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Abstract:

Life histories of four Artemisia species were compared, with emphasis on characteristics important to
land reclamation. The subject species included the herbaceous perennial A. ludoviciana, the
suffrutescent A. frigida, and the shrubs A. cana cana A. tridentate tridentate, A. t. Vaseyana, and A. t.
Wyomingensis.

The natural ranges and habitats were reviewed as indicators of areas where the taxa might be used in
reclamation. Vegetative reproduction is absent in A. frigida, rare in A. tridentata, and common in A.
cana and A. ludoviciana, and could probably be used successfully for revegetation in the last two
species.

Since seed reproduction is important to all species, each step in a sexual life cycle was considered.
Phenological studies showed that seed formed in September and early October and could be harvested
in mid October and is naturally dispersed in late October and November. Wind dispersal distance
varies among the shrubs, but the majority of the seeds fall within two shrub diameters of the shrub
center; mucilaginous areas, especially prominent on shrubby species, probably contributes to long
distance dispersal. Potential germination was in excess of 80 percent for all species. Standard methods
of measuring germination considerably underestimate germination potential, perhaps due to autopathic
inhibition and observations at non-optimal temperatures. Optimal planting depth was about two mm.
Field emergence occurred throughout the April to June period and those individuals that were present
after three months were likely to survive for at least three years. Initial mortality was higher in the
non-shrubs, which have smaller seeds, than for the shrubs, which have larger seeds. Seedling
development on mine spoils was poorer than on normal topsoils of adjacent areas. Insect predation and
annual plant competition severely reduce seedling survival. After the initial rapid mortality,
survivorship for the remainder of a population's existence was estimated for three species in areas of
eastern Montana. Shrub size was correlated with shrub age (R2 = 0.65 to 0.92). Seed yields were best
correlated with the number of inflorescences (12 = 0.74 to 0.94). The species differed little in their
sexual life cycles except in seed number, seed size, wind dispersal distance and the presence of
mucilaginous areas on the seed presumed to contribute to long distance dispersal.
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" ABSTRACT -

Life histories of four Artemisia species were compared, with
emphasis on characteristics important to land reclamation. The
subject species included the herbaceous perennial 4. Ludovieiana,
the suffrutescent 4. frigida, and ‘the shrubs 4. cana cana, 4.
tridentate tridentate, A. t. vaseyana, and A. t. wyomingensis.

The natural ranges and habitats were reviewed as indicators of areas

where the taxa might be used in reclamation. Vegetative reproduction
is absent in A. frigida, rare in A. tridentata, and common in A.

cana and A. ludovieiana, and could probably be used successfully for

revegetation in the last two spec1es.

_Since seed réproductibn 15 important'to all species, each step
in a sexual life cycle was considered. Phenological studies showed
that seed formed in September and early October and could be harvested
.in mid October and is naturally dispersed in late October and Novem~—
ber. Wind dispersal distance varies among the shrubs, but the majority
of the seeds fall within two shrub-diameters of the shrub center;
mucilaginous areas, especially prominent on shrubby species, probably
contributes to long distance dispersal. Potential germination was
in excess of 80 percent for all species. Standard methods of measuring
germination con51derably underestimate germination potential, perhaps
due to autopathlc inhibition and observations at non-optimal tempera-
tures. 0pt1mal planting depth was about two mm. Field emergence
occurred throughout the April to June period and those individuals
that were present after thrée months were likely to survive for at
least three years. Initial mortality was higher in the non-shrubs,
which have.smaller seeds, than for the shrubs, which have larger.
seeds. Seedling ‘development on mine spoils was poorer than on -normal
topsoils of adjacent areas. Insect.predation and annual plant
competition severely reduce seedling survival. - After the initial
rapid mortality, survivorship for the remainder of a population's
existence was estimated for three species in areas of eastern Montana.
Shrub .size was correlated with shrub age (R? = 0.65 to 0.92). Seed
yields were best correlated with the number of inflorescences (R2 =
0.74 to 0.94). The species differed little in their sexual life
cycles except in seed number, seed size, wind dispersal distance
and the presence of mucilaginous areas on the seed presumed to
contribute to long distance dispersal.

.




Chapter 1
INTRODUCTION

Artemisia dominated Veéefation comprises 35 to llO'miliioﬁ
hectares in western North Aﬁerica.(Platt, i959;'ﬁéetle; 1960). When
land ébntaining economically‘vaiuable;.non—déminant Artemisia (such
as A. Zudovocibnq-énd A. frigida) is added, ﬁhé figures probably
double. Bégause of the ﬁisgorical use, and misuée,'of'these lands
for economic gain (Young and ﬁvans, i979) and because of.thé iarée
area AOminated by members of this éenus, intéreét in the biology of
Artemisia was stimulated. Because the sﬁrubby speciés, esbecially
A, tridentata, dominate in many habitats (whereas the non-shrubby
species are not &Ominants;.eig._Muéggle; and Stewart, 1980), the shrub
species have beenrsfudied in much greéter.detail.

" Because of an intérest‘in Artemisia, the paucity bf“non—shrub-
Artemisia déta, an iﬁte;est'in éomparing stfategies of differént;
closely related iife forms,‘aﬁ& a‘neéd to determine some of the
pofentialjof Artemisia for revegetation of strip-mine spoils in easterﬁ
Montana, this study was iqitiated. Tﬁis study set out ﬁo meet the
objectives: 1) describe life.histories of different life forms of
Artemisia, 2) comparé reproductive.strépegies of the different life
-forms, an&.3).determine the qapabilifies of the selected speciés to
establish from seed dh‘the éoal spoils of eastern Montana.

Two shrub speciés,. one Suffruteécent_species, and one herbaceous




2
perennial species were selected because'of their presence over a wide
geographical area and their value to agriculture, wildlife-and
revegetation, Nomenclature for the shrubs studied follows Beetle
(1960) and Beetle and Young (1965), and for the non-shrubs follows
Hitchcock, et al. (1955).

1. Arteﬁzsza tridentata Nutt. (shrub), includes three sub-
species; 4. t. trzdentata, A. t. vaseyana (Rydb.) Beetle,
and 4. t wyom¢ngens¢s Beetle and Young.

2. Artemisia cana'Pnrsh (shrub), includes three subspecies;
‘A. e. cana, A. c. viseidula (Osterhout) Beetle, and
A. e. bolanderi (Gray)_Ward.

3. Artemisia frigida willd. (suffrutescent)

4, Artemisia Zudovtezana Nutt. Subspec1es ludoviciana
(herbaceous perennial).

.LITERATURE REVIEW

In the Artemisia bibliqgranhy compiled by me; R. Harniss and R.

Murray (Harniss, et al., 1981), over 80 pereent of the papers deal with

4. tridentata and most of the remainder deal with other Artenisic
spec1es in assoc1ation with A tridentata, 1ess than 5 percent deal
Wlth A. cana or A. f?tgtdd "and less than 1 percent involve A.
lucoviciana. Eecause of the huge volume of 1iterature (1,489 entriee),
I nave chosen to review.the work in outline form: two or more
repreéentetive atticles are preSentee for each tepic heading. ‘Beeanse

of their rarity, non-shrub articles are emphasized.
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g
Taxonomy and cytagenetics Hall and élements; 1923'  Ward, 1953;
Beetle, '1960; Estes, 1968 Wlnward and Tisdale, 1977 McArthur
and Plummer, 1978; McArthur, 1979

Morphology and Anatomy. Diettert, 1937; Moss, 1940; Farnsworth
and Hammond, 1968; WinWard, 1970; McDonough, et-ali;'1975;

Sturges, 1977.

. Chemistry. Demarchi, 1968; Shafizadeh, et al., 1971; Hanks, et.

al., 1973; Keisey, et ai.; 1976.

Ph&siology. Skiles; 1971;.West and.Mooney, 1972; Williams and
Markley, 1§73;“DePuit and Caldneil; 1973; Campbell and Harris,
1977. - |

Distribution. Beetle, 1960; Winward, 1970; Morris et al., 1976.
History an& Paleobotany, Axelrod.and‘Ting, 1960; Wright, et al.,
1973; yale, 1975; Young'and Evans, 1979.

Communities. Smlth 1969; Daubenmlre, 1970; Lewis, 1971; Franklln
and Dyrness, 1973; Sabinske and Knlght 1978, Mueggler and
Stewart, -1980.

Production and'Bibmass Pearson, 1965; McGinnies, 1967 Dav1s,
et al., 1972 ‘Rickard, et al > 19743 Uresk, et al., 1977; West,
1972. -

Phenology. Criddle, 1927; Goodwin, 1956; Price, 1966; Fernandez

- and Caldwell,-19§5; Kleinman, 19763 Sauer and Uresk, 1976.




10.

11.

12.

13.

14,

15.

_ 4
Soils. Robertson, ét al., 1966; Hy&er, et al., 1966;'Houétqn,
1961; Daubenmire, 1970; Ross and Hunter, 1976; Morris,.et al.,
1976; Mueégler and Stewart, 1980. |
Climate. Beéth?'1935; Pechanec; etlal., 1937; Patfen, 1963;‘
Wambolt, 1970; Dirmhirn and Belt, 1971; Despain, 1973; Dina, et
al., 1973; Mueggler and étewart, 1980.

Watershed. Van Dersal, 1938; Wopdward, 1943; Lusby, 1970; Salih,

et al., 1973; Sturges, 1975.

Revegetation. Plummer; et al.,.1968; Shown, et al,{ 1972; Hull,
1974; McArthur, et al., 1974; Monsen, 1975; Howard, et al., 1977.
Livestock Grazing. .

A. Cattle. Hurd and Pond, 1958; Marquiss and Lang, 1959.

ﬁ.' Horse. Olsen and Hansen, 1977; Hanseﬁ{ et al., 1977.

C. Sheep. Green, et él.,.1951; Spang; 1954. !

D. Nutrition. Smoliak and Bezeau, 1967;_Weléh and McArthur,

1977. .. | :

‘Wildlife Use.

A. Anfeiope.i Bayleés,f1969; Pygaﬁ, 1970.

B. Big ﬁorn. Schallénberger, 1966§ Todd, 1975.

C. Birdsg- Klebenow and Gray? 1968; Schroder and Sturges, 1975.
D. Deer. Smith, 1952; McKean, 1954; Greer, 1960.

E. Elk;. Anderséq, 1953; Mackie, 1970; Ward, 1971.

F. Moose. ﬂarry,.1957; Knowlton, 1960.
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" G. Small Mammals.'.Muéggler, 1967; Frischknecht and Baker, 1972.

H. Insects. Pringle, 1960; Furnigs and Barr, 1975.
16. Sagebrush Contrél., |
. 'A. Biological. Gates: 1964; Halford, et al., 1973.
N Cﬁémical. Cornelius and Graham, 1958; Jghnson; 1958; Thilenius
; and Bro&n, 1974; i |
C. Firé. Gfavés and MEMurphy, 1969; Britton énd ﬁalphs, 1978.
D. Mecﬂénical.- Cook and Stodart, 1960; Plummer, et al., 1968.

Possibly the best single publication for an overview of:the

current literature and topics for future study is the Proceedings of

The Sagebrush Ecosystem: A Symposium (1979), held by the College of

Natural Resources, Utah State University, in April, 1978. The 24
contributed articles cover the entire range of subjects, from taxonomy,

autecology -and synecology, to management strategies and economics. -




Chapter 2

DISTRIBUTION

"Introduction

Knéwiedgé of the distribution of a taxon contributes to an under-
standing of . the range aﬁd limité of fhe environmént in which it may
live (di.e. agtecology); it may aid in underétaﬁding the derivation |
or causes of plan£ comﬁunitiés (i.e. sfﬁécology), floristic groups and
provinces, and life forms (Gleason and Cronquist, 1964)i The éurrent
distribution 1ﬁ séaée may also aid in understanding the distribution
in time and the pﬁYlogenetic relétiohship to other ta#a (McArthur,
1978'personai communication), and may also éid in:the extrapolétion
of research resulés to-areés ouﬁside the.actual study-érea.

Distribution of A..frigédd %nd A, ludovieiana have not been
previously méppgdd As more is 1e§rned about the naturé of 'a
species~and the communities in which it gxisﬁs, mofe defailed deline-
ation of.itslaistribution may be necessary.' Fo¥ example re;ent
reséarcﬁ'suggesté that thg responsé of A,tridéntdta to habitat mani- °
pulation differs significantly among subspecies (Winward, 1970;
Winward and Tisdale, 19?7)..'A‘distribution.map of all three subspecies
:6f A. fridéntatd:thréﬁghout its'rénge has not been previously |
published. Beetle, 1960, described and mapﬁed fhe varioué speéies

and subspecies in the Tridentatae section of Artemisia. Since that-
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time, additional subspecific'taxa have been recognized and proposed
(Wlnward 1970; Winward and Tlsdale, 1977; Beetle and Young, 1965),

" but dlstrlbutlons have been mapped in only two areas; southern Idaho
by Winward (1970) and Montana by Morris, et’al. (1976)
This chapter reports on the d1str1butlon of A trtdéntata and

its three subspecies, 4. dana and its three subspecies, A4, frigida

(excluding northwest Canada, Alaska and Eurasia), and A. debvicianor

No attempt was made to map the subspecies of the latter beeause of
the author's unfamiliarity with the,complen‘nature of the subspeeific
taxonomy. The maps are to be used as a general help in understanding
"the d1str1but10n of these species and should prov1de a startlng
place for more detalled‘mapping; such as published for southern

Idaho. and western Montana.
Methods

Montana distribution was determined by field observations,
. examination of herbarium specimens'at Montana State University
and University of Mbntana andmfrom personallcommunication with Drs:
R. Kelsey andtM. Morris of the University of Montana. Dr. Kelsey
kindly pro?ided chemical confirmation of many specimens.
D1str1but10n outs1de Montana was determlned in part by f1e1d .
observations (Saskatchewan, western Wyoming, northcentral Utah), but

largely through cooperation with curators of herbaria in Alberta,
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Arizona, British.Qolumbia,nColorado, Kansas, Nebraska, Nevada, New
Mexico, Oklahoma, W;shington and Wyoming. Dr. A. H. Winward provided
the distribution- in Idaho and Oregon and Dr. E. D. McArthur provided
help with the entire region;.aéddiiional data weré obtained from state

and regional floras, and from journal articles.
Results

Speciesvof.the genué Aréemisia occur in éll states and provinces
of western North America, from Alaska to Mexico and the Great Plains
‘to the Pacifiq Coast, Members of the genus are dominant in many
plant communities from Baja, Mexico gnd northern New Mexico'to southgrn
British Cblumbia and Saskaféhewaﬁ, Canada, and frbm‘thé éastefn slope
of the Cascédé and éierra Nevada méuntains to the east slope gf the
ﬁocky:Mbuntains in Coiorado and. the Northern Great Plains of the-
Wes;ern.Dakotas. |

Artemisid tridentata oécurs'from souahern British.Colﬁmbia,
Alberta-and Saskétéhewan to central .New Mexico, northern Arizona and
nérthe?n Baja, Mexico. The Westefh limit is the Cascade, Sierra
and coastal soutﬁern California and'northefn Baja.mﬁﬁnﬁains. The
eastern limit is thé kocky Mountains iq thgléouthern half of its
range and the western bék§tas in the:northern‘half of its range.

Subspec1es trtdentata (Basln Big Sagebrush) is d1stributed west

of the Pac1f1c—Atlant1c d1v1de (Flgure 2. 1) except for a few areas
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just east of the divide in Moqtana and WySﬁing (Mad%son, Park and
Carbon counties, Montana and Yellowstone National Park, Big Horn“
Basin, Wind River Basin, Wyoming). In the extreme soﬁthwest, it
occurs at elevations as low as iSO meters (Beetle, 1960), but in
'thé central Gréat Basin and Colorado Plateau regions it is found on
mountain slopes frém 1500 to 2160 meters. West,.et al. (1975)
report thaf A. t. tridéﬂtatd.does not'occur in the woodlands of‘the
southern Great Basin. It is,foﬁnd'at brogressively 1o§er elevations
as one travels qorth, until it ié found on the lower mountain sloﬁes
and -valley bottoms in the nérthern Great Basin. In the Snake River
.plains, Columbia Baéin and Northern Rocky Mountains, it prefers
alluvial'beqqhes or.coarsé.textufed, well drained slopes from 750
metérs to 2100 meters in elevation (persoﬁalobservatioh and Winward,
1970). |

Subspeéie; vaseyana'(MountainlBig Sagebrush), FigureIZ.Z, is
similar in rangé'tb subspeciés tridentata, but is absent from the
most southerﬁ portions of thé’species range.and éxtends'east of the
_confinental divide in Montana and Wyoming. 'in\the northerly parts
- of its range,.vaééyana occurs'froﬁ’thé lower ﬁ&untain valleys to
the mountain slopes.and_ridées és’high as BOOO'ﬁeters (Beetle, 1960;

Winward, 1970).° In the southerly portidn of its range, 1t‘is

restricted to the higher mountain rénges of the Great Basin, quorado

Plateau and southern.Rocky Mountains. In Montana, it is not found
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east of the Rocky'Mountain foothills in the north, nor east of the
Little Belt, Big Snowy, Castle, Crazy.or Beartooth Mountaiﬁs. The
A. tridentata occurring in habitat typés described by.Mﬁaggler
and Steward (1980) is almost solely sﬁbépecies vaseyana ksee wyomin-
gensis below),.and is the prinéiple subspecies in the'Pinus fZexiZis;

P. pondérosa and Pseudotsuga menziesii described by Pfister, et al.,

1977 (P. ponderosa/An&ropogqn ssp. and P. ponderosa/Prunus virginianda

habitat types contdin only subspecies wyoﬁingensis).
Subspecies wyomingensis (Wyoming Big Sagebrush) is found on
large areas both east and west of the continental divide (Figure 2.3).

In the Great Basin it occurs mainly -in the southern portion in the

driest, warmest kinds of woodland sites (McArthur and Pope, 1975) and

is lacking in the northern portion and on the central Nevada mountain

ranges. In Idaho andJOregon, subspecies wyomingensis prefers generally

shallow soils in the driér, hotter portions of the area at elevations

from 750 to 2000 meters (Winward, 1970{ and 1977 personal communica-,

tion). In Oregom, it covers more area than any other species or

subspecies of Artemigia. In Montana and Wyoming, subspecies wyomin-

~gensis is principally found east of the continental divide foothills.

