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Abstract:

A study was conducted during the years of 1982 and 1983 to investigate reproductive characteristics
and mechanisms important in plains silver sagebrush (Artemisia cana Pursh ssp. cana). The study was
conducted on the Fort Keogh Livestock and Range Research Laboratory at Miles City, Montana. In
particular, studies examined: (1) seed dispersal from individual plants and among sites, (2) factors
affecting germination, (3) emergence, growth and survival of seedlings under controlled and field
conditions, and (4) whether the primary origin of individual plants was from seed or vegetative
propagation.

Dispersal patterns were examined for a one-month period in the fall of 1982. Wind dispersal appeared
to be the most influential factor in the dispersal of achenes from plains silver sagebrush for the area
studied. A definite three-directional distribution of dispersed seed was found. Most seed was dispersed
close to, or under, the shrub, but this depended on date and direction. No major differences in dispersal
patterns were found among the three study sites. Plains silver sagebrush can germinate under a variety
of environmental conditions, but certain situations did favor higher germination percentages.
Stratification had no effect on germination success. Date of seed collection, light and dark regimes,
temperature and water stress had important influences on germination success. Higher temperatures
that had adverse effects on germination were favored in seedling growth. Seedling response was
enhanced by addition of supplementary water and burial at 5 mm. Mortality was lowest from seedlings
emerging from 15 and 25 mm. Despite large numbers of seeds that were planted, very few seedlings
emerged in the field (1.2%), and of these only 11 percent survived the summer. The degree to which
plains silver sagebrush relies on vegetative reproduction was established by root excavations. Plains
silver sagebrush in almost all cases showed some degree of rhizomatous growth, even among small
seedlings. Most excavated individuals turned out to be sprouts from an already established plant. No
differences could be found among sites or between disturbed or undisturbed sites in terms of numbers
of sprouts or seedlings. Drought was likely the most important influence on growth habits.
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ABSTRACT

A study was conducted during the years of 1982 and 1983 to
investigate reproductive characteristics and mechanisms important in
plains silver sagebrush (Artemisia cana Pursh ssp. cana). The study
was conducted on the Fort Keogh Livestock and Range Research
Laboratory at Miles City, Montana, In particular, studies examined:
(1) seed dispersal from individual plants and among sites, (2) factors
affecting germination, (3) emergence, growth and survival of seedlings
under controlled and field conditions, and (4) whether the primary
origin of individual plants was from seed or vegetative propagation.

Dispersal patterns were examined for a one-month period in the
fall of 1982. Wind dispersal appeared to be the most influential
factor in the dispersal of achenes from plains silver sagebrush for
the area studied. A definite three-directional distribution of
dispersed seed was found. Most seed was dispersed close to, or under,
the shrub, but this depended on date and direction. No major
differences in dispersal patterns were found among the three study
sites. Plains silver sagebrush can germinate under a variety of
environmental conditions, but certain situations did favor higher
germination percentages. Stratification had no effect on germination
success. Date of seed collection, light and dark .regimes, temperature
and water stress had important influences on germination success.
Higher temperatures that had adverse effects on germination were
favored in seedling growth., Seedling response was enhanced by addition
of supplementary water and burial at 5 mm., Mortality was lowest from
seedlings emerging from 15 and 25 mm, Despite large numbers of seeds
that were planted, very few seedlings emerged in the field (1.2%), and
of these only 11 percent survived the summer. The degree to which
plains silver sagebrush relies on vegetative reproduction was
established by root excavations. Plains silver sagebrush in almost all
cases showed some degree of rhizomatous growth, even among small
seedlings. Most excavated individuals turned out to be sprouts from an
already established plant. No differences could be found among sites
or between disturbed or undisturbed sites in terms of numbers of
sprouts or seedlings. Drought was likely the most important influence
on growth habits, '
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" INTRODUCTION

An.adequafe understanding of how individual species influence
plant-community dynamics is fuﬁdamental to successful management of
rahgelands. Members of the sagebrush genus (Artemisia L.) have long
been regarded as having an importaht role in rangelands of North
America, In the past, sagebrush species have generaliy been considered
undesirable in rangeland operations due to their adverse impact on
preferred forage species and livestock operations. Consequently,
control measures were often recommended with high brgsh densities,
Recently, with expandiﬁg knowledge, the sagebrush complex has been
regarded as often providing valuable forage and cover for either
livestock and/or wildlife. As such, it serves an important role in
western ecosystems. However, the economic and management importance of
sagebrush depends upon the specific taxon present (Beetle 1977).

Silver sagebrush (Artemisia cana Pursh1) occupies an estimated 13

million hectares (ha) in the 11 western United States (Beetle 1960).

It ranks second to big sagebrush (Artemisia tridentata Nutt.) with

respect to area occupied, In Montana there are about 7.8 million ha of
big sagebrush and 5.2 million ha of silver sagebrush, while in Wyoming
there are 9.1 million ha and 2.85 million ha respectively. The
geographic range and ecological dominance of this shrub merits
intensive research attention. However, this has not previously

occurked. While big sagebrush. has been studied extensively in recent

1 Scientific nomenclature in this thesis follows Beetle 1960, Beetle
and Young 1965, Shetler and Skog 1978.
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years, biological information dealing with silver sagebrush is very
‘ limited. States sgéh as Montana and ﬁyoming rely heavily on ranée and
pasture forage for their livestock industry. Therefore, appreciation
of silver sagebrush communities and their implications for management
is importanf.' .

Plains silver sagebrush (Artegi§ia Purshlgggg'ssp._gggg) is an
important shrub in the Northern Great Plains. It is foundAon deep,
lowland soils of floodplains and ;s generally considered to increase
in response to cattle grazing. This sagebrush is an erect, freely
branching shrub of up to 1.5 meters often found in dense stands. It
sprouts vigorously after disturbances such as burning,

It is importanp to understand factoré contributing t§
reproductive success or failure in ofder to gain a better appreciation
of plant populatioﬁ dynamics. This is probably best accomplished in
conjunction with autecological studies of principal species that
include research on phenology and production of field populations
(Mott 1979). Due to plain silver sagebrush's extensive occurence in
many Northern Great Plaiﬁs plant communities, a study was undertaken
to examine some of thé variables involved in its success. The study
was.conductéd over a.two year period at the Fort Keogh Livestock and
Range Research Laboratory at Miles City, Montana, It was designed to
examine reproductive'characteristics and mechanisms which are
important in the success gnd maintenance of plains silver sagebrush,

Two study goals were addressed in the course ofﬂmy research. They
were: (1) to establish baseline information on plains silver sagebrush

reproduction, and (2) to consider sexual &and asexual means of
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reproduction with regard to the relative importance of each. More
specific objectives were established within this context and examined

in individual studies. This research work was desigﬁed to reach four

objectives., These were: (1) to examine seed dispersal characteristics

from individual plants, (2) to investigate factors affecting seed

germination, (3) to evaluate emergence, early growth and survival of
seedlings, and (4) to determine whether the primary origin of

individual plants was from seed or vegetative propagation.
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LITERATURE REVIEW
ntroduction to Artemisia Taxonom

A New World group of closely related sagebrush species comprise a
North American endemic Section of the world-wide Genus Artemisia L.
(300 species) and occur in varying amounts over about 109 million
hectares (ha) in the 11 western United States (Beetle 1960). This
Section, designated Tridentatae, likely evolved in North America
during the late Tertiarylor early Quaternary times from an ancestral
species of Artemisia originating in Asia, Differentiation throughout
the Cenozoic.era probébly occurred under the stimulus of arid cycles.
Tridentatae is of mountain origin and Great Basin adaptation (Beetle
1960, Johnson 1978, McArthur and Plummer 1978). Members of Tridertatae
are distinguished from 0ld World counterparts by woody stems and a
lack of ray florets, In addition they share common characteristics
within the Section, including: (1) dentate leayes, in general, covered
with characteristic sericeous or canescent pubescence, (2) an arogatic-
odor caused by a variéty of terpenes, and (3) campanulate heads
arranged in modified. panicles (Béetle 1977, McArthur and Plummer 1978,

Tisdale and Hironaka 1981).

Characteristics and Taxonomy of Sagebrush

Several adaptive features have been associated with the Section
Tridentatae and have resulted in its extensive distribution and

persistence of many species in a variety of habitats. Physiological
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features such as ability to carry on phqtosynthesis at low
temperatures, ability to germinaté over a wide range of temperatures,
extensive root system, and promineﬁt secondary metabolic compounds may
confer a competitive advantage for sagebrush (DePuit and Caldwell
1973, Caldwell 1978).

E&idence indicates that all species and subspecies of Tridentatae
can be given the status of at least topographic and edaphic climax
dominants. As such, each defines in its own way a different ecological
area, Many of the factors which inflﬁence the distributioﬁal patterns
in sagebrush are reflectéd in soil development combined with élimatic
or environmental characteriétics (Hazlett and Hoffman 1975, Winward
1980, Froeming 1981). Several species such as silver sagebru;h
(Artemisia cana Pursh) and big sagebrush (Artemisia fridegtgta Nutt.)
have achieved sufficiently wide distribution té have developed
subspecies. Both have three subspecies. Big sagebrush is the most
widespread and has received the most research dttention. Silver
sagebrush is second in distribution and is not well researched.

Two genetically differentiated groups in the Tridentatae Section
are recognized. One group resprouts after disturbance (4, tripartita
Rydb., A,cana and A, rigida (Nutt.) Gray), while the other group does
nét (A, tr;dentata, A, arbuscula Nutt., A, longiloba (Osterhout)

Beetle, A, nova Nelson, A, biglovii Gray and A, pygmeae Gray).

Silver Sagebrush Taxonomy

The silver sagebrush complex is composed of three subspecies with

allopatric distribution (Figure 1) and characteristic ecological




Figure

distribution of Artemisia cana cana
distribution of Artemisia cana bolanderi

distribution of Artemisia cana viscidula

location of Fort Keogh Livestock and Range Research Lab

Distribution of the three subspecies of silver sagebrush in
western North America (Harvey 1981).
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niches (Beetle 1977). Subspecies are separated morphologically on the
basis of leaf width, sesquiterpene content and geography (Morris et
al. 1976).

Mountain silver sagebrush (A, cana ssp. viscidula (Osterhout)

Beetle) is typified by its greenish, linear leaves, and it occurs on
stream banks, meadows and depressions generally at higher elevations.,
It is often in close association with conifers in the Rocky Mountain
‘region of the western states. Bolander silver sagebrush (Angggg ssp.
bolanderi (Gray) Ward), in contrast, has linear, canescent leaves and
grows on poorly drained soils in central Oregon'and eastefn

California. Plains silvér sagebrush (A, cana Pursh ssp. cana) is an

erect, canescent, freély branching shrub of up to 1.5 m with large
linear leaves. This taxon is found growing on well watered, deep soils
throughout_£he Northern Great Plains, especially along streambottoms
and drainageways, in sparse to dense stands. Wyoming big sagebrush (4,
tridentata ssp. wyomingensis Beetle and Young) is the only othér hajor
shrubby sagebrush in the Northern Great Plains (Beetle'1977,‘Johnson

1978, Tisdale and Hironaka 1981).

Distribution of Plains Silver Sagebrush

Plains silver sagebrush occurs east of the continental diyide
(except for the Yampé River Valley, Colorado) in Wyoming and Montana
north to southern Alberta and Saskatchewan and east to central North
aqd South Dakota and northwést Nebraska. Several. disjunet populations

oceur in the eastern Dakotas (Harvey 1981).
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Silver'sagebrush was first collected by Lewis and Clark on the
bluffs of the Missouri River (Nuttall 1841) and typical habitats
include loamy to sandy, well drained soils of uplénds, and alluvial
flats and terraces of valley bottoms., It is furthef distinguished as
growing in dense or open stands along streams and valleys that are
subject to erosion, flooding and deposition. Hence, stratification and
heterogeneity are conspicuous in the alluvial profiles (Thatcher 1959,
Hazlett and Hoffman 1975, Johnson 1978), Thatcher (1959) noted that
only one of the four sagebrush species he studied, plains silver
sagebrush, grew on sbils influenced by high water tables, Johnson
(1978) reported that only silver sagebrush and western wheatgrass

(Agropyron smithii Rydb.) thrived in areas of frequent flooding,

Ecology and Characteristics of Sagebrush

Winward (1980) notes that questions continually arise as to (1)
how much sagebrush is required for wildlife, (2) the ecological status
of the plant, and (3) whether control is desirable. Each sagebrush
taxon has unique biological features that influence managemeﬁt
decisions. Moreo#er,’most of the region dominated by sagebrush in the
western sﬁétes is stable, meaning that species presence has not
changed appreciably since the fime of setflement. However, some areas
have shown a substantial increase in sagebrush density due to heavy
livestock grazing (Tisdale and Hironaka 1981). Under these

circumstances, implementation of control practices may be desirable,
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Control Methods and Results

Methods of control that have been used on sagebrush include

 herbicidal, mechanical, biological or burning treatments, Alternate

possibilities of altering sagebrush communities have included

fertilizer treatments and genetic selection of improved plant.

naterials. However, what control work on silver sagebrush that has

been done, in southeastern Montana, is reported in White and Currie

-(1983).

Species of sagebrush which do not layer or sprout in nature are

relatively easy to control by various methods. Heavy kill has been

reported with 2,4-D on big sagebrush (Blaisdell and Mueggler 1956,

Cornelius and Graham 1958). Mechanical and burning treatments are also
effective in reducing big sagebrush (Johnson and Payne 1968). Wright

et al. (1979) have noted that fire has probably played an historic

role in keeping brush density low in sagebrush/grass communities. It

was ?stimated that fires occured every 32-70 years in these
communities.,

Whité (persbnal comm,) has studied herbicidal, mechanical and
burning treafments on plains silver sagebrush in'southeastern Montana
and has found thét fall burning can lead to good control (White and
Currie 1983). Bléisdell and Mueggler (1956) indicated that silver
sagebrush shows much greater resistange to 2,4=D thaﬁ other
sagebrushes, The sprouting nature of shrubs suéh as silver and
threetip sagebrush (A, tripartita) makes control efforts more
difficult. It has also contributed to higher plant density when animal

use is high and/or fire frequency has been reduced, In threetip
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sagebrush populations in Oregon, Winward (1980) believed control
efforts may be the only way to keep shrub deﬁsities low‘enough to
allow for healthy stands ofﬂherbaceogs species, He reported tﬁat light
grazing and even nonuse will fail to restore stable herbaceous
composition. Mountain silver sagebrush density increased less rapidly
in response to méintenance of a good herbaceous cover than did
threetip sagebrush. |

Defoliation of browse species appeared to reduce carbohydrate
reserves to about the Same extent regardless of control treatment date
(Donart and Cook 1970). Sturges (1977a) reported that fall moisture
‘was reduced by 19 percent in a big sagebrush stand with gains noted at
91-183 cm depth., However, moisture deplgtion was greater on sprayed
sites in the top 61 cm because grass density increased when sagebrush
was controlled. This response was observed where so0ils were
sufficiently deep so that grass roots were abové sagebrush roots, |

Biological control has gained recent attention and Gates (1964)
has indicated that a leaf-defoliating moth (Aroga websterii) has been
one df the most promising in this regard because it prefers sagebrush
species., Besides this moph, some other insects have been reported as
destructive to sagebrush, These include Trirhabda pilosa and various

species of grasshoppers (Harvey 1981, Tisdale and Hironaka 1981).

Voles (Microtus spp.), a rodent on rangelands, have caused extensive -

damage on big and silver sagebrush populations as well as- other plant
species (Mueggler 1966, Tisdale and Hironaka 1981). In southeast
Montana, they were present in sufficient numbers in 1983 to girdle and

topkill many shrubs on both my study area and in nearby pastures.
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Rodents do not seem to take the seed as food however, possibly due to
terpenoids present (Everett, Meeuwig and Stevens 1978), - |

Sagebrush plants that survive control treatments have been found

- to be the most important factor in shrub reinvasion (Johnson and Payne

1968). Generally, reestablighment occurred during the first few years
after treatment and hltimately was also due to plants growing to seed
bearing size (Bartolome and Heady 1978). Control treatments might also
allow other species such'as green rabbitbrush (Ch;ysothaggg§
visecidiflorus (Hook,) Nutt.) to exploit new sites where competition
has been eliminated (Young and Evans 1972). Control of plains silver
sagebrush was significant in reducing shrub competition and inéreasing
desirable forage. When mechanical treatments were examined in this
context, cutting date and'original plant size were found to be
important in determining subsequent éprouting and régrowth‘(White
personal communication). Phenology and ﬁoisture stress also affected
mortality;

Many shrubs, including silver sagebrush, are desirable in

reclamation of disturbed lands for catching snow and furnishing forage

or cover for livestock and wildlife, However, silver sagebrush

consistently had the least growth of five shrubs transplanted as
seedlings on topsoil and overburden in Wyoming (Howard et al., 1977).
To improve on these characteristics, Welch and McArthur (1979) have
suggested that sagebrush can probably be genetically improved to
become a more valuable fdragq resource, This is because of a richly

variable germ plasm,
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Forage Considerations
All sagebrushes have some importance as forage (Beetle 1960), but
it has been established that there are significant differenees in
animal preference among taxa. Most research on this subject has been

concerned with big sagebrush, low sagebrush (4. arbuseula) and black

sagebrush (4. nova). Limifed studies with silver sagebrush have been

done. Genetic variation between sagebrush species and subspecies

influenced animal preference more than environmental variation within

the taxon (Sheehy and Winward 1981). Studies relating to grazing use

of plains silver sagebrush have ;hown that it i; a relatively
important plant for winter use by some wildlife spegies such as elk
(Cervus canadensis), mule deer (Qdocoileus hemionus) and antelope
(Antilocagra'americggg) (Dietz et al. 1962, Mackie 1970, Kufeld 1973,
Dusek 1975, Beetle 1977, Scholl et al. 1977, Wilson 1977, Sheehy and
Winwarg 1981). It will be used by livestock only if thére is little
else available (Mackie 1970, Kufeld 1973, Dusek 1975, Branson and

Miller 1981, Sheehy and Winward 1981, Roath and Krueger 1982),

Wildlife Forage Considerations

Beetle (1977)'reported that plains silver sagebrgsh was less
palatable than Wyoming big sagebrush, but stated that it was readily
taken by elk and deer in winter, Sheehy and Winward (1981) showed that
Bolander silver sagebrush was highly preferred by mule deer. Scholl et
al. (1977) reported that mountain silver sagebrush was moderately
palatable to mule deer. Two studies in the Missouri.Breaks of Montana

demonstrated that use of plains silver ségebrush by mule deer and elk
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was extensive‘(Mackie 1970, Kufeld 1973). Heaviest use was observed on
bottomlands, but moderate use was observed throughout the area
studied, Mackie based his conclusions on observations of frequency of
shrub use and rumen content from dead animals..Plainé éilver sagebrush
was found ih 50 percent of the collected mule deer rumens and in 22
percent of‘the elk rumens. Although these numbers‘differ, elk were
observed to use the shrub as frequently as the deer., Antelope in
Wyoming used silvér sagebrush predominantly during late fall, winter
and early spring (Wilson 1977). Dietz et al.k1962) reported that use
" of sagebrush was dependent on what other plant spécies were available,
Sagebrush was regarded as.more paiatable when other plants were
available, Mule deer in low condition refused to eat sagebrush alone.
Deer were seldom observed in a silver sagebrush type during winter in
central Montana, and diets contained less than 10 percent of the.shrub
in all seasons (Dusek 1975). This waé noted even though use of this
type doubled from early to late summer in association with a
corresponding decreasé in use of the big sagebrush areas. White
(personal comm.) considers 'silver'sagebrush of limited forage value.
He has observed use by rabbits and voles, but only occasional use by

mule deer, More frequent use by deer seemed to be restricted to winter

periods when deer populations were high,

Livestock Forage Considerations
Reported livestock use of silver sagebrush presents a conflicting
and unclear picture. Mackie (1970) and Kufeld (1973)'reported no use

by cattle on plains silver sagebrush in the Missouri Breaks, Although -
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Dusek (1975) reported that cattle spent 64 percent of théir time in
silver sagebrush communities from June to September, né use of the
plant was observed. Season of cattle use and degree. of shrub
utilization were related to palatability and‘availébility of -
herbaceous vegetation. However, shrub utilization was not excessive
and had no long term effects on abundance or vigor in Oregon. The only
shrubs which were obviouély avoided by livestock were shrubby
cinquefoil (fotentilla fruticosa L.) and mountaih silver sagebrush
(Roath and Krueger 1982). Sheehy and Winward (1981) showed some sheep
utilization of'Bolander silver'sagebrush'in.Oregon, but preference was
low. In northeastern Montana, Branson and Miller (1981) reported that
plains silver sagebrush, in particular, increased greatly in density
when rested from cattle., This was attributed t6 two factors. First,
plains silver sagebrush wds more palatable than most shrubs in the
area and showed rapid récovery from reduced grazing. Secondly, silver

sagebrush was located on level floodplains, adjacent to streams where

it was readily accessable to livestock and vulnerable to heavy use.

