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Understory species associations and their association with tree

species were examined on three intensively studied stands. We

studied the chronosequence of understory species associated with

different aged singleleaf pinyon (Pinus monophylla Torr. and Frem.)

trees. Mid- to late pinyon-juniper understory succession was found

to be more spatial than floristic in nature. Plants of the same

species but occurring on different soil microsites responded

differently to increasing tree competition. Succession was a plant

by plant process rather than a linear replacement series of species

at the population level.

Phytosociological changes were documented following tree

harvesting on 15 widely separated singleleaf pinyon-Utah juniper

(Juniperous osteosperma [Torr.] Little) stands. Pre- and post

harvest plant assemblages from the same site appeared in the same

phytosociological groupings 80% of the time as defined by

discriminate analysis. We suggest initial post harvest response was

short term cyclic rather than successional and therefore more

predictable.

Post harvest seed rain suggested understory species



have increased reproductive potential following tree harvest and can

rapidly reoccupy disturbed sites. Survival strategies of individual

species determined the quantitative character of seed rain Seed

rain and subsequent seedling establishment were not the primary

causes of increased understory cover following tree harvest.

Remnant plants provided the initial cover increase.

Post harvest cover rapidly increased for two years on the three

intensively studied sites, but rate of increase declined during the

following two year period. Soil microsites associated with the tree

canopy produced greater grass yields than soils in the interspace

between trees. Percent nitrogen and phosphorus increased in most

grass species following tree harvest. Because of increased soil

nutrient concentrations under the tree canopy we anticipated higher

nutrient level in associated grass plants, but were unable to

demonstrate this difference because of the dilution effects from

increased yields.

Soil nutrients were concentrated under the tree crown but were

not distributed similarly with depth. Mineralizable-N, PO4, Zn, Mn,

Cu, and Fe, accumulated in surface horizons. Total soluble salts,

Ca, Mg, Na, and K accumulated in subsurface horizons. Nutrient

enrichment in soils under the canopy was suggested to confer a

competitive advantage to the tree species.
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PREFACE

This research was conducted because of the mutual interest by

the faculty of the Rangeland Resources Department of Oregon State

University and the U. S. Forest Service, Intermountain Forest and

Range Experiment Station on the subject of pinyon-juniper ecology.

Basic ecological information was needed by the Forest Service to

predict and interpret management impacts on woodland resources.

The research was conducted at two levels of intensity: (1) an

extensive level where post harvest understory response was observed

across 15 widely separated pinyon-juniper stands and (2) an

intensive study of three sites for understory associations,

distribution patterns, forage quality and associated soil nutrient

patterns. The research was divided into 5 segments and is presented

in the 5 chapters of this dissertation.

Initial research documented understory-overstory relationships

in undisturbed stands (Chapter I). Post harvest understory response

including seed rain was then recorded for a 2-to-4 year period

(Chapters II and III). Changes in forage quality and quantity among

harvested and nonharvested plots were compared on the three

intensively studied sites and related to the nutritional needs of

livestock and deer utilizing the area (Chapter IV). To explain

expected differences in yield and nutrient content of forage growing

on different soil microsites we examined the distribution of soil

nutrients under and adjacent singleleaf pinyon (Chapter V).

As of May , 1984 all chapters have been through or are
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UNDERSTORY RESPONSE TO TREE HARVESTING

IN PINYON-JUNIPER WOODLANDS

INTRODUCTION

Harvesting of singleleaf pinyon (Pinus monophylla Torr. and

Frem.) and Utah juniper (Juniperus osteosperma [Torr.] Little) to

fuel burgeoning mining smelters in the late 1860's denuded large

areas of Nevada's pygmy forests (Young and Budy 1979; Lanner 1981).

An estimated 1600 to 2000 ha of woodland were cleared annually.

Because of the severity of tree harvest "...stands in Nevada are

young in relation to their potential stand development cycle..."

(Meeuwig and Cooper 1981).

Concurrent with tree harvesting there was a dramatic increase

in livestock numbers and indiscriminate burning of woodlands (Tausch

et al. 1981; J. A. Young, personal communication). The combined

impact of these perturbations left an array of depleted disclimax

understory communities (Tueller 1973) upon which the current

woodlands would become established. Following the mining era, trees

rapidly reestablished on harvested sites and the decline in demand

for wood products allowed natural succession to proceed. For the

past 100 years pinyon and juniper have increased in density within

established stands and adjacent plant associations with a subsequent

decline in understory productivity (Tausch et al. 1981). But we

have now come full circle; rising fossil fuel costs have recently

increased the demand for cordwood and widespread tree harvesting is
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once again a major use of the woodland (Meeuwig and Cooper 1981).

Past research demonstrated that increased forage production

occurred following tree removal by burning, chaining, herbicides, or

hand clearing (Arnold et al. 1964; Clary et al. 1974; Springfield

1976). But tree harvesting for fuelwood, christmas trees, chips, or

extractives appears the most desirable means of reducing tree

competition. Tree harvesting generates a cash crop while having

minimal impact on soils and understory and tree harvesting can be

applied selectively under silvicultural procedures. Increasing

values for wood resources suggest future woodland management will be

directed toward the integration of the forage and wood resource.

There is a real and present need for information on the

preharvest woodland condition and its relation to post harvest

response. It is possible and in fact probable under a long term oil

embargo that the woodland would suffer an impact as severe as

occurred during the height of the mining era. As our woodlands are

heading toward closed communities with little understory (West et

al. 1978a; Everett and Koniak 1981; Koniak and Everett 1982) the

potential for desirable understory response is declining.

Information is needed on the successional mechanisms that drive post

harvest succession, including the role of remnant plants, seed rain,

and site heterogeneity (both physical and chemical)

From research on other forest systems we know tree species

alter the physical and chemical nature of associated soils (Barth

1980). But we do not know the character *of these "Reaction Effects"

(Van Hulst 1978) under singleleaf pinyon nor the impact of these
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soil effects on associated understory species.

In this study we tested several hypotheses about post harvest

succession, successional process, changes in understory production,

changes in forage quality, and the impact of trees on soil nutrient

distribution patterns. Several minor hypotheses are nested with

each major one and the reader is directed to the specific chapter.

Because site disturbance was minimal during tree harvest we

hypothesized post harvest understory response would be more short

term cyclic than long term successional in nature. Further, because

understory composition can be qualitatively similar across an array

of successional stages we hypothesized that response would be

characterized by spatial rather than floristic changes. As recent

research (Koniak and Everett 1982) demonstrated a rapid decline in

soil seed reserves as succession progressed, we hypothesized there

must be a dramatic increase in understory seed production following

tree removal.

Increased forage production has occurred following tree removal

in southwest pinyon-juniper woodlands (Clary et al. 1974;

Springfield 1976) providing understory was present to utilize

released resources and site potential was adequate (O'Rourke and

Ogden 1969). As trees accumulate soil nutrients under their crown

and reduce their availability to understory species we hypothesized

that not only would forage production increase following tree

removal but so would forage quality.

The accumulation of site resources by the tree species can be

readily apparent, as in the biomass of the tree and tree litter, or



4

nonapparent, as in the accumulation of nutrients in the soil profile

under the tree. A consensus of the literature suggests nutrient

concentrations decline with soil depth and distance from the tree

stem, but this gross generality was somewhat dubious. We

hypothesized that the large differences in individual nutrient

uptake, differences in the chemical composition of inputs (stem

flow, crown drip, and litter drop), and mobility of different

nutrients within the profile should create several distinct nutrient

distribution patterns. As tree species preferentially absorb

specific nutrients and sequester them from use by understory

species, we suggested this phenomena may play a role in increasing

tree dominance on the sites.



LITERATURE REVIEW

Woodland Physiogonomy

5

Pinyon-juniper woodlands occupy 7 million ha in the Great

Basin (Beeson 1974) or approximately 22 percent of -the pygmy conifer

woodland of the United States (West et al. 1978a). Major tree

species are singleleaf pinyon and Utah juniper with a small portion

of pinyon (Pinus edulis Engelm.) in the eastern edge of the basin.

Trees are confined to the numerous mountain ranges where they cover

low foothills or form a belt between alluvial fans and high ridge

tops, both dominated by sagebrush. The belt width declines on both

northern and southern ends of the mountain ranges (Tueller et al.

1979) suggesting the limits of adaptability for the woodland. The

oldest, most tree dominated woodlands are found in areas of

intermediate topography where site disturbance has been least

(Tausch et al. 1981).

Pinyon woodlands exist as a continuum of open to closed stands

where understory can be abundant in open stands at higher altitudes

and northern latitudes (Tueller et al. 1979) or almost nonexistent

in fully stocked (closed) stands (Everett and Koniak 1981).

Woodland floristics are highly variable, but surprisingly few

species ( 400) were found in a large random sample of 66 mountain

ranges (Beeson 1974).

West et al. (1978a) reported high floristic diversity in the

south-central portion of the woodland where the transition from the
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Great Basin-Mojave Desert occurs. Low floristic diversity occurred

on the lower elevation ranges and in the drier portions of the Great

Basin. Species diversity was closely related to physical site

diversity, and mesic aspects had higher species richness and greater

equitability in cover among species than xeric aspects.

Floristic variations were not easily ascribed to geology, land

forms, or soils but there was an obvious link to precipitation

patterns (West et al. 1978a). Storm components (Gulf, Pacific, and

Continental) dominate the precipitation patterns in different

regiong of the Great Basin and these precipitation zones (Houghton

1969) coincide with Cronquist's et al. (1972) floristic regions of

the Great Basin (Reno, Central, and Calcareous Mountains). Plant

species in the western Reno region receive a major portion of

precipitation in the winter from Pacific and Gulf (Baja-Mexico)

storm components. Species in the Central Great Basin region are

dependent upon the winter Pacific storms but also receive summer

precipitation from Continental storms. The Calcareous Mountain

region is dominated by summer Continental precipitation and

supplemented by Pacific storms (Houghton 1969).

Soils

Pinyon-juniper woodlands occur on a variety of soil types

within the Great Basin and these soils are related to topographic

factors and especially elevation (West et al. 1978a). Because

woodlands are restricted to mountain ranges in the Great Basin
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(Beeson 1974) soils are often shallow and skeletal in nature.

Woodlands occur most often on Aridisols or Mollisols and these

orders are evenly distributed across the Basin. Woodlands also

occurred on Entisols but mainly in the eastern portion of the basin

and at lower elevations (2400 m). Mollisols predominated on north

slopes and were found to have more diverse and robust understory

than Aridisols or Entisols. West et al. (1978a) concluded that

current climate was more pertinent to determining pinyon-juniper

woodland extent and character than was soil. However, soils can

impact the competitive relationship between overstory and understory

species (Jameson and Dodd 1969; O'Rourke and Ogden 1969) and can

alter understory forage quality (Vandermark et al. 1971; Krueger and

Donart 1974).

In fully stocked stands surface soils are a mosaic of duff

(a needle mat under the tree crowns) and bare interspace soils

between trees (Everett and Sharrow 1983). Decomposition of litter

is relatively slow because of the arid climate thus a morr type

organic layer develops with little mixing of organic and mineral

soil. The forest floor increases in depth and ground coverage as

trees become dominant, but generally remains restricted to the crown

area. In closed stands, 5.4 to 5.1 kg of pinyon or juniper litter

is associated with every m2 of crown area. Pinyon litter is usually

deeper than juniper but because juniper litter density (.111 g/cc2)

exceeds pinyon (.091 g/cc2) the litter biomass/crown area ratio

remains fairly constant between species (Meeuwig et al. 1979).

Mineralization of pinyon needles increases with moisture and
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light (Wright 1973). Decomposition rates decreased from fresh

litter (L) to the more decomposed fermentation (F) layers (Wright

1973) but lower C/N ratios in the (F) layer free N for the use by

plants (Zinke 1960). Rates of organic matter decomposition are

closely tied to moisture regimes in other ecosystems as well (Abbot

and Crossley 1982).

The nutrient cycling mechanisms, crown drip (Tamm 1951),

throughfall (Mina 1965), stem flow (Gersper and Holowaychuk 1971),

and litterdrop (Zinke and Crocker 1962) enrich soils adjacent to

tree species. The accumulation of soil nutrients under the crowns

of mesic and xeric tree species has been well documented (Dickson

and Crocker 1953; Zinke and Crocker 1962; Gersper and Holowaychuk

1970; Tiedemann and Klemmedson 1973a). In the woodland, nutrient

enrichment occurs under the crowns of pinyon (Barth 1980) and

juniper (Greenwood and Brotherson 1978; Osagrande, 1978) while

interspace soils become depleted. Nitrogen has a sharp gradient

from the tree canopy to the interspace, but P, Ca, Mg, Na, K, Cu,

Zn, Fe, and Mn are also unequally distributed (Charley and West

1975; Fairchild 1978). Barth (1980) reported phosphorus and sulfate

concentrations under the canopy of pinyon (Pinus edulis) 16 and 20

times greater than that in the interspace, respectively.

Biohydrology

The thick duff under the tree canopy intercepts precipitation

and throughfall, reduces raindrop splash, and impedes overland flow
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(Walsh and Voigt 1977; Roundy et al. 1978). Depth of wetting is

often variable in the duff because of differences in canopy cover

but wetting depth is generally less than in the interspace soils

between trees (Gifford 1970). Often the precipitation received is

insufficient to reach the retention capacity of the crown so little

moisture reaches the duff. Throughfall varies with position and

distance from the tree bole (Collings 1960) suggesting variability

in nutrient leaching within and among duff and interspace soils.

Soil moisture increases following tree removal of pinyon or juniper

but if understory is abundant excess moisture can rapidly be

captured (Skau 1964). Tiedemann and Klemmedson (1977) suggested

increased understory cover in the canopy zone of felled Mesquite

(Prosopis juliflora (Swartz) D. C.) was due to improved soil

moisture.

Soil-Plant Interactions

Microenvironments on tree harvested sites are different from

those of chained or burned sites. The soil surface is left more or

less intact and remains very heterogeneous within the harvested

stand. Under conditions of heterogeneous soils (Billings 1952;

Harner and Harper 1976) plant species will be distributed unequally

(McIntosh 1962; Smith and Cottom 1967).

Conditions for plant growth would appear to be maximized in the

duff following tree harvest but duff physically inhibits seedling

establishment. Herbaceous species were reported to establish most
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readily where duff was thinnest in forest situations (Anderson et

al. 1969) . The presence of pinyon or juniper litter excluded

annual species but vigor of established perennial species was

greater in the duff than interspace microsites (Wilcox 1977).

Allelopathic compounds in pine needles are known to affect

germination and growth of understory species (Grummer 1961; Lavin et

al. 1968; Rice 1974). Extracts of needles from Pinus edulis and

Juniperus osteosperma have both been shown to inhibit germination

and growth of native grass species (Jameson 1961, 1966, and 1968).

Allelopathic compounds found in the essential oils of pinyon

(a-pinene, b-pinene, and limonine: Scholl and Schafizadeh 1977) have

been shown to inhibit growth of herbaceous species (Rice 1974). The

presence and duration of allelopathic effects in the soils following

tree removal is unknown.

Succession

Understory cover in pinyon-juniper woodlands has declined

dramatically over the last few decades because of increasing tree

dominance (Blackburn and Tueller 1970; Tausch et al. 1981). Man has

encouraged tree dominance through livestock grazing and fire control

policies (West et al. 1978b). Fully stocked stands have maintained

a constant basal area growth for the last several decades (Meeuwig

and Cooper 1981) thus tree competition with understory has been

continuous and is likely to increase in the future (Tausch et al.

1981). Unfortunately for both livestock and wildlife, the forage

base has declined dramatically. On some sites one-third of
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understory production has been lost when trees are still less than

6.6 feet (2 m) in height (West et al. 1979) and herbage yields may

decline by 82 percent when tree canopy cover exceeds 50 percent

(Arnold et al. 1964).

Trees out compete most understory species for soil moisture

(Jeppesen 1977), light (Jameson 1966), and nutrients (Barth 1980).

In dense stands ubiquitous tree roots (Woodbury 1947; Plummer 1958)

cause rapid soil moisture withdrawal. The tree species competitive

advantage is partly due to the utilization of soil moisture prior to

the breaking of dormancy of many understory species (Jeppesen 1977)

and the presence of a tap root that withdraws moisture at depths

unavailable to understory species (Emmerson 1932).

Successional Models

Only postfire successional models have been developed for

pinyon-juniper woodlands. These models present succession as a

replacement series of life forms from annual forb to tree species

(Erdman 1970; Barney and Frischknect 1974). Discrepancies between

post tree harvest and postfire succession can be expected because of

differences in the severity of the treatments and inherent

differences in the woodland stands where each treatment would

logically be applied (Everett and Sharrow 1983).

The value of a single standard successional model is dubious in

that succession is a species-by-species process (Drury and Nisbet

1973; Werner 1976) dependent upon the individual species "vital

attributes" (Nobel 1981). Each species has its own inherent



12

survival strategy that determines rate of growth and the proportion

of resources that are used for reproduction and photosynthetic

structures (Grime 1977). These characteristics in part determine

the placement of species in the sere and when taken collectively

provide the floristic character of the sere. As succession is built

out of the collection of species specific trends (Pickett 1976)

there are opportunities for multiple successional pathways

(Cattelino et al. 1979). Each post harvest community is potentially

different than all others as prescribed in Gleason's (1917)

individualistic community theory.

Succession may proceed by "relay floristics," the sequential

migration to and dominance of the site by later successional

species, or by "initial floristics," the sequential dominance of the

site by higher successional species present on the site immediately

following disturbance, or by both (Egler 1954). Early successional

species may modify the site to the benefit of later-occurring

species (facilitation model), or later successional species may just

tolerate long periods of suppression (tolerance model: Connell and

Slatyer 1977). Recent pinyon-juniper successional studies suggest

that on-site species rapidly reoccupy the sites (Tausch and Tueller

1977; Tausch et al. 1981; Everett and Ward 1984). Thus Egler's

(1954) "Initial Floristics Model" appears appropriate.

If succession is operating on an "initial floristics" basis and

post harvest succession starts from an established understory base,

then succession should proceed as a continuous series of pattern

changes and associated changes in the scale of pattern. Understory

species patterns have been reported in several pygmy forests
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(Plummer 1958; Johnsen 1962; Arnold 1964). Understory species are

not equally suppressed by tree competition and this results in

discernable species zones around the tree stem (Johnsen 1962; Arnold

1964). Several cool season grasses, i.e., prairie june grass

(Koelaria cristata [L.] Pers.), western wheatgrass (Agropyron

smithii Rydb.), bottlebrush squirreltail (Sitanion hystrix [Nutt.]

J. G. Smith), and mutton bluegrass (Poa fendleriana [Steud.] Vasey),

are more abundant under or adjacent the tree crown of alligator

juniper than in the interspace between trees (Clary and Morrison

1973). A similar understory pattern is found adjacent Honey

Mesquite (Prosopis glandulosa Torr., var. glandulosa) in north

central texas (Brock et al. 1978). Merkle (1952) reported Arizona

fescue (Festuca arizonica Vasey) grew chiefly under pinyon and one

seeded juniper (Juniperus monosperma [Torr.] Little) but not in the

interspace between trees in Arizona. Johnsen (1962) documented

changes in understory patterns adjacent one seeded juniper as trees

increased in size.

Distribution patterns are useful tools in generating hypotheses

about species interactions and probable successional mechanisms

(Yarranton and Morrison 1974). Spatial patterns occur in response

to microtopography and soil habitat (Watt 1947; Harner and Harper

1976) as well as species "reaction" and "competition" effects as

defined by Van Hulst (1978). Tree "reaction" effects such as the

cumulative deposit of needles (Anderson et al. 1969) and soil

nutrients (Barth 1980) under the tree crown, in conjunction with

tree competition effects, alter understory species composition and

pattern. As the needle layer under the crown (duff) can occupy a
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major part (750%) of the ground surface in fully stocked

pinyon-juniper stands (Everett and Koniak 1981) it represents a

significant factor in controlling understory distribution.