In Wyoming, however, it occurs west of the divide in the Green River

drainage. In Montana, it occurs principly east of the foothills of

the Rocky Mountains and the outlying Little Belt, Castle and Crazy

Mountain ranges; however, it also extends into southwestern Montana
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in parts of Beaverhead, Madison, Jgfferéon, Meagher and Park Counties,
and west of the'contineﬁ;ai divide in Silveron.County. I often saw -
hybridization with subspecies ﬁaseyana along this narrow corridor;
especially from WhiteiSuléhur.SPrings, Meagher County, to Gardner,
Park County (also'ﬁ. Kelsey,.1975,pérsona1 cdﬁmunication).A in.the
corridor area; subspecieé wyomingensis is present only in tﬁe driest
6f.the grassland and shfubland ?aﬁitat types described by Mueggler
and Stewart (1980), and is the oﬁly éubspecies in eastern Montana in
the habitat typ;s of Pfister, et al._(1977). It prefers fine textured
~soils in areas with 300 to 400 mm of.precipitation-at elevations from
750 to‘2000 meters. |

Artemisia cdna, Figure'2.4, occurs generally from southern Alberta
énd Saskatchewan to South Dakota and squthﬁest-to'nortﬁérn New-Mexico
and Arizona, west to eastcentral Califo?nia and north to centrgl Oregon
and southern Idaho; Three'essentially'allopatric, subspecieé are
recognized (Beetle, 1960).

Subspecies cana (Silver Sageﬁfush).opcurs east'of,the contiﬁental
divide (excépt for Yampa River valley, Cdlorado) in Wyoming and Montana
north to.southern'Albergé and Saskatchewan and-east to the ﬁestern
' Dakofas and northwest Saskatcﬁewanlénd east ta peﬁfral North.and Soutﬁ
Dakota and northwést Nebréska. Several diéjunct populations occur in
the eastern Dakotas. This subspecies prefers a variety of éoils on

b}

alluvial benches and ephemeral water courses below 1550 métérs;'where




........

“ al % 1458

3 g

kS

Figure 2.4 Distribution of Artemisia cana subspecies cana

(right slanted hatching)

s Subspecies viscidula (left

55

50

" slanted hatching).and subspecies bolanderi (cross hatching)




16
it root-sprouts abundantly (see Chapter 8, Vegetative Reproduction).
It often is fourd in mixed stands with A. tridentata (principly

subspecies wyomingensis) and, in western Montana, it occasionally

- occurs in Festuca idahoensis/Agropyron smithii and F. tdahoensis/

A, spiloatum grassland habitat typés (Mueggler and Ste&art, 1980)

and in 4. tfidentata (vaseydna)/F. idahoensis shrubland habitat type.
Graham k1978) has dgscribed an A. cana/F. i&ahoensis community typé
in Yellowstone National.Park. .

Subspecies viscidula (Mountain Silver Sagebfgéh) is restricted
in distribution to rangelands west of the continental di§ide (except
Beaverhead County, Mbntgné) from southérn Idaho_and southwestern
Wyoming south to northern New Mexico'and.Arizona. It occurs along A
moﬁnfain streams and on open, wgf mountain siopes above lSOO.meters
(in the Great Basin it is above 2100 mete;s). In Montana, it occurs
only in the soufhern Big Hole vélyey and the Red'Rock River dfainaée
south .of Dillon, Bgéverhead County;_subspecies‘cana ddestnqt'occﬁf
in the same-area (Morris, et al., 1976).

| éubspegies bolanderi (Bolapders Silver Sagebrush) is restricted
tontﬁe central basins of Oregon and south along:the'Californié
bprder to Inyo County; C;iifornia. An isolated popuiation also occurs
in the San Bernadino Mountains (Beetle, 1960)._ Alkalinelhabitats
are pref;rred. |

Artemigia frigida (Fringed Sagewort) occurs in the Kirghiz Steppe
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of Kazakhstan (Russia) to the Kuznetsk Basin (Southern Siberian

' Lowlands) and the Trans Baikal region of Russia to thgrcbbi Desert in

southern Mongolia. In North America, it occurs from Alaska and
westérn Northwest Territories south along tﬁe Rbcky ﬂoﬁntains-to
southern British Columbia{ northern Arizona and New Mexico, and east
to the Great Plains of Colorado, eentfal Nebraska, western Minnesota,
central Saskatchewan, .and Alberta (Figure 2.5). It is also found

in some of the higher ranges of the eastern Great Basin.

In Eurasia, 4. frigida increases with grazing and is used as an
indicator of steppe condition (Neﬁtsov, 1963; Savghenko, 1972, 1973);
it colonizes mine spoils-in~southern\Siberia (Tarchevskii and
Chibrik,.i970). In North Ameriba: it is common in mixed prairie and
mounfain grassland from central Alberta south, as well-as in shrub-
lands and open, dry forests from eastern Montana to the southern

Rocky Mountains and the higher ranges of the Great Basin. It has

been considered an increaser under grazing pressure (Johnson, 1956;

Marquiss and Lang, 1959; Smoliak, 1974; Currie, 1976; Ross and Hunter,

1976), TIn Montana, 4. frigida occurs in all but the wettest grassland
and shrubland habitat types of Mueggler and Stewart (1980) as well
as thé dry forest types of Pfister, et al.‘(1976).

Artemisia Zu&ovieiana (Louisiéna Sagewort) is widely distributed

in North America (Figure 2.6), occurring from the foothills of the

Rocky Mountains in northwest Alberta and the Northwest Territories
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south through the plains'of.Albérta, Saskatchewan, Minnésota, Iowa

and ﬁissouri, aﬁd wésﬁ and sbuth‘to ﬁorthern Texas, Mexico, California,
Oregon and Washington. I made_no‘étfempt to map the subspecies; at
"least eight are recognized.. This species is occasional in dry to wet

grasslands, shrublands and open forests as hjgh as 2750 meters where

it may hybridize or integrade into A. mishauxiana (#itchcock, et al., ‘

1955). 1In Montana it occurs in the dry to moist grasslands, shrublands
and open forests throughbut-ﬁhe state, and is a common roads?de plant:
As yet, there is little pﬁblished_information on this species, but

some references relate to Qild;ife use (e.g. Urness, et al.,.1977).
Estes (19685 did a taxonomic study in the Paéific‘Northvest,'
Farnéworth (1975) foﬁnd nitrogen fixing foot nodules, and its use in

revegetation has been proven effective by Moﬁsen.(1975).




Chapter 3
PHENOLOGY

Introduction

The seasonal development ofla plant population provides.Qaluable
" information aboﬁt the-averggé periods of activity (Larchér; 1973).'
Although seasbnal-development_is genetiéally determined, the activity
is set in motion by environﬁental factors such as light, heat and
moisture (Daubenmire, 1968). Seasoﬁal development:may also be halted
by the presénce or abégﬂce_of those same envirommental factors.
Phenological descriptions pré?ide clues to the relative importance:of
the factors. This chapter reports on the‘pheﬁological stages of four
Artemisié species and the possible-envirqnmehtal influences on thosé.
stageé.

The majority of the published data on Artemisia phendlog§ con—-
. siders 6nly tﬂe species A..tridentata, and the dbservéﬁions are
usually genérallin'nature, with seyeral phenological evenés considered
collectivgly as alunit. Nevertheiess, they do sefvg to establish the.
yeérly and geographical.variatioﬁ in the initjation of easily recog-
nizable stages. Some papers report on the phenology of the.éntife
community containing'Artemisid (C?iddle;‘1927; étéveﬁs,-1956§ Budd
#anﬁ Camébell, 1959; Kleinman, 1976); ,Othéré'report oh pﬂenology as

related to chemical composition (e.g., Cook and Harris, 1950;
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Robertson and Cords, 1956; Hyder, et al., 1962; Robocker, et al.,

1965).
Methods

Ten inaividuaIS'of eaéh_of four spécies were seleéted at each of
six-sites across sﬁuthern Montana to observe the pﬁenologiéal stageéi
Fér the species A. tridentata; subsﬁecies vaseyana was measured at
three sites (Boéeman and Sprihghill, southwest; Greycliff, south:
cen;ral)‘and subspecies;wyomiﬂgensis was measured at three sites
(Columbus, southcentral; Cuséer and Colstrip, southeast):. At each
locatioﬂ,‘sevérallsmail branches on each selécted shrub were marked
with colored thread for observatioq of apical, laferal'and fioral
" branch growth. Indiviaual leaves an'the shrubs_Wereimarked with
India ink to observe leaf aBscission'and drop. The non-shfubs were
studied at all six sites. -For 4. frigida, the whole flant was tagged
for observation. Single étems of A.~Zud0viqiana.wefé markea for
observation and portions of thé3dlone excavated in the spring to
determine the 6nset of gpical growth; Addiﬁional data were recorded
.about the surrounding bofulation at these six sites and subsidiary
sites in Montang, Idaho and Utah. The percent of the population’in
a given phenﬁlogical,stage was estiﬁated at each 16cale (modified after ’

West and Wein, 1971).




23

_ Results and Discussion

The date of initiatioﬂ of a pheﬁological étagé in Montana was
remarkedly similar in all %ive'taxa (for elevatioﬁs belowAlSOO,meters;v
phenology abovg 1800 meters will_Be‘diSéussed at the end of fhis-
section). Except for extreme northwést Montana; iﬁitiation-of any

stage in any taxon usually occurred within seven days of each other.

Of course, some variation in étagé initiation occurred between years,
locales, stands in a locale and even sites within ' a sténd, and,‘in
extreme cases, as much és 30 days éeparated the extremes across the
state (less than 5 percent'of the total state population).

Figure 3.1 summarizes observations over a three year period of
obéérvation. Post’dormanéy activity,bégan with apical bud éwelling.,
in the first week of April; twig élongation foilowed within two Weeks.
Vegetative growth of the shrub speciés lasted iohger than in tﬁe
non-shrubs because of the additional lateral growth. Thougﬁ A. frigida
exhibits braﬁching; no growth on lateral buds of the current year was
'-apparent.' Lateral growth in the shrub speéieé began when apical

growth ceasedT Iq-A. tridentata, leaves pr&duced on buds £hat have
overwintered are ephemérél and begin shedding wﬁen'the persistent
'leaves, formed from lateral buds in the axils of epheﬁeral 1éaveé,

become mature. For a more detailed description of the development and:

mdrphology of these two types of leaves, see Goodwin (1956) and
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PHENOLOGICAL STAGES

1 APICAL BUD ENLARGEMENT 8 FLORAL BRANCH ELONGATION

2 APICAL TWIG ELONGATION 9 FLORAL BUDS ENLARGING
(EPHEMERAL LEAF DEVELOPMENT, ARTR) 10 ANTHER DEVELOPMENT (BUD3 YELLOW)

3 LATERAL BRANCH BUD ENLARGEMENT 11 ANTHESIS

4 APICAL GROWTH CEASES (VEGETATIVE) 12 CYPSELLA DEVELOPMENT

5 LATERAL BRANCH ELONGATION 13 DISSEMINATION INITIATED

6 LATLRAL GRONTH CEASES (VEGETATIVE) 14 DISSEMINATION COMPLETED
(EPHEMERAL LEAF ABSCISSION, ARTR) 15 WINTER DORMANCY

7 INCOMPLETE OR NO FLORAL DEVELOPMENT

Figure 5.1 Phenology of 4 Artemisia species. Lines

1T rraa

DEC

separate the phenological stages listed above; Angle of

the line is determined by the proportion of the
in a given phenological stage
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lMcDounough, et al. (1975). A. e. cana did no; have these two distinct
sets of 1eavgs~as dié A. téﬁdentaia.' Leaves produced on apical growth
were of two sizes, the larger 1ea§es being produced first. On xeric
sites, the 1afger leaves began:dying at the fime of floral branch
elongéfion; but on mesic sitéé (the.dominant A: o. éana habitat), leaf
death occufred during the latter part.of the florgl bud enlargement
stage. All apiéal leaves had béen shed by April and lateral leaves
by mid—Juﬁe of the following year; Leaf shedding in both -species
appears to be regulated by water availability. A. c. cana.is usually
f;und.in more mesic habitats tﬁan A. fridentata, but where they occur
together, 4. c. eana is rooted.deeper (personal observafion) and,
fherefore, has probébly not'devéloped the need for a distinct set of
ephemeral 1é§ves to reduce the evapotranspir;tive surféce.

Veg;tative growth of_the ﬁon—shrubs began at the éame time as the
shurbs, but ceased_foﬁrlweeks.éooner, corresﬁonding to the ce;éation
of apical growth in the éhrubsg(Figure.B.l). .Although the entire
aboveground growth of A. Zydobiciana could be considered floral growth
for thosg stems that produce an inflorescence, for the purpose of
this study, that pbrtion of the g?owth below the inflorescence and .
equal to the height of stems not pfodﬁcing the infloréscences was
considered vegétativg growth. Tﬁis was usuaiiy leés thén 15 cm high
(compared to'100 cm for a robustvinflo;escéncej. Lateral. growth is

initiated on the rhizome below ground and was not observed. Lateral
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growth waé not apparent on A. frigida; brﬁnching results from apical
growth of lateral buds of the previous fear.

Anther developmen£ and flowering occﬁrred in ﬁid—August to early
Septémber ahd,was simultaneous in all taxa (Figure 3.1) éxcept A.-t..'
?aseyanaJ which preceeded the ofﬁers by seven days. While some plants
of each species failed to produce.floral growth{ the shrubs had fewer
.plants Wiﬁh no fiowers at all.. Shrubs on the dfiest-sites initiated
floral branch growth but failed to mature the buds or matured only one
or two heads of the inflorescence éuch that the number 6f inflorescences
was markedly redﬁced. However, the non-shrubs of dry éites mo;tly
failed to produce~e§en abérted inflorescences or visibie buds. Con-
versely, plants of each species on' the mbst meéic sites (e.g. roadsides,
runoff chaﬂnels, debressi;n;) pr6ducéé more,- longer and often profugely
branchéd inflorescences. |

The maturation -of cypsellas éppeared.related to available moisture.
Xeric sites'ﬁ;oduced fewer visible seeds and matured seeds 7 to 10 days
earlier than mesic 'sites. Thi; is:consistent with the observations
of-Winward (1970) . Dissemination occurred almoét simultaneously for
ali of the species (Figure 3.1). The most viable seeds were dispefsed
in the fi&st seven days, leaving aborted floﬁers and half-filled seeds
to be dispersed over the next two to four Wéeks (also observed by
Goodwin, 1956). Dissemination of filled and half—fillea segds were

comﬁleted by mid-December.
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Winter dormancy as used in this description includes pre- and
post-dormancy quiescence. _Thé true dormancy period occurs somewhere
between December .and early:February since stem cuttings collected
in late October and mid-~February both rooted in the greemnhouse.
Aboveground growth of xeric site plants ceased as early as mid-June
in the shrubs.and mid-May in the non;shruBs.' |

Geograﬁhical variation of stage initiation varies with the year.
Vegetative development in Montana began earlier in Utah (1974 and
1955) and Washinéton‘(1974)4by three weeks and flowering and dis;
semination were later by the same amount (personal observation.and
Campbell and Harris, i975). In 1976, the vegetative events were only
one week earlier and flowering only oné_week later in ﬁtah than in
Montana. In northern Utah, West and Fareed (1973) reported pre-
flowering stagéé 4 to 6 weeks earlier tﬁan I observed in Montgna'
during 1974, 1975 or 1976.‘ In Montana, 4. %. vaseyana spriﬁg stages
were two weeks earlier in thé extreme northwest portion of the state
than in the remainder of the state.

Artemisia growing above 1806 ﬁeters elevation initiated the early
phenological stages 2 to 3 weeks later and initiated floral bud
'enlargement, énther development, anthesis énd'dissemination two weeks
earlier than at 1ower'elevationé. This is conéistent'wifh Winward's
(1970) observations in Idaho. These observgtiéns suggest that the

early and late phenological stages are influenced by.température
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(higher elevations have a shorter frost-free period).

Insects also influenced the progression of phenological events
in local areas. Aphids are common on the inflorescences of the
shrubby species and on some plants retarded or aborted floral
development (eépecially often and severe in 4. c. cana) . ‘Aphid
infestation was most severe in 19?5 and in soﬁé areas of eastern
Montana, entire sfands were essentially devoid of flowers. Grass-
h0ppérs also infested eastern Montgnazrangelands in 1975 and damaged
both shrub species by eating the leaves and floral buds of the
inflorescence. Entire stands of 4. c. cané were found strifped of
inflorescence vegetation; In 1?76, héweﬁer, only'minor damége was

observed.

: Summarz

All five Artemisia taxa exhibitéd veryﬂsimilar phénologicai stage
initiation. Post dormancy activity began with apical bud swelling in
the first week of April, folloyed within two weeks by apical twié
élongation. Vegefative growth in the noﬁ-shrubs cgased by mid-June
but continued for an additional four weeks in the shrubs. Inflqres—
cence initiaéioﬁ occurred in late May to early June énd reached full
length by mid—July.. Anther developmént oécurred in mid to late August,
.followed By.flowering in mid September. Dissemination was initiated

in late October and the most viable seed dispersed within seven days.
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Above 1800 meters, spriﬂg phenology- is later and fall stages
'earlier'bf two weeks. Pheﬁological é;ages in Utah and'Washingtoq.are
ipitiated earlier in the spring‘and later in the fall than in'Mbﬁtana;
Idaho appears to be similar to.Mbntana.

The'early stages appear to bé iﬁfluenced mostly by temperature and
tﬁe middié and late SFages influenced by both temperature and water.
Campbell and Harris (1975) found cessation of vegetative and initiation
of repraductive growtﬁ to be correlated with a drop in turgor pressﬁre.
Insect predation m;y halt the progression of phenological stages of

reproduction.