L

Sagebrush Chemistry

Interest in the chemical properties of sagebrush in relation to
taxonomic refinement into species and subspecies has led to
speculations as to why Eertain taxa are preferred by animals. Mineral
and nutrient content can be shown to eoinpide with the use of

sagebrush by season. This may be primarily due to availability and- not *

" illustrate a cause and effect relationship. Gough and Erdman (1980)

'"“found significant differences in concentrations of 30 elements in
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Wyoming big sagebrush by season. The highest concentrations of the
major elements (Ca, Cu, Mg, P, K, S) were in June and ngy and the
lowest were in the winter. The inverse was found with two éroups of
minor elements (A1, Cr, An, Ar, Ba, Cd, Fe, Pb, Na, Co, Mn ). In
general, high crude protein and low crude‘fiber contents are found in
winter and often related to increased preference during that season,

The variation in‘secondary metabolic compounds among the taxa ﬁay
strongly influence palafability; Secondary chemicals may be modifiers
of foraging behavior and are likely influences on selectivity. Black

sagebrush has been found to precondition sheep for the action of

Tetradymia toxins in photosensitism (Johnson 1982). The sagebrush

. genus has three groups of secondary compounds. These include

phenolics, volatile oils and sesquiterpene lactones. The first group,
which includes flavenoids and éoumerins, are flourescent under UV
iight and were first used to separate subspecies of peftain taxa
(Winward and Tisdale 1969). Col;r extracts have been linked with
palatability to mule deer (Stevens and McArthur 1974), with silver
sagebrushibeing fairly palatable and in the same categor& as Wyoming
big sagebrush, The light blue color found in extracts_of silver
sagebrush denotes a medium preference whereas the darker blue of
mountain big sagebrush extracts (Artémis;ajgjgggiggg sSsp. vaseyana
(Rydb.) Beetle) indicates higher animal preference. The presence of
coumerin derivatives and their giycosides are also qprrelated with

this.darker blue (Shafizedeh and Melnikoff 1970). This concept has not

been consistently verified under wide ranging circumstances,
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Sesquiterpene lactones are also being studied as taxonomic
markers and may be related to preference. Specific compounds in. this
group have been identified (Bhadane and Shafizedeh 1975), but it is
not known which have a role to preference., Plains silver sagebrush
chromotographic patterné are very close to the npn;preferred
subspecies, basin big sagebrush (Artemisia tridentata Nutt. ssp.

tridentata) (Kelsey et al. 1976),

Ecological Aspects of Sagebrush

Grazing Impacts

Shrub ooﬁmunities may be exceptionélly stable in the absence of
external perturbation (Harpef 1977). Therefore, community composition
may depend more upon the nature of prévious disturbances and the flora
that developed immediately fhereafter than upon successional
development,

In one big sagebrush/grass community in.Idaho, shrubs and
perennial grasses doubled after—25 years of no livestock grazing
(Anderson and Holte 1981). Selective grazing by cattle in spring
encouraged growth of sagebrﬁsh, but sheep grazing in.laté autumn on
communities with'low shrub densities prevented an increase in density
of big sagebrush, At higher shrub densities, the sheep lost weight and
failed to control sagebrush., After six years sagebrush increased in

both size and potential seed production in this situation (Frischnecht

and Harris 1973).
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Soil Relationships

Soil characteristics have been examined to evaluate relationships
with sagebrush distribution. Silver sagebrush prefers well?drained,
alluvial, coarser textured soils in bottomlands. More detaile& soil
and vegetation relationships in silver ;;gebrush communities have ﬂeen
reported. Lower levels of P, K, N, organic matter and cation exchange
capacity were reported in silver sagebrush soils than adjacent big
sagebrush soils (Hazlett and Hoffman 1975). This was probably due to
more mature soil development in the big sagebrush community.
Cunningham (1971) reported that mo&erate to high levels of extractable
magnesium iﬁ the 12-24 inch.layer_waé important to the presence and
success of silver sagebrush. This was associated with imperfect soil
drainage and a shallow root system in the plant. Optimum habitat
seemed to include a moist upper six inches of soil along with coarse
materials in the soil profile. Sturges (1977b) states that water-use
zones shift outward and’dowrnward in the soil from the‘big sagebrush
plants as the growing season advances., Sturges (1977b) and Caldwell
(1978) both characterize big sagebrush as having a prominent taproot
with sufficient lateral spread and root density to cabture summer
precipitation. Deeper roots are present which allow utilization of

deeper water reserves and moisture recharge. Similar research has not

been done with silver sagebrush,

Allelopathy
Allelopathy is one-area that is extensively covered in the

literature on Artemisia, This wealth of information is probably due,
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in part, to interest in why this genus is so successful. Allelopathy
is a prominent feature found in'Agtemisia throughoﬁt the world, and
much of the foreign research focuses on it. ’

Allelopathic substances from Artemisia rhizomes and leaves have
universally decregsed respiration or inhibited germination of grass
seeds (Chirca and Fabian 1973, Friedman et al. 1977, Hoffman and
Haziett 1977, Weaver and Klovich 1977, Groves'and Andefson 1981,
Hussain and Khanum 1982). In India, Melkania et ai. (1982) aﬁtributed
the allelopathic potential of Artemisia vulgaris L. to certéin
hydrophilic metabolites. In Japan, Numata et al. (1975) found a
,biologically_active agent (caffeic acid) in the roots'of mugwort
(Artemisia princeps PampanJ‘ Inhibitién of grass germinaton ﬁas been
the most commonly repérted response, but in somelcases stimulationbof
growth has been recorded by Hoffman and Hazlett (1977), ﬁéaver and
Klovich (1977) and Chirca and Fabian (1973). Hale (1982) noted that
leachates from A, vulgaris L., also increased growth of the fungus-
Pythium myriotylum. Harvey (1981) observed autopathy in some sagebrush

species in Montana, plains silver sagebrush included,

Reproductive Characteristiecs

Seed Dispersal

One of the primary features of any reproductive strategy is the
number of propagules that are produced and dispersed. in this respect,
efficiency of seed dispersal by wiﬁd-and repfdductivé.egpacityrare
associated. Sagebrush species are generally low iﬁ disperégl

efficiency and seed production capacity is high (Bostock and Benton
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1979). Seed dispersal is one of the most important factbfs promoting
gene flow in plant populations. In most plant species, including
sagebrush, dispersal seems to be incidental, especially during storms,
and is not based on any special morphological structure. Dispersal is
one way that plants can keep their descendents separated in space, and
it provides each new plant with its own site where it has greater
potgntial té compete with other plants (van der Pijl 5982); Dispersal
strategy is cpmplex and represents a compromise between conflicﬁing
demands, such as avenues of energy expenditure. Consequently,
establishment might be more important in some species than dispersal

for achieving reproductive success.
Dispersal can play a criﬁical role in determining po;ulation
size. Because seeds of most plants are dispersed close to the parent,
séed density falls off steeply as distance from the parent increases

(Harper 1977, Cook 1980)., This-is the case with sagebrush (Beetle

1960, Friedman and Orshan 1975, Harvey 1981, Tisdale and Hironaka

1981). Seed dispersal in arid communities is described as falling into

two classes (Mott 1979). They are: (1) widespread dispersal, often of
large numbers of seeds, enabling exploitation of a number of potential
sites, and (2) utilization of a favorable habitat facilitated by
minimal movement of seed from the parent plant. Under desert
conditions,.this second strategy is thought to improve the chances of
seedling establishment since adjacent sites have already'proved to be
suitable for growth and de&eiopment of parent plants (ériedman.and
Orshan 1975L The patterns of achene dispersal, seedling emergence,

appearence of cotyledons and seedling mortality of A, herba-alba Asso

k{2
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were related to distance from the parent plant. Eighty five perceﬂt of
the achenes of this species fell under the existing shrub canopy.
Although dispersgl is important, only a few dispersal pattérﬁs are
néted by Cook (1980) as being published.

Dispersal can be by wind, water or animals in sagebrush (Tisdale
and Hironaka 1981) with varying importance given to each by different
authors., Harvey (1981) states long distance dispersal by silver
sagebrush is probably due to mucilaginous seeds attaching to animals.
Beetle (1960) declares that water is undoubtedly a more important
dispersal agent than wind. Anemochory (wind dispersal) is
representative of Asteraceae (Compositae) and seems to be of greatest
importance (Harper 1977, Bostoek’and Benton. 1979, Evans and Young
1982), Seedlings of basin big sagebrush have been found up to 33
meters away from the nearest possible source plant, Since sagebrush
seeds have limited morphological mechanisms for distant wind-borne
dispersal, the range of the plant is probably extended in contiguoqs
bands around the periphery of established stands (Daubenmire 1975).
Al though rodents play an‘actiye role in seed dispersal of many
herbaceous species, no sagebrush seed was feportedly dispersed by
rodents (LaTourette et al. 1971). |

Achenes of certain sagebrush speeies, including silver sagebrush,
develop a transbarent gelatinous envelope around .the seed upon contact
with water (Clor et al. 1974, Harvey 198i,‘van der Pijl 1982). This
seems an important method for attaching to soil particles, which
thereby enhances germination conditions by protectiné the delicate

embryo from dessication and mechanical injury (Clor et al. 1974, van
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der Pijl 1982). The mucilaginous seed coat has also been regarded as a
dispersal agent (Harvey 1981, van der Pijl 1982), and in general the
drier the climate the more myxospermy (mucilaginous eoating)fpresent.

Phenological development in sagebrush results in most seed being
shed during late fall and wintér, although a few remain thfoughout the
winter (Beetle 1960, Harvey 1981, Tisdale and Hironaka‘19é1). Most
viable seed is dispersed during the first seven days, although aborted
flowers and half=filled seeds are gommonly dispersed over the next two
~to four weeks (Goodwin 1956). Tisdale and Hironaka (1981) have stated
that up to 300,000 achenes per plant can be produced in big sagebrush,
but Harvéy (1981) reported a maximum pfoduction of only 54,000

achenes in silver sagebrush.

Germination Factors

Interest in germination characteristics of sagebrush is two fold.
First, efforts to use sagebrush to provide forage or cover for
iivestock, wildlife and erosion cqntrol depend upon this knowledge.
Secondly, there is often a desire to reduce stand density in areas
where plants become too abundant and compete with forage plants
(Pechanec et al. 1965, McArthur et al. 1974, Harvey j981).

The combination of habitat conditions that favor seedling
establishment has been referred to as a.séfesite (Cook 1980). In this
environment, the water and nutrient resources and sfimuli immediately
surrounding a seed determines whether it will germinate (Harper 1977).
Germination on a specific seedbed is‘also controlled by inherent

characteristics of seeds, or in some cases, through modification of
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the physical environment by the seed itself (Evans and Young 1982).

Heterogeneity in the microenvironment and the‘extreme suptlety of
germination requirements can determine the number and vériety of
seedlings that are recruited into the plant population from the
seedbank, High dQnsity stress can adversely affect seedling success,
Another important element, herbivory, tends to diversify range plant
communities., Herbivory influences locally different microenviropment;
for seedling establishment and subsequent growth of plants, and
therefore initiates regeneration cycles on a small écéle'within the
community.

One aspect of sagebrush communities is that very few sagebrush
seeds germinate (Evernari et al. 1971, Hazlett and Hoffman 1975, Cook
1980, Barvey 1981). This oceurs despiﬁe the great seed production
typical of sagebrush plants. Several factors can contribute to this
phenomenon including:gsoil matric potential with its effect on wetted
contact between seed and soil (Collis-George and Hector 1966), early
death of seedlings (Eddleman 1979), seasonal climatic conditions and
plant age (Nosova 1973, Evans and Young 1982), soil moisture

relationships and litter (Beetle 1960). '

Achenes of sagebrush in general do not exhibit specific.

germination requirements, Therefore, they are usually considered non-
dormant (McDonough and Harniss 1975, Caldwell 1978) and do not persist
for long periods in the soil (Young and Evans 1975). However, if seeds

are subjected to ideal laboratory conditions, germination can be as

high as 90 percent (Harvey 1981). Important factors to examine, with .
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respect to germination requirements, include cold treatments
(stratification), temperature, light, water stress and maturity of the

seed.

Stratification

Stratification has been defined as a cold treatment which breaks’
seed dormgnecy. It is important in many species; Bewley and Black
(1982) state that it is mest ggqéficigl if seeds are hydrated. The

amount of prechilling that is needed to enhance germination is quite

‘variable among species and can range from a few days to several months

(Young and Evans 1979, Bewley and Black 1982). It can also be

unnecessary. Stidham et al. (1980) state that most shrubs require a

.prechill to achieve maximum germination, and they identified big

sagebrush in this category without regard to subspecies. Krueger and
Shanef (1982) reported prostrate sbdrge (Euphorbia sugiﬁa Raf,)
increased its germination by 70-80 percent with stratification, but
Krasikova (1978) showed seeds of annual composites (Agtem;éia vulgaris
L. included) were not.affeéted by stratification, Because seeds of
sagebrush species have been classified as nondormant, it might be
hypothésized that such seeds would not benefit from prechilling. The
only exception to this speculation has been mountain big sagebrush
(McDonough and Harniss 1974, 1975, Caldwell 1978). Stratification can
also affect germination responses to environmental variables, In

arrowleaf balsamroot (Balsamorhiza sagittata (Pursh) Nutt.),

stratification lowered.the optimum temperature for germination (Young

and Evans 1979), and in a similar fashion, prechill significantly
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lessened the effect of water stress on germination of mountain big

sagebrush seeds (McDonough and Harniss 1975).

Temperaturé Effects

The effects of temperature on seed germination have been studied
extensively in many species. Temperature regimes are frequently
involved in seasonal-control of dormancy especially in response to
interactions with light. An optimum temperature becomes apparent whén
seeds germinate over a wide range. In addition, most seeds germinate
better under constant rather than fluctuating temperature regimes
(Bewley and Black 1982, Evans and Young 1982). Bewley and Black (1982)
also note that rate of germ;nation is of great value in characterizing
seed responses to tegperature, although there is often considerable
variability due to genetic differenoes. This genetic heterogeneity is
demonstrated through subpopulgtions of seed from a plant population,
These subpopulations germinate under different temperature regimes and
rates change with these temperatures, All subspecies of big sagebrush
are noted to speed up germination from 18 to 2 days as a function of
increasing temperatures (McDonough and Harniss 1975). Sagebrush seeds
germinate over a wide range of temperatureé, but optimum temperatures
are usually well-defined (Weldon et al. 1959, Clor et al. 1974,
Caldwell 1978, Krasikova 1978, Sabo et al. 1979, Wilson 198é). In

silver sagebrush, the optimum seems to be about 14 C (Harvey 1981).

Light and Dark Effects

The light requirement of seeds has élso been studied widely. To a

large extent, light seems'to play an interactive role with other
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environmental factors., Seed dormancy is terminated in a large number
of species when hydrated seed is illumindted.Light is,therefére of
great ecological importance (Cook 1980). Light can~detefminé whether
germination occurs in or on the soil; it controls germination under
'vegetafional eanopies; and it interacts with temperature to determine
the length of seasonal dormancy. An ipcreasé in temperature may
decrease the effects of light so much that germination in the dark
becomes greater. Thelopposite can occur whereby some germination
ocecurs at lower temperatures, but light along with increasing
temperatures will increase germination (Bewley and Black 1982). Some
species that have never been dormant readily germinate in darkness
when imbibed with water. Otlier species; in contrast, seem insensitive
to light unless exposed to osmotic stress.

In some species light ihhibits seed germination at certain
temperatures due to changes in the makeup of the céll membrane,.This
inhibition seems to occur during the later stages ofythe germinaton
proceés. There can also be a light requirement at the time of
dispersal which is negated after burial and passage of time (Bewley
and Black 1982). In contrast, Codk (1980) reports that some species
will display no light requirement as fresh seed, but they wil;-have a
light reéuirement after burial., Light-stimulated germination of
seedlings involves a complex interaction of the phytochrome system.
However, the precise mechanism of maintaining dormancy"in seeds that
require light is unknown although it seems clear that there are
coﬁplex interactions with temperature and hormones (4l=Ani et al.