Understory species growing in bands around the tree stem

(Johnsen 1962; Arnold 1964) are in a tentative equilibrium with the

tree species. Following tree harvest, species adapted to the

ameliorated microclimate under the crown (Johnsen 1962) may be lost

(Eckert 1957; Clary and Morrison 1973) while understory released

from tree competition outside the crown may significantly increase

in production (Clary and Morrison 1973).

Changes in community structure and specifically plant form

dominance are as important or more so than species changes in terms

of increasing niche space for wildlife. Terborgh (1973) suggests

richness of life forms is the single best indicator of a habitat

with large amounts of niche space. Numerous plant forms represent a

series of vertical strata and increase the duration of phenology and

growth periods (Watt 1947). Evenness in the distribution of cover

among plant forms increases structural diversity of the plant

assemblage.

Successional Mechanisms

The mechanics of post harvest response emerge when

pinyon-juniper autoecological and synecological information is

integrated with information on post harvest response from other
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forest types. Postharvest response is driven by numbers and vigor

of remnant plants (Lyon and Stickney 1976), seed reserves (Strickler

and Edgerton 1976), invading species (Werner 1976), microtopography

(Harner and Harper 1976), logging practices (Debyle 1976), and

concurrent climate (Clary 1974; Clary and Jameson 1981).

Remnant plants play a major role in natural response following

fire or logging in forest types. A consistent theme among diverse

successional studies is the strong floristic contribution that many

remnant plants make as succession proceeds (Dyrness 1973; Werner

1976; Boremann and Likens 1979). Residual plants may completely

determine the ultimate successional pathway (MacMahon 1980).

Invasion of species (immigration) onto disturbed or bare areas

is a major mechanism in plant succession (Muggier 1956; Knipe and

Springfield 1972) but its importance can be reduced or at least

delayed if onsite vegetation, or its propagules, immediately occupy

the site (Daubenmire 1968). Seed dissemination patterns of species

(Werner 1976) and the impact of heterogenous soils (Harper et al.

1965) play an important role in plant distribution patterns within

harvested sites, but seed distribution mechanisms and patterns are

known for few of the understory species on pinyon woodlands.

The decline in understory plants and soil seed reserves is a

normal process in succession of pinyon-juniper (West et al. 1979;

Koniak and Everett 1982) and other ecosystems (Donelon and Thompson

1980). Current woodland conditions are believed more extreme than

normal because of the interruption in the natural fire cycle and

overgrazing (West et al. 1978b). Declining soil seed reserves
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reduce the potential plant response following tree removal.

Seed rain, the number of filled seed arriving at the soil

surface, can be very high following fire in other forest systems

(8.98 million seed/ha: Archibold 1980), especially for colonizer

species (Grime 1977). Such high seed numbers suggest colonizer

species could rapidly saturate available soil microsites. But

seedling establishment may be inhibited by unfavorable soil

conditions (Knipe and Springfield 1972). Numerous bare areas may be

present under a barrage of incoming seed (2300-3500 seed/m2 ) as

reported by Archibold (1980) for strip-mine wastes. Soil fertility

has been suggested as a critical factor in the selective

establishment of seed rain species (Rice et al. 1960; Rice 1974) and

may determine the character of succession.

Understory plants and soil seed reserves are distributed

non-uniformly within pinyon-juniper stands (Everett and Koniak 1981;

Koniak and Everett 1982). Seed rain can be expected to vary

similarly (Archibold 1980). Seeds can be transported long distances

from the parent plant until they become lodged in microtopographic

relief (Knipe and Springfield 1972), but often seeds fall adjacent

the parent plant. The majority of understory species within the

woodland are "proxichary" seed types, those lacking adaptations for

long range dispersal (Ellner and Shmida 1981). Thus seed rain

should be inversely proportional to the distance from the parent

plant. Nelson and Chew (1977) reported greater soil seed reserves

adjacent shrubs than in the interspace between plants in the Mojave

desert. Seed rain and soil seed bank composition often do not
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reflect current species composition due to interspecies differences

in quantities of seed produced and their persistence (Thompson and

Grime 1979). Both seed rain and soil seed reserves contribute to

post disturbance response (Mueggler 1956), thus there are

opportunities for several successional pathways.

Forage Production

An inverse relationship between tree cover and forage

production is well established in the literature for several forest

systems including the pinyon-juniper woodlands of the West (Jameson

1967; Clary 1969). Removal of trees is imperative for forage

improvement, but indiscriminate destruction of trees to release the

understory wastes the tree resource. Tree products, such as

cordwood, charcoal, Christmas trees, and nuts have economic value

and a good case has been made for their management (Johnson 1975).

Jensen's (1972) work in the House Canyon pinyon-juniper management

unit of central Nevada demonstrated both tree and forage resources

could be improved through appropriate silvicultural practices.

Modern silvicultural (Meeuwig and Bassett 1983) and range

management (Evans et al. 1975) practices recognize site quality

differences for tree and forage production and recommend small

(2 ha) treatment areas following an intensive site selection

process. Thinning or clearcutting small patches of trees has been

suggested to increase production and quality of forage for wildlife

and livestock (Patton 1974). Estimated costs of $111/ha for hand
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clearing woodlands (Miller 1971) need not be incurred by the land

management agency. Cordwood sales generate monies for both the BLM

and U.S. Forest Service in the Great Basin.

The harvesting treatment is appropriately applied to late

successional stages where understory cover will not carry prescribed

fires nor impede tree harvesting. Hand-cutting has been used

successfully to reduce tree competition in Arizona (Arnold and

Schroeder 1955) and Oregon (Jeppesen 1977). Arnold and Schroeder

(1955) suggested hand removal has the advantage of being thorough,

applicable over all types of topography, and causes minimal site

disturbance. Understory response has also been greater following

tree harvest than with the use of chemicals (Clary et al. 1974;

Young and Evans 1976). Tree harvesting cannot be used as a woodland

conversion technique on all woodland species. Alligator juniper

(Juniperous deppena Steud.) sprouts from stems, roots, and crown

(Jameson and Johnson 1964).

The literature is replete with reports of increased understory

cover and production following tree removal by hand chopping,

chaining, herbicides, and prescribed burning (Arnold and Schroeder

1955; Aro 1971; Clary et al. 1974; Evans et al. 1975). Increases in

forage production following fire of 400 to 1100 lbs/acre

(448-1232 kg/ha) have been reported by Aro (1971). Similar

increases in herbage production following tree harvesting have been

reported by Arnold and Schroeder (1955), Clary (1974), Springfield

(1976), and Clary and Jameson (1981). Herbage production can

continue to increase for 13 years following tree harvest (Arnold
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et al. 1964), but response is site and year specific (Clary 1974).

Potential plant response may be estimated from soil characteristics

such as CaCO
3
levels (O'Rourke and Ogden 1969), soil depth or

stoniness (Stevens et al. 1974). Elevation, aspect, precipitation,

and indicator plants species may also provide an estimate of

potential post harvest response (Stevens et al. 1974).

Grass and shrub production increases following tree harvesting

in the southwest if plants are numerous and capable of capturing

released resources (Arnold and Schroeder 1955; Clary 1974). But

floristically impoverished sites with low site potential for

understory production can remain static for several years following

tree removal (Jameson and Dodd 1969; O'Rourke and Ogden 1969; Clary

1974).

Forage production and forage quality vary among microsites

within harvested woodlands (Clary and Morrison 1973). Tree canopies

can provide a favorable microclimate for understory species (Johnsen

1962) with a subsequent increase in understory plants. Merkle

(1952) reported Arizona fescue occurred almost exclusively under the

crowns of the tree species.

Forage Quality

Evaluation of carrying capacity based on nutrient content of

forage and the nutritional requirements of the animal has been

suggested as an alternative to traditional biomass estimates (Wallmo

et al. 1977; Moen 1973). As understory species very greatly in
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nutrient content and digestibility (Raleigh-and Lesperance 1972) a

nutrient assessment appears appropriate and when combined with "rate

of intake" can be used to estimate animal output (Morris and Kovner

1970) and/or survival (Wallamo et al. 1977).

A practical example of forage nutrient management is the

grazing scheme of Vavra and Raleigh (1976) that matches animal

nutrient needs to the optimum nutritional plane of range plants by

utilizing flexible calving periods. Similarly Cook and Harris

(1977) and Holecheck et al. (1981) suggested grazing strategies be

developed that utilize different vegetation types when forage

production and quality are optimum.

The concept of managing for forage nutrition is applicable for

different microsites in the same vegetation type as well as between

vegetation types. Eckert (1957) suggested the tree, associated

understory species, and soil microsites were a biological entity

that was too small to delineate individually but should be managed

for collectively. Clary and Morrison (1973) were following this

principle when they advised against complete removal of Alligator

juniper from Arizona rangelands. Cool season grasses under the

juniper crown provided valuable forage early in the year before warm

season grasses in the interspace were productive. These cool season

grasses would be lost if tree cover were removed.

Forage quality and production are not constant over time, but

vary as succession proceeds and understory becomes impacted by

overstory species. Understory production, protein levels, and

mineral concentrations increased under the crowns of semiarid shrubs
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in response to increased soil nutrients and shading effects (Rickard

et al. 1973). Laycock and Price (1970) reported on forage changes

under mesic forest conditions; forage production and digestibility

declined with increasing overstory cover. Low light intensities

increased lignin while lowering carbohydrate levels. Protein

concentrations increased under shade conditions perhaps because of

delayed phenologic development (McEwen and Dietz 1965). Reduced

soil moisture lowered protein levels. Holecheck et al. (1981)

reported a net increase in protein content of forage in forest vs

open sites.

Nutrient content of animal diets are generally higher than that

of hand clipped samples because of the grazing animals ability to

select (Raleigh and Lesperance 1972). Utilization of forage by

livestock and wildlife is directly related to nitrogen and

phosphorus levels in plants and soils (Van Soest 1982). Krueger and

Donart (1974) found protein and sugar levels, but not lignin, were

related to soil series. Vandermark et al. (1971) reported a direct

relationship between macronutrient content of both soil and

associated plants (Bouteloua racilis [HBK] Lag. and Hilaria

belangeri [Steud.]). Higher levels of nutrients in plant tissue

increased forage utilization. Increased nutrient concentrations in

forage potentially increases animal intake and weight gains.

Microsites that produce more nutritional forage are of specific

importance to selective feeders (i.e., deer Odocoileus sp.) that

must depend upon high quality forage because of limited rumen

capacity (Hanley 1982). Because slow rates of passage for low
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quality browse within the digestive track deer may "starve despite a

full paunch" (Verme and Ullrey 1972). Direct losses from

malnutrition are obvious but the less obvious effects of low quality

forage on deer fertility rates are equally important (Hanson and

Smith 1970).

Protein, phosphorus, and energy are usually the limiting

factors in animal nutrition on western ranges (Halls 1970; Cook and

Harris 1977). Animals generally feed until energy requirements are

met or animal fill has occurred. Nitrogen and phosphorus uptake is

therefore largely dependent upon their concentrations in the

consumed forage and concentrations change with season (Raleigh and

Lesperance 1972; Murray et al. 1978). Although the exact timing of

seasonal changes may differ between study areas and species, decline

in forage quality over time has been sufficiently established in the

literature to have been made into a basic range management concept

(Vavra and Raleigh 1976).

Forage quality changes following most rangeland management

practices. Reducing tree overstory has lowered protein and

phosphorus contents of understory species (Duvall 1970). Increased

digestibility of forage following tree harvesting was linked to

lower lignin contents and higher light intensities (Burton et al.

1959). Calcium and crude fiber were found to be greater on forest

sites while nitrogen free-extract increased in open sites in the

Black Hills of South Dakota (McEwen and Dietz 1965).

In summary, there is a wealth of general information on the

mechanisms of natural plant response following disturbance in
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forested areas. However, specific information on natural response

following pinyon-juniper tree harvest is scarce. Natural response

can be significantly different than occurs following other tree

control methods. The changes in forage production and forage

quality following tree harvesting are unknown but are necessary

inputs to correctly manage pinyon-juniper woodlands for increased

forage production. Information on the ecology of plant species and

soils within the woodland is minimal and should be supplemented by

results of this study.
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Widely separated pinyon-juniper stands were selected as study

sites to document post tree harvest phytosociological changes in the

understory (Fig. 1). The fifteen stands selected for tree harvest

were fully stocked with trees and had minimal understory cover.

Much of the woodland is rapidly progressing in this direction (West

et al. 1979) and fully stocked stands such as those chosen are the

most likely to be harvested in the future. Predominate preharvest

understory species, tree cover (%), elevation, aspect, and year of

harvest are given for each site in Table 1. A subsample of three

sites was studied intensively to determine the major causal

mechanisms driving post harvest plant succession.

Intensive Study

A study area with a simple floristic composition and sufficient

understory plants to guarantee a measurable response was chosen for

the intensive study (sites 10, 11, and 12; Fig. i). The study area

dominated by pinyon-juniper occurred in the Shoshone Mountain range

of west-central Nevada. Three aspects were selected for sampling:

North (N 20°E), West (S 84° W), and South (S 16° E). All aspects

were within 1 km of each other on 14 to 18% slopes. Similar sites

are found on several mountain ranges in western Nevada.
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Figure L. Location of study sites in the pinyon-juniper woodlands of
the Great Basin. Woodland distribution from Tueller et al. 1979.
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Table 1.--List of study sites, dominant undcrstory, percent tree

cover, elevation, aspect, and harvest year

Preharvest understory Study

Site

Percent

cover

Elev. Aspect Year

Annual forb dominant

Phacelia humilis 4 36 2030 N 78

C011insia parviflora 9 26 2220 E 79

Collinsia parviflora 15 56 2200 E 79

Shrub dominant

Purshia tridentata 1 60 2300 E 77

Artemisia arbuscula 2 49 2200 N 77

Artemisia arbuscula 8 41 2070 W 79

Ribes velutinum 3 64 2100 E 77

Perennial grass dominant

Poa sandbergii 5 56 2040 E 78

Poa sandbergii 6 52 2060 N 78

Poa sandbergii 7 58 2190 E 78

Poa sandbergii 11 54 2300 W 79

Poa sandbergii 12 54 2280 S 79

Poa sandbergii 13 43 2200 N 78

Pestuca idahoensis 10 28 2340 N 79

Perennial forb dominant

Penstemon speciosus 14 50 2200 N 79
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Elevations of the intensive sites were 2280 m south aspect,

2300 m west aspect, and 2340 m north aspect. The sites have an

acidic bordering on xeric moisture regime and receive approximately

330 mm of precipitation per year (20 years of record), mostly as

winter snow. Precipitation during the study period 1979, 1980,

1981, 1982, and 1983 was 240, 320, 300, 330, and 439 mm,

respectively. These estimates are from the mean precipitation at

the 2 closest official weather stations in the same vegetation type

(Reese River and Austin, Nevada, approximately 10 and 60 km

distant).

The soil surface at these sites was a mosaic of tree litter

under the tree canopy, mineral soil surface in the interspaces

between trees, and a transition zone of light needle cover at the

crown edge. Approximately 50, 72, and 70% of the soil surface was

covered by needles on north, west, and south aspects, respectively.

Tree and understory species were rooted in shallow skeletal

soils derived from Quarternary andesitic to basaltic parent material

(Vitaliano and Vitaliano 1972). Soils were classified as

Clayey-skeletal, mixed, frigid, Lithic Xerollic Haplargids (USDA

1975). Soil nutrients were depleted in the interspace between trees

and concentrated under the tree crowns as previously reported by

Barth (1980) for Pinus edulis (Engelm.).

Tree cover of singleleaf pinyon and Utah juniper was 27 and 1%

on the north aspect, 38 and 23% on the west aspect, and 45 and 9% on

the south aspect. Based on cover of major species in each plant

form (tree, shrub, grass, and forb) the three plant communities
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sampled were: (1) north aspect, Pinus monophylla Torr. and Frem./

Purshia tridentata (Pursh.) D. C./Festuca idahoensis Elmer/Lupinus

caudatus Kellogg; (2) west aspect, Pinus monophylla/Artemisia

arbuscula Nutt./Poa sandbergii Vasey/Trifolium gymnocarpon Nutt.;

(3) south aspect, Pinus monophylla/Artemisia tridentata ssp.

wyomingensis Nutt./Poa sandbergii/Microsteris gracilis (Hook.)

Green. Juniperus osteosperma and numerous shrub species occurred on

each aspect but plant densities were too low to be studied in detail

and will not be discussed in the text.
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PINYON-JUNIPER WOODLAND UNDERSTORY

DISTRIBUTION PATTERNS AND SPECIES ASSOCIATIONS

ABSTRACT

Different aged trees of singleleaf pinyon (Pinus monophylla

Torr. and Frem.) provided a chronosequence of understory response to

increasing tree dominance. Understory composition and distribution

around the tree stem changed as trees increased in size. Tree

induced microhabitats created a mosaic of understory species groups

each with their own sere. Individual understory species response to

tree effects varied with tree size, topographic aspect, and slope

position relative to the tree stem.

Succession was more a plant-by-plant process than a species

population phenomena as plants of the same species were enhanced or

debilitated during the same time period depending on the plant's

position relative to the tree crown. Existing understory

reorganized itself to occupy the evolving tree induced microhabitats

rather than new microhabitats being occupied by invader species.
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INTRODUCTION

Harvesting of singleleaf pinyon (Pinus monophylla Torr. and

Frem.) and Utah juniper (Juniperus osteosperma [Torr.] Little) to

fuel burgeoning mining smelters in the late 1860's denuded large

areas of Nevada's pygmy forests (Young and Budy 1979; Lanner 1981).

Tree harvest was severe and "most stands in Nevada are young in

relation to their potential stand development cycle" (Meeuwig and

Cooper 1981). Postharvest succession was not documented at that

time, but recent successional studies suggest that on-site species

rapidly reoccupy the sites (Tausch et al. 1981). Egler's (1954)

"Initial Floristics Model", where most species of the sere are

present immediately following disturbance, best describes the

succession of species dominance.

If succession is operating on an "Initial Floristics" basis and

post harvest succession starts from an established understory base,

then succession has a very pronounced spatial aspect, at least until

stands close and understory species become rare. Therefore studying

species distribution patterns will provide more information on

succession than enumerating species gains or losses.

According to "Initial Floristics," succession should proceed as

a continuous series of pattern changes and associated changes in the

scale of pattern. Species patterns found in the understory of

oneseed juniper (Juniperus monosperma), have been reported

previously by Arnold (1964) and Johnsen (1962). They noted

understory species occurred in distinct zonal patterns around the
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tree stem. Johnsen (1962) also documented changes in understory

patterns as trees increased in size. As examination of the

understory on the study sites reported here indicated, species

formed patterns radiating out from the tree stem. These patterns

changed up-, cross, and downslope from the tree stem, and with

increasing tree size.

Distribution patterns are useful tools in generating hypotheses

about species interactions and probable successional mechanisms

(Yarranton and Morrison 1974). Spatial patterns occur in response

to microtopography and soil habitat (Watt 1947; Harner and Harper

1976) as well as species "reaction" and "competition" effects as

defined by Van Hulst (1978). Tree "reaction" effects such as the

cumulative deposit of needles (duff) (Anderson et al. 1969) and soil

nutrients (Barth 1980) under the tree crown, in conjunction with

tree competition or allelopathic effects, alter understory species

composition and pattern. As the needle layer under the crown (duff)

can occupy a major part ( 50%) of the ground surface in fully

stocked pinyon-juniper stands (Everett and Koniak 1981) it

represents a significant factor in controlling understory

distribution. Our observations have indicated understory patterns

remain for several years following tree removal, thus duff exerts an

influence on understory distribution above and beyond that of the

associated tree crown effects.