Chapter 4
GERMINATION

Introduction

Interest in thg conditions which favor.Artemisfa germinatioﬁ has
‘been stimulated by the use of various spécies as f&raée and coye¥ for
livestock and wildlife, and for'erosion éontrol (McArthur, et al.,
1975), and by ;He desire.tb contr61 stand density in areas where plants
.of the éenus are considefed undesirabie competi;ors of livestock
forage plants (Pecﬁanec, et al., 1965).

This chapter repqrté on: l)“sfudies of germination made both in
the- laboratory and the field, .2) stﬁdieé of temperéture.effects'on
.germination, 3) possible causes of variability in previously.réported
germinafion results, and 4) theteffect of planting depth on seedling

emergence.

Methods

Seed coliectioﬁ - Seeds for 1974 germinafion and planting testé were
obt;ined from the Deﬁartment-of Animgl and Range Science; Montana
State University: jhese'séeds were collected during the 1972 seéson
from_an undetermined Montana locaFioh;and stored ét room temperature.
I coliected‘seeds for all other testé and plantings during Octobér

1974 and 1975 from numerous locations across southern Montana.
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t

\>><5Extraction'and Cleaniﬁg qf Seéd - 'To collect seeds, entire inflore-
scences were ciipped, placed in bags, and air—dried for one week at
room temperature. Thé florai branches were hand strippeé and the
strippingé rolled through a grgded se;ies of seed screens to a final
mesh size of 2mm X 4 mm. The material not passed through the screens
contained no viable seed. That ﬁortion passing through the screens
contained a mixture of seed and dried floral parts. This material was
fed into an Anplgrs §E§E2@\M§q9f§qquiggﬁgggglkg§—l head thrasher and
both the seed fraction and the chaff fraction were'retained and stored
at room temperature in sealed glass bottles. At the time of segd use,
the remaining extraneous debris and aborted seeds were removed by hand

N

with a ‘teasing needle. ,

Germination Tests: Petri Dish - The seeds were germinated in 9 cm

V glass petri dishes on:two layers of Whatman No. 3 filter paﬁer W &R
Balston, Ltd.) wetted to saturation with distilled water. The dishes
were stacked 5 high in an open metal'box stored at rooﬁ temperature
(20° * 1°C) with a 10 hour photoperiod (1200 lumens/m?). Tﬁe dishesA

-
were inspected and systematically rotated daily for each two week o
observation period. This period was determined to be sufficient from
two 30 day trial tests. This test was modified from Goodwin (1956)
and McDonough and Harniss (1974a). | |
.Because fupéal growfh became prominent in thé petri dishes

(except in 4. ludoviciana) and may have treduced germination, the
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" tests were repeated using séed powdered with é fﬁngicide, Arasam 75
(tetramethylthiuramdisulfide). Five fepiications each of treated and
untreated seed (50 sgeds/réplication) wére used for each seed lot.
Autopaphy was tested us;ng‘seed from 1975 in a modifica£ion of
the above methbd’kKlarich and.Weavér; 1973); A 1l cm open petri dish
containing 0.1 gm of cruéhed”leaves‘or crushed seed.was placed within
the large petri dish containing the seeds for gerﬁination analysis.
These seeds were then exposed to theiodor of the cruéhed mate;iai.
Three replicétions each of>crushed leaves, crushedlseeds, and an
empty 1 cm dish were tested. Each taxon was tested only against
itself (ie. 4. frigida seed was tested with cruéhed A. f?igidd leaves

and seeds).

Germination Tests: Teﬁperature Gradient Bar - Germination at constant

temperaturés.ranging from 6° to 30° G was tested with a temperature
gradienf bar (modified from Barbour and Racine, 1967).

The tempergtﬁre gradient bar (Fig. 4.1) was constructed of three
8 mm thick plastic coated aluminum plates, each 15‘cm Qide and 90 cm
long, with each end resting on two 2.5 cm square aiuminum tubgs.. The
tubes at one end circulated 0° C isopropyl alcohol, cooled énd pumped
by a Brinkman Instruménts.Lauda K-2/R controlled temperature éircuiétor.
. The tubes at the other end circulated distilled water heated to 35°

by a National Appliance Company model 2725 water bath and pumped with
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a centrifugal—tyée imﬁersible pump (Little Giant Pump Company,
1 ' Oklahoma City). Both the.plates and the tubes were insulated from
below by 5 cm of styrofoam.
Each plate was covered wi££ Anéhor'Paper CoﬁpanyIStgel.Blue

| _.Blotter. The blotter projectéd beyohd the 30° C end of the piéte,
\ aﬁd into a diséilled water batﬁ to maintain a constant moisfﬁre
leve;. A box stylé covér of 8 mm clear plexigiass was construéfed
to create 3 chambers, each }.5 cn high and the length and width of
one aluminum bar. A lo‘hpur-photoperiod was maintained with a 200
watt clear bulb 60 cm above the b;? surface (1000 1umens/m2 gf'the
bar); |

..The resulting temperature gradien? was a linear 0.3° C pe;.cm,
and the temperatﬁre at any one location was maintainea + 0.5° C.
Twenty ééeds_of each species were.placed in a row at each desired
teméerature and checked daily fof the‘first four days, then every other
day to 14 days. Germination was'considered to occur wheﬁ eipher radi-
cal growth or cotyledon emergence was observed. 'Twenty—fogr repliéa—
tions weré-made for seed collected'iﬁ 1974,'except-for,A. t.'vdseyqna
where 6n1y ten replications‘wére conducted. " Ten replications were made

for seed collected in 1975i )

Germination Tests: Greenhouse Soil and Planting Depth ~  Seeds were

planted on the surface and at 2.5 mm, 5.0 mm, and 7.5 mm depths in
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two soil types (siltf loaﬁ and loamy sané) in the greenhouse and
sub-irrigated déily.to maintain a saturated soil moisture. Eight'
replicatibns in each éoil.type wéré'made in Janﬁary and Febfuary, 1976.
Seed from 1975 was used for these tests. The soil  temperature was '1

15% + 1° C during both tests.

Germination Tests: Field Planting - Three locations were chosen in

Montana for field tests. Sitg l'was‘}ocated at the Montana State
University Hérticultural Experiment Farm in Bozeman (southwestern
Mbnténa). Siteé 2 and 3 were 57 north and south slopes respectively,
locatéd at the Western Energy Mine, 6.5 kilometers south of Colétrip
(southeastern Montana).. Soils were as follows: site 1, Péchic
Cryobordlllsilt loam; sites 2 and 3, Ustic Torreorthent sandy lo;h.
Table 4.1 lists weather data for_the sites.

The test sites were preparéd Ey discing‘and‘hand raking. A
randomized complgté Block design with eight blocks per site was used
for ali plantings; Two élocks at'éite'Z were eliminated in 1975 due
to erosion. One thoﬁsand seéds per species per block were sown in.
rows by hand ana chered with appro%imately 2 mm-of séil;. Germination
was indicated by emergence. The data was analyzed using analysis of
variance and lgast significant difference (LSD) tests.

In 1974,.§1anting was done in june, with a sprinkliﬁg system

used to provide adequate water. Plantings for 1975 and 1976 were made
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Table 4.1 Temperature and precipitation data
"characterizing study sites at Bozeman and Colstrip,
Montana; U.S.D.,A. Weather Bureau 1974, 1975, 1976

Montana State University, Bozeman )
* - Temperature (°C) - Precipitation (cm)

Norm |197481975 1976 | Norm 19742 1975 . 1976

JJdan =6.2 | 0.3 1.2 3.2 | 2.34 |=1.27 1,68 =0,81
Feb =3,2 | 3.2 2.7 2.3 | 1,65 [~0.56 1,17 =0.33
Mar  ~1.2 | 1,5 =0uk =0.7 | 3.66 | 0,69 =0.91 =~1,04

CApr 5.5 | 2.2 =4e9 0.8 | L.47 | 0,23 ~0,03 3,99
May 10.4 [~1o4 =2.2 2.6 | 6.78 | 0.84 5.61. =1,83
Jun  14e2 | 3,7 =0.8 Ok | 8,18 [-5.74 0.61 1,98
Jul 19,1 | 2.0 1.6  0.9.| 3.30 |-2,08 = 1,50 0486
Aug 18,3 |=1.0" =1.5 =0u4 | 3,48 | 3,25 =0.61 =1.47
Sep 1249 | 0a2 0.3 1.7 | Lo47 |=0.76 =0.23 3,89
Nov 747 | 1.6 =0.2 =0.2 | 3.71 | 0,36 7.19° 0,79
Dec ' 0.3 | 1.4 =11 3,20 |~1.50 0,18 .
Year 6.2 +1,17 =0,7 - {4740 =6,07 +16.84

Colstrip, Montana . .

Jan © =6,1 |<0.6 3.5 L.6 142 |=1.22. -9.54' =0,33
Feb '=3.0 | 4o7 =3e4 ~'3.9 | 1.42 | 0,91 =0.36 0,10
Mar . 0,1 | 2,8 =0o4 0,7.f 1.88 [=0,58 1.45 =0.97
Apr 7o1-] 2.2 =2.8. 1.7 | 4e72 | 3,02 1,62 0.69

1.9

0,8

2

May 12.4 |=1.5 =0.7 6.27 | 3,10 2,01 0,91

Jun 17,1 | 2.6 =0.4 . 8olil [=5.74 =1.99 0,56
Jul 21,9 | 1.9 0.3 2.9 | 3.00 | 2,01 0,89 =-2.34
Aug 21,2 |=4s0 0.7 * 0.8| 3.53 |-0.69 0.23 =2.90
Sep 15.4 |=1.5 “1e1 3.2 | 3.51 |=0.64 =0.10 =1.,78
Nov 1.3 | 1.4 =0.4 1.70 | 0,38 =0.64 -

Dec =2.9 | 3.0 Lok 1,60 |=0.86 =0.94

Year 7.9 +1,0 +0.2 . 40,11 46,60 +5.87

a) The numbefs under year headings represent deviations
from the norm, ’
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in November of the preceeding year.

Germination in native plant communiéies'(ﬂ. tridentatakstipa
comata and Bouteloua gracilis/Sti?a comata) was attémpted, but the
inability to diétinguish the emeréing Artemisia froﬁ other emerging
species renéered.thé data too un%eliable fof use,

A. t. vaseyana was_not used in'field.planting because ité distri-
bution is restricted té the:wéséern half of the state in Mont;na and'
is therefore not found in the viéinity-of Colstrip;.A. t. wyéméngensis
is found in all the southern counties of Mbnfana énd occurred naturally
near all the plantiﬁg sites, éndltherefofe wa; selected as the only |

subspecies of A. tridentata to be planted.

Results and Discussion

Laboratory and Greenhouse Germination

' The highest‘a?erage germination for all specigs was obtained on.
the temperature gradiént béi. The lowest averége germination occurred
in Fhe petri dishes, except of A.-Zﬁdéviéiana which had its lowest -
in the soil tésts. Tﬁere were no differences between fhe two subspecies
of 4. tridenfata in any of the germination tésté'(Table 4.2). Germina-
tions rates (expressed as the time to reach one-half the finél |
germination) were generally fastest on the gfadient bar and élowest_
initbe soil tests. |

Germination rates were faster for all species when a fungicide
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Table L.2 A comparison of Artemlsla 1aboratory germination
percentage and rates on filter paper in petri dishes, on
filter paper on a temperature gradient bar and in soil in a

greenhouse

Petri Dish Tests Soil A. Temperature Tests
. Untreated Treateda. Testb 15OC' EOOC Optimume
A, T, ) c e
vaseyana L2/67 w7/5 | 76/9 | 94/3 85/3 9 /3
A.o to : . ’
wyomingensid U496 W6/3 | 75/9 |95/3 86/3 96/
4. co cana | 51/6 6l4/ 14 75/9 |97/3  93/3  97/3
A, frigida | 25/6° 45/5 69/9 | 72/3 . 36/4 81/3
Lodoviciana| 95/%  95/5 | 69/9 |56/u  8/3  90/3

a) Treated with a fungicide, Arasam 75
"b) .Planted 2.5 mm deep: 4
c) % germination / germlnatlon rate
d) Expressed as no, days to reach % final germlnatlon
e) Optimum temperatures are 12, 12, 14, 12 and 22 °C,
respectively, for A.t.vaseyana, A,t.wyomingensis, Aa
CcoCana, A. frigida and A, ludoviciana
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was applied, but.#erceﬂtage of seeds.gerﬁinating was significantly
increased only in A. fTigéda. The'beét germination for 4. ludoviciana
occurred in Fhe'petti tests, but.the other species had tHeif lowest
germination here (Table 4.2).

Adtopathy was ihvestiggéed bééause the fungicide treatment did
not increase germination for 4. tﬁidéntata_or A. c¢. cana and because
A. T, vaseyana has .been shown to inhibit germinaéion in othgr species
(Klarich and Weaver, 1973). The 'odor' of.crushed leaves from its own
taxon reduced the.g¢¥minatién in 4. t. vaseyana, A. t. wyomingensis,
A. c. canaand A. frigida by 49.9 = 7.5%, 41.7 + 8.3%, 43.4 + 9.3%, and:

5) respectively; the 'odor' of

44.1 * 10.8% (x * SD; P < .01, n
seed from its-oﬁn‘taxonquduced germination 35.4 + 6.2%, 33.4 t 7.4%,
35.1 # 8.5%, and.24.l * 6.7% réspectively. Fungicide treated seed
provided the control germiﬁétions. A Zudoviciana'vapérs did nof
significantly redﬁce its germination (8.9 1—7.3Z,.and 8.3 & 5.2%

for leaves and seed, respectively). Hoffman and Hazlett (19?7) found
that aqueous-extraéts'aélwell as vapors of Artemisia‘leaves reduce
germiﬁation‘ih A. tfiaentata"énd‘A. cana. Though nofléli the difference
between the low petri and tﬂe-higﬁ.grédient bar germinations are
explained by these resuifs, much of it is. Siﬁce'the petri test
confines the germinating seeds to a smaller volume of air and a

smalleér filter paper area per seed than does the gradient bar, the

concentration of volatile substances in the air and the aqueous




40
substgnces in the water will bé higher in the petri dish tests and,
therefore; the_inhibitory effect Qill_be higher as well (see Hoffman'
and Hazlett). Part of the remainihg difference between the tests is
probably due to temberature and is diécussed later in this chapter.

Germination in a soil medium.(fablé 4.2) waé be?ter‘thén in the
petri dishes for all taxa except A. ludoviciana, whiéh had its lowest
average germination in the'éoii test.(this_is.aiso probably due to
temferature). All soil germihations were lower than the optimuﬁ
results from the éradient bar ana the germination ratés/were the -
slowest of any of the“tests.‘ This is at.léast‘partially dué to using
emergénée from a planting depth of 2.5 mm rather than emefgence of the
radigal ffom the seed as an indicapion of germiﬁation."There were
no significant differencés bétween.soil types.

Several authors have reported'that in.sagebrushfgrass range ‘
treated for'eradicakion of sagebrush, there are good years and bad
yearé for reestaBlishment (?echaneé, 1945; Muéggler, 19563 Johnson;
1958;. Daubenmire, 197Q). The literatufe aboﬁt laboratory germinatién
of Artemisia is confined to.a single speéies, A. tridentata, aﬁd early
investigators diﬁ not recognize any‘subépécies.

Considerable variatioﬁ in germinatioﬁ results has been reported,
“in the literature. Van Dersal (1938) and Stoddard.and Smith (1943)
reported 35% aﬂd 5é% reépectively;'but,féiléd fo‘give the conditions

" under which the tests were conducted. Péyné (1957) reported. on
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collections.from sgveral states, with a wide range of germination

. i L .
results. Shepherd (1937), Goodwin (1956), and Weldon et al. (1959)
tested Fhe effects of light, temperatufe, water and scé?ification on,
A. tridentata,germinatiqn; éonfli;fing results are reported.‘.Beetle
(1966) and Wiﬁward (1970) suggeéted these conflicting results might
be due to différences in seed germinaﬁility of individual plants or
differences';mong subspeciés. The three subspecies of 4. tridentata
were tested in a series of st;dies by McDonough and’ Harniss (1974a;

. 1974b, 1975, and Harniss anq McDonough, ;976). They reported differ-
ences-betwgen subspecies in the same &ear, between individual plénts
of a sqbspecies in the same year, and in subspecies tridentéta,
differéﬁces betweén years.

In the studies reported here,'diffefences betweeﬁ iﬁdividualé
were averaged out'By,collecting'seed from several plants at eaclh
collection location and combinipg them into a common_seed-lot; No
significant (P < .05) differences were found between locations or’
years for any of the.Artemisia taxa, and no differeﬂqés were found
between the subspecigs vaseyaﬁa br.the subspecies wyomingeﬁsiéior 4.
tridentata in Montana. A. t. tridentata was not feéted in this study.

The germinétion results reported by 6tﬁer aﬁthors combare more

,févorably with thé~reSu1ts of tHe petri tgsts reparted here than
with the grédient.bar resﬁlts. This is expeqted4 since ﬁost of tlie

authors reported using petri tests of similar design. The low .
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germination in thé petri tests reported here and in the litérature

is probably due to autopathy and temperature.. Purther studies of
autopathy should be conducted, using a more open system such és the
temperafure gradient bar, to determine if the relatively .common petri

test method is valid as an indicator. of the Viability of a seed crop.