1972, Wooley and Stoller 1978).
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Light exerts a variable influence on seed ger’mination' of
sagebrush depending on the species and associated environmental
factors, Fringed sagewort (Artemisia f‘rigida Wille,) sh'owéd alight
requirement, but this could be circumvented by treating seéd with
gibberillic acid (Wilson 1982). Sabo et al, (1979) assert that light _‘
has no effect on germingtion of seed in either fringed sagewort or big
sagebrush. However, evidence to the contrary has been presented by
several researchers that state that light significantly increased
ger.'mination by as much as three times iq big sagebrush (Weldon et al,
1959, ’Beetle 1960, Caldwell 1978).

The germination r'espc;nse that has been observed in other species
clearly demonstrates that light can play a variable role. In Irag, Al-
Ani et al. (1972) r'epor'i?ed é‘var*iety of‘l reactions among 10 species
with respect to germination réquirement for light. Two épecies
required l1ight, while six show:ed no response and two had their best
germination in dark, Lettuce, a. light sensitive seed, did not require
light at temperaﬁures below 20 C (Woolley and Stoller 1978). Most
other studies of various species show a requirement for light (Waller

et al, 1980, Mayeux and Leotta 1981, Krueger and Shaner 1982).

Osmotic Potential

There are at least three stages of 'the germination process in
which water relationships are important: (1) imbibition, (2) enzymatic
transformation and meristematic’activities, and (3) start of growth
throﬁgh elongation and emergencg of the radicle through the seed coat.

All of these are regulated by water uptake from. the soil or soil
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solution. Water stress is an important variable that can influence
germination response. Because of the difficulty in measuring matric
potential, osmotic potential has usually been used in soi;-water
studies (Evans and’Young 1982). However, matric potential has been
found to be an importént factor in seed germination (Collis~George and
Hector 1966).

Germination rates and totals consistently decrease with a decline
in external water potential. Under these conditions, excessive

temperatures and moisture stress are usually additive in decreasing

germination. Seeds, 'in a water stress situation, are placed under

relatively more stress in extremely warm or cool incubation
temperatures (Bewley and Black 1982, Evans and Young 1982).

Increased water'stress either delays the complepion of
germination or reduces germination. This also depends on the vigor of
the seed. An ability to germinate under stress may confer certain
ecological advantages (Bewley and Black 1982). Parmar and Moore (1966)
showed that responses to moisture stress differed between seeds of low
and high vigor, and they suggested that increased osmotic potential
decreased water absorption, diéturbed nutriént uptake, caused abnormal
metabolism and ultimately reduced growth,

Big sagebrush responded to more negative osmotic potential.with
less total germination, but this condition was ameliorated by light
(Weldon et al. 1959). in contrast, Sabo et al. (1979) reported little
effect of osmotic potential until 10 atm was reached. Fringed sagewort
was much more sensitive than big sagebrush and showed initial

responses at 2 atm,
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Maturity of Seed
| Maturity of seed also tends to have an effect on germination with
higher values being observed in later seed collections. Clbr et al,
(1974) reported that Artemisia herba-alba Asso reacted this way, and
both prostrate spurge and pr6strate kochia (Kochia grostraté (L.)
Schrad.) showed higher germination percentages when seed was colleéted

later (Waller et al. 1980, Krueger and Shaner 1982).

Early Seedling Growth

Growth characteristics of sagebrush seedlings seem to be
primarily subject to genetic contro; altﬁough environmental influences
also contribute to seedling response (McArthur and Welch 1982), Among
big sagebrush accessions and sﬁbspecies, growth parameters showed
significant differences in each measure, Height, crown,.lenéth of
leaders and annual yield were among parameters differingAbetwéen
accessions and subspecies.

M though seed production is high in sagebrush, very few seedlings
emerge and survive, This can be attributed to amount of vegetation

present (competition), litter, adverse environmental factors (eg.

water stress and depth of burial), and allelopathy (autopathy)

(Johnson and Payne 1968, Evernari et al. 1971, Friedman and Orshan
1975, Harniss and McDonough 1975, Eddlemaﬁ 1979,~Cook i980, Harve&
1981, Evans and Young 1982, Wilson 1982). The maximum depth from which
sagebrush seed will emerge has been estimated at 5 mm by Harvey
(1981). Burial at 2 mm was considered an optimum depth for plains

silver sagebrush. Years that are favorable for naturaliseedling
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establishment can occur at irregular intervals with the primary factor
being soil moisture (Johnson and Payne 1968, Gordon and Wrighf 1981).
However, establisnment éan be of little ecological importance unless

it occurs on highly disturbed areas according to Harvey (1981).

egetative (Asexual eprod £'on
Vegetative reproduction in Artemisia has been examined several
times, but few in-dgpth studies have been completed. Bostock and
Benton (1979) studied: five perennial.compOSiteS with varying degrées
of lateral extension and growth., They subsequently related seed and
vegetative feproductive strategies. Seed was generally more.important

than vegetative capacity. However, Artemisia -zulgaris L. perennates

only by vegetatively produced - propagules, and it had rhizome growth

measured at 30 cm per yean,

Went (1979) contends that survival in perennial desert plants
depends mainly upon a vegetative strategy, and seeds are only a
secondary method of reproduction that becomes important when summer
rains allow abundant germination, Contradicfory evidence has beep
presented in a study by Young and Evans (1972). They examined green
rabbitbrush which was long thought to invade sites by root sprouting,
They discovered that it relied heéviiy on seedling; to establisn new

plants. Thereforé, either mechanism can be successful,

There are special problems that vegetative'reproduction presents

for the field and experimental ecologist. Abrahamson (1980) states
that vegetative reproduction is more similar to growth than to

reproduction with conftusion coming from using animals as models. He
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states further that vegetative reproduction is a diétinct and well-
defined phenomenon.

Vegetative repfoduction is common in forest herbs,-aquatic
plants, and at higher latitudes and altitudes where ecosystems are
more‘influenced‘by fire, climatic and ofher distﬁrbances (Abrahamson
1980, Legere and Payette 1981). A cloﬁe‘is defined as the aggregate of
individual organisms descended by asexﬁal reproduction from a4sing1e
sexually produced individﬁal (Barnes 1966). Many plants in such
diverse genera as QOphioglossum, Pteridium, Populus, Equisetum, Carex,

Rhus, Cornus, Prunus and Agtemisia.form clones by initiating shoots

from underground parts. It is common for clonal growth to be much more
ﬁrevélent than sexual reproduction in spite of the fact that there may‘
be a large and viable see@bank in the soil (Evernari et‘al° 1971,
Hazlett and Hoffman 1975, Cook 1980, Harvey 1981, Lovett-Doust 1981).
The degree to which cloning plays a role in some ecosystems can be
quite large. In Finland, 80 percent of the angiosperm vegetation in a
local flora had the capacity to clone (Abrahamson 1980), while in
Great Britain, two=-thirds of the common perennial species are cloqal
(Cook 1983). Moreover, the most pernicious weeds usuﬁlly become more
serious economic pests precisely because they grow from underground

roots, rhizomes and buds,

Importance of Vegetative Reproduction
Several reasons can reasonably ekplain why vegetative
reproduction is of such importance. Vegetative reproduction allows

survival of perennial polyploids in spite of their typically inferior
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seed being less able .to successfully establish or maintain vigor. In.

addition, reproduction by seed: (1) generally requires highér
temperatures than those for vegetative growth, (2) seems at a
disadvantage with respect to effectiveness of gene transmission, and
(3) is usually in competition with vegetative reproduction for the
same limited resources (Abrahamson 1980). When both methods occur
simul taneously, vegetative offspring will commonly develop immediately
and quickly become adult., This is apparently accomplished with larger
carbohydrate reserves than those individuals developing from seed,
Cloning seems to be a low risk mechanism for increasing longevity and
perennation of the genet. The genetlis defined as all genetically
identical members of a clone derived from a single zygote (ngk 1983).
Abrahamson (1980) al;o predicts that when population density is low
and clonal expfession iS'ppséible, vegetative reproduction would be
more advantageous because it facilitates local spread and occupation
by the geﬁet. However, when plant density is high; seeds would be
better, Seeds facilitate dispersal to new sites that may be less
densely populated and therefore more favorable for seedling growth,
Life expectancy of plants regenerating from seed is frequentl& less
than that of vegetatively produced plants (Abrahamson 1980, Cook
1979). This has been attributed to mbre intense competitive stress for
light and other resources.

Cook (19835 reiterates the belief that nothing in biology makes
sense except in light of evolution, He further states that benefits of
clonal reproduction include: (1) an enhanced ability to utilize scarce

resources, (2) greater competitive ability both to invade other clones
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and to resist invasion of seedlings, and (3) reduced probability of

genet extinction by spreading risk among a number of individuals.

Charécteristics of Vegetétive Repboduction

Populationg of individual genets can extend over a.large area and
can attain substantial ages. Shrubs pose special demographic problems
in that age structure of aboveground shoots may diverge sharply from
that of belowground parts (Fernandez and Caldwell 1975, Harper 1977,
Noble et al. 1979). Demography of clonal shrubs is-ulfimately
determined by the morphology of the growth system and will have a
complex age structure, Thus, rhizome ages will usually be quite
different than that of aerial shoots, and the ages of buds will be
different from that of either rhizomes or shoots. Harberd (1967)
reported on one large population of Holcus mollis L. that consisted of
only four genﬁtyées.:One of'the genotypes was 1/2 mile (0.8 kmf wide.
Comparable analysis of sheep's fescue (Festuca ovina L.) revealed one
genotype that was éonsidered to be over 1000 years old (Harberd 1962).
Aspens (Populus tgemqlo;des Michx.) have been recognized for their

clonal nature and can -cover 43 hectares with 47,000 ramets

(individuals) (Kemperman and Barnes 1976). They frequently attain very

great age (>10000 years). Creosote bush (Larrea tridentata (Ses. &
Moc. Exde.) Cov.,) in the Mojave Desert clone by irregular radial
growth on outer edges of stem segments (Vasek 1980). They have been
estimated to reach ages of almost 12000 years. Longevity of the
rhizome system can be as long as the life of the genet, as in sand

sedge (Carex arenaria L.) (Noble et al. 1979), or rhizomes can
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disintegrate after establishment of daughter piants with independent
root systems (Lovétt-Dousf 1981). The mere presence of physical
connections between vegetative offspring is insuffiéient for
demonstrating physiongical interdependence (Ashmun et al. 1982).

The occupation of horizontél space, characteristic of clonal
growth (Ito et al. 1976, Nobie et al. 1979, Cook 1983), may be greatly
affected by bhysical features of the habitat. The success of of the
clone is greatly‘increased by: (1) capacity to detect nutrient
gradations, (2) initiation of adventitious roots, and (3)
establishment of new shoots. This clonal capacity seems to overcome
limiting aspecés of the soil and competitive influences (Noble et al.
1979, Cook 1983). Storage of carbohydrates in a perennial rhizome has
begn noted as adventageous to rapid development and survival of clones
(Ashmun et al. 1982). Rhizoﬁe formation of mugwort was observed from
April to May in Japan with lateral extension beiné 5.4 meters (Ito et
al, 1976). Endogenous hormones have been related to stolon development
with gibberillic acid stimulating stolon elongation and cytokinin
initiating leafy shoot development from stolons (Kumar and Wareing
1972). Silver sagebrush cuttings root easily within eight weeks when
collectéd at the ieaf grow th phenoloéical stage (Everett, Meeuwig and
Robertson 1978).

Factors that stimulate vegetgtive reproduction are general in
nature (Abrahaﬁson 1980). Soil moisture can promote either means of
reproduction. Increased soil moisture was.shown to favor seed
reproduction in wild garlic (Allium carinatum L.) (Salisbury 1942).,

Little seed was set in a wet summer by two other speéies, yellow

L,

I ——

-t L
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deadnettle (Galeobdolon luteum Hudson) and blue gromwell (Lithospermum
purpureo-coeruleum L.), each of which was rebroducing vigorously by
vegetative means, Soil texture influences what strategy¢i$’ﬂavored,
with clay content usuaily’favoring vegetative reproduction (Abraham;on
1980).  Increasing littér decreased the success of cloning, while
increased environmental seﬁerity accentuated vegetative'reproductioﬁ°

Méthods were designed to examine certain reproductive strategies
in plains silver sagebrush With results>from this literaturé
examination in mind. Specifically, experimeﬁts dealing Qith dispefsal,

germination factors, early seedling growth and vegetative feproduction

were implemented,
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METHODS AND SITE DESCRIPTIONS:

Introduction

This project was conducted at the Fort Keogh Livestock and Range

Research Laboratory near Miles City in southeast Montana. Fieldwork

was initiated in June of 1982 and completed in Octobéb 1983. The
station has a variety of range sites and topography representative of
much of the Northern Great Plains (Johnson 1978). Topographylranges
from réugh breaks to alluvial floodplains and terraces, Land forms are
intersected by numerous intermittent stream channels where substantial
populations of plains silver sagebrush exist.

The climate is fairly typical of the Northern Great Plains with

drought playing a substantial role (Johnson 1978). Average annual

precipitation at Miles City for the period 1878-1981 has been 34.29 cm’

(13.5 in). Deviations from this average can be extreme as evidenced by

historic maximums and minimums: 57.9 cm (22.8 in) in 1879 and 14,0 cm.

(5.5 iﬂ) in.1934, respectively., Precipitation was below normal
preceding this study with 1979, 1980 and 1981 receiving 22J em (8.7
in), 26.7 cm (10.5 in) and 26.9 cm (10.6 iﬁ), respe;tively. The
precipitation ‘and temperature data for 1981, 1982 and 1983 are
summarized by month in Appendix A. Data for 1981 was iﬁcluded.because
Olson (1982) found tha£ precipitation from the pfevious year was
important in determining subsequent vegetation response.

Four distinct aspects of sagebrush reproduction were examined

during the course of ny research. They_includedé seed dispersal,




36
germination, seedling development and asexual reproduction, Dispersal
characteristics were meésured in field populations., Germination
factors were observed in growth chambers. Emergence, grgwth and
survival parameters were differentiated in field, growth chamber and

greenhouse studies. Finally, field excavations were conducted to

evaluate the rélative importance of vegetative reproduction.
See ispersal

Three study sites were séleeted in the fall of 1982 to evaluate
seed dispérsal in plains silver sagebrush. These sites were tybical of
plains siiver sagebrush communities throughout the Northern Great
Plains, They were located so as to allow easy access during the late
fall and early winter. These three pastures are referreq-to locally as

Paddy Faye, Lower Flood and Lower Black Springs.

Site Descriptions

Paddy Faye is an alluvial bottomland that is located

~approximately 11 km southeast of station headquarters and adjacent to

the Tongue River. The pasture is intersected by an intermittent
drainage, Paddy Faye Creek. Plains silver sagebrush is a prominent
vegetative characteristic of Pa@dy Faye, but plant density rénges from
sparse to dense, Understory vegetation consists of green needlegrass
(Stipa vigidﬁla Tfin,), buffalograss (Buchloe dactyloides (Nutt.)
Engelm.), blue grama (Bouteloua gracilis (HJ&K.) Lag.) and

considerable western wheatgrass (Agropyron smithii Rydb). Introduced
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species include Japanese brome (Bromus japonicus Thunmj and
cheatgrass (Bromus tectoruﬁ L.).

‘Soils in Paddy Faye are predominantly Kobar silty clay loams.
Kobar silty clay loams are classified as fine, montmorillonitic
Borollic Camborthids. They are deep, weilwdrained, nearly level soils
that are formed in alluvium. The soils have modérately slow
permeability and‘high available water capacity. Avail;ble!water
capacity is the amoﬁnt 6f water capaﬁle of being stored in the soil
profile, The range'site is classified as clayey and is located in the
25 to 36 cm (10-14 in) precipitation zone, Paddy Faye has a high water
table underlying much of the pasture,

Paddy ane has had a long history of heavy grazing use. During
early éettlement it was situated aldhg the Tongue River Trail.‘As
such, it received continuous, season-long grazing by large livestock
herds. More recently this pasture has been used durihg the summer as a
breeding pasture, Because of drought conditions and a‘ichange in
grazing management, the study site had not been grazed for the past
five ygaré prior to this study.

Lower Flood Pasture is an alluvial floodplain adjacent to the
Tongue River and located 7-9 km southeast of station headquarters,
Vegetation is similar to that of Paddy Faye, Plains silver sagebrush
is the dominant shrub species present. It is’found in sparse to dense
stands with western wheatgrass, green needlegrass, blue grama, .
buffalograss, Japaﬁese brome and cheatgrass constituting most of the
understory. The principle.éoils fouqd in Lower Floéd %re Harlem

Variant silty clays. They are classified as fine,1nontmorillonitic




38
Borollic Camborthids. Permeability ié slow while available water

capacity is high, These deep, well-drained, alluvial soils are best

-described as clayey range sites.,

Grazing in Lower ‘Flood has traditionally been imposed during the
spring and early summer, Grazing begins every year at calving (early
April) and continues through the eérly season with intermittent
grazing during the summer. |

.The Lower Black Springs study site is represented by a small area
on a terrace of the Yellowstone River approximately 6.5 km west of
station headquarters, Although herbaceous vegetation for this site
would normally be western wheatgrass and associated species, it ié
currently occupied by crested wheatgrass Qggxmuggﬁ cristatum (L.) P.
Gaertn.) that was seeded several years ago. A moderately dense staﬁd

of plains silver sagebrush dominates this area with greasewood

(Sarcobatus vermiculatus (Hook.) dJ. Torr.) being occasionally
interspersed. Crested wheatgrass is the major understéry constituent.
Havre-Variant loams are the common soil found in Lower Black Springs,
It is a deep, well-drained soil formed in alluviun, Moderaté
permeablity and high avaiiable water capacity are characteristic of
this fine-loam, mixed tcalca}eous) frigid Ustic Torrifluvent. The
range site is considered as silty. Use by grazing cattle traditionally

has been as a breeding pasture in the summer.

