960; Bottner 1985).

In 1993, soils remained near field capacity from late winter into mid-

June and air temperatures were cooler than in 1992. Above ground
herbaceous plant biomass and litter production were significantly greater in
1993 than in 1992 due to improved spring soil moisture conditions (Bates et
al., 1996c). The improved growth conditions probably increased production
and turnover of fine roots. The priming effect of increased amounts of fresh
litter (C) substrates may have increased microbial demand for N resulting in
the lower nitrification and net N mineralization levels in 1993.

Improved

microbial growing conditions and increased root turnover have been
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demonstrated to increase N immobilization in grassland soils in Wyoming

(Ingham et al. 1987). Fisher et al. (1987) reported reduced N availability
when soils were wetted after prolonged dry periods.
In the winter of 1992-93, there was a high correlation in inorganic N
losses between ambient and incubating soils (Fig. 6.9), particularly for NO3 ,
suggesting that the losses (or transformations) in inorganic N were regulated

by a single pathway. Pathways of inorganic N removal from soils during the
winter include volatization of ammonia (NH3), denitrification, plant uptake,
leaching (primarily NO3 ), and microbial uptake. It is unlikely that ammonia

volatization accounted for a major portion of the N losses. Ammonia
volatization is maximized in warm, dry, coarse-textured soils, with pH levels
greater than 7.0, and low cation exchange capacities (CEC) (Nelson 1982;

Haynes, 1986). Some but not all of these conditions occurred in soils on the

study site. Though mildly alkaline (7.4-7.8), soils were composed of finer
textured clay-loams and barns. Cation exchange capacity was not measured
but clays in these soils are mainly composed of montmorillonites, which have

a relatively high CEC (Brady, 1990). Soils were also cold (frequently frozen)
during the winter period (soil temperatures did not rise above 5°C until mid-

April in 1993). The volatization of NH3 from soils comprises a relatively small
component of N loss in natural ecosystems (Keeny, 1980; Schlesinger and
Peterjohn, 1991).
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Plant uptake of inorganic N is also an unlikely possibility of inorganic N
removal during the winter period due to poor growing conditions (dry soils in

the fall and cold winter temperatures). Even if environmental conditions were
optimum for plant growth this would not explain N loss in buried incubation

bags. Plant uptake of inorganic N could not occur in incubated soil samples
since the polyethylene bags are impenetrable to plant roots. Likewise,
leaching of NO3 through the soil profile was not possible because soil
samples were contained in the impermeable polyethylene bags.
Conditions conducive for denitrification to occur may have been
present in ambient soils when they became saturated in late winter and early

spring (February - March 1993). However, soils in the incubated bags were
dry ('4.)

< -1.5 Mpa) throughout the winter period.

Interestingly, despite

differing soil water conditions between ambient and incubated soils, there
were significant correlations found between the changes in NO3- and
NH4+pools in ambient soils and net negative nitrification and ammonification

levels in the incubated bags, respectively, over the winter period (Fig. 6.9A &

B). These results suggest that denitrification was probably not a major factor
for the reduced soil NO3 levels. The potential for denitrification in western
juniper soils also appears to be limited. Measurements of soil denitrification
rates and potentials were found to be low in western juniper woodlands in
central Oregon (Vermes and Myrold 1991).
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It is hypothesized that the reductions in inorganic N over the winter of

1992-93 were mainly a result of reimmobilization of N by soil microbes. The
immobilization of N, particularly following the development of high inorganic N
pools in the summer of 1992, would be an important process whereby N is

conserved within this system. Greater rates of juniper needle decomposition
during the winter period compared to the growing season (Bates et al.,
1996a), would seem to indicate increased microbial activity, possibly resulting
in greater demand for N and depletion of inorganic N pools.

SUMMARY AND CONCLUSIONS

One objective of the study was to evaluate the effects of cutting juniper

woodlands on the nitrogen dynamics of the site. Tree cutting was effective in
increasing inorganic N levels and N mineralization in cut-interspace locations
in the first year of the treatment. In the second year of the treatment, cut-duff
locations had higher rates of N mineralization and nitrification than other cut

and woodland locations. Nitrogen availability was significantly lower under
cut juniper slash, primarily as a result of reduced nitrification rates. In
general, net N mineralization, particularly nitrification, was greater in
interspace locations (both treatments) and cut-duff locations where soil
temperatures were greater and additions of fresh juniper needle the lowest.
Nitrification was reduced in locations with cooler soil temperatures and inputs
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of fresh N poor needle litter (cut-slash and woodland-duff locations). It is
hypothesized that N demand by decomposers was high as a result of large
inputs of N poor litter under cut-slash and woodland-duff locations, thus
limiting the activity of nitrifying bacteria.

Although there was generally little difference in N availability between
treatments (except cut-duff locations) in 1993, N content and biomass N were

significantly greater for understory plants in the cut treatment than in the

woodland treatment (Bates et al., 1996c). Cutting obviously reduces
competition by juniper for N and other soil resources, permitting greater
understory plant growth and N nutrition.