Temperature Effects on Germindtion

The shrubby taxa (4. t. vaseyana, Figs. 4.2, 4.7; A, t.,wyoﬁing—
ensis. Figs. 4.3, 4.7; A. ¢. cana, Figs. 4.4, 4.7) have optimﬁm
germinatioﬁ over a greater range of temperature, 12° - 18° C, than
the suffrutescent-CA. frigida, Figs. 4.5, 4.7) which has ‘the coolest
optimum, 10° - 14° C, or .the herb (4. ludoviciana, Figs. 4.6, 4.7):
which has the warmest optimum, 20° - 23° C. No differencés Setween
years or collectioﬁllocations for any species or between A. t. vaseyana
and A. t. wyomingensis weré fouﬁd. Germin;tion rates (half—time;)
were slqwer for temperatures both gbove and below the optimum for
each species. Germination tests conducted for 30 days-(§erﬁs 14 days)
significantly improved the final germination only at g° C; + 10% for
A. tridentata and 4. éana, + 25% for.,.4.‘ frigida, and + 3% for
A. Zudoﬁiciana (Figs. ‘4.2 ~ 4.6). |

The optimum temperatures reported by McDonough and Harniss (1974a)
for A. tridentata germination compare weli wifh my findings though the

former tested germination only at 10°, 20°, and 30° C. They reported

| )
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" Table 4,3 Percent germlnatlon of Artemisia after 14 days on a temperature

gradlent bar

Temp. (OC) v§;e§;na wyoﬁing;nsis A;ag; .A° frigida ludoéiciana e
6 60 = 11,52 62 £ 12.4 46 = 15,5 47 = 11.7 15 = 12,3
8 77 ¢ 9.3 . 78 % 8.7 76 + 12,2 63 % 17,1 25 # - 8,7
10 88 + 11.7 87 = 12,4 91 * 8,1 79 212,0 33 = 6,9
12 96+ 5,8 .96% 5.7 96 6.6- 81 # 10,0 41 = 10,2
1y 96 = 6.1 96 % 6.3 97 * L7 77 % 6.1 50 £ 12,6
16 93 & 9.5 94 = 8.1 - 97 = 5,5 68 6.3 62 18,9
18 90+ 9.9 92 8.8 94t 7.8 57% 5.8 76= 14,8 °
20 85 = 144 86 % 13,5 93 = 11,7 36 % 9.8 87 * 10,3
22 79 = 15,5 81 + 15,8 86 = 15.1 33 2 8,7 90 £ 13,1
2l 74 = 16,9 76 # 15,2 80 = 12,3 21 # 8,9 78 = 12,8
26 56 % 15,2 56 % 14.7 77 = 15.4 9% L.6 56 % 13,2
28 33 £ 10,5 32 % 9.5 60 = 18,6 5% 5,5 ' 32 % 10,9
30 - 28 = 11.1 31 £ 10,5 38=% 21,8 1% 3.5 . 22% 9.9

a) % germination # standard deviation
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getmination percentages 4.7 and 2.7 times less for A.' t. vaseyana and

A. t, wyoﬁéngénsis,'respectively, and half-times geherally twiée those
reported here. As-discussed ébo%é, the low germinatioﬁ reported may
have been due largely to autop;thy; had they tested gefmination at more
temperatures between 15° and 25° C, a more accurate optiﬁum.(therefore
higher germination) might have been found.

The shift in optimum germination temperature over time as.obser—
ved in all the taxa except A..Zudoviciana‘might have resulted from
combining seed from many individugls into one seed lot or could have
resulted from individual plantg producing seeds of differing optima.
The great varjébility in gérmina;ion-bf A. tridentata reported by
others” (Goodwin, 1956; Weldon ef él.; 1959; McDonough and’ﬂarniss,
1974a, 1974b) could have been influenced by eifher or bﬁth of tﬁese
explanations. 'Mygxgsults show that optimum germinafion for A. tri-
dentata initially occurred at 18° - 20° C, but in four days the 6ptimum
had shiftéd to 16° C and by 14 days was 12° - 14° C. Tests conducted
at 20° C with seeds from only. one plant could miss the final optimﬁm

.if the seeds from‘that.piant werelmdst reactive af some other tempera-
ture (McDvough and Harqiss reported germination ﬁifférencés befween
individual plants). Collections from only a fe& plénts, each with a
difference optimum, would fesulf in‘large gérmination variances.
McDonough and Harniss used 10 plants-while Goodwin and Weldon, et al.

do not report how many plants were sampled, but both report large
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variances. Approximaiely 30 plants were used in this study, and the
standard deviations are much lower (Table 4.3). If the variation is
due to planté producing seeds of different optima on the same plant,
large variances would also occur, but should be essentially equal for
a group of plants and a single plant. It may also be possible to see’
more than one optimum if closely spaced'temperatures'are tested. These
possibilities need to be investigated further, possibly including
isozyme studies; |
-Seeds that failed .to éerminate at lower temperatures germinated

when placed at higher temperatures, indicating that the embryo was

not damaged during the 14 days at the lower teﬁperature.‘ It is not
surprising that low témperatéres do not seriously affect viability
since seéds are dispersed iq the fall and must remain exposed to winter
temperatures until spring.'. |

Higher teﬁperétures, particularly 28° and 30° C, inhibited

germinatién markedly. A. cana was ieast affected, although germination
was still lgss tﬁan half that recorded at the optimum temﬁerature
(Fig. 4.4).  Fungus often developed on seeq at 30° C and may be
destructive, although seed treated witﬁ fungicide did little better
(4 + 3.5% better). A. cana and A. tridentata were more éusceptible to
high temperature thén A. frigida or A. ludovieiana. Seed placed at
the optimum temperature following 14 days at 30° C did not reédily'

germinate, indicating a loss: of viability due to the exposure of
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higher temperatures. qudwin (1956) reported that 4. tridentata

seed removed from a 27° C treatment and placed at 20° C resumed

germination and in some samples more than doubled the percentage.

If 28° - 30°.C is the uppef threshold of viability for A. tridentata,

residual séed in the soil could be'serioﬁsly damaged by mid-summer

soil temperatures, although With the rapid and‘rather complete germina-

tion at the optimum temperature (figs. 4.2, 4.3), it is doubtful that

many viable seeds would remain By the time the higher temperatures

are reached. This should be trueifor all of the species tested in

my study. Mueggler (1956) has shown, however, that somé A. tridentata

seeds remain viafle in the éoil for at least a year. .
The résults of the temperature experiments demonstrates the need

to conduct germination tests at a series of temperatures. .Standard

20° C tests were not indicative of Artemisia seed vaiability except

A. Zudoviciana; A frigida, in particular, was misrepresented by the

petri test since itg optimum was well below 20f.C. The gradient bér

can be constructed to test éefmination in soiis (Barbour and Racine,

1967), or modified to test the effects of vapors and other substances

over a wide range of temperatures simultaneously.

Planting Depth

The depth from which Artemisia seed will emerge apparently is a

function of seed size (Tables 4.4, 4.5). Emergence of the large
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Table L.l Welght, length, and width of Artemisia seed

Welght (pg)

Length (mm) Width (mm)

Artrva®

- Artrwy

Arcaca
Arfr
Arlu

595.6 % 61,2P
579.1 % 6lo4
. 680.8 = 13,9
975 = Lol
136.6 = 2,9

1w78 #1020.

1077 % 02}-[-
201"" * a24
1,21 = 04

1.25 = .07

0.84 .
0,81
0.90
0,40
0.43

012
011
o710
.02
202

T

Ly

[ N

a)vsee.Table 405.for species identification

b) mean ¢ standard deviation

Table‘465 Comparison bf emergence of Artemisia
seedlings from 3 planting depths; seeds on soil
surface and temperature gradient bar were not covered

| e

Depth Artrwy® Arcaca Arfr Arlu
Bar 15°C 96% 96% 81%.  56%
Surface 79 51 74 75
2,5 mm 75 75 69 69
5,0 mn 31 62 12 6
7.5 mm 0 0 0 0

a) Artrva = A, tridentata vaseyana
Artrwy = A, tridentata wyomingensis
. Arcaca = A, cana cana
Arfr = A, frigida
Arlu = A, ludoviciana
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seeded spec1es . trzdentata and 4. 'cana) was more than 2-1/2 times
that -of the small seeded species (A frzgzda and A. ludovieiana) at
the greatest deptﬁ from which emergence was observed (5.0 mm); No -
. difference was observed between the subspecies of A. tridentataor
between soil types. The data indicated that the ehrubby Aﬁtemisia.
species shopld be planted no deeper than 5 mm while the sufffutescent
and Lerb should be planted;shallower than 2.5 mm for maximum emergence.
Surface plantings gave higher germinafion (Table 4.5), but desiccation
eevereiy reduced seedling:survival. Germination in the soil test
(15° ¢) Wae-iower-than the same temperature on the gradient bar
except-fer A.-Zudociciana. | |

These feeults conflict with those of Goedwin (1956)Iwh0'obeerved
A. ffidentata emergence at.deptes to 15 mm. . This difference could be
due to the seed year er, mofe likely, to a difference in the |

populations between Montana and Washington.

Field Germination -

'field germination of all four Species was lower than laboretory.
germinationd

A. Zudoviéiand;had the highest.overall germination (17.8 + 4.2%)
followed by A. frigida (8.9 * 2.3%), A. c. cana (8.7 * 3.67%) and A.'t.
wjomingensis (6.2 i'B.QZ); Table‘d.éu

A. ludovieiana germinated best at all sites and dates. except on




Table 4.6 Field germination (%) of Artemlsla spec1es at 3 locatlons, 1974,

1975, 1976 . ‘ - 7 _
Year 1974 . 1975 1975 1975 - 1976 . 197%6 1976
Site  Bozeman  Bozeman N-Co1Z $-Col® ' Bozeman - N-Col . S=Col

strwy”. 0.2 a/r! 8.7 b/r 3.8 o/t 2.9 ¢/t. 7.2 b/t 7ok b/r 7.0 b/r

Arcaca 1.0 a/r 11.3b/r 8.0 ¢/s 6.,6d/r 12,8 ¢/s 11.9 e/s 11.7 e/s

Arfr 0.3 a/r 24,3 b/e 0.8 ¢/t 1.3 c/r 11, 6 d/t' 7.2 d/r 803;d/r

Arlu. 10.2 a/s 31.6 b/t 3¢3 o/r - 2.1 d/r 27.8 e/u 21.9 e/t 20.1 e/t

1)

2)
3)

Values with a letter in common do not differ significantly (P<.05)

Use letters ta? through Ve? to compare within a species, letters ir?
through tu' to compare between species in a year-location
N=Col and S=Col are north and south'slopes at Colstrip reepectfﬁlly'

Artrwy = Artemisia tridentata wzomingensis8 Arcaca = A, cana cana, .

Arfr = A, frigida, and Arlu = A, ludoviciana

cs




56
the north slope spoils in l9f5. :A. cana ranked second on the Colstrip
spoils and tied for the wofst at  Bozeman. 4. frigida Qas second
best at Bozeman and tied for the worst atlthe'spoils sites. A.:t.
wyomingensis consisténtly ﬁad £he iowést gerﬁination of any species
except on Colétrip's nortﬁ slope in 1975. |
~ In 19?5, Bozeman'had the best germinéfion record overall, both
~ Colstrip gites.being equall& poor. In 1976, no ;ignificant differ-
‘ences -between sites‘wefé n&te&. The comparisons in 1974 were not used
Because of the low germinatidn of'ﬁhe seed planted that year, due
perhaps to high soil temperature (blanting date = June 20) or viability
lloss from prolonged storage (seed.fram 1972.ér0p).
No trends werevapparenf from comparisons within épecies or between
species. ’Similaflf, dorrelations befween'germination gnd seed.sizer
seed weight (Table 4.4), SPecieé.méisture regime. or growth habit were

not evident.

ASummérz
Artemisia seeds germinate withiﬁ a broad range of temperatures
(Table 4.3, Figt 4.7), with. the non-shrubs héving nérro%er optimums
than thg'shrubé. In Moqtaqé, Artemisia.séeds_are disseminated in
October and, iﬂ haﬁitats containing and/on'adjacent.to Artemisia;
the October mean tem?efatufe is 8° ~ 10° C (Weaver, 1980). Contrary

to Beetle (1960), the test results repoffed here indicate that some




57

germination would occur in the fall if the soil remains wet for a
sufficient length of time.

No differences between 4. t. vaseyana and A. t. wyomingensis
germination were noted.

A. ludoviciana groﬁth has been.noted to be best in lowland sites
which élso are, by their nature, cdld air drainagés. The germination
of this sﬁecies at higher'températures may be an ecological response
for the proéection from fréezing of newly formed.seedlings. A. frigida
(with a low germinétion range) grows more often in upland sites that
dry more quickly and germinate earlier in thé spring (lower tempéra«
tures) may provide thg seedlings Wifh more favorable moisture condi-~
tions.

Tesfs conducted in pet;i dishes and/or at feﬁ témperatures-poorly
represent the viability of.a seed crop. Tests of Artemisia should be
condﬁcted in containers with large air volumeslto prevent autoﬁathic
"effects. ‘

While sowing Artemisia seeds on the soil surface may maximizé
emergénce, seeds should be sown 2 to 3 mm deep go prevent seedling

!

desication and, therefore, improve survival.




Chapter 5.
SEEDLING SURVIVAL

Introduction

Although the appearance and survival of'seedlings is the first
evidence that establishment is occurring, few papers on Artemisia
seedling survival and the factors influencing su?vival have been pub-
lighed, .and these refer oniy to A. tridentéta.. Goodwin (1956) described
the development of the seedling and tested tﬁe effects of water, shade,
low temperatures and soils dn'seedling growth. Ferguson and Monsen
(1974) reported 66 percent survival of transplanted, container grown
seedlings. Wallace, et al (1970) reported optimal shoot and ;oot_
growth at 21° C and Harniss and McDonough (1975) found thét below

‘average tempefatures reduced shoot and root growth. Fernandez and
Caldwell (19%5) determined that root growth occurred mainly in April
and May and tﬁat rates of individual root g;owth were 10 to.14 mm per
day. Several investigétors have reporte& seedling densities in field
exﬁefimenfs and séme conditions which reduce fhat density (Shantz and
Piemeisel, 1940; Pechanec, 1945; Blaisdell, 1949; Bleak and Miller,
19553 Youﬁg énd Evans, 1974; Hazlett and Hoffman, 19?5).

This chapter reports on the survival of Artemisia seedlings in
both field and-greenhouée plantings, and on obsefvationé of natural

field -survival.
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Methods

Field plantings were made at two sites near Colstrip and one site
at Bozeman as described in the previous chapter (Germination Tests:
Field Planting). A sprinkler system was ;sed in 1974 at Bozeman to
ensure adequate water for the late planting (June). The soils were
watered to field capacity eﬁery third day through Autust, 1974. Table
4,1 1ists-Weather data for .the sites; Results were recorded through‘
November, 1976.

At the Colstrip sites, a grasshopper infestation caused.consider-
able loss of seedlings, especially in 1975. In order to have some
seedlings survive for second year survival observations, cones ma&e
of window-screen were placed over éome seedlings té eliminate érass—
hopper predation.

In September of 1975 and 1976, severalhseedlings of eacﬁ species
were excavated at the Bézgman and Colstrip sites to measure root .
elongation. Roots of Salsola kali L. at Colstrip wefe'also excavated
and measured.

In the greenhouse, seedlings were g;owh from seed in root boxes
to observe the éate of root elongation. The wooden boxes Qere 9 cm
x 35 cm and 70 cm deep. One side of the bbx-was made of glass and
covered with aluminum‘foil to exclude light éxcept during observation
periods. The boxes wére stored tilted toward the glass side to

encourage roots to grow against the glass.  Sterilized saﬁdy loam soil .
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was used for the six replications of four plants of each species. A

day/ﬁight'temperature regime of 20°/13° C * 2° C and a4 minimum 12

hour photoperiod was maintained.

Results and Discussion

All four Artemisiq taxa exhibited high mortality early in life
'(Figure 5.1). This pattern of sur&ival has been described graphicaliy
by Pearl (1928) as a typé'III.Survivorship curve, which represents
rapid initial'morfality followed b& a rather constant low mortality
for the remaindér of the populations 1ife. Tn the absence of insects
and annual plant species competition, the initial rapid mortality
in Artemisia occurred within 120 days (by September 15th) of the time
of maximum emergence (mid.April to mid June). TFor the next two years,
mortélity either did not occur.or was extremely low.. Predation from |
insects and competition from annual plants ma#kedly'reduced or
elimigated'seedlings. Seedling survival was different between years
and locations in some ‘cases (Figure 5.1).

The parabolig survivorship curve 6f.Artemisia-can be déécribed
by two intgrsecting lines, onme representing the initial rapid mortality
and one representing the slow mortality that follows (Figure 5.1).
This method of présenting the'data lends itself to linear regression

analysis. Table 5.1 presents the correlation coefficients and_Table

5.2 presents the equations for the intial rapid seedling mortality -
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Table 541 Reiationship (R = correlation doefficient) of,
- . seedling survival to time in the initial seedling motality
phase shown in Figure 5.1. All are significant at P <0,001

Artrwy® Arcaca

Year-Location . Arfr -Arlu
197L Bozenan - 1,00 - 0.99 ~ 0,98 - 0.98
1975 Bozeman - 0,95 - 0,96 - 0,97 - 0,99
1976 Bozeman - 0,97 .= 0.97 - 0.92 - 0.97
1975 N-Colstrip® . =- 0:82°  =0.69° - 0.83° =~ 0,94°
1976 N-Colstrip’ = 0.92 - 0.97 - 0,96 . - 0.96
1975 S-Colstrip ~ 0,91 - 0.93 - 1,00 . = 0,94
1976 8-Colstrip - - 0.98 - 0.99 - 0.94 - 0,98
a) Artrwy = A,_tridentata vyomingensis, Arfr = A, frigida,
~Arcaca .= A, cana cana, Arlu = A, ludoviciana - '

c) P<,01

b) N-Colstrip = north slope site at Colstrip
S=Colstrip = south slope site at Colstrip . .
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Table 5.2 - Linear eQuatlons d@sérlblng 1nit1a1 mortality
of Artemisia seedlings grown in. Bozeman and Colstrip -

gardens, 1974, 1975, 1976

Equation form: log(% Survival)

= b + m(Time in Days)

Year-location

m

b . Timea

Limit

m .

© Time
Limit

A T wyomingehSis

A, ¢c. cana

1974 Bozeman
1975 Bozeman -
-+ 1976 Bozeman
1975 N~Colstrip
1976 N~Colstrip-
1975 S=~Colstrip
1976 S~Colstrip

-.055 2,02 28

-.019 - 2,31 105
=,023 2,24 87
-.023 2,45 120
-,029 1.78 78
-,020 2,37 113

-0034 2909 ‘ 92

-.092 2,00 22
-,010- 2.16 112
-,019 - 2,13 71
-.021 2,60 120
=042 2,39 80
-,012 2,26 124
-,023 2,06

90

A, frigida

A. ludoviciana

1974 Bozeman
1975 Bozeman
1976 Bozeman
1975 N-Colstrip
1976 N-Colstrip
1975 S=Colstrip
1976 S=Colstrip

“"'0057 2:17 ’ 50

~,028 2,27 96
-.033 2,08 . 76
-, 02 2,60 86
=057 2,43 60
=045 2,01 26

=036 2.3% 76

-.039
-.021
-,031
-.088

-,032
-s 031 -

'0035

2,02 .