Experimental Methods

Five plants were selected in each of the three study sites and

marked for seed dispersal measurements. The shrubs were selected to
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typify the average adult (seed bearing) size structure of the
community. In addition, care was taken to select plants with
sufficient area around them to accomodate six unobstructed line
transects for monitoring dispersal. AIll seedheads were removed from
adjacent sagebrush plants within a 10 mradius of the marked shrubs to
eliminate their influence on the dispersal measurements. Six permanent
line transects were then established in a radial fashion from the
center of each marked shrub. Transects were oriented so that one line
lay along the prevailing wind direction. The other five transects were
equally spaced at 60 degree angles from one another around the central
shrub. Aluminum sheet-metal plates (36x36 cm) were anchored to the
ground at one meter intervals (0,1,2,3 and 4 m) along each transect

(Figure 2).

Figure 2. Dispersal study layout with six transects at equal angles
(60 degrees) surrounding the central shrub. Five spaced
(at 0,1,2,3 m) plates were for collection of dispersed
seed in each transect.
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Each plate (Figure 2) was coated with an adhesive (petroleun
jelly) in order to catch individual seeds as they fell. This spatial
arrangement allowed for an investigation of wind effect. Seeds that
dropped on the plates were collected and counted through the November
dispersal period. Sample collections were repeated every 3 or U4 days.
An ongoing record was maintained on numbers and timing of seed
dispersal in relation to distance and direction from the parent plant.

New adhesive was reapplied as needed after each collection,
Application was accomplished by heating the petroleum jelly until it
meited in a 0,47 liter ﬁetal paint can. A portable, white-gas camp
stove was used for this purpose in the field. Liquid petroleum jelly
was then either rolled or brushed onto the aluminum plates depending
on air temperature. Use of the roller was most effective if air
temperatures were below 10 C, and the brush was most effective above
this temperature. This method was used successively at temperatures
ranging from -18 to 25 C, Precipitation occuring during the study
period had no.adVerse effect.

~Counting was handled in two ways. If the number of seeds was low

.and could be counted quickly, they were tallied in the field and

discarded. However, if seeds were too numerous-to be readily counted,
they were collected for later enumer-aj;i;)n° A paint scraper was
employed to collect the mixture of petroleum jelly, seeds and any
additional material such as leaves, This mixture was then placed in‘a
shallow-sided, disposable aluminum pan (22x15x3 ém) for later

separation in the laboratory.
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Seeds were separated from the petroleum jelly -by first. placing
the solidified mixture on fogr.layers of cheesecloth that were
stretchedland stapled over the aluminum pans. Pans were then placed in
a 100 degree oven until the petroleum jelly melted, This resulted in
lateral spreading of the mixture, leaving seeds spread out on the
cheesecloth and the petroleum Jjelly in the pan below. Seeds could then

be easily counted and recorded.

{

Statistical Ana;xsis

Seed dispersal was analyzed with a split-split plét design with
date being a covariant:(see Appendix B). Because seed counts on plots
at the 4 'm distaﬁce contained many zero values, this distance was
dlsregarded in the analysis. Mean separatlon tests for all factors and

‘combinations were evaluated with Student t-statistics.

. : Germination

Germination success of plains silver sagebrush was examined in
relation to five different factors that have been widely reported to
affect seed germination., The five factors were studied concurreﬁtly so
that the effects of an'individual factor could be éxamineq along with
associated interactions, Although one or two factors are commonly
evaluated in germination research, studies of this magnitude (ie., five
factors) are seldom reported in the literature, None have involved

plains silver sagebrush,
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Methods

Thg five factors (treatments) considered in this sfudy were: (1)
date of seed collection, (2) stratification (prechilling), (3)
temperature, (4) light/dark, and (5) osmotic potential. Seed was
gathered from the Lower Black Springs study site on three occasions
during the dispersal period. The first seed oolléction was made in
late Octsber just after dispersal started. The second collection was
made in late November, and the final one took place in early January.
The method - that was used to collect seeds inﬁolved striking the
infldrescence'branches so that seeds would fall.into a ﬁaper sack that
was held alongside. This technique resuited in a largé proportion of
mature seeds, A total of 15 tol25 plants were collected from in this
fashion at each collection daté, Seeds were pooled to ensure adequate
numbers of filled seeds, to provide a representative sample of seeds
from the plant population, and to redude the effects of semi-sterile
individuals. After eaéh collection, filled seeds were hand-separated
from leaves, floral bracts and unfilied seed.

Sgeds from each collection were subdivided into groups of 50 so
thét individual treatment combinations could be imposed and evaluatéd.
Each group of seedéAwas then éxposed to different combinations of
stratification, light, temperatﬁre or osmotic potential for each
collection date.lAll treatments were replicated three times.- Seed was
considered germinated.when radicles had emerged and achieved a length
of at leasﬁ 3 mm, |

Affer half the groups of seeds had undergone a stratification

treatment, all groups were placed in petri dishes having two‘pieces'of
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No. 3 Whatman filter paper. The paper was moistened with one of four
osmotic solutions (0,2.5,5.0,7.5 bars). Each petri dish was either
open to light or wrapped‘in‘a;uminum foil for a dark treatment énd
then placed in one of three growth chambers set at individual constant
temperatures (10,20,30 C).

Germinatiqn>00unts were made for 21 days on seeds in every petri
dish for each seed collection, After 21 déys, counts were discontinued
on those petri dishes in which no new germination had occured during
the previous seven days. When dishes contained seeds that had
germinated within the prefious seven days, counts were continued until
a period of seven consecutive days of no germination occured. A few
individual seeds germinated up to 45 days after inception of the
germination trials.

Stratification was achieved by plaeiqg half of the groups of
seeds in cold storage of -23 C for 30 days. The nonastfgtified seeds
were kept at room temperature of 18 to 21 C (65 to:75 F). The 50 seeds
in each group were then placed in the petri dishes having moistened

filter paper with the four osmotic solutions.

The four concentrations (0,2.5,5.0,7.5 bars) of osmotic solutions

were achieved by using polyethylene glycol (PEG-6000) as a solute in
distilled water, PEG-6000 solutions have been widely used to provide
accurate osmotic concentratibns; and begause of chemicai inertness, it
may be superior to other commonly used solutes such as d-mannitol
(Weldon et al. 1957, Parmar and Moore 1966, Sabo et al. 1979, Berkat
and Briske 1981, Wilson 1982).. The amount of PEG;6000 needed to

simulate different osmotic potentials were adjusted for the three
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differeng temperatures using the standard formula presented by
Helmrick and Pfeifer (1954). .

Three growth chambers weré‘used to control the factors of
temperature and light. Each growth chamber was set at one of three
constant temperatures: 10, 20, and 30 C. Thé petri dishes were placed
in thé chambers with half of them.exposed to both incandescent and
fluorescent light. The other half were wrapped in aluminum foil for a
complefe dark regime, The seeds in the dark regime were counted under

ultraviolet (UV) light.

Statistical Analysis

Two germination responses (tofal and rate) were analyzéd to
determine the relative importance of individual factors, A five factor
(3x2x2x3x4) factorial'design ﬁith thr;e repl;cations was employed to
analyze total germination peréentages. Analysis of variance was run to-
determihe the significance'of main effects aﬁd interactions (see
Appendix C)t When significént F values were obtained, Duncan's
multiple range test was used to separate means and determine where
differences in means occured. Rates;of germination were evaluated by
" graphic methods. Germination percentagés from individual days during
thelgerﬁination'trials were plotted against single factors, such as
temperature, and combinations of factors found to be significant in
the factorial analysis. Student t-statistics were run to-evaluate

significance on individual days.
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Early Seedling Growth

Seedling emergence, growth and survival were investigated in
three different studies. One study utilized transplanted seedlings in
grbwth chambers to deliniate the effects Qf'differént diﬁrnal
temperatures on growth, A second study involved fall seeding in the
field with subsequent measurements 6n emergence, growtﬁ and-survival
during the following growing season., The third study consisted of
greenhduse work in which emergence, growfh and survival were obéerved
under more controlled circumstances than the field study.would be,

The first study was initiated to evaluate the effgct of different
tempefature regimes on early growth of seedlings under controlled
conditions, The sécond study was to ascertain emergence, growth and
survival of seedlings in the field‘planted aﬁ foup depths
(0,0.5,1.5,2.5 cm) and under different‘moisture regimes. The final

study was to determine seedling emergence from the  same four depths

(0,0.5,1.5,2,5 cm) and Subsequent growth and survival under more

contolled circumstances.

Methods

Transplanted Seedlings

In June of 1982,-100 plains silver sagebrush seedlihgs of
approximately the same height (28 mm) and growth stage were
transplanted individually from the field into T0x10x1é cm plastice
pots. The pots were filled with 2 cm of sand.in the bottom and native

topsoil to within 2 cm of the top., Seedlings were initially placed in
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the greenhouse for one month to recover from any transplant shock.
Eighty plants were then selected based on similarity to one another
and placed in growth chambers éet at one of two diurnaliy fluctuating
temperature regimes. These regimes were choosen to roughly simulate
cool and warm conditions found in different séasons. Regimes consisted
of a 12 hour photoperiod with day/night temperatures being set at
either 90/70 F (32/21 C) or T0/50 F (21/10 C). Forty seedlings were
placed into each chamber, Preliminary nieasurements of plant height and
number of leaves were obtained at the time seedlings were put into the
grow th cﬁémber's.

Growth measur'ements_wer'e made on seedlings every five weeks.
These included height, number of leaves, and two horizontal axes
(length, width). in addition, eight seedlings were randomly selected
at each recording period for destructive sampling. Measurements on
these plants included leaf area, root and shoot weights. Leaf area was
d'etermined by the light attenuation method and émployed a Licor model
LI-3000 area meter, Léaf area of each sample was measured three times
and the results averaged. Shoot weights included total weights of both
stelp and leaf tissue cut at ground level. Root weight was determined
after all soil was throughly washed away. Both shoot and. root iuatefial

was oven dried and weighed, This study was completed in December 1982

Greenhouse Seeding
The effects of seeding depth on seedling emergence, growth and
survival was examined in the greenhouse, Ten pots were filled with

with sifted native soil from Paddy Faye and seeded at one of four
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depths (0,0.5,1.5,2.5 cm). Ten seeds were planted in each plot in a’

definite, mapped pattern. As each seed emerged - 1t was recorded and
mapped as to locatlon so that later growth measurements could be made
in relation to emergence date.

Once seedlings passed the cotyledon stage and entered the two-

leaf stage of phenology, measurements on height, number of léaves and

the two horizontal axes were recorded weekly for eight weeks. The pots

were watered so as to keep soil near field capacity, and temperatures

were maintained at about 21 € (70 F) throughout the trial.

Field Seeding

Seed; were collected duriﬁg the fall of 1982 anq planted into
native soil in the Paddy Faye pasture (see Seed Dispersal site
deseription) on Névember 3, 1982. Threé replications were established
so that associated water treatments and planting depths could be
evaluated for effects on seedling émergénce, growth and survival.

The three replications were located on level, open ground within
a piéins silver sagebrush community. Plots were mowed to ground level
to facilitate plantihg.Eight seven meter lines were staked out for
seeding and randomly selected to receive one of four depth treatments
(see Figure 3). A weighed sample of mature seeds, unfilled seeds and
floral bracts was placed in a-hand-operated, single row cone seeder
and planted at the desired depth (0,0.5,1.5,2.5 cm). Depth was
controlled by adjusting penetration of douBle disk openers. Seeds in
ten samples of this weighed amount of seed material were counted to

determine how many filled seeds were actually planted. It was




Figure 3. Perspective view of field planting replication giving dimensions and a sample of
randomized array of planting depths. One-half of each row was given a water treatment.
Rabbit-proof fence and barbed wire surrounded entire plot.
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determined that each sample contained an average of 706+43 seeds.
Therefore, each of the lines fhat were planted contained 10146
seeds/m,

Each replication was encloséd in a rébbié—proof fence constrﬁcted
with railroad ties as corner posts, two thicknesées of .61 m high
chicken wire, and two strands of barbed wife above the chicken wire
(Figure 3). Seeded plots passed through the winter in a dormant stgte
and seedlings beg»an‘to emerge tki;e following spring.

Watering treatmentsvstaréed‘May'15, 1983, and measurements of
segdling emergence gnd survival began on June 15. This schedule was
based upon previous work which reported that sagebrush seedlings will
emerge from April through July (Beetle 1960, Harvey 1981).
Consequently, there was an initial period during which natural
germination and émergence could occur without being subjected to
stressful conditions that mighf cause mqrtélity. Each emerged seedling
was marked with a large washer on June 15. Subsequent seedlings were
marked with flags. Supplementary water was applied as needed once each
week to provide seeded areas wifh a minimum of 2.5 cm (5 inch/per
week). Adjustments were made for any precipitation that occured durihg
the preceding week, Distilled Qater was transported into the field énd
applied in 30.5 cm strips adjacent to seeded lines., This application
was imposed upoh half of each row by using 1 gallon hand garden
sprinklers. Precipitatiop was monitored by four wedge type rain gauges

located within 50 m of the study plots.
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Seedling height,_humber of-leaves and two horizontal axes
(length, width) measurements were recorded each week in June and July.
During Augﬁst, these same measurements were taken every other week.

Soil moisture levels and @emperatures were recorded by-bpr&ing
calibrated fiberglass wafers at depths of’7.5 and 15 cm within each-
replication. Four wafers were placed in each replication so that two
depths were measured in both watered and unwatered sections of the .
plot. Thermistors measured resistance for.soil temperatures while soil
moisture was gauged By capacitance, Core sampies were taken
periodically to check gravimetric determinations with the soil

moisture wafers,

Statistical Analysis

Data evaluation wés accomplished by chi-square analysis for
emergence and surinal responseém.Growth curves‘were_constructed from
data meéns and tested with Student t—statisfies, Graphsiwere also

constructed to help interpret results.

Sprouting and Seedling Establishment

The sprouting nature of plains silver sagebrush was gvalﬁatedvby
two separate studies., These were initiated to quantify to what degree
the shrub relies on either vegetative reproduction or seedling
establishment to recruit new .members into a community. Thé first'phase
of this work involved examination of individual plants from severai
representative communities., Individual plants of a uniform height -

class (16 to 40 cm) were selected along line transects and excavated
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to determine whether that plant. originated independently from seed ér
was a sprout from_én already established shrub. The second phase was
comprised of excavating areas around two, large, fairly isolated
plants that were surrounded by numerous small plants. The entire area,
including the main shrub, was excavated in order to determine: (1)
whether plants were of clonal or seed origin, (2) what potential
plants had for vegetative spread based on number of sprouts
surfounding a plant, ahd (3) the degree to which adventiﬁious buas

were present on established rhizomes.

Transect Excavations

 Six separate sites were selected as representativé'of plains
silver sagebrush communities~in the Northern Great Plains. Three sites
had been subjgct to soﬁe form 6f recent disturbance such as fire oﬁ
ice scraping;TheSe sites are referred to as the Yellowstone River,
Lower Black Springs and Lower Flood pastures., The other three sites
were not subjected to recent disturbancé excep? for periodic grazing
by cattle, These areas were Lignite Creek, Paddy Faye and Moon Creek
pastures. For site descriptions on Paddy Faye, Lower Flood and Lower

Black Springs see Seed Dispersal site descriptions,

Site Descriptions
The Yellowstone River pasture is located on terraces on the
northern side of the Yellowstone Rlver near a railroad bridge

approximately 5 km northwest of statlon headquarter&,Plains silver

sagebrush is the dominant shrub and is found in sparse to dense

stands. The understory is dominated by western wheatgrass,
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needleandthread énd annual bromes, Two basic soil types arerpresent
depending on proximity to the river, Soils are dominated by deep, well
drained fine sandy loams and loams near the river, Such soils have

moderate to moderately rapid permeability and moderately available

water capacity from 15 to 25 cm., These soils are classified as sandy

range sites., As distance from the river increases, the soils grade
into deep, well-drained loams of moderate and slow permeability and
high available water capacity. The'goils throughout the study site are
dominately frigid, Ustic Tprrifluvehtso

Lignite Creek is an intermittent stream dissecting much of the
southern portion of the station for several kilometers in a north-
south direction. The study area was 10 km directly west of
headquarters close to where this drainage joins the Yellowstone River,
It was located on alluvial deposits that were close to the stream
channel, The site had moderately dense stands of plains silver
sagebrush with western whegtgrass and annual bromes dominating the
understory vegetation. Soils were in the Camborthid=-Torrifluvent
complex and were characterized by not having a typic profile,
Permeability can be slow to moderately rapid with low to moderate
available water capacity from 8 to 28 cm. The soilé range from fine
sandy loams to silty clay loams with strata of sand and gravel common
in some areas. Range_éites are silty.and overflow,..

Moon Creek is an intermittént stream on the western border of the
station, Minor dralnages dissect the Moon Creek flood plain regularly.
Plains silver sagebrush is the dominant species throughout this

drainage with small groves of plains cottonwood (Populus deltoides
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Bartr,) scattered along the creek, The dominant understory vegetation
is western wheatgrass, often in dense stands. Gfeen needlegrass is
élso common. Some of the drier areas of the terréces have large
proportions of Japanese brome, cheatgrass and blue grama, ﬁominant
soils in Moon Creek are in the Gerdrum-Creed complex with some
scattered Torrifluvents., This study area is classified as a clay pan
range site and the soils belong to the fine, montmorilloni;ic Borollic
Natriargids. Soils are about evenly divided between Gerdrum §ilty clay
loams and Creed loams with small areas of slick spots, A prevailing
influence in these‘soils is their salt and sodiuﬁ content,
Permeébility is slow and their high available water capacity is

decreased to 15 to 20 em due to salt content,

Methods

Aftér study areas were selected, four 25 m transects
were eétablished‘and\used to sample individuals from plains silver
sagebrush populations, saﬁpling proceeded so that the nearest plant
within a particular height category (16 to 40 cm) was flagged at
intervals of five meters. This size category was chosen after
preliminary excavations and aging had established that such plants
repfesented stem material between one and four years old. The
preliminary study also established that underground material varied
considerably according to whether the plant originatéd from parent
rhizomes, plants or seedlings. |

Roots of flagged plants were exgavated with great care so that

fragile rhizome connections remained intact. The plant was
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sufficiently excavated to determine if it was connécted-to-anothen
plant or was an independent individual. After this determination,
measureménts were recopded on plant height, length of rhizomes
(roots), and stem and rhizome (root) diameters. Root distribution from
each‘individual excavation was mapped, and line_sketches of each plant
were drawn for a pictorial record. Samples were taken from major
sections of each excavated plant. Thesg included stem, root, rhizome
and connecting rhizome sections., They were placed in sealed plastic
bags in the field and fransported to the laboratory for age
determination, Aging of sagebrush was féasible in spite of common stem

splitting and layering (Ferguson 1964).