There was high seasonal and yearly variability in N dynamics of the

site. Although variable, seasonal trends, such as peaks in N mineralization
and levels of organic N or high negative mineralization levels followed similar

patterns across all treatment locations. The similarity in N availability trends
and patterns suggests a similar casual factor or factors effecting N and

microbial dynamics across the site. Additional research is needed to better
understand microbial and soil fauna influences, and climatic effects on N
transformations in western juniper woodlands.
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LITTER DECOMPOSITION AND N DYNAMICS IN
CUT AND UNCUT WESTERN JUNIPER
(Juniperus occidentalis ssp. occidentalis) WOODLANDS

ABSTRACT

The increased dominance of western juniper in sagebrush grassland
communities may lead to reduced nutrient availability due to increasing
nutrient accumulation and retention in aboveground juniper biomass. The
objective of the study was to determine if the felling of trees would stimulate

greater rates of juniper litter decomposition and increase the release of litter
N. Litter bags were used to estimate litter decomposition and track C and N
fluxes over a two-year study period in cut and uncut juniper woodlands. Litter
decomposition was 37% greater in the cut treatment th6n in the woodland.
Greater litter inputs and higher litter quality from juniper slash was theorized
to have caused a priming effect, resulting in the higher decomposition rates in

cut woodlands. The increase in litter decomposition in the cut treatment did

not result in an earlier release of litter N. Apparently, N was limiting for
decomposers under juniper slash resulting in the importation and

immobilization of litter N. The retention of N in litter in the early stages
following cutting may serve as an important sink that conserves N within a

site. In the woodlands, 20 % of litter N was exported, indicating that N was

not limiting during decomposition. Results also indicate that there is no fixed
C/N ratio determining the timing of N release from juniper litter. Continued
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decomposition of juniper litter in the cut treatment is expected to result in
mineralization of N and other nutrients. Leaving slash in place as a source of
nutrients may be important in continued vegetative recovery in the cut
woodlands.
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INTRODUCTION

The rapid expansion of western juniper (Juniperus occidentalis spp.

occidentalis) woodlands into sagebrush-grasslands in the past 100 years has
resulted in a reduction of the understory component (Miller and Wigand,
1994) and the concentration of soil nutrients and litter beneath tree canopies

(Doescher et al., 1987). Interspace soils are depleted of nutrients (Doescher
et al., 1987) and become increasingly exposed to weathering and erosion due

to reduced vegetative and litter cover. The litter substrate also shifts from a
composition of herbaceous and shrub leaf detritus to primarily juniper needle

litter. Changes in litter and nutrient distributions, and in the type of litter
substrate is likely to effect decomposition and nutrient cycling in the western

juniper ecosystem. Such functional changes in nutrient cycling may ultimately
influence restoration potentials of juniper dominated sites and long-term
productivity in these systems.
In other temperate and semi-arid coniferous systems nutrient

availability often decreases during secondary succession as a result of
increased accumulations of labile nutrient pools in living and dead biomass

(Gosz, 1980; Vitousek, 1985; Pearson et al., 1987; Tiedemann, 1987). Litter
produced by conifers often has high carbon/nutrient ratios resulting in
decreased decomposition rates and slower cycling of essential plant nutrients
through the system (Gosz, 1981; Fahey, 1983; McClaugherty et al., 1985;
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Pearson et al., 1987). In lodgepole pine forests (Pinus contorta) the release
of nitrogen (N) from decomposing needle litter may take as long as five years
(Yavitt and Fahey, 1986) and residence times of decomposing litter averages

around 18 years (Fahey, 1983). Previous studies have demonstrated
manipulation of the overstory by tree cutting in coniferous forests can speed
litter decomposition rates and release of nutrients (Edmonds, 1979; Binkley,
1984; Klemmedson et al., 1985).

The buildup of needle litter is characteristic during western juniper
succession (Young et al., 1984), suggesting slower litter decomposition and

slower release of essential nutrients relative to sagebrush-grassland plant
communities. The objective of this study was to test the hypothesis that litter
decomposition slows during juniper succession. A field study examining
detrital dynamics was initiated in cut and uncut western juniper woodlands on

Steens Mountain in southeastern Oregon. Cutting of juniper woodlands is a
common management practice used to restore areas to earlier successional

sagebrush-grassland plant communities. Litter mass loss, litter
decomposition rates, and litter carbon (C) and N dynamics were assessed
and compare between the cut and uncut juniper woodlands.
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METHODS

Site Description
The study was carried out on Steens Mountain in southeast Oregon,

approximately 9.5 km south of the town of Diamond. The study site is located
on a west-facing, 22 % slope, at an elevation of 1500 m. The site is
dominated by a 80 year old, fully developed western juniper woodland.
Juniper canopy cover is approximately 24 % and tree density (> 2 m in height)
averages 220 trees ha-1. Understory plant cover is less than 3 % with most of

the interspace area exposed soil. Long-term precipitation from the nearest
recording station at Frenchglen (elev. 1300 m), 25 km to the southwest,

averages 30 cm annually. Approximately 90% of annual precipitation is
received from November to June.

The soils on the site are classified as clayey-skeletal, montmorillonite,

frigid, Lithic Agrixerolls. Soils are shallow, 40 to 55 cm deep, and are
underlain by thick cemented ash layer of rhyolite or rhyodacite composition,

which date from the Miocene era (Walker and Mcleod, 1982). Soil pH (0-10
cm) in the interspace soils is 7.5 and under tree canopies 7.8. In the
interspace soils (0-10 cm) are clay-loam in texture and under tree canopies

soils are loamy in texture. Bulk density of the soils are approximately 1.0 in
both the interspace and canopy locations. Organic matter concentration in
the top 10 cm of the soil profile averages 3.1 % in the interspace and 5.1 %

168

under tree canopies. Woodland litter is primarily composed of juniper needle
litter located beneath tree canopies, and sagebrush skeletons. Litter mass of
juniper needles averages 10,225 kg/ha.