2.19
2,28
2042
2,36

2423
- 2.26

31

107
80
39

103
8L
88

a) The regreséion sHould not be applied past the number of
. days specified by the time. limit -




64

phase. - Correlation coefficients for the later slow mortality ﬁhase
were perfect negative correlations (R = ~1.00) excgpt'for A. frigida
on the south slope at Colstrip in 1976 (R = -.87).

Thé initial mortality showﬁ at'Bozeman.in 1974 was mbre,rapid
than in the following two years. This may be the resul£ of planting
~the seed in mideune, Which'sﬁbjECfed the~émerging seedlings to
higher temperatures than normally experienced during spring‘emergencé.
‘Still, the final survival was highér.in 1974 (e#cept for A. c. cana)
.than in the foiiowing two yeérs, probébly due to watering the Bozeman
gite throughout the summer in 1974. Final éurvivals in 1975 and
1976 at Bo;eﬁan were the same; in 1975, howevér, the initial rapid
mortality was slower by 14 to 31 days; this ﬁrobably reflects the .,

. cooler spring temperatures (February .through June) in 1975 than in
1976 (Table 4.1). |

| Sufvival.at:Cdlstrip Wasxdrastically different for fhe sites on
north south slopes (Figure 5.1). Both slopes generally showed slower
initiéi mortality in 1975, as.in-Bozeman, but on the nortﬁ slope the
mortality was more rapid tﬂan in Bozeman and resulted in extinction
for all species e%cept'A. t. wyomingensts in 1976. On the south
slope, survivorship was. similar to fhe Bozemap site in the same year.
Only 4. %. Qyémingensié in 1976 became extinct.. The final survival
ﬁrqbably was over—esﬁimated becausé éome’plants were protected from

grasshopper predation by window-screen cones.

1
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The dispari#y between the north and south slofes at Colstrip
apparently resulted from compétition for water witﬁ Salsola kali. On
the south slofe, Salsola seedlings were thin'(1,OOOseedlings/meter2);
but on Ehe north .slope were iOO_times as dense (100,000 seedlings/
meterz). In those dense stands, soil water stress'fo'a debth of 25
cm reached ;5 bars by mid—July.and -20 bars by the firstlwéek of
August. The thin'SaZSOia areas never exceeaed‘—S bars even at a depth
of 10 cm at any time of the year (Harvey and Weéver, 1979). 'Artemisia
roots in September did not exceed 12 cm, while those of Salsola often
exceeded 20 cm, with some longer than 30 cm. The dense stands of
SaZsoZd on the north slope were able to deplete the soil water in the
zoné of Artemisia roots enoﬁéh t6 cause its &emise, but in the thin.
stand areas of the ‘'north slope and the wﬁole of the équth slope,
Salsola was not dense enough to deplete the water in the soil profile
fo'any great extent even thoﬁgh its foots were significantly deeper
than Affemisia. The only Arﬁemisia seédlings thatﬂsurvived on the
north élope (two A. t. wyomingensis in 1976) were in small areas

with thin stands of Salsola:

" The field excavation of Artemisia seedlings on the planted sites

occurred only in September after approximately 120 days of growth.

‘Figure 5.2 and Table 5.3 present the results of the greenhouse tests of

root elongation in 1976. Elongation of 1 mm/day was achieved by all

four .taxa within two weeks of planting and by 45 days had reached
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Figure 5.2 Artemisia greenhouse root elongation rate
versus time; A. t. wyomingensis (ARTR), A. c. cana (ARCA),
A, frigida (ARFR), and A, ludoviciana (ARLU)
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Table 5.3 Root elongation rates (mm per day) of Artemisia
s grown in glass walled root boxes in a greenhouse,

seedling

1976

Data expressed as Mean * Standard Deviation

Ratea
of Period

" Days

Growth|(Days)| ArtrwyC Arcaca Arfr Ariu
12 12 | 1.1 2 0,3 | 1.3 % 0.1 | 1.3 % 0,2 | 0.7 # 0.2
17 5 | 2.3 % 0.6 | 2.6 £ 0.3 | 2.2 % 1.1 | 1,9+ 0.6
26 9 | 3.1 % Qo7 | 2.0 # 0.7 | 2.3 21,0 | 1,8 # 0.2
36 10 | 4.5 % 2.6 | 4o7 = 0.8 | 3,9 £:.0.8 | 2.5 40,9
46 10 | 6ol % 2.6 | 3.6 20,9 | 42 # 1,5 | 3,2 * 0,7
60 1 | 502 % 1.7 | 4o5 = 102 | 3.6 = 1,0 | 2.9 # 0.4
72 12 | 7.1 2 129 | 7o = 1.9 | 6.9 # 3.7 | 3,3 £ 0.7
86 14 | 6.4 = 3,2 | 6.5 % 0,6 | 7,8 £ 0.8 7.0 = 0.8
97 11 | 662 % 2.5 | 9oly = 2,0 | 9.6 = 1,5 [10.6 = 1.7

Cummulativeb Loy £ 0,3 5.0 = 0.5 4,9 = 0,8 Lol = 0,8

a) rate period = the number of days used to

the root elongation rate

determine the

b) cummulative = rate averaged over the full 97 days growth
c) Artrwy = A. tridentata. wyemingensis, Arfr = A, frigida,

Arcaca = A, cana cana, Arlu = A, ludoviciana
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2-3 mm/day. This compares_well with the field rates observed by
Goodwin (1956) for A. t. tridentata. My tests showed the elongation

rate to increase through the first 35 to 45 days, then slacken for

2 to 3 weeks, then increase égain. The slack'period corresponds to the

.period just prior to and during the time of primary leaf emergence.

At the rates observed in the greenhouse, a depth of 21 cm was reached
in 42 to 47 days, except A. ludovieiana that required 56 days; 25 cm,

thellength of roots at Bozeman in September;-was reached in 64 to 70

" days (84 days in A. ludoviciang). The root elongation rate in the

field (aveﬁaged over iZO daysj was 1 mm‘per day at Colstrip and-Z Tm
per day at Bozeman for fhe longést roots,—whefeas the averaged.rate
for the.greenhouse experiment (97 dayss was 4.5“mm per day. These
déta suggested that root elorgation iﬁ the field ceased long before
the seedlings were e#cavated in September;

Foliage development a; Bozeman appeared mormal, but at Colstrip,
the leaves that emerged never enlarged as did leaves, in natural stands
or at Bozeman. Even in the second year of gfowth, the seed;ings at
Colstrip remained stunted with primary 1eaveé little larger thaﬁ'when
they emerged. Seedlings in natural Artemisia stands in the Colstrip

area, but not on coal spoils, showed good leaf expansion and height

_ growth. Since water was not limiting for those seedlings that

survived the first l20:days on the spoils, some other factor apparently

was limiting, possibly nutrients or the ability -to secure.those
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nutrients. Williams and Aldon (1976) observed endomycorrhizél

associations with A. tridentata in New Mexico which may increase water

" and phosphate uptake. Farnsworth and Hammond (1968) and Farnsworth

(1975) fpund that ‘4. Zudbvibiana and 4. michauziana form nitrogen
fiiing bacterial root nodules in Utah and Idaho. Crifical ﬁicro—
organisms may .be missing from thg spoils because of the sqil manipulé—
tion incurred in'the strip mining process.

Survival beyond the three years observed on the planted plots
was estimated from native vegetatioﬁvas the data source. Densitiés'

of one year old'see&ings of A. t. wyomingensis, A. ¢. cana and A.

-f?fgid& (25, 11, and 10 per m2 respectively) was obtained in June,

1976, from a strip cleared of most vegetation. . The striﬁ‘l) transected

-stands of both shrub species and grassland containing 4. frigida, 2)

was near'Colstrip on a 37 sqhth slopé, and 3) had been invaded by few
piants other:than Artemisia. Because of thesg-three factors and
bécause the seedlings uged for the density data eme?ged in 1975, the
survi;orship from the south slope‘at'Colstriﬁ was uged to calculate

an estimated initial population. The following equation was used:

P:D o I

o]
0]

-where Y is the log of the final percent survival of that species on
~ the south slope at Colstrip in 1975 (sée below), DS is the seedling

'density of the species as measured on the disturbed strip, and PS




70

is the initial seedling density to be calculated. Y was 0.13, 0.72

~and 0.38 for A. t. wyomingensis, ‘A. ¢. eana and A.'j?%gidb,'respective—

ly; bs was 25, 11, and 10 respgctively; and PS was 1853, 210 and 417,
respectively. A. ludovieciana was no£ measured because séedlings were
not found any&here in:£he state and because the ages.of mature plants
could not bé determined.

The age structure of matﬁre sfands was measured by gounting growth
riﬁgs of rahdomly seleéted plénts, and the déﬁsity of fhe‘stand”mea—
sured in a 100 m2 plot. The densit& (DX) frqm even aged stands was
then employed to célculafe the pe¥cent survival (Y') at age X, the
étand‘age in yearé, using Pg.és tﬁe ipitia1 seedl%ng,density. The
log of Y’ Wés then regréssed agains; X. (Table 5.4).

The regression was then used as a trend line to predict when the

last individuals of a given.starting population would perish if the

stand was not_disturbed. Using the éstimated emergent seedling
densities (PS), a hectare plot of new seedlings on é heavilyﬂdisturbed
site would have.one of those plants remaining gftei 60, 56 and 22
years for 4. t. wyomingensis, A. c.'cqna and A. f?igidu; resﬁectively;

in the field .no plants over age 37; 31 and 8 years, respectively,

were. found.

Three basic assumptions are necessary in order to apply the

survivorship regressions beyond:the 3 years of data collected at the

planted plots. 1) The survivorship at Colstrip fairly represents .the .




71

Table 5.4 Artemisia survivdréhip after the initial high
mortality phase (Described in Figure 5.,1). Regression
equations predict the time to reach a population size of

one, for starting populations .of 1,000 to 1,000,000 plants

Bquation form: log( % survival) = b + m(time in years)

. - Years to % Survival®
Slope Intercept

° r = 1072 1074 1077 1070
Artrwy® -0,086 =0,067 ~-0,90 * - 34 45 57 69
(=a00024)P . -
S Arcaca = o106  + 624 = .93 * .34 44 . 53 63
- (~.00029) |
Arfr = 4275 + o605 "= 99 ** 13 17 20 24
(=-,00075) |
a) Artrwy = A, tridentata wyomingensis. ¥) P .10
Arcaca = A, cana cana ' **) P .01
Arfr = Aq frigida

b) Slope expressed in days for comparison to Table 5.2
c) For starting populations from 100 to.100,000
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actual occurrance on non-spoil sites, 2) survivorship on the south

slope at Colstrip represents an average year, and 3) the seedling
densities sampled in the disturbed natural vegetation represent
densities of an average year.

Seedlings were quite rare (less than 0.02 per m2) in mature,-

lightly disturbed stands of native vegetation. This was also observed-

by Hazlett and Hoffman (1975) for A. t. wyomingensis and A. ¢. cana
iﬁ Norfh.Dakota. Shantz and Pieﬁeise1 (l940) found 0.6 segdlings per
m2 for 4. tridentata in Utah, While Pechanec (1945) considered less
than 0.1 seedlings per'm2 normal for most types of ségebrush—perennial
grass range.'INeither paper reports the aggs\of the blants considered
seedlings. Bleak and Miller k1955) found densities of A. tridentata
"to vary from 0.02 to-0.5§ seedlings per m2 one year after eradication
treatment of matﬁre standé.- Young and Evans .(1974) founa a mean of
0.06 seedlings per'm2 tﬁaximum of 0.09 per‘mz) in partialiy killed
stands;lbut in stands that had'loozlkill.of mature shrubs, annhal.
plants invaded and eliminated the Artemisia seedlings.

The regreséion fér survival béyond one year is probabl& an
" overestimation, éince 1) seediing densities.in the méjoritf of'
Artemisia habitats were consiéerably less than the densities:obseryed
in heavily disturbed.habitats; and 2) éompetition from- non-Artemisid
'speciés (iaéking in t#e seedling stands) reduced:the Su¥viva1 of

emergent seedlings dramatically, and therefore may cause an under-
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estimation of the demsity of the initial population (PS),

* Summary

Artemisia had high ﬁortalitj early in life. fhiS‘inieial rapid
mortelity.(based on the number of emergene.seedlings).takes plaﬁe in
the first 120 days following emergence, and is followed'by a slow,
rather constant, meftality for the remaiﬁder ef the p0pulatiqﬁ}s
existence. Seedling survivel in the first year varied from 0% to
10%. The mean survival of seedlings was 5.3, 3.4, 0.0 and 1?2 percent
for A. t. ﬁyomingensis, A. c. eana, A.‘f?igi&h and A. ludoviciana,
respectively; survival per 1000 seede, however;_was 14 to 100 times
lower (06.05, 0.23, 0.03'and 0.07, respectively).

. Survival varied ﬁith the year; the geographical 1oeatioh and the
slope. éompetition.ffom anneal-plents and insect predation can cause
severe mortality. Lewer tempefatufes and/or more moisture caused ‘
deley'in mortalify as well as en increase in survival. The root
~elongation rate iﬁ the greenhouse increased witﬁ time.

Survival beyond the three years observed on ehe plahted plotg
was estimeted from age-density measuremente of netive vegetation,‘but
are probablyroverestiﬁates:

Seedliqg development on coal spoils was poor even though soil

water was available and the roots were deep enough to tap -that water
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supply. Absence of nutrients, or absence of nodule-forming bacteria

and/or myccorhizal Ffungi may be responsible.




Chapter 6

BIOMASS AND PRODUCTION

Introduction

It is oftep desirable to kﬁéw the biomass and production of
organisms'to.study-dominaﬁcé and competition iﬂ a community. It is
uséful in_the stgdy éf population dynamics, nutrient cycling and
préductivity (Dahben@ire, 1968) and ié,used4by wildlife biologists
in estimating brbwse productioﬂ and by range managers and foresters
in determination of fuél a&ailabilify.

In Artemisia tridentata; Biomasé and production have been used

j g '

in the study of nutrient cycling and ecosystem productivity by West
e N :

(1972) and West and Fareed (1973), and methods for estimating biomass

and annual production have been reported in several articles (Harniss’

and Murray, 1975; Browm, 1976; Rittenhouse and Sneva, 197?; Uresk,

ot al., 1977). |
This chaptef fepdrts on the reiationship of age, linear, area

and volume measurements to agoveground biomass and production of

four Artemisia species.

1 4

" Methods

In 1974, 1975 and 1976 whole plants of eaph taxon were cut at

ground level and placed in:separate plastic bags following in situ
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measurement of the number of inflorescences, basal area (BA), and, to
the nearest cm, the vegetative crown height (H), maximum diameter

(D

M)’ minimum diameter'(Dm)_at right -angles.to DM’ and the circumfer-,

ence (C). Measurements'in the non-shrubby taxa included the.inflor—
escences in the crown'measuremeﬁts..~A. frigida vegetative measure-
ments were also recordéd. Elliptical basal aréauand crown area were
calculafed as

m e D2 - D2
and crown volume (V) calculated as ére;.x height. Age of all species
except A. ludoviciand -was determined by counting the growth rings
at gfound level.

The cut materiais-were gi; dried to.constant weight (one end of
the bag opgn), and then separated ihto biomass cIasées. Classes for
the shrubs were as fdllows: inflorescenéeé, leaves (L), wood 6 to
0.3'cm (.3), Wood'0.3 to 1 ém, ﬁood ; to 2.cm, wood 2 to 3 cm, wood
3 fo‘éncm, wood greéter than 4 cm, total waod w), ana total mass (Tj.
Total mass was the sum of total wood and lgaves; inflorescences were
not included because thé shrubs were nqt collected at.the maximum
inflorescence production. Classes for the non—;hfubS'were: inflo-
rescences, leaves, wood, vegetative total (leaves plus wopdi and
total mass (vegetative‘total plué inflorescences).‘,Plants of all
sizes were seigéted to #épresént the entireée sprgad of vériation.

A variety of regressioné were then conducted using height; area,

o)
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etc;, aé the independenf variable and biomass classes as the
dependent variablé. Loélo transformations of both independent and
dependent variables were performed and semi—log and log~log regressions
pérformed.

‘ The annual radial spread of A. ludoviciana clones was measured
by marking the perimeter:of the clones in the fall of 1974 and 1975,.
then measuring.the radial increase of the périﬁeter the following
fall (measured to the nearest cm). Cloné age was then estimated from
the radial annual increase and the clone size. |

Artemisia seed and inflorescenée characteristics were recorded

as the length 6f the inflorescence, number of ﬁeads per cm of

infloresdence, number of flowers per head, nﬁmber of filled seed per

head, length and width of seed (to nearest 0.1 mm), and the weight of

1000 seeds (to nearest 0.0001 gm). From these data and from shrub

measurements, seed production of single shrubs was estimated.

Results and Discussion

Thé'rangevof plant parameters énd above gfound biomass components
is presented in Table 6.1 A. c. cana was tallesf and had.the largest
basal area, but A. t. vdseyana had the 1argest diametefs, circum-
ference; area and volume. A: e. cana Qas higher in all biomass
classes éxcept wood 0.3 to 1 cm, wood 1 to.2 cm aﬁd wood 3 to 4 cm.