Isolated Plant Excavations

Two large plants weré selected in Lower Flood to be individually
excavated for a study on asexual (vegetative) reproductive potential.
Only two plants were selected dug to high labor requirements involved.
Tﬁe plants were subjectively selected by two criteria. The first
criteria was that the plant should 'be relatively isolated from other
large plains silver sagebrusﬁ plaﬁts s0 that‘cémbetitive influences
from 'other individuals were minimized. In this way, vegetative
potential could be freely expressed. The second criteria was a
predominance of smaller "individuals" surrounding this larger plant
which was 1 r or greater in heighfo Areas arouﬁd the large plants
(approximately 4 to 5 m radius) were excavated so that roots and
rhizomes of all the smaller plants were exposed and.relationships to

the larger plants determined. Root distribution from the excavations
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were mapped so that seedlings and sprouts could be differentiated and

‘size category recorded.

Statistical Analysis

Chi-square analysis.was performed on transect data to détermine
whether major disturbances had an effect on the ratio of'seedlings to
sprouts and if there were differences among individual sites. Student
t-statistics were run to determine overall significance of the ratio
of seedlings and sprouts. The isoléted plant excavations were not
designed to be analyzed, rathér'this experiment was designed to

brovide additional insight into asexual reproductive potential,




| L")

56

RESULTS AND DISCUSSION

Seed Dispersal

One of the primarj features to investigate in regards to
reproductive strategies is the number of propagules that afe produced
and dispersed. Seed dispersal in plains silver sagebrush was
investigated in regards to site comparisons, direction of seed fall,
distance that seed fell from parent plants, and date of seed
dispersal. Statistically sigpificant differences were not found among
the three study sites in terms of numbers of seeds'dispersed,
direction of seed fall and distance relationships of seed fall.
However; highly significant interactions (p< 0.01) existed between
study sites and time of seed dispersal. Numbers of seeds that
dispersed also changed significantly from the first recording date to
following dates. The seed dispersal distance from the parent plant
followed a definite pattern. Direction of dissemination displayed a
" three-lobed stellate type distribution. Wind p;ayed the major role in
determining seed dispersal in plains silver sagebrush at the study
sites. |

The majority of seed dispersed throughout the sﬁudy period was in
the same three principle directions. However, date played a
significant role because it determined the total number of seeds that
fell, and this indirectly affected the number of seeds.that were

dispersed at varying distances on the different transects.
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Although dispersal of‘sagebrush seeds has been attributed to
wind, water and animals, wind (anemochory) seems to be of major
importance (Beetle 1960, Harper 1977, Bostock and Benton 1979, Tisdale
and Hironaka 1981, Evans and Young 1982). My study cbnfirmed that wind
dispersal was an important factor in the dispersal of plains silver
sagebrush seed. However, the study design did not allow for
catergorizing water or animal influences as lesser_factors. The sites
on which this.study was conducted aﬁd the morphological
characteristics of the seed seemed to point to a lesser contribution
by these factors.

Although the three study areas were separated by several
kilometers, no notable differences in dispersa; chgraeteristics could
be detected. The same environmental influences, especially prevailing
and storm winds, seemed to exert similar influences on dispersal
throughout the study area viecinity. Prevailing winds as well as
cyclonic winds from atmospheric disturbances would not ordinarily be
expected to change within the geographical range of the project.
Therefore, this resulted in wind directions that were relatively
consistent for all fhree study sites. The patterns of seed dispersal
that were observed were characteristic of each individual plant,\and
for this réason they should not vary regardless-of where a populatioﬁ
was located. |

Timing of dispersal varied between sites (Figure 4). Paddy Fa&e
showed a significantly larger number of seeds falling on the first
measurement date (7.1 seeds per plate) with a second peak on the

fourth measurement date (3.5 seeds per plate).A.graauél decrease in
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Figure 4. Mean numbers of plains silver sagebrush seed dispersed per plate in all directions from a
parent plant. Dispersal from five plants in each study area is summarized. Differences in
each study site are summarized by date at which dispersal was acheived.
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seed numbers was observed on Lower Flood after the initial high value
(from 3.1 to 1.1 seeds per plate). The decline in seed numbers and
differences among dates were less pronounced. Lower Black Springs
showed a fairly uniform distribution of dispersed seeds émong all
dates, and thus no statistically significant differences iﬁ'numbers of
seeds dispersed were detected. Differences among sites can best be
explained by dissimilar phenological maturation of plan£s at each
site. Individual plants were selected for measuremenf before séed
dispersal was initiated., Consequently, plants that were sampled
represented a heterogenqous mixture with respect to .how rapidly
phenological development océured._As the season progressed, there were
more individuals reaching seéﬁ maturity early on the first two sites.
The third site had about eqﬁal numbers of plants attaining seed
maturity throughout the study period. These differences are possibly
dug to two influences, namely microenvironment and soils. Paddy Faye
and Lower Flood are characterized by similar vegetation and soil
components., Both study sites have a relatively short vege@ation cover
and soils with a dominant clay fraction. Lower Black Springs, in
contrast, has a dominant cover of crested wheatgrass and more siity to
sand& soils, The micﬁbénvironment and, soil moisture relationships
would most likely be different between Lower Black Springs and the
first two sites. Therefore, this would influence the differing
phenoloical development fbr plains silver sagebrush betwegn tﬁe first.
two sites and Lower Black Springs.

Phenological development in most sagebrush species is such that

the majority of seeds are shed in late fall and winter. Most of the
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viable seed is dropped durlng the first seven days after dlspersal is

initiated (Goodw1n 1956, Beetle 1960, Harvey 1981, Tisdale and

, Hironaka 1981). Over the following two to four weeks of these studies

dispersal was observed to consist primarily of aborted flowers and
half-filled seeds. In my study, however, variabilit& in maturity of
individual plants resulted in an extended diépersal period when
considered on a popﬁlétion basis., Dispersal was proportionately
greatest in the first week (4.2 seeds per plate) (Figuré 5).‘This
would be consistent with préviously reported results.‘However,
phenological differences in the plant population influenced the number
of viable seeds that fall in subsequent dlspersal perlods. No
statlstlcal differences existed among the second, third or fourth
sampling periods (1.97, 2.2, 2.4 seeds per plate, respectively),
although significantly less seed fell in the last period (1.4 seeds
per plate). ‘

Results iﬁdicated there was a shérp decrease in the number of
plains silver sagebrush seeds (from 5.4 to 1.4 seeds per plate) that
were dispersed between the zero and one meter area adjacent to the
parent plant (Figure 6), No statistical difference could be found
among measurements for the next three meters, Therefore, these results
ére consistent with previous research which reported that most seeds
were disperéed near the parent planﬁ with seed density declining
sharply as distance‘increaSes (Harper 1977, Cook 1980). This dispersal
pattern has been shown to exist in Artemisia species (Beetle 1960,

Friedman and Orshan 1975, Harvey 1981, Tisdale and Hironaka 1981).
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Number of seeds dispersed
(x per 36 x 36 cm. plate)

1-5 6-9 10-12  13-16  17-19
NOVEMBER
Date of Dispersal

Figure 5. Mean numbers of plains silver sagebrush seed per plate
dispersed in all directions from a parent plant. Dispersal
from a total of 15 plants is summarized. Differences are
summarized for each date at which dispersal was achieved.
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Figure 6. Mean numbers of plains silver sagebrush seed per plate
dispersed in all directions from a parent plant over
entire study period. Dispersal from a total of 15 plants
is summarized. Differences are summarized for each
distance at which dispersal was achieved.



63
Measurement date had a considerable effect on the number of seeds
that were dispersed at ineréasing distances from the parent plant
(Figure 7).‘In three of the five dispersal periods investigated, the
majority of seeds fell under the parent plant with substantially less
being found at distances of one or more meters. However, in two cases,
the second and fifth sampling periods, dispersal was evenly
distributed across all four distances. On at least one sampling
interval (November 17-19), dispersa; was significantly higher at two
meters (2.3 seeds per plate) than at the one meter distance (0.6 seeds
per plate) from thé parent plant. On another'sampling interval
(November‘13-16), dispersal at three meters (1.8 seeds per plate) was
higher than at either one (1.1 seeds) or two (0.9 seeds) meters
distance from the parent plant. Strong cyclonic winds on these two
sampling intervals best explain the épparent deviation from what would
be expected in dispersal patterns. The gusty winds inherent in these
winds would disperse seeds to a greater distance than normal
conditions might, |
Dispersal patterns showed three principie reéions where seeds

were uéually cancentrated. The majority of seeds fell directly
downwind from the prevailing northwest winds. In addition, two
secondary regions of éeed coricentration were located at 120 degree
angles on either side of the primary dispersal region. Significantly
higher quantities (2 to 9 times) of seed were found in these three
-areas’than the remaining areaé. This resulted in a three-lobed

stellate figﬁre when seed numbers were plotted as a function of

dispersal direction (Figure 8). Variation between the three prominent
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Figure 7. Mean numbers of plains silver sagebrush seed dispersed per plate in all directions from a
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parent plant. Differences are summarized for each distance by date dispersal was

acheived.
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prevailing
NW wind

J-6
TRANSECT A

Figure 8. Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions. Numbers
on axes represent mean numbers of seeds dispersed. Shaded
area represents a generalized seed dispersal pattern. See
Appendix D for example of how this graph was constructed.
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lobes of the figure occurred as distance was considereé. The primary
dispersal region (transect A) received the greatest amount of seed
with the majority falling directly under the parent plant (0 meters)
(Figure 9). A second peak of seeds fell at two meters., Although fewer
seeds fell in the northerly loﬁé along transect E, the seed
distribution pattern was i:he same as in transect A, With respect to
dispersal distance, the southwest lobe (transect C) demonstrated a
statistiéally different dispersal patﬁern with seeds falling mainly at
the one and three meters distances erm the parenﬁ plant. In the first
transecf, a mean of 13.8, 1.1, 3;5, and 0;3 seéds fell at the
respective distances of 0, 1, 2, and 3 meters, In contrast, transect C
exhibited a mean of 1.3, 5.7, 0.3:and 6.7 seeds falling at the
respective distances of 0, 1, 2 and-é meters. This general pattern of
seed dispersal was observed on plainé silver sagebrush throughout the
study period although some variations were encountered among sampling
intervals (Figures 10 to 14). Essentially the same type of three lobed
geometric shape was found for all five sampling periods. However, the
principle regions of seed dispersal did change according to collection
date, For example, on the second (Eigure 11) and third (Figure 12)
sampling period, the lgrgest proportion of seeds fell in transects C
and E; respectively. Observations on wind direétion and speed during
these two periods showed a diffeping pattern from the dominant
prevaiiing winds and speeds that wogld explain these diparities., The
other three periods exhibited a similar pattern to that &escribed for
Figure 9, that is, transect A received the large;t proportion of

dispersed seeds.
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prevailing
NW wind

10

TRANSECT A

Figure 9. Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions at four
distances (0, 1,2,3 m). Numbers on axes represent mean
numbers of seeds dispersed. Shaded area represents a

generalized seed dispersal pattern. See Appendix D for
example of how this graph was constructed.
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D
prevailing
-20 NW wind
-50
TRANSECT A

Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions at four
distances (0, 1, 2, 3 m). Date of dispersal was from
November 1-5. Numbers on axes represent mean seeds
dispersed. Areas are a generalized seed dispersal pattern
at each successive distance. See Appendix Dfor example
of how this graph was constructed.
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prevailing
NW wind

Area of dispersal

and 3 m, respectively

TRANSECT

Figure 11. Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions at four
distances (0, 1,2,3 m). Date of dispersal was from
November 6-9. Numbers on axes represent mean seeds
dispersed. Areas are a generalized seed dispersal pattern
at each successive distance. See Appendix Dfor example
of how this graph was constructed.
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prevailing NW
wind

TRANSECT A

Figure 12. Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions at four
distances (0, I, 2, 3 m). Date of dispersal was from
November 10-12. Numbers on axes represent mean seeds
dispersed. Areas are a generalized seed dispersal pattern
at each successive distance. See Appendix Dfor example
of how this graph was constructed.
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prevailing NW

Figure 13« Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions at four
distances (0, I, 2, 3 m). Date of dispersal was from
November 13-16. Numbers on axes represent mean seeds
dispersed. Areas are a generalized seed dispersal pattern
at each successive distance. See Appendix Dfor example
of how this graph was constructed.
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prevailing NW
wind

Area of dispersal

1 and 3 m, respectively

TRANSECT A

Figure 14. Mean numbers of plains silver sagebrush seed per plate
dispersed from a parent plant in six directions at four
distances (0, I, 2, 3 m). Date of dispersal was from
November 17-19. Numbers on axes represent mean seeds
dispersed. Areas are a generalized seed dispersal pattern
at each successive distance. See Appendix Dfor example
of how this graph was constructed.
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Qualitative observations on wind direction and speed were made

during each dispersal period. The resulting changes in wind direction

seemed to correlate well with dispersal patterns ‘that were observed,.

Although the prevailing wind was from the northwest, changes did occur
according‘to weather variation and topographical influences. All three
study sites were located in bottomlands that are dissected to varying

degrees. Local wind patterns and fluctuations were naturally

established in these situations that contributed to dispersal

differences between dates. These local winds would also tend to be in
consistent patterns, although in varying degrees of intensity, and
they therefore influence the seed dispersal patterns in@p a three-
lobed stellate geometric distribution, While the prevailing winds were

generally consistent and of'low.§peed, the changes due to weather and

topography tended to be in the form of gusts and with increased

velocity, Thus the dispersal patterns obsgrved in -this study were not
uniform on each date, The trénsect (A) under the most direct influence
of the prevailing wind displayed the characteristic pattern of having
the largest numbers of seeds next to the parent plant and smaller
amounts at greater distances., The other two major regions of seed
disperéal were the result of what ténded to betrather consistent
weather and topographic influenqes that were repeated in varying
degrees of intensity during each sampling interval,

This type of distributional pattern of dispersed seed has not

been described in the literature on sagebrush and probably is the
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result of the sampling technique., Most of the research on dispersal of
sagebrush is observational in nature or was studiéd in less detail and

with smaller numbers and periods than this study provided.
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€ nati Response

Response to Indjvidual Factors

All main.factors, except stratification, had highly significant
(p< .01) effects on germination reSponSe. These included: date of segd
collection, light and'dark, temperature, and osmotic potential, Most
interactions that did not include stratificatidn as a factor were also
highly_sigﬁificant (p< .01). These included: (1) light/dark and date
of seed collection, (2) temperature and date of seed collection, (3)
light/dark and température, (4) temperature and osmotic potential, (5)

light/dark and osmotic potential, (6) light/dark, temperature, and

- date of seed collection, (7) light/dark, temperature, and osmotic

potential, (8) temperature, osmotié potential, and date of seed
collection, and finally (9) light/dark, temperature, osmotiec
potential, and date of seed collection, Means were.separated and
ranked by relative importance in regards to these significant
responses, Resultant percentages for individual main effects and two-
way interactions are summarized in Table 1. For the three way (Table
2) and four4way‘interactions,.no rankings were possible and only
general patterns could be observed;

‘Date of seed collection affected germination percentages. The
seed that was collected in the winter had‘hiéher germination totals
(35%) than that obtained from seeds collected in late fall (24%), Dark
germination was generally preferred over light in ﬁhe first and third -
collection dates, but no significant difference was shown on the

second collectiom,Hoﬁever, germination in light or dark was higher in
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Table 1. Means1 from individual main effects and separate combinations of two-way interactions where
significance (p .0l) was found. For factorial ANOV see Appendix C. Letters only apply in
individual blocks of means.

Main Factor

Light Temperature(C) Osmotic Potential(bars) Date2
Interaction -
Factor(s) Treatment(s) L D 10 20 30 0 2.5 5.0 7.5 1 2 3
None - 27° 322 29 362 23° 572 4o®  17¢ 4 24 29P 352
Light/dark L 342 29% 188 652 .35‘(:1 8: 1 229 29¢ 35P
D 24 432 28 49 44¢ 26 7 26¢ 29¢ 392
Temperature 10 572 412 16: 3§ "EES.Z6C 392
20 642 48 25 8, 33, 393 4oad
30 50 30 10 2 25% 22¢ 25°
Osmotic 0 512 583 622
Potential 2.5 33f 39f 47
5.0 12; 15 23°
7.5 1t 4™ gd

1 Numbers are mean total germination percentages. Means followed by different letters denote significant
differences (p .01) from Duncan's multiple range test. :

Dates are as follows: (1) late October, (2) late November, and (3) early January. These are dates of
seed collection. .

No significance (p .01) could be differentiated between dates in regards to osmotic potentials.
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Table 2. Means1 from three-way interactions of main effect combinations where significance (p .01)
was_ found. For factorial ANOV see Appendix C.
- Main Factox(s)

Osmotic Potential(bars) Date Temperature & Osm. Potential
(0 ‘ (bars)

Interaction 10 20 30
Factor(s) Treatment(s) 0 2.5 5.0 7.5 1 2 3 02.557.5 02.557.5 02.55 7.5
Date 1 50 27 -5 .2 59 40 22 2 48 32 10 0

2 53 41 10 3 73 4926 7 49 27 9 2

3 67 57 37 5 63 54 27 14 54 30 10 4
Light/dark & L-0 58 69 67

Osm. Potential D-0 45 47 57

L-2.5 28 34 43

D-2.5 38 43 51

1-5.0 2 9 13

D-5.0 22 21 34

L-7.5 .1 2 .3

D-7.5 1 5 15
Light/dark &

.Temperature 1-10 71 48 17 2 24 37 42

D-10 42 34 15 3 17 16 38

L-20 69 - 40 6 - 1 25 33 32

D-20 60 55 44 15 38 44 48

L-30 54 16 1 0 20 16 18

D-30 46 43 19 4 25 27 32

1 Numbers are mean total germination percentages.

2 Dates are as follows: (1) late October, (2) late November, and (3) early January.

LL
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seed from the last collection than either of the two other collection
dates, Collection date changed the effect of temperature on
germination totals (Table 1). Although 20 C was preferred overall
(36%) and 30 C was the least prefgrred (23%), germination of seeds at
10 C increased substantially as date became later, Seeds of the first
oollection at 10 C were the lowest'germinating (22%) compared to seeds
at 20 C (33%). By the third date of collection the importance of 10 C
was such that seeds in this temperature regime were germinatihé at
about the same level as those in the 20 C regime (40%). There were no
significant interactions between water potential and date of seed
collection.