Experimental Design

The study was conducted as a randomized block design, consisting of
two treatments, cut and uncut western juniper woodland, replicated eight

times. Eight, 0.8-ha blocks were layed out in a relatively contiguous fashion
(north to south) along the ridge slope in June, 1991. In August 1991 junipers
on one half of each block were felled using chainsaws. Juniper slash was left
on the plots that were cut. The litter decomposition trials began in
September, 1991 and were concluded in September, 1993.

Litter Decomposition Measurement
In this study, the litter bag method, as applied by Weigert and Evans

(1964), was used to estimate decomposition of juniper needle litter. The
decomposition trial extended over a two-year period from September 23, 1991

to September 22, 1993. Litter bags, measuring 10 x 20 cm, were constructed
from plastic screening with a mesh size of 1 mm2. This mesh size was chosen

in order retain juniper needle litter within the bag during the decomposition
period. Litter substrate used in the study consisted of dead juniper needles

that were still attached to trees. This needle litter was red-brown in color and
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had nitrogen concentrations of 0.49%. The C/N of this litter was 115:1.

Collection of the needles involved shaking and/or stripping needles from tree
branches into a collection bag. Twenty-five grams of dried juniper litter was
placed in each bag. Numbered aluminum tags were placed in each bag for

identification purposes. Litter bags were sealed by sewing the ends together
with nylon thread. The litter bags were then returned to the field for the trial
period.

Forty-eight litter bags were placed on each block - 24 on each cut plot
and 24 on each woodland plot - in September, 1991 (A total of 192 litter bags

in per treatment). Litter bags were placed in areas receiving the most litter
inputs. In the cut treatment, litter bugs were placed directly on the soil
surface beneath juniper slash. In the woodland treatment, litter bags were
placed in the Oi horizon in the litter layer under tree canopies midway between

the dripline and tree bole. Litter bags were nailed to the ground to prevent
bags from being moved by rodents and/or overland flow events. In the cut
treatment, litter bags were lightly covered with fresh (green) needle litter (C/N
ratio of 50:1) from the cut trees. In the woodlands, bags were covered by the

same needle litter as was placed in the litter bugs. Covering the bags served
to camouflage them from rodent disturbance. Despite camouflaging of the
litter bags, approximately three percent of the litter bags were found and
destroyed or carried off by jack rabbits, ground squirrels, and pack rats.
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Four bags were collected from each plot on three dates (May, 1; July,

16; September, 22) in 1992 and 1993. Following retrieval from the field the
litter bags were dried at 48 °C to a constant weight, then weighed to
determine mass loss and to calculate litter decomposition rates and residence

times. Following weighing, litter samples were ground in a Cyclone Sample
Mill (UDY Corp., Fort Collins, CO) for chemical analysis and determination of
ash content. Carbon and N content of the litter subsamples (1.5 - 2.5 mg)
were determined using a Perkin-Elmer 2400 Series II CHNS/O analyzer.

Chemical analysis of litter was used to provide an index of changes in litter

quality (C/N), and C and N dynamics during the trial period. Needle litter
subsamples (2 - 3 g) were combusted at 500 °C for eight hours to correct for
ash content.
Gravimetric soil water (0-10 ) cm was measured each month from late

March until September each year and periodically during fall and winter
months. Due to different soil textures under cut-slash and woodland tree
canopies, soil moisture contents were converted to soil water potentials (Ilisco).

Soil water potentials were estimated using a pressure plate apparatus by the

Soil Physics Laboratory at Oregon State University, Corvallis. Soil
temperatures at a 5 cm depth were recorded approximately bi-weekly during

the 1993 growing season (April - September).
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Statistical Analysis
Litter dry matter loss, decomposition decay constants (k), residence
times (Re), N and C content, C/N ratios, and gravimetric soil water (0-10 cm)

were analyzed using two-way analysis of variance (ANOVA) with time and

treatment as main effects. When variables interacted with time we analyzed
the data by sampling date using a one-way ANOVA with treatment as the

main effect. Due to missing data (lost or destroyed bags), ANOVA's were
analyzed using a general linear models (GLM) procedure. Regression
analyses were conducted to determine the influence of soil moisture content

on litter decay rates. All statistical analyses were conducted using the SAS

software package (SAS Institute Inc., 1988). When interactions were
significant, multiple comparisons were made using Duncan's New Multiple

Range test (Duncan, 1955). The alpha level in all the analyses was set at p
> 0.05.

Litter dry matter, N concentration, and C content are expressed as a

percent of their original quantities in the analyses, except were noted. Litter
decomposition rate constants (k) were calculated using the negative, single
exponential equation from Olsen (1963);

(1) k=-InX/X0
k : Decomposition constant

,

yr-1

X : Mass of litter at time t
X,: Initial litter mass at time zero
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A main problem in the use of the Olsen single exponential equation is
that litter k is assumed to remain constant over time (Louiser and Parkinson,

1976; Parsons et al., 1990). Litter decay rates rarely remain constant due to
the different chemical components contained in litter substrates. However, for
the purposes of this study, we were more interested in determining whether
cutting western juniper woodland influenced decomposition rather than

construction of decay curves based on differences in the disappearance of
labile and more recalcitrant litter fractions. Mean residence time (Re) of litter
in each treatment was estimated by the inverse of k calculated from the Olsen
equation (Waring and Schlesinger, 1985):