The objectives of this study were: (1) to describe tree-induced

patterns of understory species, (2) to investigate interactions

among understory species, and (3) to relate these phenomena to the
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successional process. Two basic assumptions were:

1. Understory differences between younger, smaller trees and

older, larger trees at a given point in time reflect a

chronosequence of understory succession as the result of

tree dominance. This chronosequence will be imperfect

because understory associated with small trees in

established stands in part reflects the suppressive

understory conditions existing prior to the young trees'

establishment (West et al. 1979).

2. The length of time trees have occupied these sites is

sufficient (100± years, Meeuwig and Cooper 1981) for

understory species distributions and associations to

reflect real interrelationships and are not the product of

chance occurrences of past history, including grazing

pressure. Grazing impact on this site is believed to have

been negligible because of the current dominance by

palatable grass species and the absence of shrub invasion

from adjacent plant communities.
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STUDY SITE

In 1979 three study sites (.1 ha) were established on north

(N 20° E), west (S 84° W), and south (S 16° E) aspects in a

relatively undisturbed stand of singleleaf pinyon and Utah juniper.

An east aspect was not sampled because of great similarity in

species composition and undergrowth pattern to the west aspect. All

aspects were within 2 km of each other on the front and side slopes

(14 to 18% slope) of low ridges running north to south. Elevation

at the site is 2282 m south aspect, 2304 m west aspect, and 2347 m

north aspect.

Tree and undergrowth species are rooted in shallow skeletal

soils (Clayey - skeletal, mixed, frigid, Lithic Xerollic Haplargids

[USDA 1975]) derived from Quarternary andesitic to basaltic parent

materials (Vitaliano and Vitaliano 1972). The sites have an aridic

bordering on xeric moisture regime and receive approximately 330 mm

of precipitation per year, mostly as winter snow. Precipitation

estimates were derived from 20 years of record from two weather

stations (Reese River ;.r10 km distant and Austin ;N,.70 km distant in

the same vegetation type).
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METHODS

The three intensive study sites on north, west, and south

aspects of the Shoshone Mountains varied in understory composition.

To describe the general vegetation on the three sites selected for

intensive measurement, 5 parallel transects (20 m in length) were

established 5 m apart and parallel to the slope on each aspect.

Tree and shrub cover was measured by line intercept (Canfield 1941).

Cover of Graminoides and forbs was estimated using Daubenmire's

(1959) polygon cover estimates within sampling frames (50 cm x

50 cm).

To described understory-overstory interactions and understory

species associations permanent belt transects were established up-,

cross, and downslope from 12 trees on each .1 ha study site aspect.

Four trees of each stump diameter size classes (1) tree dia.7 30

cm; (2) 30 cm 7 tree dia.720 cm; and (3) 20 cm 7 tree dia. 7 10 cm

were sampled. Core increments of growth rings taken at stump height

(10 cm) from sampled trees on all aspects suggested the approximate

ages of 10 cm, 20 cm, and 30 cm dia. trees were 40-56 years, 49-89

years, and 115-132 years, respectively.

Belt transects (50 cm wide) extended from the tree stem to 2 m

into the interspace between trees. The interspace is readily

identifiable by the lack of needle cover on the soil surface.

Understory species cover (Daubenmire 1959) and density were recorded

within 25-cm segments of each belt. The average (X of 4 trees)

plant density (plants/m2) and cover (dm2/m2) for major species
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within each segment of the transect were computed and graphed.

Average plant cover /m2 and plant density/m2 for the entire transect

were compared among up-, cross, and downslope transects in analysis

of variance tests.

The occurrence and nature of interspecies associations were

determined by a series of tests. These included an examination of

species distribution patterns, the proportion of each species, i.e.

A alone(A) population growing alone
Total

A) or with each of the other

major understory species (A with B/Total A), correlation

coefficients for plant densities of species growing together, and

determination of the number of joint species occurrences which

exceeded that due to chance as indicated by Chi square (X2) test

(0.25 p 7 0.001)(McIntosh 1962; Smith and Cottom 1967) and

individual cell probabilities (p = 0.1).
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RESULTS AND DISCUSSION

Singleleaf pinyon and Utah juniper provided 19, 61, and 54%

cover on north, west, and south aspects, respectively. The low

north aspect value was the result of a more recent tree dominance of

this site (Meeuwig and Cooper 1981). Understory cover decreased

from north (6.7%), to west (3.7%), to south (1.9%) aspects.

Distribution of Understory Cover

Distribution of understory cover (dm2/m2) was visibly different

among up-, cross, and downslope radiating transects on all aspects

when trees were still in the 10-20 cm dia. class (Fig. I. 1). The

understory pattern stood out because of the dramatic thinning effect

of tree competition on less compatible understory species but

without intensive thinning of all understory species. Mean

understory cover (dm2/m2) was significantly (0.05 > p 7 0.0125)

different among up-, cross, and downslope transects only on the

north aspect, suggesting understory patterns may be more sensitive

to tree effects and microsite successional changes than mean

understory cover averaged across the entire transect.

Understory cover did not always decline with increased tree

size (Fig. I. la, c, d). Tree effects benefited some understory

species and, in special instances, older trees with thinning duff

allowed understory to recover slightly.
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Figure I. 1. Changes in understory cover up-, cross, and downslope
as tree size increases on north, west, and south aspects. Only
10 to 20 and 30 cm dia. tree classes shown in most instances
for clarity.
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Phases of Overstory-Understory Competition

Understory cover was displaced from the tree stem as tree size

increased (Fig. I. 1) and the duff under the crown deepened.

Understory cover generally peaked in the vicinity of the duff

boundary and declined toward the tree stem of the interspace, but

this was variable among aspects and up-, cross, or downslope

transects. As the tree encroached upon established perennial

grasses their cover sequentially underwent a "depletion phase" in

the interspace, an increased "vigor phase" at the duff boundary

adjacent the tree crown, and finally a "plant exclusion phase" in

the deep duff under the tree crown (Fig. I. 1c).

Depletion, increased vigor, and exclusion phases of the

perennial bunchgrass Idaho fescue (Festuca idahoensis Elmer) cover

were readily apparent for all tree sizes and slope positions on the

north aspect (Fig. I. 2). The position of these phases, relative to

the tree stem and the duff boundary, changed with tree size and

slope position, but the phenomenon was consistent.

The depletion phase of reduced understory cover moved outward

ahead of the expanding duff zone. We speculate this is the result

of tree root competition for water or increased understory

competition from the more vigorous plants close to the tree crown.

Allelopathic effects were not readily discernable as plants growing

close to the crown were more vigorous than those at some distance

from the duff edge. Increased plant vigor adjacent the tree crown

may be associated with increased soil nutrients (Zinke 1962; Barth
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aspect. (B) Differences in cover of Festuca idahoensis up-,
cross, and downslope for the largest tree class on the north
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1980), increased soil moisture (Johnsen 1962), and partial shading

adjacent the tree crown. The deep duff adjacent the tree stem

physically or chemically (Anderson et al. 1969) excluded most

understory species so that few perennial plants persisted and new

plant establishment was not observed. Interception of precipitation

and light by the crown may well add to plant stress in the duff

area.

Interaction of Understory and "Tree Reaction" Effects

Tree-induced reaction effects (Van Hulst 1978) increased in

importance over time as the proportion of soil surface covered by

duff increased. Reduced understory cover in the deep duff inpart

sets the successional trend for declining understory cover for the

total site. The competitive hierarchy (Horn 1981) of tree species

over understory species is apparent but competition has a spatial

dimension as seen in understory cover differences among deep duff,

duff boundary, and interspace microsites.

Tree edaphic alterations ("reaction effects") and undergrowth-

tree interactions would logically be most apparent adjacent to the

larger trees. Examining the largest tree class, we found understory

species varied in their ability to coexist with the tree species and

encroaching duff. Peak plant density (7 of 4 transects from 4

trees) for the individual species occurred at different points along

a gradient radiating out from the tree stem and varied by slope

position as well (Fig. I. 3). Sandberg bluegrass (Poa sandber &ii
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Vasey) and Idaho fescue (perennial bunchgrass) were least affected

by the tree canopy as they maintained a population in the inner duff

zones where phlox (Phlox hoodii) and tomcat clover (Trifolium

gymnocarpon Lindl.) (perennial forbs) were excluded. Differential

species response resulted in a patchwork of different species groups

surrounding the tree stem and reflects the condition of an assortive

species steady state (Van Hulst 1978).

Trees altered understory species composition and modified

aspect effects on understory plant density and cover. Increasing

tree size was associated with declining plant density for Idaho

fescue on the north aspect and significantly (p = 0.001) so upslope

from the tree (Fig. I. 4A). Cover for the species was also

significantly depressed (0.1 7 p 1.0.05) with increasing tree size

on these transects (not shown). We speculate decreased shade on the

south-upslope side of trees induced a xeric microsite that

debilitated the dominant "competitor species" (Grime 1977) Idaho

fescue, and provided a harsh microhabitat suitable for the "stress

tolerant" (Grime 1977) Sandberg bluegrass in accordance with the

plant density theory of Al-Mufti et al. (1977).

On the west aspect, Idaho fescue density was significantly

greater (0.057 p 7 0.025) in association with the larger tree

classes. Plants were most abundant on the north side of the trees,

reflecting beneficial tree shading effects or tree establishment on

more mesic microsites already dominated by Idaho fescue. Tomcat

clover distribution was similar to that of Idaho fescue.

Sandberg bluegrass density and cover ([0.25 7 p 7 0.1] not
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shown) increased with tree size and over time on the upslope side of

many trees on the north aspect (Fig. I. 4B). Patterns were probably

the result of tree induced xeric conditions and resultant decline in

Idaho fescue competition. Significantly more plants

(0.01-7 p -70.001) and cover (0.25 yp 7.0.10) of Poa sandbergii

occurred upslope rather than down- or cross slope from larger trees

on the south aspect. Unshaded south microsites appeared to exceed

the tolerance limits of even this stress tolerant species. Poa

sandbergii density and cover were generally greater adjacent the

duff boundary than elsewhere along transects as was the case for

Phlox hoodii (not shown).

Annuals characterized by the "ruderal" plant strategy of Grime

(1977) are opportunists that capture intermittently available

resources and occupy the most severe microsites. Annuals occurred

in greatest density down- or cross slope from trees on the south

slope (Fig. I. 3). Extreme fluctuations in plant density of annual

forbs among years (Treshow and Allen 1979) somewhat lessened the

importance of a specific distribution pattern in any given year but

their presence did denote a xeric microsite on these sites.

Distribution of annuals Collinsia parvifolia and Microsteris around

the tree stem was found to be consistent among different tree sizes

in 1979.

Species Associations

The number of plants (units of non-continuous basal area) of
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key species found growing in the belt transect segments were

analyzed for species associations by aspect and transect type

(Table I. 1). The proportion of the plant populations of each

species growing with plants of other species or alone is read left

to right in the two-way table. Diagonals give the proportion of

plants of (row) species that were growing alone and-remaining row

numbers give the proportions of that species population growing with

other specified (column) species. The reader is cautioned that

sample plot size affects numbers of species that can be found

growing together thus there are opportunities for spurious

relationships among species.

As plants grow in associations with more than one other species

in individual plots, row proportions do not equal one. It is

obvious from the diagonals that Festuca idahoensis (FEID) and Poa

sandbergii (POSA) grew in monoculture groups, where as Phlox hoodii

(PHHO) and Trifolium gymnocarpon (TRGY) did not.

Species were not equally interdependent because of different

population sizes, differences in plant sizes, and the array of

interrelationships present. Equal proportions of any two species

populations were not involved in a specific association (i.e., 58%

of Collinsia parvifolia plants were associated with only 4% of the

Poa sandbergii plant population upslope from trees on the south

aspect). Relationships among species changed with slope position

and aspect. For example, 30% of the Festuca idahoensis population

was associated with 40% of the Phlox hoodii population upslope on

the north aspect, but this changed to 50% and 15%, respectively,



Table 1. 1 Proportion of plants of each species growing alone or in association with other major understory species.

tips lope Cross slope Downslope

FE1D
1

POSA PHHO TRCY MICR COPA FEID POSA PHHO TRCY MICR COPA FEID POSA PHHO TRCY MICR COPA

Ione-North

FEID 0.30 -0.23 0.30 0.16 0.29 -0.25 0.29 0.17 0.27 -0.24 0.27 0.22

POSA -0.19 0.47 0.23 0.11 -0.27 0.31 0.08 -0.34 -0.25 0.14 0.38 0.24

PHHO 0.40 0.35 0.00 +0.25+ 0.34 0.17 0.21 +0.27+ 0.37 0.28 0.04 +0.31
4-

TRGY 0.38 0.25 +0.38+ 0.00 0.31 -0.33 +0.36+ 0.00 0.38 0.25 +0.37+ 0.00

Ione-West

FEID 0.18 -0.18 0.50 0.14 0.39 0.11 0.42 0.08 0.33 -0.06 0.38 0.23

POSA -0.03 0.38 0.45 0.14 0.03 0.35 0.48 0.15 -0.05 0.36 0.47 0.12

PHHO 0.15 0.62 0.06 0.17 0.30 0.57 0.03 0.10 0.28 0.41 0.02 0.29+

TRGY 0.09 0.41 0.39 0.11 0.07 0.53 0.31 0.09 0.20 0.31 0.38+ 0.05

Ione-South

POSA 0.76 0.20 0.04 0.37 0.42 0.21 0.31 0.41 0.28

MICR 0.50 0.44 0.06 0.41 0.20 +0.39 0.21 0.56 0.23+
4.COPA 0.58 0.17 0.25 0.34 +0.51 0.16 0.34 0.58+ 0.09

1

FEID, Festuca 1dahoensis; POSA, Poa sandbergii; PHHO, Phlox hoodii; TRGY, Trifollum gvmnocarpon; MICR, Microsteris gracilis; COPA, Gollinsia

parvifolia.

2
XX Significant (P = 0.05) positive (+X) or negative (-X) correlation coefficients; X- significant (P = 0.05) Chi squared values with

probability 0.1 for encountering greater (+) or fewer (-) joint occurrences than were observed.
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upslope on the west aspect. This variability in the character of

species associations should be of some concern to those who wish to

predict succession over large areas based on species interactions.

Poa sandbergii and Festuca idahoensis consistently occurred

less often together than expected by chance (X2, p = 0.05) and they

often had negative correlation coefficients (p = 0.05) for plant

density in the same plot. But rapid alternating peaks and troughs

in density of the two species (Fig. I. 3) suggest they can coexist

in close proximity until evolving microsites are made more favorable

for one or the other species. This relationship between the two

major understory species allows the understory to reorganize itself

on north and west aspects rather than allowing new species to invade

from adjacent sagebrush (Artemisia ssp.) communities into the

changing microsites. Ehrenfeld (1980) reported a similar phenomenon

for understory species in an oak forest.

Poa sandbergii and Trifolium gymnocarpon appear antagonistic or

require different microsites on cross slope transects on the north

aspect, but not on other transects. Phlox hoodii and Trifolium

gymnocarpon consistently occurred together more often than ascribed

by chance (X2, p = 0.05) and had a significant positive correlation

for plant densities in the same plots. Both species have low

prostrate forms and may have been confined to the limited interspace

area by expanding duff zones.

Poa sandbergii's absence of interaction with annuals

Microsteris gracilis and Collinsia parvifolia was not expected

because of the compressed zone of understory surrounding the tree
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stem on the xeric south aspect. Lack of interaction suggests

establishment of annuals is generally at random within the matrix of

perennial plants. Annuals tend to occur together in xeric cross and

downslope transects.
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CONCLUSIONS

The pinyon-juniper stands observed reflected the ongoing

processes of "tree dominance, debilitation of understory dominants,

influx and promotion of subsidiary species, and the overall

reduction of understory density" as described by Al-Mufti et al.

(1977) for other ecosystems. Grass species cover underwent a

"depletion phase" in the interspace, an "increased vigor phase" at

the duff boundary, and finally an "exclusion phase" in the deep duff

under the tree crown as the trees encroached on established

perennial plants. Succession was an autogenic phenomenon where

understory reorganized itself to occupy the evolving tree-induced

microsites.

Understory associated with younger trees varied from older

trees in distribution patterns and plant densities. Differences in

understory composition in zones around the older trees suggested

tree effects create microsites that make possible multiple

successional pathways (Cattelino et al. 1979) within a given stand.

The duff area expands over time as the tree grows with the

sequential movement of the understory away from the tree stem until

in time the inner duff zone is barren and understory species are

trapped between adjacent duff zones. Established understory plants

must rely upon phenotypic plasticity to overcome tree overstory

effects but, unfortunately for many species, especially prostrate

perennial forbs, adaptation is insufficient for the species to

remain in the duff zone. Poa sandbergii and Festuca idahoensis
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appear least affected by canopy cover and duff encroachment as they

occurred well into the duff zone, while Phlox hoodii and Trifolium

gymnocarpon (prostrate forbs) disappeared as the needle layer

deepened. The latter species were forced into the restricted

interspace area between trees so that X2 values for joint species

occurrences were significant. The former species, Poa sandbergii

and Festuca idahoensis, displayed greater ecological amplitude and

appeared to have a negative interaction, thus joint occurrences were

significantly less than expected (X2, p = 0.05).

The proportion of species populations growing alone or with

other specific species changed dramatically between transects and

aspects. The proportion of two species populations found growing

together were rarely equal for the reasons previously cited.

Plant distribution patterns in the stands reflect both spatial

and time factors. The current plant assemblage is a "regeneration

complex" of species (Watt 1947) reacting to the cumulative tree

"reaction" effects and concurrent "competition effects" (Van Hulst

1978). Understory species associated with the various sized trees

are increasing or decreasing in density in response to species

specific enhancement or inhibition by the tree overstory.

Tree impact on a specific understory species changes with

aspect and slope position from the tree. Trees can create favorable

microsites for mesophytic species on xeric aspects and for

xerophytic species on mesic aspects. Changes in understory cover

and distribution among the different tree classes serve as bioassay

for significant tree-induced microclimate or edaphic alterations.
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Differential response of understory species to these alterations and

interspecies competition created patterns of species groups

surrounding the tree stem. Initial floristics may well define the

species pool available to the site, but it is the tree species and

the understory species associations that define the species

occurring in each microhabitat. Differences in patterns of

understory relative to distance and aspect from the tree stem

suggest current plant assemblages are temporary both in time and

space as suggested by Gleason (1917).
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CHAPTER II

UNDERSTORY RESPONSE TO TREE HARVESTING

OF SINGLELEAF PINYON AND UTAH JUNIPER

Richard L. Everett

Steven H. Sharrow
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STUDY SITES

In 1977, 1978, and 1979, study sites were established in 15

singleleaf pinyon-Utah juniper stands across the Great Basin (Fig. 1).

Stands selected for tree harvest were fully stocked with trees and had

minimal understory. Much of the woodland is rapidly progressing in

this direction (West, 1983), and fully stocked stands such as those

chosen are the most likely to be harvested for fuelwood in the future.

Predominate preharvest understory species, tree cover (%), elevation,

aspect, and year of harvest are given for each site in Table 1.
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INTRODUCTION

Wood harvesting in pinyon-juniper woodlands of the Great Basin

has a long and colorful history. In the late 1800's, the harvesting

of trees for charcoal used in the smelting of ore and as heating

fuel had decimated tree populations for an 80-km radius around many

mining camps. An estimated 1600 to 2000 ha of woodland were cleared

annually to fuel this burgeoning mining industry (Young and Budy

1979).