Germination in the dark was higher (Bé%) than in the light (27%)
(Table 1). Highest germination was observed with seeds exposed. to dark
conditions at 20 C (43%) when light and temperature was analyzed.
Seeds undergoing a treatment of 30 C in thé light had the lowest
germination (18%).

Progressively deoréasing osmotic potentials caused significant
decreases in germination percentages (57 to 4%) (Table 1), Interaction
effects of osmotic potential and light and dark resulted in response
reversal as water stress increased beyond 0 bars, Under no water
stress, seeds had higher germination totals in the light (65%) than in
the dark (49%). However, this relationship reversed at 2.5 bars so
that germination in the dark (44%) was greater than in the light

(35%), This response continued as osmotic potentials reached 5 and 7.5

bars. Germination percentages decreased as osmotic stress increased,

but the decrease was less precipitous for seeds maintained in the
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dark, Germination reactions,té temperaturé and osmbtic potential
combinations followed a predictable pattern, Regardless of the osmotic
potential, germinatidn was highest in the 20 C regime foliowed by the
10 and 30 C regimes, respectively.

Stratification had no statistical effect on germination.

Sagebrush seeds are generally considered to be nondormant (McDonqugh'

and Harniss 1975; Caldwell 1978). Since stratification is normally a
dormancy breaker, it might be expected that plains silver sagebrush
would not respond to a cold treatment. Sagebpush seeds ripen and
disperse late in the fall and early winter, Cold temperatﬁres are
common at this time in the Northern Greét Plains and might already
rgsulf in a field induced Stratification. This type of response is
suggested by the fact that as seéd collection date became later,
germination percentages increaséd° '
Germination occurred under a variety of conditions, and this
response confirmed that sagebrush seeds do not exhibit specific
germination requirements, More optimum conditions are favored by

seeds, but these conditions are not restricted to narrow requirements.

Rate Response to Ig@;z;gga; Factors

All three seed collections exhibited similar rate responses to
increasing water stress (Figure 15). However, higher germination
peréentgges were obsérved as date of collection advanced., The less
negative osmotic potentials had faster rates of germination as well as
Aigher germination percentages. Rates of germination were determined

by both the speed at which seeds reached the maximum level of
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germination (the steepness of slopes in the following graphs) and days
after ;niﬁiation of germination, As water stress increased,.thgre'was
a decrease in both amount of seed germinating and rate (slope) of
germination. These findings are consistent with the findings of Bewley
and Black (1982) and Evans and Young (1982). Plains silver sagebrush
seems to be very sensitive to increased water stress and wil; decrease
germination by as much as 1/3 between 0 and 2.5 bars, and by as much
as 100 times between 0 and 7.5 bars depending on date of collection
(Figure 15). This is compérable to the response found With fringed
sagewort‘as increasingly negative osmotic potentials were encountered
(Sabo et al. 1979).

At least thrée éspects of the seed germination prbcess are
affected by water uptake from the soil solution (Evans and Young
1982). They are: t1) imbibition, (2) enzymatic transformation and
meristematic activities, and (3) start of growth, As osmotic potential
becomes more negative, it becomes harder for the seed to take up water
tb meet the needs of these three stages, In the preliminary imbibition
stage, water uptake is critical because it initializes enzymatic
transformation, meristematic activities and finaily the start of
elongation and emergence of the radicle. In general, increased water
stress delays completion of and reduces germination, This is caused by
decreased water absorption, disturbed nutrient uptake, abnormal
metabolism and reduced growth (Parmar and Moore 1966). Factors such as
these undoubtedly contributed to the reduction in germination that was

observed in this study under increased moisture stress.
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Seed collection date affected the resﬁonse to‘all factors and
interactions of factors., As seed was collected later; germination was
enhanced regardless of other conditions. Al though most seed is
dispersed in the first few weeks after ripening, seed remaining on the
plant probably attains greater maturity., Research on effects.of seed
ripening or maturity have indicated that later segd collections showed
higher germination percentages (Clor et al. 1974, Waller et al. 1980,
Krueger and Shaner 1982),

When all factors were considered together, germination was
highest at 20 C and lowest at 30 C. However, the effects of
temperature on germination changed with respect to ;eed collection
period (Figure 16). Changes wére in respect to importance of the 10 C
regime, As collection date advanced, highest germination‘yas still
observed under the 20 C regime, In contrast, the lowest temperature
regime (10 C) became more important'in stimulating increased
germination, Under'thié temperature regime, twice as many seeds
germinated from the third collection date (40%) as from the first
collection date (22%).‘The fastest germination rates were also
recorded in the 20 C regime. Seeds at 10 C had the slowest starting
and tﬂe longest germination periods récdrdedo When this germination
period is considered, the last collection of seed had no significant
difference between the 10 and 20 C temperature regimes. Rates of
germination are of value in characterizing seed responseslto
temperature, although there is often considerable variability due to
genetic differences (Bewley and Black 1982). Genetic subpopulations

will germinate under different temperature regimes and rates will
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Figure 16. Temperature effects on total germination percentages and
rates of germination. Numbers are mean values for all
seeds under the three temperatures (10, 20, and 30 C).
Three seed collections are presented (late October, late
November, and early January).
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change with these températuresf McDonough and Harniss (1975) note that
germination time in big sagebrush decreased from 18 to 2 days with
inéreasing temperatures.

One apparent reproductive characteristic in plains silver
sagebrush is that seed can germinate oyer a wide range of
teﬁperatures. This is also characteristic of big sagebrush. This
characteristic as well as the changing relationship of temperature and
seed-collection daté suggest adaptive features for heterogeneity of
seed populations. Caldwe}l~(1978) regards sagebrushes' (most species)
ability to germinate over a wide range of temperatures. as-a
cémpetitive advantage over other associated species. A substantiation
of McDonough and Harniss® (1975) implication that there are genetic
subpopulationé of sagebrush with charaeteristic temperatﬁre optima for
germination is appafent in the ability of plains silver sagebrush seed
to germinate over a wide range of temperatures; This heterogeneity of
germination requiremenfs allow seeds to germinate under a variety of
environmental conditions'that the seed will encounter in the early
growing season, This is manifested both in the numbers of seeds
germinating and rates of germination in re;ation to temperature,

Germination responses under light or dark conditions indicated
that germination was slightly favored'by a dark envirénment in all
collection dates (Figure 17). Rates were not different between the two

treatments, although germination periods were generally longer in the

" dark, In light, this period was from 24 to 43 days while in dark seeds

germinated from 38 to 44 days. Differences among and within individual

collection dates were small even though germination totals were higher
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the two treatments (light and dark). Three seed
collections are presented (late October, late November,
and early January).
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in seeds from the third collection date. On the first collectién,
germination was 27 and 24% for dark and light, respectively. On the
third collection, seeds in dark had 39% gerﬁination while 1ight
treated seeds were at 31%.

The effects of light oh seed germination is variable depending on
species involved and complex interactions with environmental factors
such ;s temperature, water relations and time (Al=Ani et al, 1972,
Woolley and Stoller 1978, Cook 1980, Bewley and Black 1982). Light
seems to be more important in seeds reqﬁiring a dormant period and a
dormancy breaking mechanism. Because most sagebrush species are
regarded as nondormant, light may not be of critical iﬁportance. The
evidence for germination responses in other Artemisia species
indieatés a variable influence, Studies on.fringed sagewort and big

sagebrush demonstrated significantly more germination with light

(Weldon et al, 1957, Beetle 1960, Caldwell 1978, Wilson 1982), but

others have shown the opposite response (Sabo et al. 1979). Seed

burial.and its relationship to light conditions seems to be of major

importance in field emergence and survival of plains silver sagebrush

(discussed on pb°.107—124L

There were several important environmental interactions that

affected germination response to individual fagtors. These

interactions were most easily interpreted by evaluat;ng germination

response to any two factors taken together, For example, light and

dark treatmenté were investigated in conjunction with the three

temperatﬁre regimes. By using this approach, the effects of single

factors could be put in better perspective because they were
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superimposed upon a second variable, Moreover, individual collection
dates eould also be evaluated in more depth wi£hin this context. Thus
it became clear that collection date éhanged the pelationships of
light and dark within the different temperatures regimes. This is
illustrated by Figures 18, 19, and 20 in which light and dark regimes
are compared at the thfee temperatures and for the three collection
dates. '

In general, dark eondipions fesulted in higherbgermination in all
three collections., When seeds froﬁ the first collection date were
germinated under light, essentially no differences could be detected
with respect to temperature regime (Figﬁre 18). However, as collection
date advanced temperature exerfed more of an influencé on germination
(Figufes 19, 20). By the third date, light combined with the 10 C
temperature showed significantly higher germination (42%) than e;ther
the 20 or 30 C regimes (32 and 18% respectively). The high 30 C
temperature resulted in lowest germination from all three dates when
light was present., In contrast, dark treated seeds generally showed
best germination under the 20 C regime and least at 10 C. Under dark
conditions, differences among temperature regimes were commonly 16% or
more depending upon collection date. Germination résponses did not
vary this much in the iight, In &ark conditions, germination rates (or

slopes) were slower and start of germination was usually delayed by

three to six days. The total period of germination was also prolonged,:

especially for those seeds in the 10 C temperature regime where

germination occurred at 38 to 44 days. On the third collection, the

extended germination period resulted in seed response at 10 C being'
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collection period.
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slightly higher than that of the 30 C regime but still lower than seed
response at 20 C. |

My results have demonstrated that plains silver sagebrush seed
can germinate undér both light and dark‘gonditions. However, light
seems to be less effective in inducing germinaﬁion than dark
conditions, Because temperature relationships change .according to
light or dark treatment, it seems apparent that the intefactions of
light and'temperatune can either stimulate or inhibit seed
germination, This could be of considerable importance Qith regards to
seed being buried or on the soil surface. During the growing season,
temperatures are normally higher and fluctuate more on the soil
surface., This means that surface conditions exist that will provide
limited.gerhination of those seeds able to respond to variable
temperature and light regimes. Howgver, cooler aﬁd more stable
temperatures exist beneath the soil surface, Since dark conditions
also prevail, this provides a more favorable environment for seeds to
germinate. The heterogeneity associated with individual germination
requirements or sites creates a wide range of environmentél conditions
to which plains silver sagebrush seems well adapted,

The effects of osmotic potential on seed germination change

according to whether light or dark conditions.prevail (Figures

21, 22, 23). No significant differences, in regards to these two
factors, were observed as seed collection date advanced. At osmotic

potentials of 0 bars, germination was higher in the light regime.

Germination totals were from 10 to 22 percent higher in light than in

dark at this osmotic potential. In this regime, totals fanged from 58
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fo 69% in the light and 45 to‘57% in the dark depending on date of
collection..When seeds are located on the soil surface whepe light is
generally a constant factor, germination would be favored only when
water is freely available, This relationship was reversed at 2.5 bars
so that dark conditions were slightly favored, although germination
periods were lengthened. Differences of around 102 were noted here in
all collection datgs between seeds iﬁ dark and those in the light.
Response differences to light and dark regimes Secame greater as water
stress increased from 2.5 bars to 5 and 7.5 bars. Dark conditions
seemed to ameliorate the effect of increased water stress on seeds.
Germination under dark conditibns aé these more negative ssmotic

potentials was 2 to 30 times greater than that of light conditions.

"Therefore, germination in later stages of the growing season, when

moisture conditions are generally more severe, would be favored in
dark environments such as burial in the soil. Germination rates or
time to reach maximum germination were not substantially different in
any of the regimés.

The germination response that was observed when osmotic poteﬁtial
was considered along with ;emperature regimes showed that there were
differences in germination totals amoné collection dates and a
changing importance of the 10 C temperature regime as eo;lection date
advanced (Figures 24, 25, 26)., Germination totals increased in all
potentials as date advanced aﬁd this is especially true for seeds
germinating at 10 C, At 0 bars, germination in this temperature regime

increases from 50% on the first date to 67% on the third. Gérmination




0.0 BAR

/S i DAYS
585%

Eg DAYS
/ 0.2%

+ 10*C
e 20*C
« 3<fC

15 20 25 30 35

OBSERVATION TIME (DAYS)

OBSERVATION TIME (DAYS)

Figure 24

Osmotic potential comparisons among three temperatures and their effects on total
germination percentages and rates of germination. First seed collection (late October)
data is presented. Numbers are mean values for all seeds in this collection period
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at 10 C was second or third in importance-on the first and second
dates in all potentials. However, the third coliection showed seeds at
10 C had slightly higher germination percentages than either 20 or
30.C, except at 7.5 bars:where it 'was the second highest. Although
germination tbtals did inéreasé with an advance in collection date,
these increases were magnified as potential became more negative, At O
bars; the increase from the first td last collection was only on the
order of 1/15 to 1/10th., At 7.5 bars, this increase was 7 to 14 times

the germination on the third collection as in the first. Although the

importance of germination in the 10 C regime increased with the

advance of collection.date, rates had more gradual slopes where the
germination potential was reached at a slower pace than in 20 or 30 C.
Periods of germination was also extended for seeds at 10 C by 9 to 17
days.

There is a significant relationship between length of time seeds
remain on the parent plant and the optimum germinafion tempgrature. As
length of time (or maturity) becomes greater, germination is enhanced,
especially at lswer temperatures such as 10 C. This is evident
regardless of water stress,

Jt is apparent thét plains.silver éagebruéh has an ability to
germinate under a variety of environmental conditions. However,
individual factors and interactions of combinatiéné of factors'do
significantly inhibit or stimulate germination. Plains silver

sagebrush seems to be most sensitive to osmotic potential and to a

lesser degree temperature, light conditions and date of seed

collection (or dispersal). Stratification could not be detected as
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having any influence on.germinafion.responses,Seeds under no water
stress germinated best, especially in conditions of light. The seeds
under no water stress were also favored in temperatures of 10 and
20 C. Germination temperatures of 20 C were most favored overall, but
seeds at 10 C showed eompaﬁable resglts when collected the later in
the season. As water stress increased, dark conditions were a more
important stimulant po germination. Date of seed collection or
dispersal from a parent plant was important in that it stimulated

germination,




101

Se i oWt

Studies on plains silver sagebrush in growth chambers, the
greenhouse and under field conditions confirmed that the environment
factors that affected germination also play an important role in
determining how many seedlings will emerge, survive and grow. Water
availability? temperature and planting depth all affected the degree
of seedling success. Depth from which a seedling emerges is affected
by light and moisture con&itions. Heterogeneity in the seed pool also

expressed itself in this work on seediing development.

Temperature Effegt§ on Transplanted Seedlings

Growth chamber studies on the effect of two diurnal temperatures
on seedling growth indicated that the higher temperature regime
resulted in greatly enhanced growth., Those seedlings in the 32/21 C
treatment had significantly more growth in terms of height, number of
leaves, and cover expressed by two horizontél axes (Figure 27). Height
in thé warm regime (32/21 C) responded immediately and sustained rapid
growth for more than‘three months. In contrast, seedling height in the
cool regime (21/10 C) did not markedly changé for two month&fAS‘a‘
cgnsequenee, height in the warm regime (80 mm) was more than twice,
that of that of the cool regime (38'mm) at the end of the study.
Numbers of leaves increased (both regimes from around 12 leaves) in
the warm regime at a greater rate than those in the cooler regime so
that at the end of the study, those seedlings in the 32/21 C regime

had about three times as many leaves (180 and 70 leaves), ‘Although the
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Figure 27. Temperature effects on seedling growth. Four growth

parameters are presented: height, number of leaves, and
two horizontal cover estimates.
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horizontal axes demonstrated the same response of greater growth in
the warmer regime, the differences were not as great as the previous
two parameters, For three months, the increases were sfeady, but

afterwards there was a decrease in both horizontal axes.

Results for growth in terms of leaf area and root/shoot biomass

reflected the same trend, but differences betweeh;regimes had
different characteristics (Figure 28). Leaf area growth in both
regimes increased substantially, but two characteristiés were readily
aﬁparént. First, leaf area increased in the cooler regime (21/10 C) at
the same rate as that of leaf area in-the warm regime, However, growth
was delayed by a month in the cooler regime and peaked at about the
same level as that in the 32/21 C regime., Seedling leaf area declined
after three or four months with that of the cooler regime at a steeper
rate than in the warmer regime, Leaf area was significantly higher in
the warmer regime in every sampling period except the next to last
one,

Root biomass in both treatments was significantly higher than
‘shoot biomass in the respéctive temperature regimes (Figure 28). Root
and shoot biomass 'in the 32/21 C regime increased throughout the
experiment, whereas root and shoot biomass in the cooler regime
increased steadily until the last date when a precipitous decrease Qas
observed. Overall, the tissue weight in the warmer regime for both
roots and shoots was greater than respectiﬁe root and shoot biomass at
the cooler regime, No statistical differences were found among root
biomass in both regimes except at the end of the study at which time

seedlings at 32/21 C showed about 30% more root biomass due to a steep
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decline in biomass at 21/10 C; Measurements of shoot biomass showed a
significant difference on all sampling periods except for the next to
last one. At this time shoot biomass at 2i/10 C responded similariy to
that of root biomass ié this regime., There was a steep decline in
biomass on the last date. At the end of the study‘shoot biomass in the
warmer regime was twice tﬁat of shoot-biomass in the cooler regime,
Root to shoot ratios increased threughout the experiment (Table 3),
with greater shoot growth apparent the first two recordingAeeriods for
seedlings in the’warﬁ regime. Root/shoot ratioe changed from ﬁ.94 for
the warm regime and 1.8 for the cooler regime to 1.49 and 2.4,
respectively. Ratios of root biomass to shoot biomass were higher for
seedlings in the cooler regime, with the difference between trea£meht
‘ratioe apparently being due to the greater iﬁitial shoot growth for
seedlings in the warmer regime. |

Table .3. Root to shoot ratios for seedling growth under two

temperature regimes. Ratios are presented by temperature
regime and sampling date,

Root/shoot ratios’

Sampling date

Temperature

regime® 8/12 " 9/14 10/21 11/22 12/22
32/21 ¢ 9% T2 1.13 1.33 1.49
21/10 C ~1.80 2.25 2.14 1.50 2.43

1 Root and shoot ratios were determined by oven dry tissue weights

from four seedlings taken from each temperature regime at each

sampling period.
Temperature regimes were regulated for a 12 hour perlod at each
temperature in growth chambers,
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Most growth parameters exhibited a positive growth relatlonshlp
1n1t1ally that became negative towards the end of the five and one
half month study (Figures 27, 28). The only exceptions were the number
of leaves at 32/21 C and root and shoot biomass at the 32/21 C regime.
In general, growth curves started declining eérlier in the ibwer
temperatures than for the higher temperature regime, The only
exception was for leaf area where the seedlings in the coole.r regime
peaked later and then declined sharply. The mechanics for the negative
growth was most likely the loss of laréer, earlier growth leaves and
replacement by smaller leaves. -

Growth of seedlings was strongly influenced by ambient
temperatures. However, optimum germination temperatures were lower
than those found to be the most favoraSIe‘for seedling growth. This
seems to correspond well with environmental temperatures likely to be
encountered during the course of the growing season, As previously
discussed, germinationnwas'most successful at 10 or 20 C (see pages
84786), while growth of seedlings was more successful at daytime
températures of 32 C (nighttime 21 C). Seeds germinate and emerge
early in the growing season when ambient temperatureslare normally

lower than those in the summer growing months.