(2) Re= 1/k

Re: Mean residence time, yr
k : Decomposition constant

,

yr'

RESULTS AND DISCUSSION

Dry Matter Decomposition - Treatment Effects
Litter mass loss and decomposition rates on all dates during the study

were significantly greater in the cut treatment than in the woodland treatment
(Fig. 7.1; Table 7.1). There were significant time by treatment interactions for
litter mass loss and decay constants (Table 7.1). This interaction resulted
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Fig 7.1. Changes in litter mass in cut and woodland treatments,
Sept. 1991 - Sept. 1993. Data are in means ± one standard error.
Asterisks (*) indicate significant treatment differences (p < 0.05).
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Table 7.1. Statistical analysis of treatment (Trt - cut or woodland), time (T)
and interaction effects for soil moisture, dry mass loss, decomposition
constant (k), mean residence time (Re), N content (%), and C/N ratio.

Time effects and
Interactions

Main effect
Trt

T

T x Trt

**

**

**

Dry Mass
Loss

**

**

**

k

**

**

N content

**

**

**

C/N

*

**

*

Soil Moisture

N. S.

R

*Indicates statistical significance at p < 0.05. **Indicates statistical
significance at p < 0.001. NS not statistically significant (p< 0.05).
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from the increasing divergence between cut and woodland treatment litter

masses over the course of the study. By the end of the study litter k values
were 1.7 times more negative in the cut treatment than in the woodland

treatment (Table 7.2). Mean residence time of juniper litter was 4.4 years

longer in the woodland than in the cut treatment (Table 7.2). The greater litter
mass loss and higher decay rates in the cut treatment probably resulted from

more favorable microsite conditions for litter decomposition. These microsite
factors include soil moisture, soil temperature, and the quality and amount of
litterfall inputs.

Soil water potentials were significantly less negative in the cut
treatment (except November 1991) than in the woodland treatment in the first

year of decomposition (Fig. 7.2; Table 7.2). During th6 second year of
decomposition there were no differences in Liison until late June 1993. From
late June to September 1993, Wsou was greater in the cut treatment. We

found no significant correlation between litter decay rates and

in either

the first year of decomposition or over the course of the entire study. The lack
of correlation between

and litter decay rates was unexpected. Klopatek

et al. (1995) determined that litter decay in northern Arizona pinyon-juniper
woodlands was influenced by moisture conditions. In other coniferous

systems increased soil or litter water content has resulted in greater needle
litter decay rates (Jansson and Berg, 1985; De Santo et al., 1993).
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Table 7.2. Treatment comparisons for needle mass loss ( %),litter C
remaining (%), litter decay constant (k), residence time (Rt), and litter N
content at the end of the study period, September 1993.

Parameter

Cut

Woodland

Needle Mass Loss
(%)

27.0 + 1.2**

16.9 + 0.9

Carbon Remaining
(%)

74.9 + 1.1**

85.0 ± 0.9

k (yr')
Sept 1991 - May
1992

- 0.188 ± 0.010*

- 0.162 + 0.007

May 1992 Sept 1993

- 0.140 ± 0.008**

- 0.065 ± 0.008

Sept 1991
Sept 1993

- 0.159 ± 0.007**

- 0.093.+ 0.005

Rt (Yr)

6.4**

10.8

N content
% of Original N
remaining
%N

99.1 ± 3.3**

0.67 + 0.03**

80.7 ± 5.1

0.48 + 0.03

* Indicates significant treatment differences (p < 0.05).
** Indicates significant treatment differences (p < 0.0001).
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Possible reasons for lack of correlation between litter decay and soil
water conditions were (a) that the experimental design was not sensitive

enough to characterize any relationships between soil moisture conditions
and litter decay, and/or (b) that litter decomposition in juniper woodlands may

be relatively independent of moisture conditions. Results from other litter
decomposition studies in arid-lands indicated that litter decay is relatively
independent of soil water conditions and is more dependent on the availability
of litter substrates (Whitford et al. 1986; MacKay et al., 1987).

Additional

research is need to better quantify and separate the effects of moisture on
litter decomposition in the western juniper ecosystem.

The measurement of water content within litter bags may have

provided a better predictor of moisture influences on litter decay rates in this
study. De Santo et al. (1993) determined that decay rates of coniferous litter,
particularly in the first year of decomposition, are highly correlated with
moisture conditions in needle litter. In the cut treatment, litter bags were

placed in direct contact with the soil surface beneath the cut trees. The soils
directly under litter bugs in the cut treatment remained moist during the study.
The direct contact between litter bugs and moist surface soils may have
maintained more mesic conditions, which were conducive to increased

decomposer activity and greater litter decay levels. In contrast, litter bags in
the woodland treatments were placed in the Oi horizon beneath juniper

canopies. The 0 horizons of juniper litter have low water holding capacities
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and when dry are highly unwettable (Larsen, 1993). Except in the early
spring of 1993, litter bags in the woodland plots remained dry during the

study. The dry conditions in woodland litter layers may partly explain the
lower decomposition rates in this treatment.

Soil temperatures did not differ between treatments and therefore did
not appear to be a factor that would explain differences in litter decomposition

between cut and woodland treatments. Temperature-soil moisture
interactions are know to influence litter decomposition Ono and Monsi, 1969).