Concurrently, livestock numbers, including the numerous draft

animals used in wood harvesting, were increasing dramatically and

indiscriminate burning of woodlands was common (Tausch et al. 1981;

J. A. Young, personal communication). The combined impact of these

perturbations left an array of depleted disclimax understory

communities (Tueller 1973) upon which the current woodlands would

become established. Trees reestablished rapidly in the Great Basin

(currently 7.1 million ha - Tueller et al. 1979) and understory

cover and productivity has been significantly reduced (Tausch et al.

1981).

Rising fossil fuel costs have recently increased the demand for

cordwood (Meeuwig and Cooper 1981). Thus, widespread tree

harvesting is once again a major use of these woodlands. With

appropriate management based on a knowledge of probable understory

response, wood harvesting could provide a cost effective means of

utilizing the wood resource and increasing the forage base.

Understory response to tree harvest is closely linked to the
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Clary 1974; MacMahon 1980). Grass and shrub production increases

following tree harvesting in the Southwest if plants are numerous

and capable of capturing released resources (Arnold and Schroeder

1955; Clary 1974). But floristically impoverished sites with low

site potential for understory production can remain static for

several years following tree removal (O'Rourke and Ogden 1969).

Our study tests the hypothesis that post harvest response in

fully stocked singleleaf pinyon (Pinus monophylla)-Utah juniper

(Juniperus osteosperma) woodlands of the Great Basin is "site

specific cyclic" rather than successional in nature. We hypothesize

that if mid-to-late successional understory plants or their

immigrating seeds are available to the site, they control the

character of post harvest response and truncate early successional

stages. Rapid reinvasion of trees in the central core of the

woodland also truncates late understory successional stages. Thus,

a "site specific cyclic" understory response occurs. This

hypothesis is limited to the mid-elevation of the woodland and is

not expected to be viable at either upper or lower ecotones.
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STUDY SITES

In 1977, 1978, and 1979, study sites were established in 15

singleleaf pinyon-Utah juniper stands across the Great Basin

(Fig. II. 1). Stands selected for tree harvest were fully stocked

with trees and had minimal understory. Much of the woodland is

rapidly progressing in this direction (West 1983), and fully stocked

stands such as those chosen for the study are the most likely to be

harvested for fuelwood in the future. Predominate preharvest

understory species, tree cover (%), elevation, aspect, and year of

harvest are given for each site in table II. 1.



Figure II. 1. Locations of study sites in the pinyon-
juniper woodlands of the Great Basin. Woodland
distribution from Tueller et al. 1979.
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Table II I. List of study sites, dominant understory,

percent tree cover, elevation, aspect and harvest year

Preharvest understory Study

site

Percent

cover

Elev. Aspect Year

Annual forb dominant

Phacelia humilis 4 36 2030 N 78

Collinsia parviflora 9 26 2220 S 79

Collinsia parviflora 15 56 2200 E 79

Shrub dominant

Purshia tridentata 1 60 2300 E 77

Artemisia arbuscula 2 49 2200 N 77

Artemisia arbuscula 8 41 2070 W 79

Ribes velutinum 3 64 2100 E 77

Perennial grass dominant

Poa sandbergii 5 56 2040 E 78

Poa sandbergii 6 52 2060 N 78

Poa sandbergii 7 58 2190 E 78

Poa sandbergii 11 54 2300 W 79

Poa sandbergii 12 54 2280 S 79

Poa sandbergii 13 43 2200 N 78

Festuca idahoensis 10 28 2340 N 79

Perennial forb dominant

Penstemon speciosus 14 50 2200 N 79
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METHODS

Fifteen widely separated stands occurring the breadth of the

pinyon-juniper woodland of Nevada were selected for tree harvesting.

All stands were fully stocked with trees and had minimal understory

cover. Tree harvest plots (.1 ha) were selected for within site

uniformity in microtopography and understory composition. Trees

greater than 1 m in height were hand cut, sectioned, and removed

from the plots with minimal disturbance to the soil surface.

Understory response on the harvested sites and on adjacent uncut

areas was monitored for 2 to 4 years following tree removal.

A series of five parallel transects 20 m in length were laid

out on 5 m intervals parallel to each other across the slope. Tree

cover was estimated using line intercept (Canfield 1941) along the

transect. A series of frames (50 x 50 cm) were laid down at every

meter mark, and plant species cover and density were recorded.

Collected plant data were grouped by several criteria to test

for differences in pre- and post harvest plant assemblages. Plant

cover was segregated by plant form (shrub, perennial grass,

perennial forb, annual grass, annual forb), perennial vs annual, and

herbaceous vs woody. Evenness (J) in the distribution of cover

among plant forms was determined for pre- and post harvest plant

assemblages (equal sample sizes) using Brillouin's (H) measure of

diversity divided by maximum diversity in distribution of cover

possible (J = H/H max), as given by Poole (1974). Morisita's Index

of Aggregation (Poole 1974) was used to determine if perennial plant
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dispersion was random, regular, or aggregated, and whether

dispersion changed following tree harvest. Areal species richness

was determined for each pre- and post harvest plant assemblage.

Discriminate analysis was used to group the array of pre- and

post harvest plant assemblages (30 total) based on nine

phytosociological parameters: species richness, evenness,

aggregation, total cover, and proportion of cover by shrubs,

perennial grass, perennial forb, annual grass, and annual forb.

Tentative pre- and post harvest groups were then rerun separately to

test the suitability of the groups. Postharvest data was run using

the preharvest groupings to test if post harvest plant assemblages

could be successfully predicted (780% correctly classified) using

preharvest data.

Pre- and post harvest data sets from the same site are not

independent. Thus, data must be compared by tests of differences.

Multivariate matched paired "t" test of differences (Timm 1975) were

conducted for closely related parameter pairs, woody and herbaceous

cover, annual and perennial cover, total cover and evenness in cover

distribution, and perennial plant density and perennial plant

aggregation. The test statistic used was Hotteling's "t" at the

0.05 significance level.

A correlation matrix of the phytosociological variables was

used to identify parameters that varied together (p = 0.05) in pre-

and post harvest plant assemblages. Proportion of species common to

pre- and post harvest plots were included with those variables

already mentioned.



65

RESULTS AND DISCUSSION

Climatic Effects on Plant Response

Precipitation during the final year of post harvest measurement

was less than occurred during the year of preharvest measurement.

Mean precipitation from six official weather stations closest to the

15 study sites averaged 285 mm (September to August) the year of

preharvest measurement and 211 mm the year of final post harvest

measurement. Understory cover corroborated this fact. The initial

preharvest plant cover (7= 2.71 dm2/m2) was not significantly

different (p = 0.1) from plant cover on nonharvested plots (X = 2.57

dm
2
/m

2
) the final year of post harvest measurements. Thus, recorded

post harvest response is a conservative estimate of understory

response to tree release and is not confounded by precipitation

levels following tree harvest.

Plant Response to Tree Harvest

Semi-arid pinyon-juniper woodlands are characteristically low

to moderate in species richness, but this varies with site

heterogeneity (Harner and Harper 1976). Preharvest plant

assemblages (15 sites) averaged 14 species (± 4 SD), whereas post

harvest plant assemblages averaged only 11 species (± 6 SD). On 10

of 15 sites, species numbers were lower after tree harvesting.

The proportion of species common to pre- and post harvest plant
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assemblages averaged 57% (± 21 SD) among sites. The proportion

declined on the more depauperate sites (1, 3, and 15) and increased

when preharvest cover was more evenly divided among several plant

forms (sites 8, 9, 10, 11, and 14). In the latter case we speculate

that available niche space was occupied and off-site immigration

reduced.

Discriminate Analysis of Plant Response

The array of pre- and post harvest plant assemblages (30 total)

were successfully classified by discriminate analysis into (1)

annual forb, (2) shrub, (3) perennial grass, and (4) perennial forb

phytosociological groups. There was no separation of pre- and post

harvest plant assemblages among the groups. The four groups were

significantly (p = 0.001) different from each other. Plant

assemblages estimated to occur in groups 1, 2, 3, and 4 were

classified correctly in, respectively, 95, 86, 92, and 100% of the

cases tested. Aside from plant form dominance, groups differed

significantly (p = 0.001) in areal species richness, perennial plant

aggregation, perennial plant density, total cover, and "evenness" in

the distribution of cover among plant forms. Figure II. 2 separates

pre- and post harvest plant assemblages for ease of interpretation.

The first discriminate function (axis) ordinated plant

assemblages along a gradient of increasing perennial grass cover and

evenness in distribution of cover among plant forms. The second

discriminate function (axis) ordinated plant assemblages along a
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Figure II. 2. Discriminate ordination of preharvest plant
assemblages, post harvest plant assemblages, and vectors of
change within and among groups (1 thru 4).
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gradient of increasing species richness, shrub cover, and perennial

forb cover. The third discriminate function (axis) emphasized

increasing total cover, species richness, and cover of annual forbs.

These discriminate functions explained 80% of the variance in the

data.

Post harvest response was not unidirectional in

phytosociological change. Vectors drawn from pre- and post harvest

plant assemblages varied in length and direction (Fig. II. 1).

Annuals invaded shrub sites, shrubs invaded annual sites, and plant

forms already present were differentially favored by tree release

causing intragrouping shifts.

Site membership in post harvest groups was similar to

preharvest groups, indicating potential predictability of post

harvest response. Discriminate analysis was run again using the

post harvest plant assemblages grouped according to the preharvest

plant assemblages. We found 80% of the post harvest vegetation

transects were placed in the correct preharvest group. Thus, good

opportunities exist for a qualitative prediction of post harvest

response from the preharvest plant assemblage.

In only three instances were post harvest assemblages

classified in groups different from their associated preharvest

plant assemblage (Fig. II. 2), and in two of these instances this

could be traced to allogenic factors. Site 4 in the annual forb

group was invaded and rapidly dominated by sagebrush taxon, shifting

it to the shrub group. Site 7 in the perennial grass group was

subjected to severe grazing pressure, shifting the plant assemblage



69

to the annual forb group. Site 9 was shifted from the annual forb

group to the perennial grass group by the autogenic preferential

response of perennial grasses to tree harvesting.

Interpretation of Discriminate Analysis

Most pre- and post harvest plant assemblages are found in the

same phytosociological groups, thus supporting the hypothesis that

"initial floristics" controls initial understory response. Further,

we hypothesize that post harvest response is "site specific cyclic"

rather than a successional replacement series of plant forms. This

is most apparent where (1) mid-to-late understory successional

species immediately predominate the post harvest sites, or (2) where

invading trees truncate understory successional stages. In the

first case, shrubs or grasses rapidly dominate following tree

removal and precluded earlier successional stages (sites 1, 2, 3, 4,

and 8). In the second case, perennial grass or forb dominance of

pre- and post harvest understory suggests the linear successional

replacement of herbaceous species (Erdman 1970) by shrubs is

precluded by tree dominance (sites 5, 6, 9, 10, 11, 12, 13, and 14).

Understory response on annual forb sites (site 15) is the anomaly to

the "cyclic response" hypothesis because of the opportunity for

invading species.
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Phytosociological Characteristics

Total understory cover significantly (p = 0.1 or 0.05)

increased following tree harvest on sites not subjected to grazing

(sites 5 and 6) nor in the down-cycle of annual forb populations

(site 4)(Table II. 2). Absolute increase in cover across sites was

minimal (X . 1.48 dm 2
/m

2
) with a high coefficient of variation, CV =

(S/R 100) = 61%, but mean post harvest understory cover was

approximately 200% greater than preharvest understory cover.

Depauperate annual forb sites with loose species packing

(Terborgh 1973) were rapidly colonized by herbaceous pioneer species

or by shrub seedlings from one of the Artemisia taxon. Postharvest

response on shrub sites was characterized by increased aggregation

of perennial plants, lower species richness, and a less even

distribution of cover among the plant forms. Ungrazed grass sites

were best characterized by their lack of change in evenness,

perennial plant density, and aggregation. Grass sites had high

initial species richness, perennial plant density, and evenness in

cover distribution among plant forms. Livestock grazing of grass

sites altered phytosociological parameters significantly and in one

instance caused regression to the annual forb stage.

Evenness in cover distribution among plant forms was low

(J max = 1.0) and the overall mean was numerically the same in both

pre- and post harvest plant assemblages (X = 0.40 ± 0.26). Changes

in the evenness value for a plant assemblage occurred from such a

wide array of circumstances that the value itself had little meaning



Table 11. 2-- Differences between pre- and postharvest phytosociological parameter pairs (multivariate paired "t" Test of difference)

Phytosociological pairs

Pair 1 Pair 2 Pair 3 Pair 4

Preharvest

group

Site Total Evenness

cover In cover

(dm2/m2 ) (-1 to *1)

Annuals Perennials Woody Herbaceous

(d.2/m2) (dm2/m2)

Perennial Aggregation

plant density (blorisita Index)

(plants/m2) (I)

Annual Forb 4 -5.66.. -0.27.. -42.26.* 13.56 13.52. -41.74*. 16.6 16.9
9 0.78 0.13 0.78 3.67 0.92 2.95 0.73 0.1

15 2.92 0.12 13.94 0.70 0 14.61 0.4 15.6
Shrub 1 3.5 0.47 9.28 8.28 5.21 8.31 0 -12.0"

2 4.9 0.33 9.69 9.75 4.93 9.74 - 2.5 - 7.3

3 1.83* 0.05 0 3.35 8.99 0.16 1.8 5.6
8 1.03 0.04 0.161 4.971 0.47 0.40 0.50 0.8

Perennial Grass S 0.61 0.08t - 1.67 - 1.14 0.4 - 3.43 - 6.4 6.6

6 -0.44.. -0.25.. - 0.51 1.71 0 - 2.24 - 5.5 1.2
7 3.39 -0.34" 16.85. 0.27 - 0.20 24.8 - 3.8 2.7

10 1.57 0.19 2.621 5.23t - 3.06 20.87 - 4.8 0

11 2.74 -0.26 2.22 11.29 0.57 14.29. - 1.3 0.1

12 0.65 0 1.26 2.03 0.66 2.63 - 0.3 0.3

13 1.13. 0 0.17 6.09 1.03 5.17 3.9 0.3

Perennial Forb 14 3.19 0.18. 1.29 14.66 0.33 18.69 2.9 0

Significant at 0.1 or 0.05, Ilottoling's "t" value.

`Significant at 0.05, but difference can not be ascribed to any one parameter.
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unless the cause was understood.

Perennial plant cover increased on all sites not subjected to

severe grazing, but annual cover was more variable because of

increased dependence upon climatic effects. Woody cover increase

was dependent upon remnant shrubs, shrub seed sources, and lack of

competing grass species. Herbaceous cover increased following tree

harvest unless sites were grazed (Site 4).

Perennial plants were significantly (p = 0.01) aggregated

(I > 1: Morisita's Index [Poole 1974]) in all pre- and post plant

assemblages with the exception of the regular dispersion of plants

(I = 0) on preharvest sites 3, 4, and 15. At least two scales of

aggregation were visible on most sites. Understory and tree cover

occurred heterogeneously across the ground surface causing general

patchiness (Yarranton and Morrison 1974). Within a given patch,

understory was generally excluded from the duff areas adjacent the

tree, forcing understory aggregation in the interspace.

Perennial plant density was low in pre- and post harvest plant

assemblages: 77= 11.45 plants/m2 vs. X = 11.31 plants/m,

respectively. Perennial plants increased on sites initially

dominated by annuals (sites 3, 4, and 15), perennial forbs (site

14), and one grass site (site 13) but decreased on all others.

Physical damage during tree harvesting, altered microclimate

following tree harvest, and post harvest grazing effects (sites 5,

6, and 7) probably contributed to this loss of perennial plants.
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Correlation Matrix of Phytosociological Parameters

As perennial grass and forb cover increased, so did species

richness, evenness in cover distribution, and perennial plant

density (Table II. 3). Increasing shrub cover was associated with

increasing plant aggregation, decreasing evenness, and decreasing

grass cover. The proportion of species common to pre- and post

harvest plant assemblages was inversely related to total cover,

aggregation, and the shrub-annual forb cover. On sites subject to

immigrating shrubs or annual forbs, a sharp change in species

composition occurred but species numbers remained less than in grass

or forb dominated understory. Understory diversity increased

spatially on shrub sites (aggregation) and increased floristically

(species richness) and structurally (evenness) on grass sites.
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Table II. 3--Correlation matrix of phytosociological parameters

Preharvest

SR1/ PD TC EV AG 7S 7G 7F TIAG 7AF

1. 0.66*2/ 0.0 0.49 -0.11 -0.05 0.37 0.14 0.39 0.36

1. -0.07 0.56* -0.18 -0.18 0.52* 0.48 0.07 -0.43

1. -0.06 -0.13 -0.03 -0.27 -0.18 -0.07 0.36

1. -0.28 -0.53* 0.64* 0.42 0.29 -0.09

1. 0.52* -0.21 -0.17 -0.05 -0.33

1. -0.66* -0.36 -0.25 -0.49

1. 0.45 0.28 -0.28

1. -0.07 -0.28

1. 0.015

1.

Postharvest

SR PD TC EV AG 7S 7G 77 7AG ITAF TICS

1. 0.72* 0.14

0.19

1.

0.48

0.32

0.0

1.

-0.49

-0.27

-0.07

-0.59*

-0.48

-0.28

0.19

-0.41

0.22

1.

0.48

0.57*

0.58* -0.23

-0.16

-0.48

0.34

0.15

-0.18

0.09

-0.15

1.

-0.05

-0.37

0.32

-0.18

0.29

-0.36

-0.37

-0.19

-0.20

1.

0.26

-0.35

-0.52*

1.
0.43

0.17

0.23

-0.29

-0.27

0.13

1.

-0.44

0.39

-0.45

-0.63*

0.26

-0.41

-0.30

0.72*

1.

1.

0.18

0.23

-0.47

1.

1/
SR = areal species richness; PD = plant density; TC = total cover; = evenness;

AG = aggregation; 7S, 7G, 7F, 7AG, 7AF = proportional cover of shrub, perennial

grass, perennial forb, annual grass, and annual forb. TICS = proportion of species

common to pre- and postharvest assemblages.

2/* denotes significant correlation coefficient (P < 0.05)
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CONCLUSIONS

Postharvest response was cyclic rather than successional in

nature. Thus, post harvest response could be predicted from

preharvest plant assemblages barring outside perturbations. The

assumption of homology between spatial vegetation sequences on a

site at a point in time and long-term successional changes appears

unwarranted but may be appropriate in woodland transition areas not

covered by this study.

Postharvest response was best explained by Egler's (1954) "Initial

Floristics" model where residual plants and rapidly immigrating

species dominate response. Predictability of post harvest response

with its high proportion of preharvest species (57%) substantiates

this hypothesis. Predictability of response is increased under this

system. Unfortunately, some plant forms are speculated to be

"locked out" of the post harvest plant assemblage, thus negating

attempts to increase the forage base for livestock or wildlife.

Understory species richness was reduced or equal following tree

harvest and did not increase as suggested by Loucks (1970).

Understory diversity increased spatially on shrub sites

(aggregation), and increased floristically (species richness) and

structurally (evenness) on grass sites.

Total plant cover increased following tree harvest on all sites

not subjected to severe livestock grazing. Preharvest understory in

the fully stocked stands was severely suppressed. Thus, the

absolute increase in post harvest cover was minimal (1.48 dm
2
/m

2
).
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Response did, however, represent a significant increase (200%) in

cover over preharvest conditions.



77

REFERENCES

Arnold. F. 1964. Zonation of understory vegetation around a juniper
tree. J. Range Manage. 17:41-42.

Arnold, J. F. and W. L. Schroeder. 1955. Juniper control increases
production on the Fort Apache Indian Reservation. Sta. Pap.
18. USDA For. Serv., Rocky Mountain Forest and Range
Experiment Station, Fort Collins, Colo. 35 p.