Greenhouse Seeding

Seedling emergence occured at depths of 0, 0.5 and 1.5 em, but
none was observed at the deepest depth of 2.5 cm (Figure 29)., The
greatest emergence took place at the soil surface with several

. seedlings never'makihg if‘past the cotyledon stage. For the two
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shallower depths of bﬁrial (Q and 0.5 dm), survival wa;s very similar
’in terms of having. an initial peak of emergence, a die-off of
seedlings and then a stable number surviving the study. A large flush
of seeds ger’minafed and emerged in the firét- three weeks. Tﬁe greatest
number of emerged .seed'lings at any one time was_33 at the soil
surface, although a total of 37 (pf' 100) emerged over the entire study
period. This same pattern was observed at 0.5 cm, but wi'ch' lower total
numbers, The highesf number of emerged seedlings at this depth was 20,
although 22 émerged over the entire:stu.dy period. Only one seedling
emerged from the 1.5 cm depth. Those seedlings that did not establish
an adequate root system died shortly after emerging., This left a
rather stable number which survived throughout the rest of the trial.
This period between germination and stabilization in the growth
environment is probably the most critical in the life of the plant and
is the periéd where most mortality has been observed (Eddleman 1979,
Evans and Young 1982).

| ﬁatér relationships prlobably_ best explain the hiéh number of
gefminating see,ds and establishing seedlings on the soil surface. In
this study water stress was minimized so that light presented a
favorable enviromment in which to germinate (see page 92).

Growth measurements established that those seedlings sur'v‘iving
initial emergencé from the 0.5 cm depth grew higher (19 to 22
mm greater) and had more leaves (11 to 14 greater) than those
surviv-ing seedlings from the 0 .and 1.5‘cm dept;hs (Figure 30). The
seedling from 1.5 ém showed the least growth in these two growth

parameters. Seedlings emerging from 0.5 cm exhibited more lateral
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Figure 30. Growth parameters in the greenhouse as affected

leaves and height of seedlings are presented. uy uepcn ot seed burial. Number of
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growth than seedlings from the other two depths (Figure 31). The
lowest amount of growth in these two measurements were’found in
seedlings that were initially on the soil surface although the
§eedling from the'1.5 cm depth started with the least. In general, the
one seedling that emerged from 1.5 em had similar growth'
characteristics as seedlings from at the soil surface. The enhanced
seedling growth that was measured from seeds buried 0.5 cm déep was
probably due to more favorable germination conditions as well as
better root growing conditions. Seeds germihating below the surface
are surrounded by the soii matrix and therefore have a constant soil
contact. This results in more favorable moisture and a greater initial
nutrient base from which to draw. Those seedlings that eaﬁ es£ablish a
working root system by the time the cotyledons are above the soil
sufface already have a substantial advantage for continued growth.
This is illustrated by the greater growth exhibited by seedlings

establishing from 0.5 cm.

ie Seedi

Emergence of plains silver:sagebrush in the field totaled about
1.2 percent of fhe seeds plantéd. Of those seedlings that emerged,
only about 11% survived the summer, Seedlings were most abundant from
ghe(L5 cm depth than from the other planting depths (Figure 32). At
the highest level of emergence, there were 85 seedlings from the 0.5
cm depth and 59, 52 and 17 seedlings respectively from the 6,'1.5 and
2.5 cm depths, Those germinéting on the surface and emerging from 1.5

cm were nearly equal in number. This relationship Was,maintained
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Figure 31. Growth parameters in thee greenhouse as affected by depth of seed burial

: . Horizontal
growth of seedlings by length and width are presented.
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TREATMENT (DEPTH)

[ 0 mm

5 mm
E3 15 mm
B 25 mm

SEEDUNG no.

7/5  7/11  7/18 8/1  8/15  8/29
DATE (MO/DAY)

Figure 32. Seedling numbers present throughout summer of 1983 after
emerging from four planting depths (0, 5, 15, 25 mm).
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throughout the study period except on the last two recording dates.
The number of seedlings that survived from 1.5 cm was significantly
higher (60% greater) than those surviving from the soil surface on the
last date. Emergence from 2.5 c¢m was r;oted, but was significantly
lower than any of the other depths. Emergence from this depth was 12
to 20% of the emergence from the other depths. After the first of
July, seedling mortality was considera_ble. In addition, significant
differences in mortality rates were observed among the various
treatment depths. In general, greater mortali‘ty was observed where
there was the largést number of seedlings_. ‘The greatest' seedling
mortality occurred ‘wit'fh plants that emerged from 0.5 cm, and the
~second highest mortality was observed on plants that were seeded on
the surface. Sgedlings that emerged from the two deepest depths had
lower mortality rates. |

Distinet differences in seedling growth were measured in response
to seeding depth, but the calculated variance among observations was
so high that statistical significance could not be established.
However, identif‘iable response patterns could be discerned. Growth,
except for height, responded mofe under a watering treatment. Planting
deptﬁ also played a role» in 'gr"owth pattérns with burial being slightly
'favor'ed. These relationships were still- appérent when depth and water
treatments were analyzed together,

Weekly water appiicatioﬁs significantly influenced both emergence
and survival of seedlings (Figure 335. Emergence was approximately
twice as great in the watered sections as in the nonwatered sections,

Survival was also enhanced under the water treatment. Whereas only 2.6
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NO

6/20  6/27 715 7/11 7/18  8/1 8/15 8/29
DATE (MO/DAY)

Figure 33. Numbers of seedlings present throughout the summer of 1983

after receiving one inch of water per week or no
additional water.
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percent of the seedlings survived the summer in the nonwatered
treatment, 14.6% made it through the season with additional watén

Supplementary water affected growth characteristics of seedlings
in that watered plants became somewhat larger thén those grown under
ambient eonditions (Figure 34). However, differences were small aﬁd no
statistically significant relationships were found within any of the
growth'pgrameters that were measured. Except for seedling height,
watered plants were always larger than those tﬁat received no
additional water. The height of nonwatered plants was less than
watered plants for the first four weeks although this relationship
reversed itself later. Numbers of leaves and the twé horizontal axes

were greater on all dates for watered plaﬁts.

Analysis of results of planting depth treatments showed that

there was generally more growth in seedlings that grew from buried
seed than from seed planted on the soil surface (Figure 35). However,
only limited growth was observed in any treatment over tﬁe summer., The
greatest seedling growth occured at planting depths of—0.5 and 2.5 cm,

No significant differences in seedling growth weré detected when
water and depth treatments were efaluated coﬁeomitantly. However,

these findings were complicated by total mortality for 0 and 2.5 cm

seedlings that were not watered. In general, those seedlings that.

originated from the 0.5 and 2.5 cm planting depths had the highest

relative growth and seedlings that orig;nated at the surface had the

lowest (Figures 36, 37). Here too, only limited growth was observed in
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Figure 36.
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any treatment. over the summer, Measurements for the nonwatered
seedlings tended to be more widely spaced than those for the watered
sgedlings.

The environment immediately surrounding a seed determines whether
it receives the conditions, resources and étimqli needed for
germination (Harper 1977). This environment also plays a key role in
determining if the seedling will survive and prosper. in this study, a
more favorable field environment was present for buried seed.
Additional water should have improved the environment. for emergence
and survival.-However, the effect of burial and additional water on
growth parameters was not alﬁays easily determined. This can perhaps
be attributed to a moderate drought that occured during the qtudy
period. ﬁelow average precipitation and abnormally high temperatures
were characteristic of the 1983 growing season (see Appendix A), and
this apparently resulted in an inhibition of growth in all seedlings.
As a consequence, seedling responses in thé growth chambers and
greenhouse phases of this study could not be directly related to field
responses, High mortality of field seedlings also made analysis of
growth characteristices difficult.

Whén seed from. the parent plant is buried, -it is in a more
advantageous environment unless buried too deep. The small siée of
plains silver sagebrush seed limits the depth to which it can be
buried. It was likely that those seeds emerging from 2.5 cm were
slightly larger and therefore had sufficient food reserves to reach
the surface, while smaller ones were incapable of this response. The

same properties were undoubtedly present in those seedlings'emerging
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from the 1.5 cm depth. The seedlings thaf'emerged ffom these greatef
depths had much lower mortality rates. This may indicate that these
plants establishgd deeper and more extensive root systems that were

able to take advantage of favorable moisture conditions.

Although seedlings at the surface and at shallow depths were able

to take advantage of earlier, more opportune moisture conditions, they
soon lost this advantage as drought conditions were encountered. As

the season progressed, their shallower and less developed root systems

,

would be more susceptable to drbught than those of deeper rooted -

seedlings. This was evidenced by both the higher mortality rates in
seedlings from the two shallower depthé and ;che effect of added wafer'
on emergence and survival (Figures 32, 33). |
Sagebrus‘h»communities typically have very few seeds germinating
in the field despite a large seed pr-oldvucti_on each year (Evernari et
al, 1971, Hazlett and Hoffman 1975, Cook 1980, Harvey 1981).
Contributing factors to this phenomena include: soil matric potentj;al
and its effect on wetted cqntact, between seed and soil (Collis-George
1966), early death of seedlings ('Edqleman 1979), seasonal climatic
conditions and plant age (Nosova 1973, Evans and Young 1982), soil
moisture relationéhips and litter (Beetle 1960). All these factors
affected outcomes in this experimenﬁ. However, moisture conditions, as
manifested by élimatic conditions (especially drought); seemed to be

the major influence on seedling success.
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Two studies were conducted to evaluate the sprouting nature of
plains silver sagebrush. The degree to which the shrub relies more on
vegetative reproduction than seedling establishment was evident in

both the transect study and the isolated plant excavations.

Transect vatio

Differences between numbers of sprouts and individuals arising
from seedlings were evident in all 8ix study areas'énd the five
transects within each site. Measurements of above and pelowground
vegetative parts revealed differences in ages, biomass and horizontal
space occupied. It was apparent éhat an elaborate subsurface rhizome
system exists that is commonly older than aboveground shoots and
stems. Plants that originatéd from vegetative sprouts outnumbered
individuals originating f‘rom'seed° Distinctions could not be made for
site or disturbance influencé on'ratios_of sprouts to seedlings within
communities. |

Plants were Separated into two categories based on a
determination as to whether the plant originated from a seed or was a
sprout originating from an established plaht, Plants found without
connections to another plant were considered as originating from a
seed. This first group .included some planté with aboveground material
that had originated from older plants that had been topkilled. The

second category included two distinct groups based on morphology of

the rhizome system. This category included those plants that were a
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series of sprouts along a single rhizome that usually terminated with
a stump that was ‘dead or decadent. The second group included those
plants that had a definite rhizome connection to a healthy parent
plént. In most cases a series of sprouts or a sing;g plant was usually
connected by ; rhizome to another lateral rhizoﬁé from a large,
established parent plant. Graphic examples of the three cases
described above are displayed in Figures 38, 39 and 40. Figure 38
demonstrates how a séealing generally appeared. Figure 39 shows an
example of a series of Spfouts originating froﬁ an older stump or
plant. Finally, Figure 40 exhibits hoﬁ a single sprout could be
attached to a lateral rhizome from a parent plant.

There were significant (p< .05) age differences between above and
belowground vegetative organs. Ages of plant stems,  taproots and
rhizomgs are summarized in Table 4. Abovéground stems were 3 to 5
years younger than taproots and associated rhizomes, Parent rhizomes
- with directly connected spfouts were clearly fhe oldest. However,
taprootS‘and rhizomes without directly- connecting rhizomes to a parent
plant were not signific:antly different fr.*om one another.

Lateral exﬁension of rhizomes and rhizome systems was great in
_comparison to aboveground heights (Table 5). Aboveground size and age

correlated well and this relationship was an appropriate criteria for
selecting plants for this Study. Deviation from the general p‘attérﬁ‘
was due to inclusion of alllstems along the rhizome sysfem, not just
the individual plants that' were marked for studym‘Rhizome-length was
.about 2 1/2 times that of plant height when sprouts were connected to

parent plants., Lateral spread of the rhizome systém was approximately
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:AdVBntitioui buds’ -QfQunri

ARTEMISIA
CANA CANA

Graphic example of an excavated seedling. Demonstration of
common appearance of a seedling.
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Ground

litlous  Buds

Subsurface Connecting Rhlzoi

16cm

ARTEMSA
CANA CANA

Figure 39. Graphic example of excavated sprout connected to a parent
plant. Demonstration of common appearance of a rhizome

system with associated sprouts in a series. Original or
oldest material is on far right.
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Ground

Rhizome
from
mother
plant

Figure 40. Graphic example of an excavated sprout connected to a
parent plant. Demonstration of common appearance of a
sprout connected to a parent plant by way of a rhizome
from that plant.
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Table 4, Age relationships of above and belowground parts of plains
silver sagebrush., Sizes of stems and rhizomes are
summarized in Table ‘5.

Plant part Average Standard Number of
measured age(years) deviation samples
Stems 3.421 1.97 204
Taproots 6.9b 3.1 28
Parent rhizome 8.8¢ 3.7 68

or stump o .

Rhizome system” 6.0P 2.5 128

L Significant mean differences are denoted when followed by different

letters (p<.05).

Sample numbers varied due to a variety of situations present in

individual excavations.

3 Rhizome originating from a parent plant (or dead stump) to which
sprout was directly connected.

% Rhizome sections other than those defined in 3 above.

2

Table 5. Growth relationships of above and belowground parts of plains
silver sagebrush,

Measurement Number of
description Mean (cm) Range (cm) samples
Plant (sprout) 3281 11=59 155
height

Lateral distance to  78P 14=-277 .61
parent connection . .

Lateral spread,of 105¢ 11-369 90

rhizome system

! Significant mean differences are denoted when followed by different
letters (p<.05).

2 Sample numbers varied due to a varlety of situations present in
individual excavations.

3 Lateral distance from parent plant or rhizome to nearest sprout on
rhizome system expressed as a mean of all plants with this growth
habit,

4 Total lateral extent of all rhizomes in an excavation expressed as a
mean of all plants with rhizome systems,
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3 1/2 times that of piant'height.‘Considerable variation existed in
both measurements, The.maximum measurements for both instances were
277 cm and 369 cm, respectively. The minimum‘measurements were 14 cm
and 11 cm, reépectively. Total lateral spread of fhizomes usually
exceeded the distance of a sprout to a connecting rhizome, However, in
some cases this distance was similar, .Daughter plants were, "in
general, looated considerable distances from parent olants or
rhizomes. |

The relative frequencies of occurance fof distances encountered
from parent planfs or rhizomes to daughter plants are summarized in
Table 6, The largest:proportion (59 percent) of rhizomatous

connections betweon parent and daughter plarits were from 50 to 100 cm

in distance. The second hlghest proportion (20 percent) was|1n those'

rhizome connections between 0 and 50 em, with the 100-150 cm'category
being close to this with 15 percent, i |
Plants arising from rhizomes were more abundant than those that
grew from seedlings (Table 7). Approximately 63 percent of thé
excavated planto were connected by rhizomes to an established plant or
rhizome system. About 37 percent were individuals with no connections
fo any other plént or rhizome, Statistical analysis confirmed that
this difference was significant (p< .025). However, one of the six
sites, Lignite Creek, showed an opposite trend. The presence of
extremely clayey and extensive graveliy soils in the study area might
‘explain the preponderance of nonconnected individuals. Water
relationships would be more unfavorable in both soil conditions.

Therefore, taprooting plants might have an advantage in these
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Table 6. Frequency of occurance for distances encountered from parent
plants or rhizomes to daughter plants of plains silver

sagebrush,

Distance to Study sites Total category
parent (cm) 1 2 3 4 5 gl numbers

0-50 - 2 4 2 3 1 12

50-100 7T 3 8 7 4 17 36
100-150 - 1 2 1 3. 2 9
150200 2 - 1 - - - 3

200+ - = - 1 - - 1

Totals 9 6 15 11 10 10 61<

1 Site numbers correspond to names as follows: 1-Lower Flood,
2~Lignite Creek, 3=-Paddy Faye, J-Lower Black Springs, 5-Moon Creek,
6-Yellowstone River pastures. :

This number does not include plants with rhizome systems that
originated from a dead stump and was included in a series of sprouts
and rhizomes, ‘ '

Table 7. Plant excavation results. Summarization of numbers of
individual plants in each study site falling in one of two
categories: having rhizomatous connections or not .

Study site® Category
Category 1 2 3 j 5 6 totals
Rhizomatous> 7 15 13 13 14 13 758
Nonrhizomatous 13 5 7 7 6 7 45b

1 Significance was tested (p<.025) between categories with Students
t-tests. All sites showed significant differences.

2 Study sites correspond to names as follows: 1=Lignite Creek, 2-Lower
Flood, 3-Paddy Faye, J4-Lower Black Springs, 5-Moon Creek,
6-Yellowstone River pastures., Lower Flood, Lower Black Springs and
the Yellowstone River pastures were considered disturbed. The others
were not,

3 Rhizomatous plants included all individuals having rhizome systems
either from healthy parents or well-defined rhizomes and those that
were members of a series of sprouts usually originating from ‘dead
stumps. ' ‘
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circumstances in reaching deeper, more favofable conditions, over more
shallow, rhizomatous individuals. Significant differences (p< .05)
were not found among sites according'to Chi~square analysis. A;ll
sites, except Lignite Creek, had about equal proportions of connected
sprouts and separate plants. The Lignite Creek data accounted for
ninety percent of the variability among sites. Comparison of the three
disturbed sites with the three undisturbed sites revealed no
significant differences (p< 05),

Several factors might explain why vegetative réproduction was
common in these silver sagebrush communities. Evolution plays a key
role in understanding why a partlcular plant or communlty reacts to’
external forces as they do (Cook 1983) Benefits of vegetative
. reproduction -include: (1) an enhanced ability to utilize unevenly
distributed resources, and (2) an increased competitive ability to
invade other areas, In additibn, sprouts ére better able to resist
invasion of other seédlings while reducing the probability of genet
extinetion. This is accomplished by spfeading the risk among many
genetically identical individuals. An evolutionary.strategy such as
this is thereforé consistent with the findinés of Abrahamson (1980),
who reported that'increased environmental severity generally shiftéd
emphasis to vegetative reppoduction.