However, due to different measurement dates for temperature and moisture
this relationship was not considered in this study.

Litter inputs and quality were both greater in the cut treatment. In
neither treatment was litterfall measured directly. Nonetheless, some rough
estimates were made of litterfall in the cut and woodland treatments based on

tree needle mass prior to cutting and litter floor mass. Prior to cutting it was
estimated that juniper needle biomass (dry matter) averaged 6,020 kg ha-1.

Needle biomass was estimated using an equation developed by Miller et al.
(1987) that relates basal circumference of western juniper to needle biomass.
Cutting resulted in the deposition of large amounts of green leaf material on
the ground surface, although a majority of juniper needle detritus remained

suspended above ground. By the end of the study however, it was visually
apparent that a high percentage (greater than 75%) of suspended juniper

needles had been deposited on the ground. Assuming 75% of the juniper

180

needles were deposited in the two years following cutting, this would amount

to a total of about 4500 kg/ha of needle litter fall inputs in the cut treatment.
This approximation of needle litterfall mass is probably an over-estimate since
mass loss of needles suspended above ground was not considered.
In the woodland treatment, needle litter fall was estimated using a

steady-state mass balance technique described by Waring and Schlesinger
(1985) that relates litterfall inputs to the decomposition coefficient and the
mass of litter on the forest floor. The equation is described as follows;

(3) Litterfall (kg/yr) = k (Litter floor mass(kg))
k : decomposition coefficient (yr-1)

Needle litter mass in woodland litter layers was 10,225 kg/ha , most of

which was concentrated beneath tree canopies. By multiplying the mass of
needle litter accumulated in the woodland floor by k (from Table 7.2), annual
needle litter fall in the woodland was estimated to be 970 kg/ha/yr.

From

these estimates, needle litter fall was about 2.3 times greater in the cut
treatment compared to the woodland treatment over the two year study
period.

Litterfall in the cut treatment was of higher quality (lower C/N ratio) than

in the woodland due to the freshness of the material, particularly in the early

stages following tree fall. The N content in needle litterfall in the cut treatment
was 1.5 to 2 times greater than the N content of litterfall in the woodlands.
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Needle litter deposited from cut trees would likely have a higher proportion of
more labile and readily decomposable constituents than litterfall in the

woodlands. In the woodlands, a high proportion of nutrients and labile carbon
compounds would be reabsorbed by juniper trees prior to leaf senescence

and abscission. Reabsorption of nutrients is a process common in plants as
means of retaining essential nutrients for further use (Chapin et al., 1985;

Feller and Fischer, 1994). Based on our measurements western juniper in the
woodlands may retranslocate 50 % of its leaf N prior to abscission.

The addition of large amounts of relatively fresh, higher quality litter
may have had a priming effect, stimulating increased decomposition of litter

contained in the litter bags of the cut treatment. Fresh litter inputs increase
the decomposition of soil organic materials (Sorensen, 1974; Dalenburg and

Jager, 1981; Wu et al., 1993). The higher the litter quality (C/N or lignin/N
ratio) the greater the rate of decomposition (Mellilo et al., 1982; Sugai and
Schimel, 1992).

Dry Matter Decomposition - Temporal Effects
In both treatments needle litter k values were significantly more
negative in the first seven months (Sept 1991 to May 1992) of decomposition
than during the rest of the study period (May 1992 to September 1993) (Table
7.2). Litter tends to have higher initial decomposition rates as more labile

compounds (e.g., soluble carbohydrates, proteins) are decomposed relatively
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quickly (Anderson, 1973; Lousier and Parkinson, 1975; Schlesinger, 1985;

Parsons et al. 1990). In later stages of decomposition litter disappearance is
reduced because more recalcitrant litter materials (eg., lignin and cellulose)
are decomposed at slower rates (Schlesinger, 1985; Parsons et al. 1990).
Although dry matter decomposition rates decreased after May 1992, litter
decay was relatively linear in both treatments over the course of the study.
Simple linear regressions with time as the independent variable and the

percentage of initial dry mass remaining as the dependent variable fit the data
well in both cut and woodland treatments (Fig 7.3).

The decomposition rates of western juniper needle litter in both cut and
woodland treatments were among the lowest that have been reported in semi

arid, arid, and temperate forest species (Table 7.3). Comparable litter decay
constants have been measured in ponderosa pine (Pinus ponderosa) forests
in California (Hart et al., 1991) and Californian chaparral systems

(Schlesinger, 1985). In contrast to the measurements made in the western
juniper woodland, leaf litter decay in big sagebrush (Artemisia tridentata)
systems has been found to be quite rapid (k < - 0.60), with most litter
disappearing within two years following leaf abscission (Murray, 1975;
Comaner and Staffeldt, 1979).

If the litter decay coefficients reported here

are representative of western juniper and sagebrush systems, then it appears
likely that ecosystem nutrient cycling may be arrested during succession from
sagebrush-grassland to western juniper woodlands.
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Fig 7.3. Correlation between percent dry mass remaining (DM)
and time (T) in cut and woodland treatments, Sept. 1991 - Sept.
1993. Each point represents 32 observations.
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Table 7.3. Litter decomposition constants (k) of forest and semi-arid species
in the western United States and Canada.