A. t. vaseyana was higher than A. t. wyomingensis in all categories
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Table 6,1 The range of bioméss and crown measurements
observed in Artemisia in Montana, 1974 =~ 1976.
Artrwy®| Artrva Arcaca Arfr Arlu
low high| low high | 1ow high | low high |low high
X X . X X '
100 | 100 100 107 10°
Height cm 3 04,080 L 0,120 2 0,150 1 0,045 | 6 0,117
Dit,” em | 4 .120| 4 J140| 2 120 | 1 .036 | 3 .013
D:'Lam cm 5 120 3 <130 2 4120 1T 030 3 013
Circ  om“[10 4360| 9 .400| 6 »350 | 3 «O47 | 9 .OLL
2asal on .1 GOk | o1 LO17| o1 b032 [ = = | = =
Area cm“{11 10| 9 14| 3 11| 1 775 | 7 133
Volume cm5 LO 622 | 38 1715 8 1696 1 29 |42 13,6

Biomass (Grams)® -
Leaves 22 o166 ¢3 4293 | o3. o537 |2 4002 |1 001

W O=a3% | 65 oL402| ob  o56L| 23 4820 | a2 o004 |s1 o001
W a3=1 |ol o405| a1 .uL475| o1 o445 | = = - -
W1 =2 | o5 ohlih| o3 o361) 02 o377 | = = - -
W2 =3 | 3.0 42881 263 2388 | La3 ¢353 | = = C= -
W3 =4 P7.0 6201|178 ¢370{16.8 4346 | = = -
W 4. [P8.8 4081 |94e8 o123 (6143 4396 | = = | = =
Total W. | o5 1480| o6 1a96| 23 2429 [«2 o004 |1 5001

Total Mass| o7 1697 | 09 2426 o6 2483 | ot 015 |42 o009

a) Artrwy = A, t. wyom1ngens1s (n=22), Artrva =. A, tn Vaseys
ana (n=18), Arcaca = A. c, cana (n—38), Arfr = A, frigida
(n=20), Arlu = A, ludoviciana (n = 22)

b) DlaM = maximum diameter, Dia = minimum dlameter, Circ =

circumference
c) Wood size classes in cm
d) Aboveground
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except wood 1 to 2 cm; this resulted Irom fhe trunk of the latter
splitting into wedge shaped sections, each.with its own attending
branches and leaveslthat forms an almost independent shrub'uni;.

A. frigida had higher maximum values in all categories except height
and leaf weight than did A. Zudoviciana.

Correlation of biomass with plant parameters in the non-shrubs
were poor (R2 = 0.01 - 0.56) in all classes of biomass ekcept'
inflorescences and tofal mass. Only oﬁe'wood class was necessary
secause all sﬁem materiéi of both speciaes was less than 0.3 cm in
diameter. Regression of the log of the height (including infloresence)
with the log of the inflorescence mass and log of thevtotal mass were
the only reasonable results. Log-log of the inflorescence regression
produced correlation coefficients of:0.98 and 0.70 for A. frigida and
A, iudoviciana respectively. TFor log-log of the total mass, the
correlation coefficients were 0.79 and 0.99 respectively; equations
fof total mass are presented in Tabie 6.5 and represented graphically
in Figure 6.1. Correlation coefficients of~all other regressions
were less than 0.60 (ﬁost below 0.30) énd are thgrefore not presented.

Regressions in the shrubby spepies.produced much better fesults.
Table 6.2, 6.3 and 6.4 present  the correlation coefficient matrices
of the three taxa. In general, log-log transformatiomns were best and
semi~log the poorest, however, the semi—log form was best for wood

greater than 4 cm.  Volume, area, minimum diameter and circumference
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Table 6,2 A. t. Wyomingensis relationship (R = correlation
coefficient) of various above ground biomass components to
various easily measured predictive parameters

.. cm cm cm cm cmz cm3 ~em” yrs
QHeight {Dia M|Dia fJCirc Area Volume’Basa%JAge

Height {Dia M|Dia m|Circ | Area|{Volume |Basal Age
" ems lg H |1g Dy|lg Dpllg C| 1g A| 1g V |1lg BA|lg
LeaVeS ‘e 8’-‘- ° 92 ° 94 | e 9L}- ° 89 ° 8l+ ° 93 ° 81
lg L 1 n89 086 ’ 0’86 087 0‘70 06,-*- 085 087
lg L 97 0'97 098' 098 098 - 099 097 087

Wood O - ,3P ,80 093 7| «95 o 9L .95 917 .92 o7k
1g 0~.3 ¢92 1 290 | 91 | .91 | .76 | .71 | .87 | .87
lg 0=-.3 97 098 098 «99 «99 «99 | 97 087

Wood .03 -1 o8l+ n92 -9’-!- 093 c95 090 093 °76 ’
lg l3 - 1 .76 071 071 072 056 l52 067 '0‘71
"1lg J3 -1 290 | .85 | .90 | .89 | .88 | .89 | .89 | .72

WOOd 1 "'2 971 585 .88 .87 088 '082 085 968
lg 1 -2 .74 c68 ) 067 069 055 |L|-8 : 064 .70
lg 1 -2 092 087 n81+ -87 386 089 587 l?.l‘
Wood 2 ~3 75 | 84 | .87 .87 87 | 83 | .87 .67

’ 086 0'82. -81 083 065 059 078 081'
lg 2 -3 .88 : 092 . 091 092 092 091 .88 .82
W‘OOd 3 ks Ll- 961 985 " 086 081-]- ’ 095 X .088 083 058
18 3 "'L}- 973 08-1 085 083I 081 978 085 n70
lg 3 "'L} n61 067 069 ' 069 l68 c67 071 066

Wood > 4 .66 ugg 77 | «77 | <80 | 77 | .81 «57
-61

1lg > 4 .76 - 79 .80 <80 | .81 .82 +63
lg > L‘— u60 .63 .06L|- 062 e62 065 .59

Total Wood | .77 | .89 | .92 | .91 | .93 | .88 | .90 [ .71

lg W ' 592 1 089 u89 090 075 070 086 088
lg W -- W97 | 497 | .98 | .99 099 .99 | .97 | .87 .
Total MassC .78 | .90 [ .92 [ .91 | .92 | .88 | .91 | .72°
lg T 92 089 |..89 |..90 75 .69 «86 .88
1lg T 297 098 098 1 299 <99 099 «97 087
AE,‘G ' 08’-*- 080 080 086 l68 061{- 985 -
lg Age ¢82 '979 , 078 , 081+ , 065 . 061 082 So-
lg Age ] .82 1'.85 |'.84 |'.89 |' .85 | .85 .87 -

a) Dia M = maximum diameter, Dia m = minimum diameter, Circ
='circumference, Basal = Basal area, lg = log 0

b) Wood diameter classes (cm) ' ' 1

c) Total aboveground biomass
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Table 6.3 A. L. vaseyana relationship (R = correlation
coefficient) of various above ground biomass components
to various easily measured predictive parameters

o CO cm ce | cm em®| cw’ | cm® |yrs
Height [Dia M|Dia m|{Circ | Area| Volume|Basal| Age
HeightiDia MjDia m{Circ | Area{Volume|Basal| Age

lg H |1lg DM 1g D |1lg C|1lg A 1g V |1lg BAj 1g

gms

Leaves - .93 u92 091-{- 092 095 091-}- 086 669 !
lg L 1 95 295 097 94 081 73 | 92 087
lg L N n98 " 99 «99 098 +99 .99 297 077

"Wood 0= 3% .91 | 291 .95 | 292 | .98 | 97 | 85| .68
lg 0= a3 . 09l+ 091-‘-. 091 o9l+ 081 073 091 985
lg 0=,3 099 | 299 .99 | 299 [.99 | .99 | .98 | .75

Wood .3-11 293 | «92 |93 | ¢92 | .90 | 85 | <93 | .74
lg .3 =1 078 | 277 a7l | 77 | 063 | 55 | .76 | .80
1g .3 -1 91 | <89 | .87 | .88 | .89 | .90 | .91 | .77

WOOd 1 "‘2 991 091 c9l+ ‘091 8 099 099 086 061
lg 1-2 o5 °73 | 70 72 .60 053 . o1 ,61.[..
1g 1 —2 u92 088 086 087 089 089 093 056

WOOd 2 "3 081 381-{- 088 085 093 093. a8o ) 060
18 2 —3 a88 090 086 '990 o?Ll- 065 089 086
lg 2 "3 089 ' 093 093 . 0914- 093 092 090 ) 675

Wood 3=k | 81 | o75 | 079 | «76 | «77 | 76 | o74 | <61
1g B-ﬁ .91 | «90 | .90 88 [ .85 .7? 091 | 70"

1g 3- .79 | .80 | .83 | .78 | .82 | .81 | .76 | .58
Wood > 4 ol 1 +69 0?73 071 077 |79 | 61 1 o51
lg >4 076 | 072 | 677 | «75 | o82 | 285 | <63 | .50

1g >4 257 | .56 | .60 | .56 | .58 | .58 | .50 | .39
Total Wood | «94 | «92 1| .96 | <93 | 297 | 495 | -89 | .70
lg W - 095 | 94| <91 | 9k |81 | &72 | 693 | &85
ig W «99 99 099 299 «99 299 098 o7l
T.Otal MaSSC 991{- 092 e96 o93 097 ' 095 089 c?o

1lg T - 295 el » 91 94 081 [.73 293 .85
lg T 299 099 099 «99 .99 <99 098 075 .
Age 080 | 480 | .79 | <81. | .68 | .60 | .79 -
1lg Age 68 | .69 | .66 | 69 | .56 | 49 [ .67 -
lg Age 072 078 o?.6 3 077 - 077 076 071 -

a) Dia M = maximum dismeter, Dia m = minimum diameter, Circ
= clrcumference, Basal = basal area, lg.= logj
b) Wood diameter classes (cm)
. ¢) Total aboveground biomass
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Table 6.4 A, ce cana relationship (R = correlation
coefficient) of various. above ground biomass components
to various easily measured predictive parameters

cm cm em | em | cn®| om | em2 yrs

Height|Dia M|Dia m|Circ | Area|Volume|Basal|Age
Height|Dia M|Dia m|Circ | Area|Volume)Basal|Age
lg H |1g DM 1lg Dm 1lg Ci 1g Al 1g V |1lg BAllg

a.

gus _

Leaves .90 | .88 .91 | .89 095 | 97 9l 073
lg L 092 ' 093, .93 093 ’ 082 075 . 087 096.
1L | .98 | .97 | .98 | .98 | .98 | .98 | .93 | .
Wood O =035 089 | .87 | .89 | <87 | <9k | 296 | .92 | .74

lg O - u3 092 093 093 093 082 07)4- 086 997
lg o - 03 098 " 098 | 098 098 098 098 093 092

WOOd 03"1 ¢90 g9’1 .90 091 092 088 088 073
18 03"1 . 070 071 070 071 057 050 a'6l+ 0-82
1g o3=1 | 289 1 .90 | 490 | .90 | .90 | .90 | .93 | .90.

WOOd 1 ""2 085 08l+ 086 . 086 088 087 085 073
lg 1=2 o2 | oTh | 74| o795 | «59 | W51 068 | .38
lg 1 "'2 089 090 092 091 092 091 09L|' 091-

WOOd 2 -3 382 083 o8’+ 085 . c86 | 083 N 081 067
lg 2 -3 073 075 o? o?l-l- 063 056 069 077
lg 2 "3 079 079 07 077 078 079 072 072.

Wood 3=k | 89 | o88 | 489. | 487 | o9 | 494 | 90 | <69
lg 3=4 692 | 090 | 490 | 91 | .90 | 86 | .88 | .75
N o7h | W7V | W71 | W72 | W71 | W72 | 62 | 459

. Wood > 4 o67 | 66 | 467 | o4 | J76 | 82 - °§g oS4

: 18 > Ll- 079 078 080 078 088 091 ° 062
lg >4 057 1 655 | «55 | 55 | 55 | #56 | 49 | W45
Total Wood | 493 | .92 | «94 | «92 | .98 | .98 | .95 | .76
1g W 91 | .92 ] .92 | .93 | .80 | .72 | .85 | .97
g W 099 | 099 | 499 | 99 | .99 | .99 | 94 | 93
Total Mass"| 093 | <92 | 93 | 492 | «98 | 98 | .95 |76
"lg T. .92 92 .92 093 081 73 .86 097
_1_5 T 099 098 099 ) 099 099 099 09"{' 092
Age 091 092 09'2 ' 092 081 07 086 -
: lg Age 077 078 078 078 “06I-|- 05 071 Lad
| . lg Age 094 | 095 | 095 | 95 | 295 | 495 | <94 -

I - ' a) Dia M = mdximum diameter, Dia m = minimum diameter, Circ
* = circumference, Basal = basal area, lg = log,.

b) Wood diameter classes (cm)' ¢) Total aboveground biomass
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5 Best equations predicting above ground biomass,

83

" components of Artemisia species from easily measured

predictive parameters

Equation Y = mX + b, where m =

slope and b = Y intercept

Y variable / X variable - | m | » | r |#
A. tridentata wyomingensis n = 22 '
Ilog leaves / log volume .65 - 1.65 | 99 |98
log wood O~ .3 / log volume 266 - V47 199 | .98
wood o3 -1/ min. diameter {3414 “45.12 | o94 | .88
log wood 1 -2 / log height 5.42 - 7.35 1,92 | .85
log wood 2 -3 / log circumference|6.53 =13:.67 | .92 | <84
wood 3-4 / area 014 - 7.85 | .93 | .86
log wood >4 [/ basal area 49 - 5,69 | .82 | .68
log total wood / log volume ° 81 - 1.68 | 499 | .98
log total mass / log volume .78 - 1,45 | .99 | .98
log age . / log circumference| .33 04?7 | 89 | .79
A, tridentata vaseyana n = 181
log leaves / log volume .66 - 1.68 | .99 | .98
log wood O =.3 / log volume . .65 - 136 | .99 | .99
- wood o 3=1/ min, diameter(3.91 -59.87 | .95 | .90
wood 1 =2 [/ volume. 00023 hoht3 | 499 | 498
.log wood 2'=3 ./ log circumference|5.58 “11.78 | o9k | «87
log wood 3-4 [/ height .079 - 6,18 | .91 | .83
log wood >4 [/ volume .000005]|= 5,12 | «85 | 072
log total wood / log ‘volume «79 - 1,59 | 99 | :99
log total mass / log volume 276 . 1= 1,381 .99 1 .99
age Ve circumference|{ ,033 7.85 | «81 | .65
A, cana cana n = 38. ' :
log leaves / log volume .61 - 1,40 | .98. ] .96
log wood O~ .3 / log volume .61 & 1.25 1 .98 | .97
log wood .3 -1/ log basal area 2.25 . - Oul43 { 493 | 86
log wood 1 -2 / log basal area 2.98 - 1.54 | .94 | .89
wood 2-3 /  area .022 =~ 1,60 | .86 | .74
woad 3 -4 / volume .0002 |- 0,50} .94 | .89
log wood >4 / -yvolume »,000005|- 5.25 1 .91 | .82
log total wood / log volume 073 - 136 | «99 | .98
log total mass / log volume .70 - 1e11 § .99 1 .98
log age . .. / log area 030 0,13 | 095 | 491
A, frigida n=20 - :
Tog fo%af[ mass / log height ' 61 |- 0,20 , a79 | 53
A. ludoviciana n = 22 ’
log total mass / log height |1.63 |- 2.38 | .99 | .98 -
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Figure 6,1 Regression of above ground biomass components
to plant area or height in 4 species of Artemisias,
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or their transforma;ions were first, second, third and fourth respvec-
tively in correlations With biomass or its log transformatign. The °
best equation for eac# biomass class is. presented in Table 6.5. Asges:
correlated poorly with all-categofeis in -the 4. tridentata subspecies,
but Wés.reasopable‘in A. e. cana éxcept for the largest wood classes.
Brown (1976) correlatea 1og.transformed Bésal‘diameter with lég '
transformed leaves and total aboveground- mass of 4. t; vaséyana in |
Montana forestg._ Hié.re;ults compare favorably to my use of basal
area, although my_correlations are é few poinfs-hiéher. ARitfénhouse
and Sneva (1977) compared log-log regressions of leaves aﬁd‘to;al wood
with ﬁinimum diameter, maximum diaméter,-height and area of:A. t.
wyomingensis inlOregonkand had correlétiqn coefficienfs from 0.85 to
0.94.for‘1éave§ and 0.92 and 0.97 for total wood. ihis compares well
with my resuls (0;97 to10.99); Uresk, et'ai., 1977, working with
- A, t. ﬁridentatd in Wgshingtqn, had correlations of 1ééve$ (0.82), wood
(0.88)\and total mass (0.92) with volﬁme; similar to my results with
A. t. wyomingensis (0.88 to 0.89) but much lower than 4. £. vaseyana
(0.94 to 0.95)L Harniss and-Mﬁfray (1976)_ﬁsed height and circum-
férence combined in rélation to leaf weight of A. . vaseyana in
" Idaho and obtained 'a highly correlated (R = 6.96) relationship. 'My
-results with log transforméa height and circumference used separately
are comparable, ﬁpt highgf R = 0.58). ' |

Lonner (1972) compared ége‘and log transformed maximum diameter,
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area and volume of A. tridentata and A. cana in Montana and obtained

better correlations (0.7§ té 0.73) than my results (0.49 to.0.79). He

also reported that browsed A. tfidentata correlated better than
unbrowsed plénts. " |

Age determination in A.'iudoviciaﬁd p;oved'unreliabie} The
annual igcrease in.the perimeter of the clones was consisten£1y 3 cm,
and when this is divided into the clone radips, age estimates of more
than 200 yeérs fbr the larger clones resulted.

Annual production (= browse p;oduction) per.plant was estimated
in the shrubs by'summing'the'leafes and the wood d to 0.3 em in
diameter. Annual_production'for A. t. wyoﬁingeﬁéis ranged from 0.71
gms in small plants to 570 pgms in large plants. That of A. ¢. vaseyana
rénged'from 0ﬂ85'to 875 gms and that of A. ¢. cana ranged from 0.56
to 1,357 gms. Wood O to 0.3 cm in.diametgr was. equal to or-élightly
greater in mass than leavés, but épp;oxiﬁately one-half Was,ésfimatéd
to be second year wood. Inflorescence maéé was géﬁerally 6ne half the
leaves, thereforg the-absenqe'of inflorescence mass'in the annual
' productioﬁ’eétimate iS“largély compensated for by the preéence of
second year wood.. No estimate of annual Wdod,productioﬁ on stems
larger than 0.3 cm was atteﬁpted. Leaf mass in fhe‘subspecies of
4. tridentata was slightlyvupderqstimated Becguse of the ephemeral
. and persistent leaves. Collections made before mid June missed the

full development of. the persistent leaves and‘coliections made after
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mid June occurred after ephemeral leaf drop had begun. West (1972)

and West and Fareed (1973) report 1itter'fall highest in June and July.
Ephemeral leaf loss also occurred when the shrubs were being cut down
in the field.