Canfield, R. H. 1941. Measurement of grazing use by the line
interception method. J. For. 42:192-194.

Clary, W. P. 1974. Response of herbaceous vegetation to felling of
alligator juniper. J. Range Manage. 27:387-389.

Dyrness, C. T. 1973. Early stages of plant succession following
logging and burning in the western Cascades of Oregon. Ecol.
54:57-69.

Egler, F. E. 1954. Vegetation science concepts. I. Initial
floristic composition a factor in old-field vegetation
development. Veg. 4:412-417.

Erdman, J. A. 1970. Pinyon-juniper succession after natural fires
on residual soils of Mesa Verde, Colorado. Brigham Young
University Sci. Bull. Bio. Ser. 11. 24 p.

Klecka, W. R. 1975. Discriminant analysis. p. 434-467. In: H.
Nie, C. Hull, J. Jenkins, K. Steinbrenner, and D. Bent (eds).
Statistical Package For The Social Sciences. McGraw-Hill,
New York. 675 p.

Harner, R. E. and K. T. Harper. 1976. The role of area
heterogeneity and favorability in plant species diversity of
pinyon-juniper ecosystems. Ecol. 57:1254-1263.

Loucks, O. L. 1970. Evaluation of diversity, efficiency, and
community stability. Amer. Zoo. 10:17-25.

MacMahon, J. A. 1980. Ecosystems over time: succession and other
types of change. p. 27-58. In: R. H. Waring (ed). Forests:
Fresh Perspectives From Ecosystem Analysis. Proceedings Biology
Colloquium, 40th. Oregon State University, Corvallis. 210 p.

Meeuwig, R. O. and S. V. Cooper. 1981. Site quality and growth of
pinyon-juniper stands in Nevada. For. Sci. 27:593-601.



78

O'Rourke, J. T. and P. R. Ogden. 1969. Vegetative response
following pinyon-juniper control in Arizona. J. Range Manage.
22:416-418.

Poole, R. W. 1974. An Introduction to Quantitative Ecology.
McGraw-Hill, New York. 532 p.

Tausch, R. J., N. E. West, A. A. Nabi. 1981. Tree age and dominance
patterns in the Great Basin pinyon-juniper woodlands. J. Range
Manage. 34:259-264.

Terborgh, J. 1973. On the notion of favorableness in plant ecology.
Amer. Nat. 107:481-500.

Timm, N. H. 1975. Multivariate Analysis with Applications in
Education and Psychology. Wadsworth Publishing Company,
Belmont, Calif. 689 p.

Tueller, P. T. 1973. Secondary succession, disclimax, and range
condition standards in desert shrub vegetation. p. 57-66. In:
D. N. Hyder (ed). Arid Shrublands-Proceedings of the Third
Workshop of the United States/Australia Rangelands Panel,
March 26-April 5, 1973, Tucson, Az. 148 p.

Tueller, P. T., C. Beeson, R. J. Tausch, N. E. West, and K. H. Rea.
1979. Pinyon-juniper woodlands of the Great Basin:
distribution, flora, vegetal cover. USDA For. Ser. Res. Pap.
INT-229. Intermountain Forest and Range Experiment Station,
Ogden, Utah. 22 p.

Yarranton, G. A. and R. G. Morrison. 1974. Spatial dynamics of a
primary succession: nucleation. J. Ecol. 62:417-428.

Young, J. A. and J. D. Budy. 1979. Historical use of Nevada's
pinyon-juniper woodland. J. For. Hist. 23:112-121.



79

CHAPTER III

UNDERSTORY SEED RAIN ON TREE HARVESTED AND

UNHARVESTED PINYON-JUNIPER SITES

Richard L. Everett

Steven H. Sharrow
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UNDERSTORY SEED RAIN ON TREE HARVESTED AND

NONHARVESTED PINYON-JUNIPER SITES

ABSTRACT

The demand for cordwood as a home heating fuel has increased

wood harvesting in the pygmy forests of the southwest. Resilience

of the woodlands to such perturbations has declined because tree

competition has eliminated much of the understory and lowered its

regeneration potential. Thus information on the current

regeneration potential of the woodland understory and the change in

this potential following tree harvest is important to the management

of these woodlands. Number of filled seed arriving at the soil

surface (seed rain) is readily measured and indicates species

regenerative potential. Seed rain of understory species was

followed for two years in tree harvested and adjacent nonharvested

plots in a singleleaf pinyon (Pinus monophylla Torr. and Frem.)-Utah

juniper (Juniperus osteosperma [Torr.] Little) woodland on north,

west, and south aspects of the Shoshone Mountains in west-central

Nevada. Quantity and species composition of seed rain varied

between years but total seed rain was consistently greater on

harvested than nonharvested plots and on the more mesic than xeric

aspects. Seed rain continued to increase from the first to second

year following tree harvest. Colonizing species squirreltail

(Sitanion hystrix Nutt.) and cryptantha (Cryptantha watsonii

[A. Gray] Greene) dominated seed rain on sites where they occurred.
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INTRODUCTION

Singleleaf pinyon and Utah juniper have reoccupied large areas

that were clear-cut to support the mining industry of the Great

Basin in the late 1800's. Currently pinyon and juniper are

increasing in density within established stands (Tausch et al. 1981)

and in adjacent plant associations. Tree competition has eliminated

much of the understory in fully stocked stands (Everett and Koniak

1981). A decline in understory plants and soil seed reserves is a

normal process in pinyon-juniper succession (West et al. 1979;

Koniak and Everett 1982), but current conditions are more extreme

than normal due to the interruption in the natural fire cycle and

overgrazing. Currently, harvesting of trees for cordwood in the

woodlands has increased in response to high fossil fuel costs

(Meeuwig and Cooper 1981). Unfortunately, the regeneration

potential of the understory is now in question as is the ability of

the woodland to provide a desirable plant assemblage following

perturbations such as tree harvesting.

Understory plants and soil seed reserves are distributed

non-uniformly within stands (Everett and Koniak 1981; Koniak and

Everett 1982). Seed rain, the number of filled seed arriving at the

soil surface, can be expected to vary similarly. The majority of

species are "proxichary" seed types, those lacking adaptations for

long range dispersal (Ellner and Shmida 1981). Thus seed rain

should be.inversely proportional to the distance from the understory

that forms zonal patterns around the tree stems (Arnold 1964). Seed
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rain and soil seed bank composition often do not reflect current

species composition due to interspecies differences in quantities of

seed produced and their persistence (Thompson and Grime 1979).

Seed rain of understory species was recorded on tree harvested

and adjacent nonharvested plots on north, west, and south aspects in

west-central Nevada on the Shoshone Mountains. Seed rain

differences between years, treatments, and soil surface microsites

and the ecological significance of these differences are discussed.
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STUDY SITE

The study area occurred in a singleleaf pinyon-Utah juniper

woodland approximately 4 km from Ione in the Shoshone Mountain range

of west-central Nevada. North (N), west (W), and south (S) aspects

occurring within 1 km distance of each other were selected for

study. Tree cover of singleleaf pinyon and Utah juniper was 27 and

1% north aspect; 38 and 23%, west aspect; and 45 and 9%, south

aspect. Basalt-derived soils were shallow (41m), and tended to be

skeletal at lower depths. Soil nutrients were depleted in the

interspace and concentrated under the tree species (unpublished

data) as Barth (1980) reported for pinyon pine (Pinus edulis

Engelm.). The 20-year average precipitation in this area was 330

mm/yr., falling mostly as snow during the winter months.

Precipitation for the 1980 and 1981 study years was slightly less,

321 and 309 mm, respectively. Surface soil moisture was depleted

rapidly during June on both harvested and nonharvested plots, thus

initiating seed dissemination of many understory species. Both

harvested and nonharvested plots were fenced to exclude grazing.

Based on cover values of major species in each plant form

(tree, shrub, grass, forb), the three plant assemblages sampled

were: singleleaf pinyon/antelope bitterbrush (Purshia tridentata

[Purch.] D.C.)/Idaho fescue (Festuca idahoensis Elmer)/tailcup

lupine (Lupinus caudatus Kellogg) on the north aspect; singleleaf

pinyon/low sagebrush (Artemisia arbuscula Nutt.)/ Sandberg bluegrass

(Poa sandbergii Vasey)/tomcat clover (Trifolium tridentatum Lindl.)
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on the west aspect; and singleleaf pinyon/Wyoming big sagebrush

(Artemisia tridentata Nutt. ssp. wyomingensis)/Sandberg bluegrass/

microsteris (Microsteris gracilis [Hook.] Greene) on the south

aspect. Grass and forb species dominated the understory adjacent

the seed traps. Cover values were low (2-3%, 1980; 4%, 1981) on

nonharvested plots and slightly higher (4-7%, 1980; 3-14%, 1981) on

harvested plots.
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Tree Harvest Treatments
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Harvested and nonharvested plots were established adjacent to

each other on north, west, and south aspects. The three tree

harvested plots (.1 ha in size) were cleared of all trees 7I m in

height and included a minimum of a 2-3 m buffer strip between the

nonharvested forest and harvested plot seed traps. Cut trees,

including slash, were removed from the plot. Unharvested plots were

left undisturbed.

Vegetation

Plant composition changes were followed by examining a set of

eight permanent microplots (25 cm x 50 cm) established on each of

the duff, transition, and interspace microsites adjacent the seed

traps. Species canopy cover within the microplots was estimated in

1980 and again in 1981 using Daubenmire's (1959) canopy coverage

method.

Seed Rain

Seed rain was collected from seed traps on both harvested and

nonharvested plots on north, west, and south aspects. Collection

traps (each.T,;80 cm2 in area) were placed at random in duff,
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transition, and interspace soil surface microsites that occurred in

association with the largest trees (stem dia.;>30 cm) in each

quadrant of the plot. The soil microsites were readily visible

ecological entities that reflected tree-induced physical and

chemical alterations of the soil surface (Barth 1980), with

corresponding differences in species composition and plant cover

(Everett and Koniak 1981). Duff microsites occurred under the tree

canopy and were covered with a dense layer of pinyon needles

approximately 1 to 10 cm thick. Transition microsites occurred

adjacent to the tree crown and were covered by a dispersed needle

layer. Interspace microsites occurred between adjacent trees and

lacked a needle cover on the ground surface. Each microsite was

sampled for seed rain by four randomly placed seed traps on each

harvested and nonharvested plot.

Seed rain traps consisted of a 10-cm long section of a 10-cm

(internal) diameter P.V.C. pipe fitted with a fine mesh ('1 mm)

circular screen platform. The platform was mounted on a plunger

such that seed could be collected without disturbing the seed trap

which was buried flush with the soil surface.

Following tree harvest in 1979, seeds were collected on 2- to

3-week intervals during the 1980 and 1981 growing seasons. Seeds

were collected from seed traps by removing a screen platform

containing captured seed and placing the contents in a labeled bag.

Seeds were later separated from the accompanying litter, insect

parts, and broken strobiles of singleleaf pinyon under a low-power

microscope. Filled seeds were counted and identified as to plant
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species. Seeds collected from the major species the year of tree

harvest were used to facilitate species identification of collected

seed.

The quantity and time of occurrence of total seed rain (seed of

all species combined) and seed rain of individual species were

examined separately on harvested and nonharvested plots of each

aspect. Differences in seed rain among microsites were compared in

analyses of variance tests using Hartley's Sequential Method of

Testing to identify significant (p = 0.05) differences among means

(Snedecor and Cochran 1978). The relationship between understory

cover and total seed rain was examined by evaluating linear

correlation coefficients at the 5% level.
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RESULTS AND DISCUSSION

Seed Rain on Nonharvested Plots

The rate of seed fall was low ( 20 seeds/m2/week) on all

nonharvested plots and the amount declined slightly from 1980 to

1981 (Fig. III. 1). Seed rain on the mesic north aspect was greater

than the other aspects as would have been predicted from Harper's

(1977) hypothesis that reproduction is lower in stress environments.

The presence of individual seed species in the seed rain was

discontinuous over time, suggesting seed distribution occurred in

two major phases: an initial seed-dissemination phase and a later

redistribution phase of fallen seed. Rapid short-term seed

dissemination from individual species provided peaks in seed rain

curves while redistribution of fallen seed of all species smoothed

the curves somewhat (Fig. III. 1). Movement of fallen seed across

bare areas and their subsequent lodging against litter or plants is

well documented (Knipe and Springfield 1972; Archibold 1981).

Total quantity of seed rain changed little on nonharvested

plots between years (Fig. III. 1), but composition shifted from

annual forbs to grasses (Table III. 1). Coefficient of variation

(CV = [standard deviation/mean] x 100) in seed rain was high for the

various plant forms (shrub, perennial grass, perennial forb, annual

forb, and annual grass) among aspects, but in general seed of annual

forbs predominated on north (86%) and west (50%) aspects in 1980 and

perennial grass seed dominated seed rain on all nonharvested plots
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Figure III. 1. Total seed rain curves for harveseted and nonharvested plots on north,
west, and south aspects in 1980 and 1981.



Table III. 1. Percent of Seed Rain By Plant Form.

1980
1931

Harvested Nonharvested Harvested Nonharvested
CV X CV 3; CV X CV

Shrubs 0 0 1 173 0' 0 4 173

Perennial grass 26 123 36 78 55 72 76 214
Perennial forbs 8 128 5 89 0.3 173 0 0
Annual forbs 65 64 58 44 46 92 20 61

Annual grass 0.3 173 0 0 0.5 173 0 0

1, mean; CV, coefficient of variation.
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in 1981 (north, 71%; west, 94%; south, 62%). Shrubs, perennial

forbs, and annual grasses contributed little to seed rain on

harvested and nonharvested plots. The shift from forb to grass seed

was more the result of a lack of forbs in 1981 than increased grass

seed. Precipitation during maximum annual forb growth (May-June)

was less in 1981 than 1980. Forb cover in pinyon-juniper woodlands

is unique each year (Treshow and Allen 1979), thus year-to-year

variations in the proportion of seed rain among plant forms were

expected.

Seed Rain on Harvested Plots

Seed rain increased dramatically the first year following tree

harvest on all aspects as inferred by the difference between

harvested and nonharvested plots (Fig. III. 1., Table III. 1). The

absolute increase in seed rain was greatest on the north aspect and

declined from west to south aspects. Seed rain was dominated by

annual forbs on north (86%) and south (93%) aspects but by perennial

grasses (63%) on the west aspect.

The difference in total seed rain between harvested and

nonharvested plots was significant (p = 0.05) both years but was

more pronounced in 1981 (Fig. III. 1, Table III. 1). Increased

total seed rain on harvested plots in 1981 was the result of

biological rather than climatological factors because seed rain on

nonharvested plots dropped slightly that year. Increased seed rain

following tree harvest is believed to reflect increased vigor and



Table III. 2. Total Seed Rain.

Harvested* Nonharvested
N W S N W

1980

283 151 98 93 32 8

1981

824 261 61 14 17 8

N, north aspect; W, west aspect; S, south aspect.

*Seed rain significantly (p = 0.05) greater on harvest than nonharvested
plots in 1980 and 1981.
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reproduction from established understory plants and colonizing

species squirreltail (Sitanion hystrix Nutt.) (Hessing et al. 1981)

and cryptantha (Cryptantha watsonii [A. Gray] Greene) that

reoccupied the duff microsites on west and north aspects,

respectively. The proportion of perennial grass seed in the seed

rain increased in 1981 and seed of annual-forbs declined as

mentioned previously for nonharvested plots. Seed rain on the

harvested plot of the west aspect was again dominated by perennial

grass seed (97%), especially squirreltail. Sandberg bluegrass seed

was scarce but sufficient to dominate (62%) seed rain on the south

aspect in 1981. On the north aspect, seed of annual forbs (84%)

(i.e., cryptantha) were again most numerous but seed of Idaho fescue

made up the major portion of the remaining seed rain.

Seed rain was greater the second year after harvest for

Sandberg bluegrass, Idaho fescue, and squirreltail on all aspects

where they occurred (Table III. 3). Statistical analysis of seed

rain of individual species between harvested and nonharvested plots

on a given aspect was prohibited by the extreme variability among

individual seed traps. High variability among seed traps is a

common problem in seed rain studies (Archibold 1981).

On the north aspect no seed of Idaho fescue was collected on

nonharvested plots in 1981, but on harvested plots a seed rain of

103 seed/dm2 was recorded for this species. On the west aspect seed

rain of squirreltail on harvested plots increased from 1980 to 1981

and was 16 times as great as on the nonharvested plot in 1981. Seed

rain of Sandberg bluegrass was slightly greater on nonharvested than



Table III. 3. Seed Rain of Major Grass Species.

Species

Total seed rain (seeds/dm2)

Aspect

North West South
H N H N H N H N H N H N

1980 1981 1980 1981 1980 1981

Poa sandbergii

Festuca
idahoensis

Sitanion
hystris

Total

0.3

2.3

0.6

3.2

0.42

0.00

0.00

0.42

2.2

10.3

0.8

13.3*

1.0

0.0

0.0

1.0

0.2

0.8

8.7

9.7

1.1

0.0

0.2

1.3

3.1

1.6

22.0

26.7

0.3

0.0

1.4

1.7

0.4

0.0

0.0

0.4

0.5

0.0

0.0

0.5

3.5

0.0

0.0

3.5

0.4

0.0

0.1

0.5

H, harvested plots; N,nonharyested plots. *Total seed rain significantly greater (p =0.1) on harvested than on non-harvested plots in 1981 but not1980.
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harvested plots in 1980, but the reverse occurred in 1981 (Table

III. 3).

The regenerative potential of understory vegetation increased

rapidly following tree harvesting on west and north aspects, but the

south aspect had minimal seed numbers and species diversity on seed

harvested plots. A preharvest condition of low understory cover and

the absence of species with high reproductive potential may

necessitate artificial seeding to establish adequate understory

cover on south aspects similar to those studies. Tree harvesting on

south aspects should be done such that some tree cover is maintained

to prevent erosion until other vegetation may become established.

Seed Rain on Soil Microsites

Seed rain occurred in transition and interspace soil surface

microsites but was much reduced in the duff on nonharvested plots

(Table III. 4). Once trees were harvested, seed rain in the duff

soil surface microsite increased. Colonizer species (i.e.,

bottlebrush squirreltail and cryptantha) effectively utilized the

increased nutrients and moisture stored in the relatively

competition-free duff zone (unpublished data). Transition

microsites on harvested plots and duff microsites on nonharvested

plots had the highest and lowest total seed rain, respectively, in

four of six comparisons (aspect and year, Table III. 4).

Seed rain collected from duff, transition, and interspace

microsites of nonharvested plots negatively correlated



Table III. 4. Total Seed Rain by Soil Surface Microsites.

Soil

microsite

Total seed rain (seed/dm2)

Aspect

North West South
H N H

N

1980

Duff 17.8* 0,3 6.4 1.3 0.6 0.3

Transition 66.6 5.4 16.2 4.1 20.1 0.4

Interspace 8.9 7.9 25.5 4.5 11.5 0.2

1981

Duff 93.6 0.3 16.2 0.3 0.0 0.0

Transition 68.5 0.6 71.0 5.4 10.8 1.3

Interspace 10.8 2.9 6.4 0.0 8.9 1.3

H, harvested plots;N, nonharvested plots. *( ) seed rain significantly lower(p = 0.05) on the soil microsite than the maximum for the aspect in a givenyear.
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(p = 0.1) to plant cover (r = -0.42) but less so (P = 0.1) on

harvested plots (r = -0.20). Species providing a majority of the

cover were not prolific seed producers and seed production was

reduced when species grew in dense patches under the limited

moisture regime of nonharvested plots. The cover-seed rain

relationship may reverse itself on the harvested plots when

populations of colonizer species decline.