Species and Location

Timea
(yrs)

kb
(yr-1)

Reference

Populus tremuloides
Alberta

1.4-6.3

-0.11 to
-0.48

Louiser and
Parkinson (1976)

1

- 0.24

Klemmedson et
al. (1985)

2.8

- 0.37

Pinus ponderosa
Arizona - clearcut

Arizona - forest

1

- 0.20

2.8

- 0.17

2

- 0.19

2

- 0.08

Oregon - Woodland

2

-0.16

Oregon - Cut

2

-0.09

Washington

2

-0.60

Murray (1981)

Nevada

1

-0.69

Comaner and
Staffeldt (1979)

1

-0.80

Whitford et al.
(1986)

-0.34 to 0.06

Schlesinger

California - young

California - old

forest

forest

Hart et al. (1992)

Juniperus occidentalls

This study

Artemisia tridentata

Larrea tridentata
New Mexico
Salvia mellifera
California

1-3

(1985)
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Table 7.3, continued.

Species and Location

Time'

kb

(yrs)

(yr1)

1

-0.17 to
-0.33

2

-0.21 to
-0.35

3

-0.12 to
-0.14

Reference

Pinus contorta
Wyoming

Yavitt and Fahey
(1986)

a - Time indicates the length of the study period.
b - When nessesary k was estimated from the published data using the Olsen (1963)
equation where k = In (X/Xo)
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Carbon and Nitrogen Dynamics
Carbon losses in litter followed patterns similar to dry matter losses in

each treatments (Fig. 7.4). Greater amounts of carbon were mineralized in
the cut treatment than in the woodland treatment. The change in C mass over
time was relatively linear, with an r2 of 0.84 in the woodland and 0.98 in the

cut treatment. Carbon as a percentage of dry matter, however, did not
change over time, remaining, on average 54 % (ash free weight basis) in both

treatments. Carbon/nitrogen ratios were significantly lower in the cut
treatment than in the woodland (except for September 1991 and July 1992 

May 1993) (Fig. 7.5C). In both treatments C/N ratios decreased during
periods of N accumulation and increased during periods of N export.

Litter N content was varied over time in both treatments. Nonetheless,
by the end of the study two trends were apparent. In the cut treatment, litter N
increased in the first year of decomposition, although by the end of the study,

litter N content was about the same as its initial content (Fig. 7.5A). In the
woodland treatment litter N content tended to decrease over the course of the

study (except between May and July 1992). These results may indicate that
N was immobilized in litter in the cut treatment and mineralized and released

from litter in the woodland. The increase in N content in litter in the cut
treatment was not unexpected. Nitrogen accumulation in litter, particularly in
the early stages of decomposition, has been reported in a number of
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ecosystem studies (McClaugherty et al., 1985; Klemmedson et al., 1985;
Yavitt and Fahey, 1986).

The concentration of N in litter was significantly greater in the cut
treatment than in the woodland treatment, except for July 1992, (Table 7.1;

Fig 7.5B). Over the course of the study litter N concentration increased by
about 33 % in the cut treatment. In the woodland treatment N concentration
in litter decreased slightly by the end of the study (Fig 7.5C).

The accumulation of N in litter in the cut treatment (Sept. 1991 - July
1992; May 1993 - Sept 1993) and in the woodland (May 1992 - July 1992) is
speculated to have resulted from microflora importation of N from surrounding

substrates. When N is limiting during litter decomposition, microbes not only
immobilize N in litter but also import N from surrounding media. Nitrogen
importation, particularly by fungi, during litter decomposition has been

suggested by Fahey et al. (1985) and Berg and Ekbohm (1983). Nitrogen
transport between litter substrates by microbes has been documented in

ponderosa pine forests in California (Schimel and Firestone, 1989). Other
pathways for litter N increases are deposition of N leached from juniper slash

and tree canopies, and atmospheric N deposition. Nitrogen leached from
juniper slash was not considered in the study; however, Young et al. (1984)
reported that NO3 - N leached from western juniper tree canopies is extremely

small and not a significant part of the N cycle. Atmospheric N deposition,
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based on West's (1979) estimates for semiarid lands, could account for only a
small percentage of N accumulation in this study.

Nitrogen content decreased in both treatments during the winter of

1992-93 (Fig. 7.5B). Nitrogen release during this period may have resulted
from microbial transfers of N and/or leaching of N in snowmelt and rain.
Precipitation in the winter and early spring of 1992-93 was above average,

which would facilitate N leaching from litter. Yavitt and Fahey (1985)
measured significant N losses from snowmelt in lodgepole pine forest floor.
The early and continued export (except May to July 1992) of litter N in

the woodlands was unexpected (Fig 7.5B-C). Some of the N export in the
woodland was probably due to leaching; however, dry conditions in litter
during most of the study suggests that N was exported but of litter bags by

microorganisms. The faster release of litter N in the woodland treatment
indicates that N was not limiting during litter decomposition. In other
coniferous forest systems it often requires several years before N is exported
from recently deposited litter. In lodgepole pine forests the release of N from
decomposing needle litter may take as long as five years (Yavitt and Fahey,

1986). Nitrogen accumulates in recently deposited ponderosa pine litter for
two to three years before being released (Klemmedson et al., 1985; Hart et
al., 1992).

In our study, N was released from litter in the woodlands at relatively
high C/N ratios (> 90:1), while in the cut treatment N tended to remain
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immobilized (or accumulate) at lower C/N ratios ( < 90:1). The results in this
study support Berg and Ekbohm's (1983) conclusion that there is no fixed C/N

ratio determining net N mineralization or immobilization in litter. Berg and
Ekbohm (1983) also reported that N was released at higher C/N ratios in a
mature forest compared to a forest clearcut.