A. Zudov%ciana annual production is simply the tofal aboveground
biomass since it is herbaceous and dies back to the ground each
winter (range 0.2 to 15 gms per plgnt'per year). A.  frigida annual
production ranged from 0.1 to 10.6 gmé per plant per yeaf, and is

best estimated from the log-log regression egquation for height with

.inflorescence mass:

Y =4.55% - 6.27 (R = 0.96),

where Y ié the log of the inflorescence mass and X is the log of thé
height.(cm).. No. reliable correlations between crown diameters, area,
volume or height and végetaﬁive leaf produétion occurred. For plants
without inflorescences, this resulfed in‘considerable underestimation,
but for plants with inflorescences; the énnual prodﬁction was not
greatly underestimated. |

Seed and inflorescence characteristics are presen;ed in Table
6.6. The shrub species have feweg flowers and seeds per head and had
larger and heavier seeds than the non—éﬁrubs. Less fhan half the
flowers in the shrub speciés produced filled seed while more than
half_the flowers in the non;sﬁrubs produced filled seed: A. frigida

produced 1.5 times and A._Zudoviéiana produced 1.8 times as many seeds
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per inflérestence as the'shurbs,did. From ﬁhe data in Table 6.6,
the number of inflorescences:per.plant and leaf mass per'plant of
actual samﬁle plants, seed production per plant and per gram of
leaves was calculated (Table 6.7). Only 1ea§e§ on vegetative shoots
are considered in the 1e§f mass.

The non4shrubé p;ocuced, on the average, more séed, both in

number and mass, per gram of leaves thah the shrubs; 4.6 to 8.3 and

-12.1 to 21.7 times greater in A. ludoviciana and A. frigida respective-
ly. Thellafge difference in mass of seed per mass of leaves between

the shrub life form and the non-shrub life form suggests that 1) leaves.

and bracts of the'iﬁflbfescences'in A. ludoviciana and especially

A. frigida contributed more photosynthate’ to seed producti&n than
they did in the.shrubé? d£.2) shrub phoéosyﬁthaté was diverted’fby
annuéllwood production. Combined with the lower individual éeed mass
of the non-shrubs (4 or more times lower), the fesulf was a much
greater number of seeds.per leaf mass (by a factér of ten or more) in
A. ludoviciana and A. f?igid@. In the sh;ﬁbs, A. ¢. cana had higher

seed production than 4. t. ﬁaseyand, which-was higher than 4. .

wyomingensis. No apparent correlation of seed production per unit

of leaves and plant age, height or number of inflorescences existed.

'The number of seeds per plant was .correlated with the number of

inflorescences on the plant (R = 0.84 or 0.86, 0.77, 0.94 and 0.74

respectively, for 4. t. wyomingensis, A. t. vaseyana, 4. e. cana, A.
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.Table 6.6 Artemisié inflorescence and seed characteristics

 Flowers Heads

Seeds Mean
per per per cm
Head Head . escence
' ' escence | Length
. ' cm
A.tridentata |- . a Lo ' 3
wyomingensis 3.0 = 5% 1515 2 .6 ]25.,2 = 6 _1001-# 2
. Astridentata - : - :
va'seyana 209 & OL!' 1010 = 06 ,2209 .i 8 1202. &= 6
A, cana cana | 4,7 & o6 | 0,95 % .4 |20,3 % 9| 11.9 = 6
A, frigida 2242 = Lo1' [ 14,60 = 6.4 | 25,7 = 6| 15,1 = 6
A.ludoviciana|21.3 * 6.2 12,30 & 7.2 | 15,8 + 9| 29.6 + 15
Grams - | Seed Seed
.per . Length " Width.
1000 .- mm mm
Steds ' _
A,tridentata - '
.Wyomingensis “ 053 & e1L|-O 1.77 & o2l . 987 = .11
- A.tridentata - .
vaseyana 260 = ?060 1.78 « ?20 8L & 212
‘A, cana cana | .68 £ 010 | 2.14 ¢ 24 | .90 = .10
A. frigida 10 & ,004 [ 1,21 # 04 | 4O = ,02
" A,ludoviciana| 14 # ,003 | 1.25 & .07 | .43 & .02

a ) expressed as mean * standard deviation
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Table 6.7 Artemisia seed production calculated from
Table 6.6 data and actual samples, 1974 ~ 1976
a © |number | - gms
age| height| number |1000's|weight| weight| seeds | seeds
cm .| flower| seeds| seeds|leaves|/ gram| /gram
: " stems |/shrub| (gm) |/shrub|leaves | leaves
A, tridentata wyomingensls ’ -
low 15| 30 6 | 1.7 0.9 16,9 | 102| .85
19 40 ,82 23,6 | 12,5 | 54,7 431 023
high 9| . 20 21 6.0 342 Lol 1466 | .78
19 80 ' 312 8907 L|'7a5 9202 973 052
mean gms seed / gm leaves = .29 # 20 n = 22
A, tridentata vaseyana :
low 15| .30 10 3.0 1.7 13.6 223 012
16 60 176 5301“' 2909 8000 668 ' 037
high 12 | 25 6.7 | 3.7 | 5ol | 1244 | .70
20 100 380 1154 | 64,6 | 246,04 468 026 -
‘ mean gms seed / gm leaves = 34 = .19 n = 18
A. cana cana : .
low 14 | 50 86 | 19.6 | 13.3 |260.4 75| .05
high 15 80 237 54e0 | 36,7 | 62.4" 860 «59
12 35 111 2543 17.2 V 11,3 2240 1.52
mean gms seed / gm leaveés = .52 = 45 n = 38
A, frigida , , ' :
low. g 20 - T 1 5.7 0.6 .| 0.3 | 19640 | 1,96
38 10 56.9 507 |. 1.2 | 47450 | L 74
high 6 23 L | 22.8 203 0,2 |108450 | 10.85
mean gms seed / gm leaves = 6.3 = 4,2° n = 4O
A. ludoviciana’ b S
low =| 15 {10) 1 200 0.3 Tal 1757 02D
T = 65.(45) 1 8.9 1.2 0.6 15540 2,18
-| 49 (34) 1 6.7 0.9 0.3 22300 | 3,12
nigh -|117(100)| 1 19,71 2.8 | 0.6 | 32800 | %.59
- mean gms seed / gm leaves = 2.4 # 1,6 n = 36
a) Age, height, number flower stems and weight of
leaves are actual sample values,
b) Height in () is length of inflorescence in cm
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frigida and A. ludovieiana).

. Summary :

A. ¢. cana was tallest and had the 1argest baéél ;rea,lbut 4. t.
vaseyaﬁa had the largest crown diaﬁeters, circumference, area and
volume. A. e. cana was heaﬁiér in all biomass classes excgpt.wood.O.B
to 1 cm, wood 1 to 2 cm and wood 3 to 4 cm in diameter. A. t. vaseyana

~was_heavier than 4. . wyoménéensis in all categories except.wood 1
to 2 cm. A. frigida haé”heavier valﬁes than A. ludoviciana in all
categories exqept'height and leaf mass. | |

Regressioqs.of plant height (ingluding the inflorescence) with
total aboveground mass and inflorescence mass were the only good
correlations in the non-shrubs. 1In the shruBs, volume; area and
minimum diameter-of the crown correlaféd better with the biomass
classes. Log transfofmatioﬁs of both variables generally produéed
better éorrelgtiohs'thaﬁ non—- or semilog‘transformed data. Age was
poorly correlated with biomass except in 4. c. cana.

:Aboveground annual prodqction per plant in the shrubs was highest
in 4. t. vaseyana, foi}owed by 4. -e. cana and A. t. wyomingensis.
Annual production was égtimated as thg sum of leaves and wood 0 ‘o
0.3 ém in diame£er. Sampling of the shrub speéies fof~Biomhss or
annual production should be made in early to mid June to maximize the

presence of both ephemeral and persistent leaves.
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Aboveground annual pro@uctiqﬂ per plant in the non-shrubs was
ﬁuch lower than in the éhrubé due to the smaller size of the former.
In A. ludoviciana, annual production is equivalent to total above-
ground ﬁass._ In A. f?igidb; it was best estimated as the inflorescence
mass. Height_&as corfélatedAWith biqmass and production better than
any.other crown meésurement in either species. Sampling for biOmass~
or production in the non—shrubS'shoﬁld‘be done during the seed
maturation phenologiéal stage.

The shrub'speéies had fewer flowers and seeds ﬁer head, but
larger, heavier seeds than the non-shrubs.' an—;hrubs produced ﬁore
mass and number of seed pef gram of vegetative leaves than did the
'shrubs. Seéd Pféduction-ﬁér unit of leaves>iﬁ any species was not
correlated to any parameﬁer.measufeﬂIin,ﬁhis study. .Seéd per plan£

was correlated to the number of inflorescences of the plant.




Chapter 7

SEED- DISPERSAL

‘Introduction

Seed dispersgl is of.inferest t6 the autecoloéist, the synecolo-
gist, the plant geographer and the rangé manager. Thé ehv{ronmenfal'
factors involved iq seed dispérsal, su;h as wind and water, are concerns
of_autecology; the interépecific and intraspecific competition for
space that of the synecologist (Daubenmire, 1968). Long distance
dispersal ié more-impor;ant.to thg plant geographer in determining
methods of migration and causes of distribution (Gleason énd'Cronquistb
1964). The range manage£ is interestea‘in‘seed dispersal,aé related
to reiﬁvasién of an undesirable planéiinfo.an area free of if, or to
the'reesféblishment pf'desifaﬁle plants £o a depleted or disturbed °
area.

In Arteﬁisia, studies of'seed dispersal of only the shrub
species have:been pﬁbiishea..'This chapter repofts oﬁ the dissemination
patternlwithin cldée proximity tolindividual plants of béth shrub
species (4. fridentata'and-A..eana), and a non—shruB (4. ffiéidb).

S

Mueggle; (1956) concluded that’ windborne seeds are dispersed
only a.few hunéred feet at-ghe maximum, aﬂd Goodwin (1956) found
windborne dispersa}.of 33 metérs (no testing géyoﬂg 37 meters) in

A. t. tridentata in Washington. Frischnecht and_?lummer (1955)
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oﬂserved AT tridentata seed dispersal was ﬁostly windberne, but some
. Was'attribeted to animals (zoqehory).‘ Apimals are probably'tﬁe most
“important means of long disteeee dispersal. Eaton (1936) reperted a
staﬁd.ef A. tridentata 3,000'km cast of its normal raege that p?obably
" resulted from‘the use of wool combings as mulch. Short distance
dispersal of A; herba-alba Asso in the Negev Desert of_Ierael has been

described by Friedman and Orshan (1973).
Methods.-

Ten 1solated 'plants each of 4. t. wyomtngensms, A t. vaseyana,
A. ¢. cana and A f?%gzdb (nearest neighbor > 10 meters) were selected .
for study durlng the first week of . dlssemlﬁatlon in October, 1975

Elght 3. 5 cm wide by 3.7 m long boards were placed at progres—
sive 45° eompess points around a plant. The boards were covered with
double-sided carpee tape in coptace with the trunk of the shufb, or’
in the case of A.‘fﬁigidb, the tape .was placed.tO'the center of tHe
plant. The.traps'we;e left in place for 24'houfs, then removed and
seed couﬁted.-' ’

Data were ;ecofded as the percent of total counted seed iﬁ a
distance equal tb.one quarter of the canopy radius for the first two
radii, then half radies intervals eut to_a.diSEaneeﬁof 3{5‘&. fhe
canopy wae-considered'to be equivalent to tﬁe elipsoidallprojection

on the ground of all the foliage and branches of the plant.
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Inflorescences projecting beyond the margins of vegetative growth were'
not considered as part of the canopy. The canopy radius was determined
using one half the average of thé shortest and longest diameters.

4. ludovieiana was not stﬁdied because isolated individuals with

"seed productidﬁ could not be located.

Results and Discussion

Jd

Most Artemisia.seeds fell within close proximity to the parent

plant. This patterﬁ of dispérsél has been termed achory by Pijl
(1969). In the shrubs, the majority of the seeds fell under the.
canopy (Figures 7.1 and 7.2). A. t. wyomingensis had a higher
proportion of seed (5935%) fall within the canopy projection -than di&
the other shrubs. 'Thi; patté:n'is'véry similar to';hat reported for .
A. herba-alba by Friedman énd Orshan (1973). A. t. vaseyana and A. c. -

cdna had 52v1% and 50.3% of the seeds fall under the canopy, respec-

tively.

The proportion.of seed falling within the canopy appears to be
a.function of the shrub mo;phbibgy., A. t. wyomingensis typically
splité aloné the trunk axis,'with each resﬁlting sectiop spreading
away from the center of the shrub. This spreading pfoduces the

rounded appearance described by Winward (1970), partly causing

- A. t. wyomingensis to be shorter (35.8 + 7 cm) than the other shrub

taxa, which, in turn, provides less vertical distance for the wind
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Figure 7.2 Isolines show the effect of wind on seed
dispersal patterns of Artemisia, Each line shows the
probability of seeds dispersing along a radius falling
within lines containing 25%, 50%, 75%, 90%, 95% and 98%
of the seeds
prevailing wind is from top of page

+ = plant center aees = vegetative canopy limit n = 10

wem % dnflorescence limit ik A, frigida
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to catch and transporf‘the seed. A. ¢. vaseyana is taller (58.7 +

15 ¢m) and presents an even—topped o¥ flat appearance because of_the
inflorescences projecting above the vegetative canopy (Winward, 1970).
The height and the better exposure of the seed to wiﬁd provides a
greater possibility of the seed being carried outside of the canopy
influence. A. ¢. cana is as tall (61.4 * 4 cm) as A. t. vaseyana,
and has similar seed dispersal within the canopy.

A. frigida (Figures 7.1 and 7.2) presented a much different
aispersal; less thén one fourth of the seed (16.0%) fell within the
vegetative canopy (68.27% if the canopy includes the floral growth),
due primarily to the life form of the species. The veggtative
canopy remains small because much of the annual growth dies back to
the base of the plant during the winter. The floral staiks (ephemeral)
t&pically extend beyond the canopy, and in some cases may be entirely
outside of it.

Dispersal away from the canopy quickly diminishes with distance
(Figure.7.1). Less ‘than 13% of the seeds of the shrub taxa are
dispersed beyone 1.5 radii from the shrub center (4. ¢t. wyomingensis,
A. t. vaseyana and A. c. cana radii are 17.9 * 6.6, 32.8 + 9.7 and'
28.1 + 9.4 cm, respectively). Lesé than SZ are further fhan two radii
from the shrub center; and only 4. frigida dispersed‘seed beyond 3
radii (3%). In the 24 hours of the test, no seed exceeéed 3 meters

from the plant center. Dispersal downwind from the prevailing wind
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direction was slightly further than eithef upwind or across the wind
(Figure 7.2). '

During a walk:fhrqugh a stand of A;-t. vaseyana tha;~had snow
covering the grouhd, I‘notiégd~that more seeds were thrown back
toward the direction of my. approach than in the direction I wés headed.
This might suggést that the backlash of‘the branches could be an
: importaqt propulsion ﬁéchanism iﬁ‘;eed_diépersal in areas with-large ‘
game énimals‘or'livestock. Some seed; stuck to the fron£ of my
moist pants and at least some remained there during a walk of one
‘kilometer, The seed of 4. tridentata (aii three sﬁbspeciés) énd
. A. ¢. cana is ribbed with mucilage thét.sticks £9 almost,any‘moist
surface. Goodwin (1956) also noted the mucilage in A.‘t.'tfidentatd
and Friedmaﬁ and Ofshaﬁ (1973) noted a similar occurrencé in A. herba-
alba. The mucilage may proéide a means of adherence to passing |
animgls (the probable presence of Artemisia seed in the wool combings
in Masséchuéétts (Eaton, 1936) adds support). .

Achéry, dispersél within clése pro#imity to - the pérent plant!
may cost the loss of mény of thélseeds producéd. I found Artemiséa

vapors to self imhibit gefmihation and Hoffman and Hazlett (1977)

found vapors and aqueous extracts to be authopathic; Artemisia is also '

allelopathic (Klarich and Weaver, 1973). This may preclu&e germination
of the seeds that fall under the canopy, and indeed, no seédlings were

observed in the field except in the open spaces bétween shrub canopies
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or in disturbed areas without mature shrubs.
SUMMARY

Artemisia seed dispersal is' achoric.. This is ﬁrobably fatal for
most of .the seeds produced by thé.plantl A. frigida has more seed

dispersed beyond the vegetative canopy than any of the shrub taxa;

A, ¢e. cana > A. t. vaseyana'> A. t. wyomingensis in the dispersal of

seea beyénd the-canopy.' This is ;hg résult of differences in life
form (between éhruﬁs and suffrutesceﬁt) and between shrub mérphology‘
(within the shrubs).

Dispersal Béyond the canopy diﬁinishes rapidly with distance.
Mbre seed is dispersed outsidé the canbpy downwind than either upwind
or'crosswind. Dispersal is facilitated by 1$rge animai movement.
through the canopy. Mucilage on the periéarp may improve adherence

to animals for long distance dispersal.




Chapter 8

VEGETATIVE REPRODUCTION

Introduction

Knowledgé of factors involved in repfoduction are of value when-
ever propagation.pr coqtrpl of:a.species is involved. Much work in
the past hés been difected at control or eradication of Arteﬁisia in
the western United States.(Holmgren, 1974; Harniss et 'al., 1981).
Knowledge of vegetative reéroduétion méy influénce the method of
control or eradication and give insight to the possible results
(Blaisdell,.l953, 1958; Mueggler and Blaisdell, 1958). Plants with
véggtative reproduction have been used to advantage iﬁ 1éna rehabili;
tatioﬁ since the staft qf this céntury (Griffiths{ 1916; Gladding,
1945) and have aléo been used suécessfully for ;eproducing mate;ial
for fire control .(Davis,. 1970), landscaping (Charles, 1962),
reveéetation (Carlson, i974), forage production (Ellérn,A1973; Nord,
1959) and vafiouélother endeavors (Case and Strain; 1966; Lunt, et al.,
1973; Weisner and Joﬁnsqn, 1977).