Number of Seed Species on Soil Microsites

Number of seed species were always greater on harvested than on

nonharvested plots for all soil microsites on all aspects in 1980

and 1981. The interaction term of harvest and soil microsite

treatment was significant (p = 0.05), thus main effects are not

discussed. Figure III. 2 elucidates the decline in number of seed

species from harvested to nonharvested plots by soil microsite. The

consistent peak in seed species numbers on the transition microsite

is readily apparent. Number of seed species dropped slightly from

1980 to 1981.

Seed Rain and Plant Strategies

Grouping plant species by their established and regenerative

strategies (Grime 1977) allows ecologists to examine the functional

nature of species within plant assemblages. Using Grimes' (1977)

established and generally self-explanatory terminology, we attempted



S OI L MICROSITES
Figure III. 2. Number of seed species on harvested (H) and nonharvested

(N) plots by soil microsites duff (D), transition (T), and interspace
(I) in 1980 and 1931.
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to relate seed rain to the established plant strategies. More

complex definitions of plant strategies are provided by Grime (1977)

but, in short, ruderals are opportunists that capture intermittently

available resources, stress tolerators continuously capture

resources under physiological limiting conditions, and competitors

freely utilize resources to the extent that they dominate plants of

other strategies.

Seed rain of established perennial plants is low under the

intense tree competition on nonharvested plots. Large investments

of plant resources to seed production would be unrewarded as there

are so few "safe sites" (Harper 1977) for emergence and

establishment. Under stress, understory species behaved as stress-

tolerant species (Grime 1977) with low seed production. Upon tree

harvest and understory release, "ruderal and competitor ruderals"

(cryptantha and squirreltail, respectively) achieved high

reproduction rates and dominated the seed rain. In 1981 cryptantha

provided only 16% of the plant cover and 75% of the seed rain on the

north aspect harvested plot. Squirreltail provided 45% of the plant

cover and 77% of the seed rain on the harvested plot of the west

aspect in the same year. These species apparently commit a

relatively large portion of their resources to seed production and

dispersal as is required for colonizer species survival (Werner

1975).

The understory "competitor" species, Idaho fescue, increased

its seed rain substantially, but the "stress-tolerant" species,

Sandberg bluegrass, less so even on the mesic north site. On the



100

south aspect, Sandberg bluegrass dominated the seed rain in 1980 and

1981, but this was due to the absence of "ruderal" or "competitor"

species and generally low total seed production.

Seed Rain and Plant Composition

Seed rain did not accurately reflect the species composition of

the understory. Although there were 30 understory species present,

seed of only 9 species were captured in the seed rain traps

(Table III. 5). Seeds of annual forbs littleflower collinsia

(Collinsia parviflora Dougl.), cryptantha, groundsmoke (Gayophytum

ramosissimum Nutt.), and microsteris were collected on all plots

(harvested and nonharvested), as were Sandberg bluegrass and

bottlebrush squirreltail. But seed of several forb species were

found only on nonharvested plots and seed of the remaining grass

species only found on harvested plots (Table III. 5). Seed of

several local species (i.e., antelope bitterbrush, stickseed

(Lappula redowskii [Hornem.] Greene) are not carried by wind but

depend upon animals for dispersal and thus were undersampled.

Outflux of "telechory" seed (seed adapted for long range dispersal,

i.e., papus seed of rubber rabbitbrush [Chrysothamnus nauseosus

Pall.] and hawk's beard [Crepis acuminata Nutt.]) from the released

understory of the harvested plot is likely to exceed influx from the

suppressed understory of control plots, thus "telechory" seed

species were also undersampled in this study.
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Table III. 5. Seed Species Comprising the Total Seed Rain.

Aspect
Type and species

Shrubs

Artemisia tridentata spp. wyomingensis

*Phlox hoodii

*Vurshia tridentata

Forbs - perennial

**Arabis holboellii

*Vrepis acuminate

Lomatium macrocarpum

North West South

X

X

X

Forbs - annual

Collinsia parviflore
X .X X

Cryptantha watsonii
X X X

Gayophytum ramosissimum
X X X

*Gilia gilioides
X X

*LappuLa redowskii
X X

Microsteris gracilis
X X X

**Polygonum engelmanii
X

Grasses - perennial

*Festuca idahoensis
X X

*Koeleria cristata
X X

Poa sandbergii
X X

Sitanion hystrix
X X

*Stipa'pinetorum
X X

Grasses - annual

*Bromus tectorum
X X

*present only on harvest plots; **present only on nonharvested plots.
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CONCLUSIONS

The proportion of seed rain contributed by shrub, forb, and

grass was highly variable among aspects and years, but seed of

perennial grass and annual forbs generally predominated. Shifts in

seed rain composition between years were expected because of the

ephemeral nature of annual forbs. Seed rain declined from the more

mesic to xeric aspects as expected.

Numbers of species in the seed rain increased following

harvesting and species were most numerous in the transition soil

microsite. Total seed rain (all species combined) was also greatest

in the transition microsite.

Seed rain was not closely associated with the amount of

understory cover within harvested or nonharvested plots in part

because colonizer species produced seed in disproportional amounts

for their cover. Seed rain of individual species followed

expectations based on their apparent plant strategies of ruderal,

competitor, or stress tolerators.

Seed rain was composed of two general phases, seed

dissemination and later redistribution. Thus seed of individual

species were found in traps long after dissemination from the plant.

Seed rain increased significantly (p = 0.05) following tree

harvest for the 3 aspects taken collectively. Understory species

should be able to increase soil seed reserves and thus re-enforce

their presence in the pinyon-juniper cycle. These sites will be
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better able to withstand perturbations and serve as a source of

understory propagules to adjacent nonharvested areas.
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YIELD AND QUALITY RESPONSE OF GRASS SPECIES TO TREE

HARVESTING IN SINGLELEAF PINYON-UTAH JUNIPER STANDS

ABSTRACT

Cover, yield, and nutrient concentrations of grasses were

sampled on tree harvested and nonharvested plots on north, west, and

south aspects of a singleleaf pinyon (Pinus monophylla Torr. and

Frem.)-Utah juniper (Juniperous osteosperma [Torr.] Little) stand.

Grass cover increased rapidly the first 2 years following tree

harvest, but the rate of increase declined over the next 2 years.

Grass yield varied among aspects and soil microsites on tree

harvested plots but not on the nonharvested plots where tree

competition masked aspect and microsite effects. All grass species

had greater yield and greater percent nitrogen and phosphorus on

harvested than on nonharvested plots, but low digestibility of some

species may reduce potential livestock gains. On tree harvested

plots, the tree-associated microsites (duff and transition) had

higher grass yield per unit area than in the interspace microsites

between trees. Tree harvesting decreased the area required per

animal unit month (AUM) from 11 to 3 ha (north), 17 to 2 ha (west),

but had no effect on the south aspect (16 ha). Protein levels were

adequate on tree harvested plots (north and west) for livestock but

below levels recommended for deer (Odocoileus sp.).
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INTRODUCTION

An inverse relationship between tree cover and forage

production is well established for several forest systems including

the pinyon-juniper woodlands of the West (Jameson 1967; Clary 1969).

Thinning or clearcutting small patches of trees has been suggested

to increase production and quality of forage for wildlife and

livestock (Patton 1974), but cutting must be balanced with the

appropriate management of the wood resource. Currently little is

known about understory response following tree harvest in the

pinyon-juniper woodlands of the Great Basin. Understory production

has increased following removal of juniper species in the Southwest,

but there are large variations due to soils and climate (Jameson and

Dodd 1969; Clary 1974).

Understory species composition and cover vary among soil

microsites found within pinyon-juniper stands (Harner and Harper

1976; Everett and Koniak 1981). Understory composition and

distribution patterns are closely tied to tree cover and associated

soil characteristics (Everett et al. 1984). Barth (1980)

demonstrated nutrient enrichment in soil microsites under the tree

crown of pinyon (Pinus edulis Engelm.) and the depletion of

nutrients from the interspace microsites among tree stems.

Understory production, protein levels, and mineral

concentrations may increase under the crowns of semi-arid shrubs in

response to increased soil nutrients and shading effects (Rickard et

al. 1973). Under mesic forest conditions, forage production and
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digestibility may decline with increasing overstory cover, but

protein concentrations may increase (Laycock and Price 1970).

Climate of the singleleaf pinyon-Utah juniper woodland is

intermediate between these two vegetation types, and forage quality

and quantity differences among soil microsites are unknown.

Microsites that produce more nutritious forage are particularly

important to selective feeders like deer that must depend on high

quality forage because of their limited rumen capacity (Hanley

1982). Utilization of forage by livestock and wildlife is directly

related to nitrogen and phosphorus levels in plants and soils (Van

Soest 1982). Increases in nutrient concentrations of forage among

soil microsites may increase intake and animal gains.

Protein, phosphorus, and energy usually limit animal nutrition

on western ranges (Halls 1970; Cook and Harris 1977). Ruminants

feed until energy requirements are met or their rumen is full.

Consequently nitrogen and phosphorus uptake depends on their

concentrations in consumed forage.

Grass yield from woodland sites is a hierarchial phenomenon:

(1) individual species yield, (2) composite species yield by soil

microsite, and (3) composite microsite yield by site. This study

assessed forage quality differences of grass species on tree

harvested and nonharvested plots and among soil microsites that

occur on those plots. We chose to sample yield at plant maturity

and forage quality at the anthesis phenologic stage. We asked: (1)

What effect does tree harvesting have on individual species yield

and nutritional quality? (2) What changes in grass yield and quality
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occur on individual soil microsites? (3) What is the total

nonharvested and harvested plot yield available to cow/calf pairs

and wildlife that use the sites?

Change in forage quality over time has been adequately

documented for many of the grass species in this study (Murray et

al. 1978). Although exact timing of nutrient changes may differ

between study areas, decline in forage quality over time has been

sufficiently established in the literature to have already been made

into a basic range management concept (Vavra and Raleigh 1976) and

therefore these trends need not be restudied here.
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STUDY SITE

We chose a study area with a simple floristic composition and

sufficient grass understory to demonstrate a response to tree

release. The study area is a singleleaf pinyon-Utah juniper

woodland approximately 4 km north-east from Ione in the Shoshone

Mountain range of west-central Nevada. Similar areas are on several

mountain ranges in western Nevada.

Basalt-andesitic derived soils were classified as clayey,

skeletal, mixed, frigid, Lithic Xerollic Haplargids (USDA 1975).

These soils are depleted of nutrients in the interspace between

trees and are enriched under the tree crowns (Everett and Sharrow

1984). Precipitation during the study period 1979, 1980, 1981,

1982, and 1983 was 240, 320, 300, 330, and 439 mm, respectively.

These are estimates from the mean of the 2 closest official weather

stations in the same vegetation type (Reese River Valley and

Austin).



112

METHODS

One tree harvested and one nonharvested plot were established

adjacent to each other on North (N 20° E), west (S 84° W), and south

(S 16° E) aspects. Square tree harvested plots (.1 ha in size) were

cleared of all trees 1 m in height. Cut trees, including slash,

were removed from the plot. Adjacent nonharvested plots ( .1 ha in

size) were left undisturbed, and both tree harvested and

nonharvested plots were fenced to exclude livestock. Sampled

aspects were within 2 km of each other on 14 to 18% slopes at a mean

elevation of 2310 ± 30 m.

The soil surface in the woodland was a mosaic of soil

microsites. Tree litter (duff) greater than .5 cm in depth occurred

under the tree crown. A transition zone of light needle cover (less

than .5 cm in depth) formed a halo at the crown edge. Bare mineral

soil occurred in the interspaces between trees (Everett and Sharrow

1983). Microsites with needle cover (duff and transition)

occupied 50, 72, and 70% of the ground surface of north, west, and

south aspects, respectively.

The three plant assemblages sampled were: Pinus monophylla/

Purshia tridentata (Pursh.) D. C. (antelope bitterbrush)/Festuca

idahoensis Elmer (Idaho fescue)/Lupinus caudatus Kellogg (tailcup

lupine), on the north aspect; Pinus monophylla/Artemisia arbuscula

Nutt. (low sagebrush)/ Poa sandbergii [Steud.] Vasey (Sandberg

bluegrass)/Trifolium gymnocarpon Nutt. (hollyleaf clover), on the

west aspect; and Pinus monophylla/ Artemisia tridentata ssp.
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wyomingensis Nutt. (Wyoming big sagebrush)/Poa sandbergii/

Microsteris gracilis (Hook.) Greene (microsteris), on the south

aspect (Everett et al. 1984). At the time of tree harvest the ratio

of tree to grass cover was 28/3%, 61/2% and 54/1% on north, west,

and south aspects, respectively.

Cover, Density, and Biomass

In 1979 species cover and plant density of Sandberg bluegrass

squirreltail (Sitanion hystrix [Nutt.] J. G. Smith), Idaho fescue,

and junegrass (Koelaria cristata [L.] Pers.) were estimated on

harvested plots immediately before trees were removed. Sampling was

repeated on both tree harvested and nonharvested plots in 1981 and

1983. Crown cover and number of plants for each grass species were

estimated with 50- by 50-cm frames laid at every meter mark on 5

permanent parallel transects (20 m in length, 5 m apart) in each

tree harvested and nonharvested plot. In 1981 grass yield was

estimated on these permanent transects in nonharvested and tree

harvested plots. Leaf weight estimates were made separately for

each grass species in each frame using the weight estimate double

sample method (Pechanec and Pickford 1937; Wilm et al. 1944). Of

each grass species, 20 samples were clipped at maturity, seed heads

discarded, and estimates made of dry weight. Samples were

ovendried, weighed, and regression equations derived (r2 = 0.81 to

0.96). Yield (oven dried weight) was calculated from the regression

of weight estimates made in the field.
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Forage Quality

In June 1980 we collected at random 20 plants of each species

in each tree harvested and nonharvested plot where they occurred in

abundance. All species were sampled at the anthesis stage of

development. Sampling was refined in 1981, and 8 plants of each

species (anthesis stage) were harvested from each of the soil

microsites ( duff, transition, and interspace), on each tree

harvested and nonharvested plot. Grass samples were clipped at 1 cm

height and seed heads were removed. Leaves were ovendried at 47°C

and ground to pass through a 0.5 mm sieve.

Plant materials collected in 1980 were run in duplicate through

In vitro digestibility trials (Tilley and Terry 1963) using rumen

inoculum from heifers maintained on a grass hay diet. Plant

materials for 1981 were analyzed in duplicate for In vitro

digestibility, total Kjeldahl nitrogen-salicylic acid modification

(Eastin 1976), and phosphorus (sulfuric acid digest-colorimetric

procedure using ascorbic acid indicator: Watanabe and Olsen 1965).

Duplicate samples not within 10% of their mean value were rerun. A

standard forage sample was included in each run and each run was

adjusted to every other- run via the common standard. Gross energy

of each species was determined from 4 composite subsamples with a

Parr adiabatic bomb calorimeter. Digestible energy (DE) was

computed by microsite and whole plots using the formula DE =t

Production (i) * Gross Energy (i) * Dry Matter Digestibility (i) for

each (i) species, as suggested by Conroy et al. (1982).
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Analysis

The experimental unit was the individual plant (20-24

replicates) when we tested for differences in In vitro

digestibility, % phosphorus, and % nitrogen between harvest and non

harvest plots. In comparisons of the above parameters among soil

microsites there were 8 replicates per tree harvested and

nonharvested plot. Belt transects (5 replicates) were subdivided

into individual soil microsite components duff, transition, and

interspace. Microsite area per transect served as the experimental

unit. Differences in yield and forage quality among microsites was

evaluated on a per unit area basis. The three replicates of paired

tree harvested and nonharvested plots served as the experimental

units in the comparison of the composite microsite change in forage

yield and quality following tree harvest.

Analysis of variance and Hartley's sequential method of testing

(Snedecor 1956) were used collectively to test for differences in

total grass cover among years and individual species differences in

yield, percent nitrogen and phosphorus, In vitro digestibility, and

plant density. Orthogonal contrasts were used to test for

differences in forage quality (digestible dry matter, digestible

energy, protein [6.25 x %N] and phosphorus) among microsites and

tree harvested treatments.
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RESULTS AND DISCUSSION

Species Yield and Plant Density

All plant species examined showed a numerical increase in yield

on tree harvested plots, although differences were not always

statistically significant (Table IV. 1). Except for squirreltail

(west) and Idaho fescue (north), the greater yield on tree harvested

plots was the result of increased growth per plant and not increased

plant density.

Squirreltail biomass and plant density increased on the tree

harvested plot of the west aspect. The species was barely

represented on nonharvested plots but rapidly occupied the duff

microsite following tree removal (Everett et al. 1984). Robust

growth of squirreltail following tree felling was previously

reported by Clary and Morrison (1973) for alligator juniper

(Juniperous deppeana Steud.) woodlands. Idaho fescue dominated the

understory of the north aspect on nonharvested and tree harvested

plots.

Species Forage Quality

In vitro digestibility of grass on tree harvested plots was

greater or equal to that on nonharvested plots for Sandberg

bluegrass and Idaho fescue (north). Digestibility of squirreltail,

junegrass, and Idaho fescue (west) was similar or lower on tree



Table IV. 1. Grass yield and plant density on tree harvest and nonharvest
singleleaf pinyon-Utah juniper plots by aspect.

Grass

Yield (g/m2) Density (plants/m2)

Nonharvest Harvest Nonharvest Harvest

South

Sandberg bluegrass 2.8 3.0 9 7

West

Sandberg bluegrass 1.6 6.7*
1/

23 16
Squirreltail2, .2 30.8* 1 4t
Idaho fescue ' 1.0 1.2 1 1

North

Sandberg bluegrass .5 3.6* 15 14
Squirreltail 1.4 1.5 1 1

Idaho fescue 4.4 17.0* 4 9t

1/
(t,*) significantly (P = 0.1, P = 0.5) greater yield or plant density on
tree harvest than nonharvest plots.

2/
Junegrass plants were present but in too few numbers for statistical
analysis.



Table IV. 2. Percent in vitro digestibility of grass species on tree harvest
and nonharvest plots for 1980 and 1981 by aspect.

Grass

Percent digestibility

1980 1981

Nonharvest Harvest Nonharvest Harvest

Sandberg bluegrass

Sandberg bluegrass
Squirreltail
Junegrass
Idaho fescue

Sandberg bluegrass
Idaho fescue

63b
1

72
a

57a

67
a

57
a

72

60a

76a

72
a

__2

72

64a

South

62c

68
b

72
a

66a

52
a

--

47
b

66
b

67
b

56
a

b
59

46a

52
b

West

North

1
Dissimilar superscripts denote significant (P = 0.05) differences in
in vitro digestibility among harvest and nonharvest plots in 1980 and 1981
for a given species (same row).

2
Inadequate plant materials available for sampling.
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harvested than on nonharvested plots (Table IV. 2). Apparent

contradictory reports of digestibility increasing (Duvall 1970),

remaining unchanged (Conroy et al. 1982), or declining (Laycock and

Price 1970) following tree harvest appear justified. We found

digestibility increased and decreased among species growing on the

same site. A general decline in digestibility of grasses on our

sites occurred from 1980 to 1981.

Based on averages of data, species digestibility was in the

general order of Sandberg bluegrass = junegrass squirreltail '7

Idaho fescue (Table IV. 2). Wallace et al. (1961) reported a

similar order for junegrass (67-69%), 7 squirreltail (64-65%),7

Idaho fescue (54-55%) in eastern Oregon. Gross energy estimates

derived from the bomb calorimeter followed a different species

order: squirreltail (4150±50 cal /g) 7 junegrass (4030±90 cal/g)-7

Sandberg bluegrass (3840±40 cal/g),PIdaho fescue (3640±270 cal/g).

Idaho fescue on our sites was both low in digestibility and gross

energy. If carrying capacity were estimated from yield data alone,

the estimate would be too high.