Thé sprbuting nature of silver sagebrush may be indicative of the
habitat in whiéh.it is'encountered. Being located predomiﬁantly oh
flood plains and bottomlands, the plant is continually under the
influence of disturbances such as gepoéition from flooding and

ice scraping in winter. Fire may also have played a role in the
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evolution of thg taxon's resprouting characteristies. Plant production
is generally higher in the bottomlands, both in herbaceous and woody
growth, and this would presumably contribute to higher fuel loads for
naturél‘and man-induced fires. Consequently, fire would be more
intense and more prone to carry in such ecosystems, Silver sagebrush
is a vigorous sprouter and this is most likely the result of the
evolutionary influences of recurring cyclié or periodic'disturbances,

Utilization of limited resources #hrough lateral extension of
rhizomes would appear to be a competitive advantage over establishment
by seeds. More abundant.herbaceous vegetation in ﬁhe mesic
environments of floodplains produces greater competition for sagebrush
seedlings. Vegetative sprouts may compensate for phis disadvantage by
more rapid morphological development., Sprouts are.associated with a
larger, more available nutrignt and carbohydrate reserves from
: éstablished roots and shoots, thus increasing life expectancy of the
genet (Abrah;mson 1980). Although not rare in the communities Studied,
seedling establishment was found in only one thir'd- of the plants that
were excavated. Tﬁis relatively low occurance is perhaps attributable
to disadvantages associated with germination requirements, séedling
emergence and survival, and subsequent competition from established
plants. Wheréas seedlings must draw upon their own resources, sprouts
proliferate by utilizing established shoot and root resources,.

Environmental factors, especiaily drought, might best explain .
differences in ratios of sprouts and seedlings., Eastern Montana is
under the constant embrace of drought cycles, For example, a thre;

jear drought extending from 1979 through 1981 preceded the wet year of
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1982. This latest drought coincided with the ages of.the majority of
the plants picked for this study (mean of 3.4 years). The felatively
moist year precedinglthis drought of 1979-1981 and the wet year of
1982 was apparently fhe source for most of the nonconnected
individusls. Spfouts were, in génerai, on either side'of the spectrum,
especially the older ind;*i.viduals° This particular drought was probably
the greatesi: influence on whether s sprout or sesdling was observed.
There does seem to be a stratification in silver sagebrush cgmﬁsnities
and is in relation to occurance of wet years and dry years, with
seedlings being favored in wet years,

The selatively cool growing season of 1982 was associated with.
relatively high precipitation. Numerous seedlings and a few sprouts
were produced in this year, The dry,'wsrm growing season of 1983
produced few seedlings and an.sbundance of sprouts. It was observed
that few seedlings from 1982 surviveq the second season., It would
therefore appear that the mode as well as the success of reproduction
is strongly related to climatie regime. These general observations,
combined with this shrub's ablllty to sprout under stress, suggest
that drought conditions might produce sufficient stress to favor
vegetative reproduction. This overriding importance of drought stress
os reproductive strategy might also sxplain why differeﬁces could not

be found between and within disturbed and undisturbsd-stﬁdy sites.
tex t Excavatio
The extensive sproutihg nature of plains silver sagebrush was

readily apparent after complete excavations hadubeen completed on the
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areas surrounding two lafge, isolated plants. In addition, it became
clear that most roots consisted of a shallow, underground network of
rhizomes. Maps of the excavations established that plains silver
sagebrush possesses a highly complex root system (Figures 41, 42) that
may include several smaller, independent syspems (Figure 43).

Root excavations revealed that older well-established plants
consisted of not one, but an aggregate of several ipdividual systems
or plants (Figures 41,’u2).,There was considerable diversity in degree
of rhizome system complexity. Individual clones had as many as 52
sprouts and as few as one (Figure 43). No evidence was found to
indicate that all individual clones were of the same genet. That is,
no common root connections could be traced. However,'this does not
exclude the possibility that they might have been connected and later
separated after death of connective rhizomes, |

Excavations ‘established that(rhizomes can éxtend and.sprout at
least three meters away from the parent plant. Therefore, a large
number of progeny can potentially arise from one genefic individual. A
dendritic pattern was characteristie'éf this type of horizontal
rhizome expansion, with size classes decreasing in general concentric
circles away from the main canépy, That is, sprouts decreasgd in size
as distance from the p;ant increased. |

One of the factors that might help explain distribution'patterns
in field populations of plains silver sagebrush would ihvolve
utilization of soil moisture aﬁd nutrienfs. Allelobathy ﬁight also
play a role. A spatial relationship is frequently identifiable in

which rhizomes will grow into areas that are not already occupied by
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other sagebrush plants, Limited nutrients and soil moisture exert a
dominant impact on a plants ability to survive and prosper. Abrahamson
(1980) predicts that when population density is low in clona; type
plants, vegetative reproduétipn would be more advantageous, thereby
enhancing genet spread and occupation. Such a situation exists in many
plains silver sagebrush communities where sparse plant populations are
common, ‘

Competition for available resources seems to be the major

influence on determining where a plant can become established (Noble

et al. 1979, Cook 1983). In communities whefe competition for

‘resources is great, clonal establishment might be at an advantage when

expanding a plant's area of establishment, This is largely due to the
ability to draw upon nutrients and reserves from eétablished roots and
shoots. Spatial arrangements in plains silver sagebrush communities.
can be mostly explained by competitive stress that limiis densities in
any one are; and influence where a rhizome can grow, |

Allelopathy is a feature in sagebrush communities that could

perhaps play a role in determining spatial patterns. Leachates from

leaf material would probably nqt affect rhizome formation and growth, "

because rhizomes are generally located in the 8 to 30 cm zone. Studies

have shown that certain hydrophiliec metaboiites exuded from rhizomes
can permeate the immediately surrounding soil (Numata et al. 1975,
Hale 1982, Melkania et al. 1982), thus influencing nearby development
either by seedlings.or rhizomes, However, no such findings are

reported for plains silver sagebrush,
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SUMMARY

This study was qesigned to gain a better appreciation of plant
population dynamies.,Speeifieally, it investigated reproductive
characteristics and mechanisms important in plains silver sagebrush.

In particular, studies examined: (1) seed dispersal from individual

plants and among sites, (2) factors affecting germination, (3).

emergence, growth and survival of seedlings upder controlled and field
conditions, and (4) whether the primary origin of individual plaﬁts
was frqm seed or vegetaﬁive‘sproﬁtsf

Wind apfears to be the most inflpential factor in the disbérsal
of achenes from plains silver sagebrush planfs° A definite three-
'diregtional distribution of dispersed seed was found. The_largest
proportion of seed was dispersed in line with the prevéiling northwést
wind, but secondary areas of seed deposition.weré also féund at 120
degrees on either side of the primary one, The mechanism for this type
of distribution is basically unéxplained. Dispersal in these seedndéry
directions was, at times, more prevalent depending on date and
associated winds (or storms). Most seed was dispersed close to, or
'under, the shrub., However, in at least one case the largest proportion
of seed was,disperged at three meters. In this instance, seed was
evenly dispersed from the plant out to three meters, and there was no
steady decrease of dispersed seed,-until the three meters distance was
reached. Seed numbers then dropped off sharply.

There were no major differences in dispersal patterns among the

three study sites, but plant phenology seemed to be variable so that
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the majority of seed fell at different times depending on site. At one
site, dispersal was evenly distributed throughout the study period due
to differences in phenological development,

Plains silver segebrush seed can germinate under a variety of
environmental conditions; but certain situations did favor higher
germination pefcentages. Stratification had no‘effect on germination
success, probably due to seed not being dormant and therefore not
requiring the dormancy breaking cold treatment. Possibly some
stratification was inherently present because of cold temperatures
during the late fall and early winter when seeds were collected from
the field. Date of seed collection, light and dark regime, temperature
and water stress had important influences on germination success, bﬁt
sagebrush seeds were not noted to have specific germination
requirements.

Higher germination percentages were observed in later seed
collection periods. Seeds in complete dark germinated better than in
light except‘when they were under no water stress. Temperatures of
20 Cwere generally most favorable for germination, However, on the
lest seed colleetion, seed germination at 10 C was not different than
at 20 C. Rates of germination increased with higher temperatures,
Germination percentages and rates dropped off steeply under the
influence of more negative esmotic potentials, Light-affected séeds in
the 10 C temperature regime showed favorable germination, but under
dark conditions, 20 C became more important with slower rates than in
light, Heterogeniety in the seed population was probably the most

important variable explaining the results of this study on
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germination, As combinations of factors such as temperature, osmotic
pot;ntial or light changed, this heterogeniety allowed seeds to
germiﬁate.

After seeds have germinated, the environment that the seedling is
subjected to determines seedling success., Temperature was found.to be
important in the growth of seedlings. Higher temperatures that had
adverse effects on germination were fa&ored in seedling growth, This
might be expected because higher temperatures are normally presenf in
the later stages of the seedling growing season. Seedling response was
enhanced by the addition ofisupplementary water, More seedlings
.emerged, and survived through the summer. Seeds that had been planted
at 5 mm produced the most seedlings in the field (85), while those at
the surface and at 15 mm'produced about the same numbers (59 and 52
re'spect::ively)v Mor£ality was greatest among seedlings emerging from 5
mm and the least for those emerging from 15 and 25 mm.,

Seedling growth was relatively unaffected by additional water,
but patterns could be discerned. Watered seedlings showed somewhat
greater growth, especially from the 5 and 25 mm planting depths.
Burial blaces the. the seeds in .a less severe environment in terms of
temperatures and water stress. Despite the large numbers of seeds that
were planted, very few séedlings emerged in the field (1.2 %), and of
these only 11 percent survived the sux_nmer'°

The degree to which plains silver sagebrush relies on vegetative
reproduction was e;tablished by root excavations., Plains silver
sagebrush in almost all cases showed some degree of rhizomatous growth

even among small seedlings. However, most excavated individuals turned
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out to be sprouts from an alreaﬁy established plant. Ages of
aboveground shoots weré younger than any belowground roots or
rhizomes, while the 6ldest plént segments were parent rhizomes to
which individual plants were connected. Most growth was below ground
and was represeqted by subsurface latefal extension of rhizomes and
rhizome systeﬁs. On average, this lateral spread was 3 1/2 times that
of the shoot height. The largest proportion of rhizomatous connections
to parent plants or rhizbmes were from 50 to 100 em in distance. No

differences could be found among sites or between disturbed or

undisturbed sites. This was most likely due to drought conditions

overriding any effect of disturbance as far as an influence on growth
habits.

In excavations of large, isolated plants the large degree td
which sprouts arise from rhizomes was evident. These "individua;"
plants were composed not of one, but an aggregate of clonal systems

indicating a great potential for vegetative reproduction,
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APPENDIX A

PRECIPITATION AND TEMPERATURE DATA FOR THE YEARS -

1981, 1982 AND 5983
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Summarization of climatic data presented in two tables. Table 7
is the precipitation and temperature averages for the summer months
for the years of 1981 through 1983 at Miles City, Montana. Table 8 is
maximum temperatures and days above 90 F during the summer months at
Miles City.

Table 8. Precipitation and temperature averages by month for the years
1981, 1982 and 1983 at Miles City, Montana,

Precipitation Departure Temperature Departure

Year Month (in) (cm) (in) (cm) (F) (c) (F) (C)
1981 January .05 .13 ~-.44 -1.,12 31.0 =.6 15.6 8.7
February .06 .15 -.45 -1.,14 27.9. -2.3 6.3 3.5
March .28 .T1 -.37 -.94 40.7 3.8 10.5 5.9
April .20 51 -1.06 =2.69 51.3 10.8 6.0 3.4
May 2.87 T.29 .81 2.06 57.1 14.1 .8 .5
June 2.57 6.53 =75 =1.91 63.9 17.9 =-1.0 -=.6
July .36 .91 -1.19 =3.02 75.1 24.1 T W4
August 1.12 2.84 -.08 -.20 4.7 23.9 2.2 1.2
September .72 1.83 -.47 -1.19 63.8 17.8 3.9 2.2
October 1.39 3.53 68 1.73 45.0 7.3 -3.8 =2.1
November .78  1.98 27 .69 37.0 2.8 4.6 2.6
December  ,23 .58 -.25 ~.64 21.9 -5.7 -1 =1
ANNU AL 10.63 27.00 -3.30 -8.38 49.1 9.6 3.8 2.1
1982 January .96  2.44 A7 1.19 1.9 -16.9 =13.5 7.6
February .20 51 -.31 -.79 17.2 =~8.3 -4.4 2,5
March .73 1.85 .08 .20 30.8 -7 .6 3
April .53 1.35 -.73 ~-1.85 41.9 5.5 =3.4 -1.9
May 2.61 6.63 55 1.40 52.6 11.5° =-3.7 =2.1
June 5.10 12.95 1.78 4 .52 63.7 17.8 =1.2 =,T
July 69 1.75 -.86 =-2.18 T73.1 23.0 =1.3 =.T
August .61 1.55 -.59 =1,50 T4.2 23.6 1.7 1.0
September 2.23 5.66 1.04 2,64 59.4 15,3 -.5 =.3
October 1.61 4.09 .91 2.31 46.7 8.2 =2.,1 =-1,2
November .10 .25 -.41 -1.04  28.4 -2,0 -4.0 -2.2
December 1.01 2.57 53 1.35 21.4 -5.9 . -6 =.3
ANNUAL 16.38 41.61 2.45 6.22 42,6 5.9 -2.T7 =1.5
1983 January .26 .66 -.31 =79 27.7T =2.4 13.6 T.6
February .09 .23 - 47 ~1.19 34.9 1.6 12.8 7.2
March .95 2.41 .36 <91 6.5 2.5 5.2 2.9
April .02 .05 -1.35 -=3.43 44.9 7.2 0.0 0.0
May 1036 3')45 -095 -2-41 53.7 1292 -301 -1 '7
June 1.56 3.96 =1.19 =3.02 65.7 18.9 -.7 =.4
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Precipitation Departure Temperaturel ADepérture

Year Month (in) (cm) (in) (em) (F) (C) ‘ (F) (c)
July 1'89 4.80 037 '94 76'1 24.7 105 '8
August 033 '811' -o93 -2'36 80 'u 27.1 8'1 )'I'OS
September 1.36 3.45 .28 .71 58.3 15.8 -1.8 ~1.0
October .26 .66 -.64 ~-1.63 -149,9 10.0 1.5 .8
NOVembeI’ '43 1009 -'17 -043 3)4.0 1'1 2'0 1'1
December 028 .71 "032 -.81 0'9 -1'7')4 2006 11'1
ANNUAL 8.79 22.33  -4.67 -11.86 146.9 8.3 1.6 .9

Table 9. Maximum temperatures and da
June, July and August of 198

ys above 90 F (50.4 C) during
2 and 1983 at Miles City, Mont.

Maximum Temperature

Days above 90 F

Year Month (F) (c) (50.4 C)

1982 June oh 52,6 2
July 99 55.4 11
August 101 56.6 14

1983 June 100 56.0 3
July 108 60.5 20
August 105 58.8 25
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APPENDIX B

DISPERSAL ANALYSIS OF VARIANCE TABLE
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Summarization of analysis of variance of seed dispersal data in
which the six transects and four distances are considered split plots

and date of dispersal as a covariant. Sources of va

freedom, F-ratio and significance are presented.

riation, degrees of

Table 10. Summarization of dispersal analysis of variance,

& Date

Source of Degrees of Sighificance
variation freedom F-ratio " level
Study area 2 .40 .68
Transects 5 6.58 .0001
(direction)

Distance from 3 11.71 .0
plant
"Date of seed 4 6.36 .0
drop

Transect & 15 5.19 .0
Distance

Sﬁudy area 8 2.73 .006
& Date

Distance & 12 5.45 .0
Date

Transect, Distance 60 1.44 .018
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'APPENDIX C

GERMINATION FACTORIAL ANALYSIS OF VARIANCE TABLE
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Summarization of analysis of variance in germination factorial
experiment. Five factors were examined individually and interactions
among factors were also examined. Note that interactions that
included stratification are not included in this table.,

Table 11. Summarization of germination analysis of variahce.

Source of Degrees of Significance
variation freedom F-ratio ~ level
Date of seed 2 72.3 }0007
collection

Stratification : 1 .0015 =97
Light/Dark 1 58.4 .0
Temperature 2 90.0 .0
Osmotic Potential 3 - 890.7 .0
Light/dark & Date 2 16 .2 .0004
Temperature & y 16.9 .0
Date :

Light/dark & ' 3 79.1 .0
Osmotic potential

Light/dark & 2 93.5 .0
Temperature '
Light/dark, Date 4 5.6 .0009
& Temperature

Temperature & 6 4.6 .0002
Osmotic potential

Temperature, Date & 12 4.9 .0
Osmotic potential

Light/dark, Temperature 6 12.5 .0

& Osmotic potential

Light/dark, Temperature, 12 2.6 .003

Osmotic potential &
Date
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APPENDIX D

CONSTRUCTION OF DISPERSAL FIGURES
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Example of construction of dispersal graphs. Scale on axes are
numbers of seeds dispersed in each of six directions. At each distance
from the parent plant (0, I, 2, and 3 m), the number of seeds that fell

at that distance were graphed and connected to approximate the degree
of dispersal in each direction.

prevailing
NW  wind

13 .96

Area of dispersal

I and 3 m, respectively

TRANSECT A



E UNIVEI AR]

T

3 1762 10020952 5

MAIN LiB.

N378

w178 Walton, T, p,

cop.2 Reproductive mechanisms
of plains silver ...

=;=§£;§==== ISSUED To
wKs | Y SR
I 54
| %3

/1 /8 A
L WKS USE_arsniians

\7\ MATY
I 378

e W178
cop.2