SUMMARY AND CONCLUSIONS

Decomposition of juniper needle litter was greater in cut western

juniper woodlands compared to uncut woodlands. Greater litter inputs and
higher litter quality from juniper slash was theorized to have caused a priming

effect, resulting in the higher decomposition rates in cut woodlands. The
faster decomposition in the cut treatment did not speed the release of litter N.
Nitrogen tended to accumulate in litter in the cut treatment, although at the
end of the study N content was approximately equal to its original content.

Others have noted that increases in litter decay rates can result in greater N
accumulation (Bosatta and Staaf, 1982; Aber and Mellilo, 1982). It is

suspected that N was limiting for microbes under juniper slash resulting in the
importation and immobilization of N in juniper litter. The accumulation and
retention of N in litter may also be important in conserving N and reducing N
losses from cut woodlands.

Despite retention N in juniper litter there was no indication that N was

limiting for plant growth in the cut treatment. Herbaceous plants in the cut
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treatment had significantly greater N concentrations and total biomass N

content than plants in the woodland treatment. In 1993, N content in
herbaceous plants totaled 6.2 kg N ha-1 in the cut treatment compared to just
0.72 kg N ha-1 in the woodland treatment in 1993 (Bates et al. 1996a).

The release of litter N in the woodland treatment indicated that N was

not limiting during decomposition in litter bags. Any nitrogen released for
plant uptake would primarily be taken back up by juniper due to lack of
understory, particularly under tree canopies.
Litter decomposition and N release in cut and woodland treatments
was relatively slow when compared to decomposition processes in

communities dominated by sagebrush/grassland. However, in the cut
treatment the continued decomposition of juniper litter is expected to result in

mineralization of N and other nutrients. Leaving slash in place as a source of
nutrients may be important in continued vegetative recovery in the cut

woodlands. Removal of juniper slash, such as by burning, may result in
substantial nutrient loses and may slow vegetative recovery.
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CHAPTER 8

SUMMARY AND CONCLUSIONS

The expansion of western juniper into more productive plant
communities has affected the productivity and composition of semi-arid

rangelands in the northern Intermountain region. Succession to juniper
dominated communities have been shown to: (1) reduce understory

productivity, diversity, and carrying capacity; (2) increase the concentration of
nutrients in soils beneath juniper canopies; and (3) reduce soil moisture

availability and moisture storage. Quantitative evidence is however lacking in
regards to the effects of western juniper to understory productivity and
nutrient cycling and the effects of tree removal on understory succession and

nutrient dynamics. The purpose of this study was to investigate understory
productivity, plant diversity, N availability, soil water availability, and litter
decomposition in cut and uncut juniper woodland.
Cutting of western juniper was found to positively effect the herbaceous

component of this site. By the second growing season following cutting, total
understory biomass was 8.7 times greater in the cut treatment than in the

woodlands. Understory cover and diversity were 300 % and 160% greater,
respectively, in the cut treatment compared to the woodland in the second

post-treatment year. The positive response of the understory to juniper
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cutting is attributed to reduced below-ground competition for soil moisture
and nitrogen. Leaf water potentials were less negative and soil moisture was

greater in the cut treatment than in the woodlands in both 1992 and 1993. In
1993, N concentration and biomass N were greater in the cut treatment.
Nitrogen in herbaceous biomass totaled 6.2 kg N ha-1 in the cut treatment
compared to just 0.72 kg N ha-1 in the woodland treatment.

Juniper woodland dominance reduced the species diversity of

understory plants. The woodland sites were mainly dominated by Sandbergs
bluegrass and pale allyssum. Following tree cutting the number and diversity
of herbaceous species increased by 80% and 60%, respectively, by 1993.
Understory succession was largely determined by the initial species
assemblages present on the site prior to cutting. Although cover of annual

plants increased following cutting, perennial grasses (Thurber's needlegrass,
bluebunch wheatgrass, squirreltail, and Sandberg's bluegrass) tended to

dominate the early stages of succession. Pre-treatment perennial grass
densities of 2 to 3 plants m-2 were sufficient for bunchgrasses to recover and

dominate the understory component. The results indicate that understory
response may be qualitatively predictable based on initial floristics of a site
prior to treatment. Uncertainty in predicting understory response, however,
will be introduced by lack of knowledge of: (1) the quantity and composition of
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seed bank reserves; (2) understory seed production following release from
overstory competition; and (3) post-treatment climate conditions.
Results from this study demonstrated that restoration of woodland sites
requires patience. It may take one or more years for understory species to

respond to the removal of juniper. The delayed response may occur due to
inadequate spring moisture for growth as occurred in 1992, low plant vigor,

low seed production, and low seed bank reserves. Additional research is
required to develop models that assist land managers in predicting understory
response and successional pathways following tree cutting (and other
treatments) across a variety of woodland dominated sites.
Understory species in juniper woodlands displayed strong location

dependence. Cover (basal and canopy) and density of sandberg bluegrass
and bottlebrush squirreltail, and canopy cover of annual forbs were greatest in

duff locations. The density and cover of perennial grasses, and total
densities of perennial forbs, pale allysum, and microsteris were greatest in
interspace locations. Slash locations tended to have the lowest overall
understory cover and plant density values.