Percent nitrogen (N) was numerically greater for all species on

tree harvest plots (Table IV. 3) and significantly so for Sandberg

bluegrass (all aspects), squirreltail (west aspect), and Idaho

fescue (west aspect). Minimum nitrogen (N) requirements for

maintenance of a 500 kg lactating cow (9.2% protein 1.47%:

National Research Council 1976) were met by all species on tree

harvested sites and by squirreltail, junegrass, and Idaho fescue

(north aspect) on nonharvested sites. But nitrogen levels of all
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species remained below recommended levels for the nutritional needs

of deer (16% proteint-2.56% N: Halls 1970; Verme and Ullrey 1972).

Percent phosphorus (P) was numerically greater on tree

harvested plots for all species (except squirreltail) and

significantly so (p = 0.1) for Sandberg bluegrass and junegrass.

Minimum phosphorus requirement for lactating cows (500 kg) is 0.28%

P (National Research Council 1976). This value would be marginally

adequate for deer nutritional needs as well (Verme and Ullrey 1972).

Soil Microsite Impact on Species

We were unable to determine differences (p = 0.1) in percent

nitrogen or percent phosphorus of grass species growing on different

microsites in tree harvested or nonharvested plots. Our results are

at variance with other reports of increased percent nitrogen levels

in grasses under semi-arid shrubs (Rickard et al. 1973) or mesic

tree cover (Holecheck et al. 1981). We speculate that on our tree

harvested plots, the increased grass yields (Table IV. 1) of the

tree-associated microsites diluted nutrient concentrations. On our

nonharvested plots, uniform moisture stress (Everett and Sharrow,

unpublished) may have limited nutrient uptake and plant growth

equally among microsites.



Table IV. 3. Concentrations of percent nitrogen and percent phosphorus in
grass species on tree harvest and nonharvest south, west, and
north aspects.

Grass

Percent nitrogen Percent phosophorus

Nonharvest Harvest Nonharest Harvest

South

Sandberg bluegrass 1.04 2.25t
1/

0.12 0.16t

West

Sandberg bluegrass .85 1.57* 0.09 0.15*
Squirreltail 1.50 1.941' 0.22 0.22
Junegrass 1.47 1.64 0.24 0.31*
Idaho fescue 1.11 1.43* 0.19 0.21

North

Sandberg bluegrass 1.18 1.95* 0.17 0.22t
Idahoe fescue 1.54 1.64 0.20 0.21

1/
Significant (*, t, P = 0.05, P = 0.1) differences among nonharvest and
harvest plots.
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Composite Forage Response by Soil Microsite

We found no yield differences among soil microsites on any of

the nonharvested plots, and grass yield was not different (p = 0.1)

for individual microsites among aspects. Tree dominance was

sufficiently intense to mask inherent microsite differences that

emerged following tree removal.

Grass yield was greater on tree-associated microsites (duff and

transition) than in interspace on west and north tree harvested

plots. Grass yield was not different among microsites on the south

aspect (Table IV. 4). Yields of interspace microsites on tree

harvested plots were consistently similar to interspace yields on

nonharvested plots.

Composite Forage Response by Aspect and Harvest Treatment

The reader is cautioned that because aspect plots were not

replicated, statistical results apply only to these specific plots.

These plots are, however, characteristic of the population of

pinyon-juniper communities from which they were drawn.

Grass cover increased for 2 years (1979 and 1980) following

tree harvest on north and west aspects, but the rate of increase

declined the next 2 years (Figure IV. 1). Cover on nonharvested

plots increased to a lesser extent from 1979 to 1983 and may reflect

the effect of livestock exclusion on the site. The large peak in

cover on the west aspect in 1981 reflects the rapid dominance and



Table IV. 4. Total grass yield (g/m2) by soil microsite on tree harvest and
nonharvest plots on south, west, and north aspects.

Grass yield (g/m2)

Nonharvest Harvest

Aspect D
1

2
aSouth 4.6a 4.6a 2.4a 2.92 4.4a 4.7a

West 3.5
bc

4.6
bc

1.6
bc

64.4a 37.5
a

10.9
b

23.0North 3.5c 4.9
bc ab

3.8c 25.0ab 19.0
abc

1
D = duff, T = transition, I = interspace microsites.

2
Superscripts (a,b,c,) denote significant (P = 0.05) differences among
microsites on the same aspect among harvest and nonharvest plots.
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Figure IV. I. Grass cover (dm2/m
2
) on harvest (H) and nonharvest (N) plots on north,west, and south aspects over time. (*) denotes significant (p = 0.05) differencesbetween harvest and nonharvest plots in the same year. (0) denotes significantdifferences in cover from the preceding year on the same plot. (S) refers to coverof squirreltail (Sitanion hystrix).
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decline of squirreltail following tree harvest.

Yield of dry matter, digestible dry matter, digestible energy,

protein, and phosphorus was greater on tree harvested than on

nonharvested plots on north and west aspects (Table IV. 5). Yield

was similar on tree harvested and nonharvested plots of the south

aspect. O'Rourke and Ogden's (1969) suggestion that high tree cover

is an indication of potentially high understory production did not

hold in this instance (tree cover 28% north vs 54% south). Tree

cover had not yet stabilized on the north aspect (Meeuwig and Cooper

1981). The reported loss in production of cool season grasses

following tree harvest in Arizona (Clary and Morrison 1973) did not

occur here. Basic climatic differences exist between the two

woodland systems.

The "minimal area" required to provide the daily digestible

energy requirement for a 500 kg lactating cow (24.41 Mcal DE:

National Research Council 1976) utilizing 50% of the grass yield

varied from 0.58 ha on nonharvested plots to 0.06 ha on tree

harvested plots (Table IV. 5). A clear-cut area of 1.8 to 3 ha

would furnish 1 animal unit month (AUM) of forage on the west and

north aspects. Nonharvested woodlands and the harvest south aspect

would required 10.8 to 17.4 ha/AUM. Nonharvested singleleaf

pinyon-Utah juniper woodlands provide much less forage than

nonharvested alligator juniper woodlands (2.2 ha/AUM: Clary 1974),

but harvested plot forage production is comparable (1.5 ha/AUM

[Clary 1974] vs 1.8 ha/AUM on our sites).

Protein increased significantly following tree harvest on west



Table IV. 5. Yield of dry matter, digestible dry matter, digestible energy,
protein, and phosphorus on nonharvest and harvest sites for June
1981 on south, west, and north aspects.

Aspect

Nonharvest Harvest

(g/m2) (g/m2)

South 2.83
West 2.70
North 6.26

South 2.27
West 2.05
North 3.34

South 9.01
West 7.93
North 12.73

1
Dry matter

Digestible dry matter

I Digestible energy (Kcal/m2)

3.05
38.71*
22.101'

2.29
22.72*
12.32t

8.87
92.37t
46.46t

Minimal grazed area (ha/animal/day)
(50Z utilization

South 0.52
West 0.58
North 0.36

Ic Protein (g/m2)

South 0.25
West 0.23
North 0.34

Phosphorus (g/m2)

South 0.005
West 0.007
North 0.008

0.52
0.06
0.1

0.36
4.21*
1.98

0.006
0.03*
0.05*

1

Significant (*, t, P = 0.05, P = 0.1) differences among nonharvest and
harvest plots.

Minimal grazed area is that area providing sufficient digestible energy to
meet the maintenance requirements for a 500 kg lactating cow.

126
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and north aspects but not on the south aspect. If animals grazed

until they met their maintenance energy requirements, protein uptake

would be adequate (0.91 kg/day: National Research Council 1976) on

north and west tree harvested plots and the nonharvested plot on the

north aspect. South (0.05 kg N) and west (0.60 kg N) nonharvested

plots and the south tree harvested plot do not provide adequate

protein levels. Minimum phosphorus intake (17 g/day: National

Research Council 1976) would not be met grazing either nonharvested

(13 to 20 g/day) or tree harvested (15 to 25 g/day) plots.
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CONCLUSIONS

Grass cover, yield, and nutrient content increased

substantially following tree harvest on north and west aspects, but

there was minimal response on the south aspect. These results

require verification on other sites. South aspects should not be

tree harvested for increased forage for livestock. But increased

forage quality following tree removal may provide improved deer

habitat.

Fully stocked woodlands provide little forage (approximately 11

to 17 ha/AUM). This can be substantially increased by tree

harvesting (1.8 to 3 ha/AUM) on more mesic aspects. In early

summer, nitrogen levels are generally adequate for livestock on tree

harvested plots but inadequate on nonharvested plots. Grass on

nonharvested and tree harvested plots provide inadequate nitrogen

and phosphorus levels for deer.

In undisturbed stands tree competition effectively equalized

grass yield among soil microsites and aspects. Grass production and

quality increased more on tree-associated microsites (duff and

transition) than in the interspace following tree removal. We

speculate this was the result of greater soil nutrients under the

tree crown and greater preharvest plant density adjacent the tree

crown edge (Everett and Sharrow 1983). Selective feeders, like

deer, that maximize nutritional quality would benefit from the more

nutritious forage of tree harvested sites and especially forage on

tree-associated microsites.
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The lack of greater nitrogen and phosphorus concentrations in

grass plants associated with overstory was at variance with previous

reports from more arid and mesic plant communities (Duvall 1970;

Rickard et al. 1973; Holecheck et al. 1981). We can only speculate

that overstory competitive effects are uniform across our site and

prohibit understory from utilizing increased soil nutrients

associated with the tree crown.

All species (Sandberg bluegrass, squirreltail, Idaho fescue,

and junegrass) increased in yield, nitrogen, and phosphorus

following tree harvest. Thud, forage quantity and quality are

expected to increase following tree harvest regardless of the exact

species composition. Differences in digestibility among grass

species suggest that grass yield conversion to livestock gains may

be overestimated when low digestible species predominate.
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SOIL NUTRIENT PATTERNS AND ASSOCIATIONS
BENEATH AND ADJACENT TO SINGLELEAF PINYON

ABSTRACT

Exchangeable nutrient concentrations were examined by horizon

and distance from the tree stem of singleleaf pinyon (Pinus

monophylla Torr. & Frem.). Documenting tree impact on the soil

system provided insights into observed understory distribution

patterns (Everett et al. 1984) and variation in understory yield

among soil microsites (Everett and Sharrow 1984). Exchangeable soil

nutrient concentrations were greater under the crowns of singleleaf

pinyon than in soils between trees. A cluster analysis dendrogram

showed low similarity in distribution patterns among nutrients with

soil depth and distance from the tree. Two main clusters were

formed. Nutrients in group 1 (SO
4'

PO4' mineralizable-N, soluble

carbon, micronutrients [Fe, Mn, Cu, Zn], and HCO
3
) were found in

highest concentrations at the soil surface under the crown. Group 2

(Ca, Mg, Na, K, total soluble salts [Ece], and pH) had highest

values in subsurface horizons adjacent the tree stem. Phosphate, K,

pH, total soluble salts, and Na significantly increased under the

tree canopy. Phosphate, mineralizable-N, Zn, Fe, and HCO3 declined

rapidly in concentration from surface to subsurface horizons.

Surface feeder roots and deep lateral roots of singleleaf pinyon

facilitate nutrient cycling under the crown and nutrient

accumulation from peripheral areas. The accumulation of nutrients
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under the canopy may confer a competitive advantage to the tree

species at the expense of associated understory.
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INTRODUCTION

The purpose of this study was to document exchangeable soil

nutrients adjacent singleleaf pinyon. Derived soil nutrient

patterns may aid in the explanation of observed understory

distribution patterns (Everett et al. 1984). Soil nutrient patterns

have been used in the past to explain spatial differences in

understory yield (Rickard et al. 1973; Kline and McKell 1974;

Tiedemann and Klemmedson 1973b).

The accumulation of soil nutrients under the crowns of mesic

and xeric tree species has been well documented (Dickson and Crocker

1953; Zinke and Crocker 1962; Gersper and Holowaychuk 1970,1971;

Tiedemann and Klemmedson 1973a; Barth 1980). Nutrient

concentrations peak near the soil surface under the tree crown and

decline with soil depth and distance from the tree stem. The

pattern can be somewhat variable among soil nutrients (Tiedemann and

Klemmedson 1973a), plant species (Barth and Klemmedson 1978), and

sites (Virginia and Jarrell 1983) but the phenomena is robust and

impacts the structure and function of nutrient pools and plant

productivity (Zinke 1960; Tiedemann and Klemmedson 1973b; Charley

and West 1975).

Nutrient inputs from stemflow (Gersper and Holowaychuk 1971),

litter drop (Zinke 1960), crown drip (Tatum 1951), and throughfall

(Voigt 1960a,b; Mina 1965) create localized zones of nutrient

enrichment. Leaching or uptake by roots (Sharma and Tongway 1973;

Hunter et al. 1982) causes nutrient depletion. Those nutrients
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impacted similarly by inputs and outputs should have similar

distribution patterns. Grouping nutrients by distribution patterns

better organizes our thoughts on the structure of the exchangeable

nutrient pool and its relationship to tree and understory species.
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STUDY SITE

Soils described in this study were derived from Quarternary

Basaltic-Andesitic rocks (Vitaliano and Vitaliano 1972) of the

Shoshone mountain range in west-central Nevada. Soils were shallow

and located on 14-18% slopes of north-south ridges. The authors

classified the soils as clayey-skeletal, mixed, frigid, lithic

Xerollic Haplargids according to soil taxonomy guidelines (USDA

1972); this classification was confirmed by the Soil Conservation

Service.

Elevation at the site was 2280-2340 m with an annual

precipitation of 320 mm. The vegetation was dominated by singleleaf

pinyon and Utah juniper (Juniperus osteosperma [Torr.] Little) with

a grass understory (Idaho fescue Festuca idahoensis Vasey,

bottlebrush squirreltail Sitanion hystrix [Nutt.] J. G. Smith,

Sandberg bluegrass Poa sandbergii [Steud.] Vasey). Tree canopy

together with an associated thick mat of needles (01 and 02 organic

layers) on the soil surface have excluded much of the understory.

Understory that remains is most vigorous at the crown edge as

previously described (Everett et al. 1984).
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Field Procedures
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Soils in association with six dominant singleleaf pinyon trees

(2 each on north, west, and south aspects) were selected for study.

Trees were large with an average stump diameter of 44.9 cm, mean

crown area of 39 m2, and mean litter zone area under the crown of

24 m2. Tree ring analysis showed the mean age of sampled trees was

143 yrs. Soil trenches were dug to bed rock from the tree stem to

the interspace among trees. Soil samples (approx. 200 g) were

collected from each horizon at 0/3, 1/3, 2/3, 3/3, and 4/3 of the

crown diameter from the stem after the sampling procedure of Barth

and Klemmedson (1978). Litter samples (approx. 100 g) of loose

needles (01) and fermented needles (02) were collected at 2/3 crown

radius from each of the sampled trees.

Small root density in the horizons was estimated. The number

of roots (1-5 mm in dia.) visible on the face of the profile in a 10

cm wide vertical belt transect were recorded by horizon at each of

the crown radius sampling positions. Number of roots per unit area

was used as an indicator of root distribution patterns.

Laboratory Procedures

Soils were sifted to pass through a 2 mm sieve, oven dried at

30°C, and sealed in plastic containers until analyzed. Soil texture
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was estimated for each horizon at each tree using the Bouyoucos

procedure (Day 1965). Our chemical analysis emphasized exchangeable

nutrient levels of Ca, Mg, Na, K, PO4, SO4, Zn, Mn, Cu, Fe, and HCO3

in addition to pH, soluble carbon, and mineralizable-N. Water

soluble carbon was estimated by persulfate oxidation after carbonate

had been removed (Gilmour et al. 1961). N-mineralization potential

was estimated using the anaerobic incubation techniques of Waring

and Bremner (1964). Incubated soil was analyzed for NH
4
-N with an

ammonia-specific electrode (Banwart et al. 1972; Powers 1980).

Available sulfur was estimated from ammonium acetate extracts

(Bardsley and Lancaster 1965) and available phosphorus from ammonium

fluoride extracts using an ascorbic acid indicator (Olsen and Dean

1965; Watanabe and Olsen 1965). Available micronutrients Fe, Mn,

Cu, and Zn were extracted with DTPA chelate (Lindsay and Norvell

1969) and exchangeable K, Na, Mg, Ca were displaced with NH4C1; both

extracts were analyzed by atomic absorption spectroscopy.

Bicarbonate, pH, and electrical conductivity (dS m
1
) were

determined in 1:1 soil-water paste according to procedures in the

Soil Survey Laboratory Methods (USDA 1972).

A mean value was derived for nutrient concentrations in each

horizon (upper and lower boundary/2). All nutrients were analyzed

at 0/3, 2/3, 3/3, and 4/3 crown radii from the tree stem. In

addition HCO
3'

pH, and total salts (Ec
e

: electrical conductivity)

were determined at 1/3 crown radius.
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Analysis

Cluster analysis (B.M.D.P. 1983) was employed to examine the

similarity in distribution of different soil nutrients across

horizon and canopy radius positions. Two Way Analysis of Variance

was used to test for significant (p = 0.1, 0.05) horizon and crown

radius treatment effects using 6 replications. Statistical

separation of means was evaluated by Duncan's Multiple Range test at

the p = 0.05 significance level (Little and Hills 1978). Orthogonal

contrasts were used to test for nutrient differences (p = 0.1, 0.05)

between surface vs subsurface soils and between soils under the

canopy and those in the interspace between trees. Root density was

evaluated using similar orthogonal contrast procedures.

A regression model was developed for the distribution pattern

of each nutrient using a fourth order two variable (horizon and

crown radii) polynomial from which all autocorrelated parameters had

been removed. The "Best Possible" subset of regression parameters

was selected from the All Possible Subsets Regression Analysis

(B.M.D.P. 1983). Root density and soil nutrient concentrations were

run in a correlation analysis to determine possible linear

relationships.
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Soil Profile
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Soil profiles among the 6 trees were very similar. Under the

canopy a loose mat (0-7 cm deep) of fresh singleleaf pinyon litter

(01) diffused into an amorphous fermentation layer (02) of

decomposed needles and fungal hyphae 0-8 cm in thickness. The

mineral surface immediately adjacent the litter was visibly enriched

with organic matter, however thickness (0-4 cm) and distribution of

this A
11

horizon was variable and the A
11

was not present at or

beyond the crown edge. A subtending Al2 horizon (3-27 cm thick) was

continuous from tree stem to interspace, but overlaid by a 0-9 cm

deep vesicular crust (A
lv

) beyond the crown. All surface soils were

fine loamy with an abrupt transition to clayey B1 (10-28 cm thick)

and B
2t

(28-30+ cm thick) horizons. Considerable differences in

soil profiles adjacent tree stems vs between trees crowns have been

previously reported by Gersper and Holowaychuk (1971).

Nutrient Distribution Patterns

Our data are in general agreement with previous reports by

others (Zinke 1960; Tiedemann and Klemmedson 1973a; Barth 1980) on

the distribution patterns of nutrients near trees. Nutrients were

concentrated under the tree crown. Distribution patterns of

nutrients by horizon and crown radius distance from the stem were
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complex. Third and fourth order variable and interaction terms were

significant in the two variable polynomial regression equations

(Table V. 1). All regression equations were found to be

significant. Equations explained (19 to 64%) of the variance in the

data and had coefficients of variation of regression of 34 to 167%.

At most there was an 80% similarity in the distribution

patterns of nutrients by horizon and distance from the tree

(Fig. V. 1). The percent similarity in distribution of nutrients or

groups of nutrients was found by locating the point at which 2 lines

diverge (i.e., Na vs C @ 33 %, C vs HCO3 @ 40.5 %, and HCO3 vs N @

47 % similarity). Nutrients that have similar distribution patterns

branch at higher similarity levels. Two major groups were formed at

the 33% similarity level. Group 1 included mineralizable-N, PO4,

soluble carbon, HCO3, and micronutrients (Zn, Mn, Cu, and Fe).

Group 2 included principal cations (Ca, Mg, K, Na), pH, SO4, and

total soluble salts (Ece).

Membership in the 2 groups appeared to depend on where peak

concentrations occurred (Table V. 2). The highest concentrations for

nutrients in group 1 occurred at the soil surface (A11) under the

canopy. Group 2 nutrients had highest values in subsurface horizons

at the base of the tree stem (0/3).

Orthogonal contrasts of means from groups of sample points

statistically corroborated our assessment of general trends among

the point samples. Concentrations of PO4 and Na (p = 0.1), K, pH,

and total soluble salts (Ece) (p = 0.05) increased from the

interspace into the canopy. Concentrations of soluble carbon,



Table V. 1.--Two Variable Polynomial Regression Equations for Nutrient Distribution Patterns by Horizontal Distance
(H).

(D) and Soil Horizon

Nutrient Regression Equation Ra21 CVR%
2

Sig.

Carbon
A
Y
c

3
= 557.8 + 522.6 D - 218.5 H + 183.5 DH - 1212.1 D

2
+ 30.6 H

2
- 24.1 DH

2
+ 307.6 D

4
.39 47 .0000

Sulfur Y
A
S
= 41.6 - 29.6 D - 40.7 H + 29.5 DH + 14.8 H2 - 8.6 DH2 - 1.66 H3 + .24 D2H3 + .15 DH4 - .02 D4H4 .19 81 .046

A
Min-N. Y = 142.3 50.9 D - 45.5 H + 48.2 D2H + .82 H3 - 9.9 D3H2 16.3 D4 + .98 D4H3 - .11 D2H4 .57 66 .0000

PO4 Y
PO4

96.9 - 15.3 H - 28.2 D
2

+ 2.4 D
4
H .40 65 .0000

pH
A

.09 D302 + .33 D4 +Y
pH

= 6.0 + .28 H .012 H3 - .44 D3H + .003 DH4 - .004 D2H4 .23 5 .0023

Ec
e

c'Ece = .30 - .08 H .07 DH + .01 H3 + .004 DH3 .003 H4 - .001 D4H2 .33 53 .0000

A 2 2 3 3 4 4HCO
3

Y - 44.7 DH + 1.75 D H + 67.4 D - 33.4 D HHCO3
294 - 387.5 D - 130.8 H + 258.7 DH + 19.8 H .24 71 .0035

A 2 2 2 2 4Ca Y
Ca

= 5429.3 - 2724.8 D - 4087.1 H + 3143.6 DH + 1336.0 H - 1182.3 DH + 61.3 D H - 28.1 H

+ 26.8 DH
4

.28 45 .0005

K l'K = 381.9 + 498.7 H - 519.0 DH - 105.7 H2 + 160.4 D2H + 23.5 DH3 - 1.52 D2H4 .41 49 .0000

Mg 1?
Mg

= 645.7 - 586.6 D - 67.0 H + 564 D2 + 4.4 H3 - 134.8 D4 + .133 D3H4 .39 34 .0000

Na Y
A
Na

= 107.3 - 29.2 DH2 + 19.85 D2H3 - 8.45 D3H3 + 1.0 H4 - 1.8 DH
4

.47 85 .0000

A
Zn Y

Zn
= 5.6 - 27.4 D - 5.96 H - 15.0 DH + 2.1 H2 + 2.0 DH2 - .23 H3 - 9.4 D4 + 5.2 D4H - .68 D4H2 .64 109 .0000

A
Mn Y

Mn = 30.3 + 67.6 D - 35.9 DH - 59.3 D2 - 1.0 H2 + 34.2 D2H + .07 H4 - .92 D4H2 .35 40 .0000

Cu
A
Y
Cu

= 1.0 + 52.6 D - 25.1 DH - 34.6 D2 + 9.1 D2H + 3.2 DH2 + 2.8 D4H -
D4H2

- .02 DH
4

.37 167 .0000

A
Fe Y

Fe
= 169.9 + 227.6 D - 148.4 H + 43.5 H2 216.1 D2H - 207.5 D3 - 4.0 H3 + 251.8 D3H + 1.3 D2113

- 21.9 D
4
H
2
+ 1.4 D

4
H
3

.59 96 .0000

1 2

Ra , adjusted coefficient of multiple determination, = 1 - ([n-1 /n -p] [SSE/SST0]), where p = number of variables in the model.

2
CVR% = coefficient of variation of regression in percent ((standard error of the estimate [SEE] /mean] 100).

3 A
Y units are mg/kg.
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Figure V. 1. Dendrogram from the cluster analysis of soil nutrient distribution
by horizon and crown radius for all aspects collectively (BIIDP 1983). (Ece=

electrical conductivity, a measure of total soluble salts; N = mineralizable

nitrogen; C = soluble carbon).
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Table V. 2.--Soil Nutrient Distribution By Soil Horizon And Distance From The Tree Stem.

Mean of Chemical Properties

Crown Radius Distance

Horizon 0/3 1/3 2/3 3/3 4/3

PH (-Log H+)

All
6.3ab I/ 8.5ab

6.3ab

A
IV

A
12

6.7a 6.6
ab

6.4
ab

8.5ab
6.6

ab
B

1
6.6ab

B
2

6.6
ab

6.2
ab

6.6
ab

6.3ab

6.3ab

6.4ab

6.1ab

6.5
ab

6.2ab

6.2ab

6.1
b

Ec (dS m-I)

A
.28abc 27abcd 15cd

- -
11

A
IV

- - .20
bcd

.10
d

A
12

.22
bcd

23bcd .14
cd

12cd .10
d

B
1

.28
abc

24bcd 19bcd .16
cd

.11
d

.34 .27 .21a
2

.41a
ab

27abcd 21bcd 13cd

HCO
3

(mg/kg)

1A
11

177a 142b 63
b

A
1V 48c 82

bc

A
12

101
b

95
b

106
bc 55c

91
bc

B
1

63
b

101
b

86
bc

95
bc

88
bc

132
b

87
bB

2 52c 34c 54c

Exchangeable Ca (mg/kg)

A
11

2602a 1940a -

A
IV

- - 2426a 1522a

A
12

2700a 1645a 1816a 1674a

B
1

3054a 2451a 2198a 2028a

B
2

2883a 3179a 2221a 2421a

Exchangeable Mg (mg/kg)

A 576
abc

399
abc

-11

A
1V 474abc 312c

A
12

603
abc 378abc

363
bc

332c

556
abc

483
abc 472abcB

1
409abc
B
2

681a 655ab 560abc 614abc



Table V. 2. (continued)

Horizon 0/3 1/3 2/3 3/3 4/3

Exchangeable K (mg/kg)

All 718
abc

565
bc

bc
A
IV

- 537 328c

A
12

1061a 529
bc

389c 305c

B
1

868ab 524bc 348c 358c

644
abc

463
bc

B
2

340c 406c

Exchangeable Na (mg/kg)

All 130
bc

65
cd

A
IV

127
bcd

47
d

167
bc

6054
cd cd

A
12

56cd

181
bcd

81
cd

77
cd

B
1

59cd

B
2

373a 209
bc

248ab 64cd

75
abc

A
11

A
IV

69
bcd

A
12

B
1

33
de

B
2

31
de

Exchangeable PO4 (mg/kg)

93
ab

51
bcde

37
cde

112a 78
abc

40
cde

51
bcde

24e 21e

22e 21e 17e

Exchangeable SO4 (mg /kg)

A
11

25a 14
b

A 9
b 7b

IV

A
12

9
b

11
b

13
b

7
b

B
1

13
b

9
b

10
b

9
b

B
2

14
b

14
b

15
b

8
b

A
11

A117

A
12

B
1

B
2

A
11

A
IV

A
12

B
1

B
2

Water Soluble Carbon (ng/kg)

385
ab

490a

218
bcd

324
bc

210
cd

284
bcd

165
de

284
bcd

N-Mineralization (mg/kg)

85
ab

109a

54e
191cde

138
de

154
de

151
de

172
de

165
de 191cde

69abc 39bcd- _

56
bc

46
bc

61
bc 28cd

31
cd

25
cd 38cd

15
d

17
d

13
d

10
d

12d

147
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Table V. 2. (continued)

Horizon 0/3 1/3 2/3 3/3 4/3

Exchangeable Zn (mg/kg)

.2
bA

11
12b

A
IV 9.7a 2.0b

A
12

9b 1.4
b

2.8
b

1.3
b

3b .8
b

.8
b

8bB
1

9b .7
b

.9
bB

2
1b

Exchangeable Mn (mg/kg)

28
abA

11 418

30
ab

18
bcA

IV

29
ab

22
bc

28
abA

12 30a

27
ab

17
bc

20
bc

22
bcB

1

B
2

26
b

11c 17
bc

20
bc

Exchangeable Cu (mg /kg)

.A
11

8
b

9.0a

A
1V 7.0

ab
1.1

b

A
12 9b 3.8

b
1.4

b
1.1

b

B
1

9b 1.0b 1.1
b

1.1
b

1. 1.1
b b

1.1B
2

1
b

1.0b

Exchangeable Fe (mg/kg)

47
bcA

11 143a

A
IV

- - 62
b

16
d

22
bcd

27
bcd

44
bc

21
bcdA

12

B
1

13
d

15
d

13
d

15
e

B
2

9
d

6
d

7
d

10
d

1/
Values with dissimiliar superscripts are si nificantly different (p = 0.05). Duncan's Multiple

Range Test was used to compare individual means across all horizons and crown radius distances.
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HCO
3

(p = 0.05), and K (p = 0.1) were greater under the canopy than

at the canopy edge, but the opposite occurred for Zn (p = 0.05).

Concentrations of Na (p = 0.05) and K (p = 0.1) were greater

adjacent the stem (0/3) than at 2/3 the crown radius.

Micronutrients Zn and Cu (p = 0.05) had an opposite pattern.

Surface horizons (A
11' lv,

and A
12
) had higher mean

concentrations than subsurface horizons B
1
and B

2t
for PO

4'
Zn, Fe,

and mineralizable-N (p = 0.05) and HCO3 (p = 0.1) . Mean

concentrations of Zn and Fe (p = 0.05) were greater in the surface

horizons All and All, than in the Al2. The surface A11 horizon found

under the canopy was higher in K and HCO3 (p = 0.05) than the Aix

horizon of the interspace. Concentrations of Fe, Cu, and Zn (p =

0.05) in the A
11

horizon increased from 0/3 to 2/3 of the crown

radius.

Concentrations of all nutrients declined in the interspace.

Nutrient inputs were reduced and outputs increased through unimpeded

leaching. Grass roots were present in the interspace but were

assumed to be relatively ineffective in accumulating soil nutrients

in surface soils as suggested by Doescher (1982).

Differences between canopy and interspace soils declined with

soil depth for mineralizable-N, PO4' and micronutrients (Fe, Mn, Cu,

Zn). Garcia-Moyia and McKell (1970) and Barth and Klemmedson (1978)

previously reported on this phenomena for total nitrogen. The

opposite effect occurred for Na, Mg, Ca, and total soluble salts.

These nutrients had highest concentrations in the subsoils under the

canopy.
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Our results are at variance with Barth's (1980) report of S,

Na, Ca, Mn, and K concentrations 5-16 times greater under the canopy

of pinyon pine (Pinus edulis Engelm.). The accumulation period for

Barth's study averaged 490 years as compared to 143 years for this

study. Additionally, the two studies differed in parent material,

tree species, and microclimate.

A steep vertical gradient (42-63% decline) for total carbon was

reported by Barth and Klemmedson (1978). We found soluble carbon to

similarly peak in the surface horizon (A11), but to be evenly

distributed in lower horizons. Soluble carbon may provide a more

diffuse energy source than structural appearance would dictate.

A Plausible Explanation for Observed Nutrient Patterns

The enrichment of surface soils by nutrients in group 1 above

was readily explained by the close association between organic

matter and PO4' SO
4'

soluble carbon, mineralizable-N, and

micronutrients. Bicarbonate is associated with microbial

respiration thus its high concentration in surface soils was to be

expected. Carbon and SO
4
are readily leached from leaves by

throughfall precipitation (Tukey 1970; Gersper and Holowaychuk 1970;

Eaton et al. 1973) and HCO
3
is the primary anion in throughfall and

stemflow (McColl and Cole 1968). Nutrient concentrations in

throughfall increase toward the tree stem (Young et al. 1984) and

are even greater in stemflow (Carlisle et al. 1967; Tiedemann et al.

1980). Peak concentrations for SO
4'

HCO
3'

and soluble carbon
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adjacent the stem are thus plausible. Organic molecules containing

P and N are not readily leached from foliage nor are Fe and Zn

(Hibbard 1940; Tukey 1970). Peak concentrations for

mineralizable-N, PO4' and micronutrients occurred at 2/3 or 3/3

crown radius from the tree stem.

Distribution patterns of nutrients in group 2 also appear to be

impacted by stemflow and throughfall inputs. Ionic forms of

nutrients are readily leached from foliage and follow the order Na' ,

S > K> Mg > Ca > N 9 1) (Eaton et al. 1973), thus K, Mg, Ca, and Na

are found in high concentrations in foliage leachate (Tukey 1970),

throughfall (Tatum 1951; Will 1955; Tiedemann et al. 1980), and

stemflow (Carlisle et al. 1967; Klemmedson et al. 1983; Hart and

Parent 1974). Increased concentrations of the principle salts

adjacent the tree stem could be expected. The translocation of

salts to deeper horizons is the probable result of increased

leaching (stemflow) and the increased availability of bicarbonate

anions and organic compounds adjacent the tree stem. These

compounds serve to increase cation transport through the soil

profile (McColl and Cole 1968).

Organic Soil Horizons

Singleleaf pinyon litter was an obvious source of nutrients

that would enrich mineral soils over time. Levels of all nutrients,

except K and Mg, increased from the loose needle (01) to the

fermentation (02) layer. The increase was significant (p = 0.05)
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for SO4 and Fe (Table V. 3). Zinke and Crocker (1962) reported

similar increases in nitrogen and total bases in the 02 horizon

under mesic conifer species.

Using the B1 horizon as a point of reference we found 01 and 02

horizons had higher levels of exchangeable nutrients than mineral

soils on a per weight bases. PO4 and K were unique in that the

highest concentrations occurred in the mineral soil. Tiedemann et

al. (1980) previously reported on the rapid leaching of P from

Douglas fir (Pseudotsuga menziesii [Mirb.] Franco) needles in litter

and high concentrations of K in subsoils under mesquite (Prosopis

juliflora [Swartz] D. C.) (Tiedemann and Klemmedson 1973a).

Root Distribution Patterns

Tree roots did not occur in 01, 02, and A
11

horizons and the

small feeder roots of the tree found in the A
12

horizon stopped at

the crown edge. Deep lateral roots extended out beyond the crown of

the tree. Young et al. (1984) reported a similar root distribution

pattern for Western juniper (Juniperus occidentalis Hook). The lack

of roots in the organic soil horizons speaks to to the aridity of

pinyon-juniper woodland.

Root density peaked at the crown edge where root systems of

grasses occupied surface horizons (Fig. V. 2). Small root density

was greater in the A horizons than the B horizons (p = 0.05) and

greater in the B
1
than the B

2
horizon (p =.0.1). Tree root density

remained constant over horizontal distance in B
1
and B

2t
horizons,



Table V. 3--Extracted nutrient levels (mg/kg) in 01, 02, and Bl horizons and F/B1 nutrient ratios.

mg/kg

SO
4

N
I

PO4 CA K Mg Na Zn Mn Cu Fe

01 6.6 212.0 25.0 769.0 9571.0 1024.0 3295.0 653.0 35.9 82.9 2.0 31.8

02 20.3a 285.0 35.0 866.0 11920.0 855.0 2554.0 795.0 46.9 92.8 1.8 86.7a

B1 4.6x 34.3x 46.0 152.0x 3055.0x 853.0 556.0x 252.0x .32x 27.8x 1.1x 13.2x

1 N = N-Mineralization by incubation; C = soluble carbon.

a
Significant (p = 0.05) difference between 01 and 02 horizons (4 to 6 reps).

x
Significant (p = 0.05) difference between 02 and B

1
horizons (4 to 6 reps).
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suggesting there is an extensive zone from which the trees may

absorb and translocate nutrients as proposed by Woodbury (1947).

Small root density was significantly (p = 0.01) correlated with

several nutrients: N, r = .65; Zn, r = .78; Mn, r = .56;

Cu, r = .75; Fe, r = .57 (north aspect) and N, r=.61 (west aspect).

Garcia-Moyia and McKell (1970) and Barth and Klemmedgon (1978)

previously reported soil nitrogen to be associated with root

distribution patterns. The absence of significant correlations with

readily soluble and mobile nutrients Na, SO4, and total soluble

salts (Ec
e
) suggest an hypothesis that small root density was not

linearly related to subsurface mineral accumulation and/or maximum

water penetration.

Implications of Soil Nutrient and Root Patterns on Woodland

Management

The study of soil nutrient patterns has important implications

for soil classification and soil survey purposes but also in the

understanding of woodland ecology. Eckert (1957) suggests

individual trees, associated understory, and soils form biological

entities. These entities are too small to be individually

delineated for management, but should be managed collectively.

Charley and West (1975) suggest nutrient concentrations under shrub

canopy are "islands of fertility" that improve the efficiency of

nutrient cycling in semi-arid systems Increased nutrient

concentrations in understory species associated with shrub or tree



156

canopy supports this view (Rickard et al. 1973; Tiedemann and

Klemmedson 1973b). Estimates made of soil nutrients from interspace

soils, where most soil pits are placed, would underestimate nutrient

pools on the site.

Woodland managers should consider soil nutrient patterns

because of their impact on understory distribution patterns (Everett

et al. 1984), forage production, and forage quality (Rickard et al.

1968; Kline and McKell 1974; Tiedemann and Klemmedson 1973a,b). The

accumulation of both divalent and monovalent cations beneath the

tree canopy appears fortuitous for the tree species. Divalent

cations which are absorbed in large quantities by the tree (as shown

by concentrations in organic horizons) occur in zones of maximum

tree rooting. Monovalent cations (i.e., K) that are preferentially

absorbed by grass species (Mengel and Kirkby 1979) are concentrated

and unavailable to the grasses in the subsurface soils under the

tree canopy.

There is a significant carry-over effect from previously

enriched canopy soils after woodland conversion. Significant

increases in grass yield as well as increases in plant N and P

concentrations occurred adjacent cut stems on sites described in

this study (Everett and Sharrow 1984).
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CONCLUSIONS

All soil nutrients sampled increased in concentration from

interspace soils to soils found under the tree canopy. Sampled soil

nutrients were readily placed into 2 groups: group 1, surface soil

enrichment (PO4, SO4, HCO3, soluble carbon, mineralizable-N, and

micronutrients) and group 2, subsurface soil enrichment (Ca, Mg, Na,

K, total soluble salts, and pH). The groupings were made by cluster

analysis, and supported by statistical analysis. Mineralizable-N,

PO4, K, Na, Ec
e

, and pH increased from the interspace to the tree

stem. Surface mineral soils under the canopy were significantly

higher than subsurface horizons in PO4, mineralizable-N,

micronutrients (Fe and Zn), and bicarbonate. Nutrient gradients

between canopy and interspace soils have been reported to decrease

with soil depth, but we found this did not apply to Na, Mg, Ca, K,

or total soluble salts which reach peak concentrations in subsurface

horizons. Changes in soluble carbon concentrations with depth and

distance from the tree stem were much less abrupt than that reported

for total carbon, thus the active portion of the carbon pool may be

more diffuse than indicated by structural components.
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