Juniper slash had both positive and negative effects on understory

species. Species characteristic of interspaces were reduced in density under
juniper slash, although plants that survived or established grew larger than

their counterparts in the interspaces. Species increasing in both density and
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cover under slash were plants characteristic of duff locations and whose

seeds are typically wind dispersed. In both slash and duff locations juniper
litter appeared to be more effective in trapping wind dispersed seeds than

interspaces. The establishment of these species in slash and duff areas was
probably enhanced by increased availability of soil moisture and/or nutrients.

Juniper slash was effective at increasing water storage on the site. Possible
causes for the higher soil moisture content under slash compared to
interspace soils were not investigated but may result from reduced evapo
transpiration and/or increased infiltration.
In cutting projects, removal or more effective scattering of juniper slash

could be considered in order to retain bunchgrass species characteristic of

the interspace locations. Removal of juniper slash should also be carefully
evaluated. For instance, burning slash immediately after cutting may: (1) kill
preferred species due to high heat fluxes into soils caused by the heavy fuel
loads; (2) open up these areas to invasion by undesirable annuals such as

cheatgrass; and/or (3) result in substantial losses of carbon and nutrients via
volatization.
Retaining juniper slash is important in perennial grass seedling

establishment. Preliminary analysis indicates that perennial grass seedlings
were 1.5 times as numerous under slash than in interspace and duff locations.

Amelioration of temperature extremes, increased availability of moisture under
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slash, and entrapment of wind blown seeds (especially bottlebrush

squirreltail) are likely factors in the higher seedling numbers under juniper
slash.

Tree cutting was effective in increasing inorganic N levels and N

mineralization in cut-interspace locations in 1992, the first year of the
treatment. In 1993, the second year of the treatment, cut-duff locations had
the greatest rates of N mineralization and nitrification than other cut and
woodland locations.

Nitrification was greatest in interspace locations (both treatments) and
cut-duff locations where soil temperatures were highest and additions of fresh

juniper needles the lowest. Nitrification was lowest in locations with cooler
temperatures and inputs of fresh N poor needle litter (cut-slash and
woodland-duff locations). It is hypothesized that N demand by decomposers

was high as a result of large inputs of N poor litter under cut-slash and

woodland-duff locations, thus limiting the activity of nitrifying bacteria. In the
cut treatment, the high demand for N by decomposers was indicated by the
accumulation of N in litter during decomposition.

Although there was generally little difference in N availability between
treatments (except cut-duff locations) in 1993, N content and biomass N were
significantly greater for understory plants in the cut treatment than in the

woodland treatment. The greater uptake of available N by plants in the cut
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treatment demonstrates the effect of reduced belowground competition from
juniper.
Although variable, seasonal trends, such as peaks in N mineralization

and levels of organic N or high negative mineralization levels, followed similar

patterns across all treatment locations. The similarity in N availability trends
and patterns suggests a similar casual factor or factors effecting N and

microbial dynamics across the site. Additional research is needed to better
understand microbial and soil fauna influences, and climatic effects on N
transformations in western juniper woodlands. Experiments using N15 as a

tracer would be useful in developing a better understanding of microbial and
organic matter influences on soil N dynamics in juniper woodlands.
Litter decomposition was 37% greater in the cut treatment than in the

woodland. Greater litter inputs and higher litter quality from juniper slash was
theorized to have caused a priming effect, resulting in the higher
decomposition rates in cut woodlands. The increase in litter decomposition in
the cut treatment did not lead to earlier release of litter N as hypothgesized.
Apparently, N was limiting for decomposers under juniper slash resulting in

the importation and immobilization of litter N. However, the retention of N in
litter in the early stages following cutting may serve as an important sink that
conserves N within a site.

204

In the woodlands, 20 % of litter N was exported, indicating that N was

not limiting during decomposition. Any nitrogen released for plant uptake
would primarily be taken back up by juniper due to lack of understory,

particularily under tree canopies. Results also indicate that there is no fixed
C/N ratio determining the timing of N release from juniper litter.
The continued decomposition of juniper litter in the cut treatment is

hypothesized to eventually result in increased mineralization and availability

of N and other nutrients. Thus, leaving slash in place as a source of nutrients
may be important in continued vegetative recovery in cut juniper woodlands.

Research investigating longer term litter decomposition and nutrient release
in cut woodlands and there effects to plant growth and succession are
needed.
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Appendix I. Precipitation and temperatures of the study site and nearby
weather stations. Precipitation totals are for the water year (Oct 1 Sept. 30),
except in 1992 for the study site.

Weather
Station

Study Site

Year

Precip
(cm)

Temp
Max

Temp
Min

(°C)

(°C)

(°C)

April

0.2

12.2

20.0

4.8

May

0.5

16.0

24.6

7.6

June

7.9

17.0

25.1

9.8

July

2.1

19.2

27.7

11.3

Aug.

0.0

21.3

29.8

12.9

Sept.

0.5

16.1

24.0

8.2

Total

11.2

Oct
March

11.0

April

9.7

6.6

13.0

0.5

May

5.1

13.1

19.8

6.5

June

8.9

13.2

19.8

6.5

July

1.3

14.9

22.4

7.3

Aug.

1.5

17.1

25.0

9.8

Sept.

0.0

16.1

24.0

8.2

Total

50.8

Total

19.9

19911992

Total

19.3

92-93

Total

34.7

1992

19921993

MWR HQ

Month

Temp
Avg

19901991

Avg precip =
25.0 cm

MWR HQ Malhuer Wildlife Refuge Headquarters