This chapter summarizes 1) reports in the iiterature of field
observations of vegetative repfoduction, 2) my own field ébservations,
and 3) the results of attempts to root cﬁttings of Artemiéia in the

greenhouse,
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Methods

Measuremeént of Frooting potential. Hardwood cuttings of the woody

Artemisia species.weré fested for rcéting potential on a greenhouse
misting bench. Oﬁe hundred 15 cm cuttings of-éach taxon were collected
in 1ate‘0ctobék, 1975. Afhe 1owef 4 cm:of éacﬁ cutting was stripped of
leaveé, trimmed to a nodé and dipped in a rooting compount ('Rootone’,
Amchem Producfs Inc.) containing three g?qwth‘reguiators (nap£ha¥
lenegcetimidé,.methylnaphthaieneacetimide; and indole-3-butyyic acid)
and the fungicide tetramethylthiuramdisulfied. The shoots were
inserted at 3 cm intervals into the propagation bencﬁ filled with a
mixture of sand (50%); vermiculite (25%), pérlite (10%), and peat
'(15%).' Moisture conditions were maintained and controlled gy an
evaporation controlled mistiﬁg s&stem (Emery, 1968). FTwenty cuttings
were'removed'for'egamination after ten week§'on the mist bench and the‘
remaining eighty cuttings were femoved aftér seventeen weeks on the
bench. 4. frigida, A.'Zudovéciaﬁa and A. t. tridentata were not

tested in the rooting experiment.

‘Field evidence of vegetative réproduction. The taxa listed in Table

8.1 were excavated in the field to look for signs of vegetative
- reproduction such as stolons, rhizomes, shoots with adventitious
roots (layering), and roots with adventitious shoots (root sprouts)

' that may become separated from the parent plant and form self-sufficient
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Table 8.1 Vegetative reproduction of A
the field and the greenhouse, 1974 - 1976

Artemisia species in

“Greenhouse > Field Evidence
% Rooting '
10 . 17 My? c
Weeks Weeks Observ, Literature
A, frigida = Cmm e No 12 .
A, ludoviciana —— = Yes 2, 6, 8, 9
A, tridentata '
- B8p. tridentata —— e No No
A. tridentata
ss8p. wyomingensis O 6 Rare No
A. tridentata :
ssp. vaseyana . 25 16 Yes 4, 11
A, ¢, cana X _ .
- A, t. vaseyana - 67 Yes No
A, cana ssp. cana 100 87 ‘Yes 1, 2, 5, 7
a) Number of twigs per hundred that rooted in a greenhouse

mist bench following treatment with 'Rootone’

Results of field excavations and manipulationso See text
for type of vegetative reproduction

Literature citations are keyed to numbers of the reference
below. All citations are positive evidence

1, Beetle, 1960 ' 7e
2. Cornelius and Graham, 1958 8.
3, Davis, 1952 9
L, Hall and Clemen’css 1932 10,
5. Harrington, 1954 ' N
6. Hitchcock, et al., 1955. 12,

Loope and Gruell, 1973
Moss, 1959

Munz and Keck, 1959
Pechanec, et al,, 1965
Winward, 1970
Microshnichenko, 1964
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individuals (Kains and McQuesten, 1938). Observations were made
throughout southern Montana,_from'Madison County to Rosebud County.
The shrubby taxa were also.tested for their capability to root’
adventitiously in the field. 1In September, 19745 twenty branches each
of A. ¢. cana, A; t. vaséydna, and'AL t. wyomingensis were secured to
éhe soil with U—shaped,_heévf.guagé,_wire pegs and covered with 4,qm

of soil at all points of contact with the ground. Ten branches of

each were excavated in July, 1975 énd fhe remaining ten in July, 1976.

Site locations and soil textures'were as follows: A. ¢. cana, Gallatin

"and Rosebud Counties (silty clay loam); A. t. vaseyana, Gallatin

County (silt loam); and 4. t. wyomingensis, Rosebud County (silty
clay 1oam).
Iﬁ Gallatin, Stillwater and Rosebud Counties, the rate of radial

spread of A. lucoviciana colonies was determined by tagging the outer--

most stems in the fall of 1974 and 1975 and measuring the increase in

colony diameter during the summers of 1975 and 1976.

Results and Discussion

I saw no evidence of veéetative reproduction of 4. frigida in
Montana as Microshnichenko (1964) repo%ted iﬁ Mongolia. querg?ound
branching w;s'evident, but ghis may have been from soil deposipién.
Adventitidus:roéting.of these 'short seétioﬁs (1-3 cm long) were

evident; however, none of the rooting was considered sufficient to
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sustain that segment were it separated from the rest of &he plant, and
no individuals were ever found in thé field thét appeared so derived.

A, Zudbviciana is highly rhizomatous (Davis, 1952; Munz and Keck,
1959; Moss, 1959; Hitchcock; et al., 1955) and forms colqﬁiés as large
as 15 me;efé in diamefer; ferimetef tagging showed an average annual
ré&ial increase of 3.0 * 0.35 cm (N = 36), with no significant’.
difference (P<.05) between years or locagion (county). bn wet sites,
the colonies advanced iﬂ.all direétions but dry site colonies incpeaséd
diameter only iﬁ wgt microsités; such as along drainage depressions;
Wet site-éplonigs showed advaﬁces both &earé but three dry site
cqlonies had no radia;'iﬁcrease.in either year.

Vegeta;ive reproduction in the shrubby species of Artemisia in
_ weStern North America has been noted by several investigators. Wood
(1966) observed layéring in A. spinescens D. C. Eaton. A4. trépartita
Rydb. has been noted to variously reproduce by root sproutiné; stump
sprouting and 1ayering,-especiaily.folloﬁiﬁg fires (Beetle, 1960;
Goodwin, 1956; Pechaneg, et al., 195&, 1965). |

If found no evidencé that 4. tri&bntata formed root gprouté as
reported by Hall and Clements (1932)7 This phenomenon also was not
observed in studies'by Gopdwin (19565; Blaisdell (1953) and Win@ard.
(1970) , and big sagebrush is Widély reéognized to be readily destroyed
by fire (Pickford, 1932; Blaisdell, 1953; Beetle, 1960; Loope and '

Gruell, 1973). However, layering has been observed. Winward (1970)
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found layering to.océur oféen iﬁ A. t. vaseyana form spiceiformis
(Osterhout) Beetle, a form found gbove‘ZlOO meters in Idaho., He did
Iﬁof find any layering in subspecies tridentdte,'wyomingeﬁsfs or other.
forms.of'vaseyand. I found only three individuals'of wyomingensts
natural layering; all Wgré.in.Roéébud.County; Montana. .Hdwever, 107

" of the branches that T secu:ed td,thé_éoil ip the field showéd.

adventitious root development by 1976 and in the greenhouse experiment,

6% of the cuttings rooted in 17 Weeks (Table 8:1). Subspeéies vaseyana

had.éSZ and 16% rooting in 10 and 17 weeks respectively. Many
individuals of subspecies vaseyana in the field had natural layering
(elevation 1375 to 2100.meters),'but'none of the branches I secured
to the soil developed roots. I found no evidence of vegetative
reproductibn in subgﬁgcies tridentata. |
i observed root sprdutings in 4. c. céna, as did Beetle (1960),

Cornelius and Grahaﬁ (1958);and'Pechénec, et al. (1965)‘, One parent
p}ant's taproot‘that I excavatéd pf;ceeded horizpntaily:fof nine
meters before tufning.down into the B and C soil horizons. 'This root
- remained within 5 cﬁ of thé soil surface and had 14 root sprouté ‘
ari;ing from it.. Each sprout—derived 'plant’' developed adventitious
roots to-help ensure its iﬁ&epéndence oﬁ other shrubs in the.complax'
shoﬁld separation from fﬁe péreht plgﬁ; occur. Only in severely
disturbed sites were seed—derijed-seedlings found, and these were

mixed with root sprouts from undamaged roots in the disturbed area.




107

In erosion gullies where A. ¢. cana was covered with silt from

periodic floods, both root sprouts and adventitious rooting of buried

branches were abundant. No layering of this species was observed in

habitats that did not have évidence of periodic flooding.. Cuttings in

the greenhouse rooted well: 100% and 87% in the 10 and 17 week

" periods respectively. A hybrid individual (4. c¢. cana X 4. t. vaseyana)

found in Gallatin County, which showed more morphological character-
istics of 4. .c. cana,'élso roofed well in the éreenhouse (67% in
17 weeks) and in.the field had root éprouts (Table 8.1).

Layering in the .shrubby Artemisia species may be an adaptation
for drought survival and preservgtion of the individual.réther thén
reproduction of the species. Ginzburg (1963) found that discoﬁtinj
uities of cambial activity in the secondary xylem of A. herba-alba
cauéed sectional splitting'of the shrub axis. ‘Eacﬁ section was then
éomewhat'physiologicall independent, being directly connected to.a

- sector of th; root system. A layer of cork separates each year's
growth of xylem apparently to separate and protect the water column.
_Moses (1940) aqd Dale (1968) have described this cork layer inm

A, tridentdta and I havé observed the discontinuous.cambial activity
and radial sectioning in 4. t. vaseyana, A. t. wyomingensis and

A. e. cana. Cook and Stoddart (1960) observed self-supporting units
in A. tridentata like those described in Ginzburg. The adventitioﬁs

rooting of these independent sections would enhance the ability to
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survive a drought period by providing a greater root surface area for

the aquisition of water.
Summary ..

A f%igidb‘dbes not repfodpée vegefatively. A. Zudbvicéanavand
A, e. cana, both féund in habitats thaf éfe often flooded, vege£atively
produce siﬁlings that.afe felatively distaht from the parent and
éppeér capable of survival if separéted ffoﬁ that parent plapt.
A trﬁdéntdte vaseyana and A. t. wyomingensis exhibit onl§ 1aye;ing,

which may enhance drought survival but does not produce new individuals.




Chapter 9
SUMMARY

Artemisia tridentata_is.éomﬁon fhroughout western North America.
Subspecies tridentata éccurs.west.of the continental divide, ssp.
vaseyana west of the divide'except'in Wyoming and Montané whére it is
east of the divi&e as wéll, and sép; wyomingensis occurs in three
distinct areas botﬂ east 'and west of the continental divide. A, cgnd
distribution is slightly'more'nofthern, ﬁith ssp. cana east of the
divide and to tﬁe north, ssp. visci&u?a west of the diQide and
southern, and ssp. bolanderi réstricted to the extreme west side of
the Great Basin. A. frigida is widely distributed in the mountains
and valleys of the Rocky Mountains and in the nortﬁern Greét-Pléins
north to Aiaska and in Eurasia. 4. ludovieciana, is widély distributed
in western North America from Mexico-through‘the Gréai Basin, Roéky
Mountains and the short grass prairie to northerﬁ Alferta, Canada.

Phénological developméntﬂwas veiy similar in all three life
forﬁs, except for éessation of vegetative grqwtﬁ which was later by
four wéeks in the sﬁrqbs fhaq in the nonrshiubs; -Vegététive érowth
began in April and ended in June or July; Inflorescencelinitiétion
occurfed,in lgte'May‘to early June, aﬁthef development in August,
flowerihg.in Septembér and seed dispefSal in late October and early

December. Phenological stages started later and ended earlier with
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increase in elevation or latitude.

Artemisia germinates‘ovg; a broad range of‘temperatures, with the
non-shrub forms having'a'na;;ower optimal range. A;‘friéidﬁ had the
éoo}est optimum, 4. ludovieiana the warﬁest optimum and A. e. cdna
the broadest bptimum; Gefmination tests conducted in petri dishes
Were not-repreéentatiVe'of the pbfehtial germination except for 4.
Zudbvici&na. All four specieé'wgre'aﬁtopathic.. To ma#imize eméréence
aé& survival, Artemisia seed should be planted a mere 2,5 mm'deep.

Artemisia had high‘mortélity in the first four months following
emergence, then a slow mortaliéy for 'the remainder 6f.its life.

Initial mortality wés greater for the hén—shrﬁb life forms, pérhaps

due to their smaller seed size;'.Competition from annual planfs and
‘prédation by insécts‘éaused‘éévere loss of seedlings. éeedling
develoément on coal spoils in eastern Montana .was retarded even when
water was not limiting. Absence of ﬁutrients or symbiotes may be
responsible. | B A

The shruﬂs were larger,-ﬁut had lower seed production per unit
of vegetative leaves tpan thé suffrutescent or herb. Many individga1 
‘planté of egch of the iife forms prdduced an estimated 10,000 seeds
and a few plants pfoduced 50,000 or more (115,000 in 4. t.lvaseyaaa).
Seeds. of the shrubs gre.larger‘énd heaver than non-shrub-species. ;

A. frigida had gfeatér qrowﬁ.dimenéions and bioﬁasé than 4.

ludoviciana except for leaf mass and height. Height proved to be the
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only good correlation with biomass in the non-shrub life forms.

In the shrubs, A, ¢. cana was tallest-and had the largest basal

area, but A. ¢. vaseyana had greater crown diameters, circumference,

. area and volume. 4. ¢. cana was highest in all the biomass classes

except wood 0.3 t6 1 cm (4. t. vaseyana), wood 1 to 2 cm (A. f.
wyémiﬁgensis) and wood 3 tol4.ém in diémeter_(A. t. vaseyana). A.
t. wyomingenstis waé.loweét in ali categories except wood 1 to 2 cm.
The best correlations qf bioﬁass with shfup crown dimensions occurred
with area, volume and minimum diameter. Age waé poorly correlated
with biomass éxcep; in A.-c. cana. Loghtfansformations of both
dependent and independent variables generally improved correlations.

Annual aboveground production per plant in the shrubs was
estimated as the sum of leaf and‘wood 0 to 0.3 cm; A. t. vaseyana
was greater than 4. t. wyomingensis. Non-shrub production per plant
was lower and was estimated as the mass of the inflorescence. TFor all
the taxa, these gstimétes are probably low due to the omissién of
radial trunk growth.

Seed diépersal in Artemisia is échoric (the'majoriti of the seeds
fall under the plant canopy), -and this is pfobably fatal to the ﬁajority
of the seed produced By the plant. A. frigida dispersed more seed -
beyond the vegetétive canopy 1imit ghan any of the shrubs. A. e..
cana beyond the canopy was greater than A. %. vaseéana,'which was

greater than A. ¢. wyomingensis. Dispersal beyond the canopy limit
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diminished rapidly with distance from the plant. Animals may be the’

most important agent of long disfancé dispersal.
Vegetative reproductlon was associated w1th habltat rather than
"life form. 'A. ¢. cana and A ludoviciana were common in habltats |
-prone.to flooding or erosionél deposition and both sPecies‘hadv
‘vegetative reprdduction. Béfh subspecies of A. tridentata exhibited
the aﬁility to layer, but- this éﬁpeared to enhance drought sﬁrvival
rather than produce new individuals. A4. frigida was not found to
have vegetative reproduction: |
Of sﬁecial interest to reclamation engineers are the 6béervations
that concern‘the establishment of Artemisia species on disturbed land;
4. e..cana and A Zudbvtazana can be reproduced vegetatlvely and
A. tridentata and A. frigida probably cannot. If reproductlon from
seed.is to be used, the data presented cén be applied to—the.seasoﬁ of,
seed coilectioh; methods of determining‘viability, andvdetermining
see&ing rates. Figld.observations suggest th;t séedling establishment

is best on natural topsoils.
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Chapter 10

RECLAMATION . CONSTDERATTONS

In selecting an Artemésia:species,for use in reclamation, its
potential role in a ﬁanagement_plah mﬁst be cbﬁsidered. The following
list provideslsome ménagéhenf coﬁéideratioﬁs énd the impressidns of.
the best species suited to'egcﬁ: 15_Erosion Control, A. Iucoviciana,
A. eana; 2) Water (snow) Retention; A. tridentatd, A. cana; 3) Wild-
life Cover, A;.tridentdta, 4. cana; &) Foraée Value; A, Zudoﬁfciana,
4. frigida, A.-trideﬁtata, and A. cana.’

On difficult reclamation sites, establishment of Artemisia by

' &egetativé‘reprqduction means may be the best method. This is likely
to be difficult with 4. tridentata and A. frigida, but should prove

' easy with 4. ludoviciana and A. cana (Table 8.1, page 103). - Further

investigations of vegetative establishment methods are needed. To
allow root establishment before shoot growth begins in tHe‘spring,

rhizomes, root sections or stem cuttings should be planted before

-April (page 23).

Mach qf my effort has been directed toward the potential estab-
lishment of plgnts from seeds because of the presuméd'economical
savings. Collectioﬁ 6f'seeds éhould be madé in mid October (page 26)
and one might expect. to obtaiﬂ:l90, 270, 1950 and 3750 seeds per

decimeter of inflorescence for A. cana, A. tridentata, A. Lucoviciana
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and 4. frigida, respectively (Table 6.6, page 89). Seeds stored at
room temperature Had 80% gérminatidn (Tab;e 4.2,'pége 38); stratifica-
tion of Montaﬁa segd thergfore appears unncessary. The standard

method of petri plate germination tests substantially underestimates

the germination potential found by tests conducted on a temperature

- gradient bar (page 39-40). Treatment of seeds with a fungicide

(Arasam 75) imprqbed petri plate germination but had little effect
in soilhgerminatibn tests (page 37,39). The possibility of
inoculating Artemisia seeds with microbes (e.g. micorrhizal fungi

or nitrogen-fixing bacteria) needs further study, but'might improve

seedling survival. To obtain a density of one plant per m2, seeds

_should be shown at rates of approximately 14, 27, 27 and 38.kg of

1

seeds per hectare for 4. cana, A. . tridentata, A. frigida and A.
ludoviciana, respecfiyely,'and.the number of seedlings p(_ar_m2 at
the end of one year would approximately be 5,43, 8 and 9 respectively
(pagés 70-72, 87-90). Where inSect predation aﬁd.weeq competition
on Artemésiq seedlings are significant, seeding rates should be
increased by uﬁkpown amounts (page.66).'

Sec&ndary dispersion of Artemisia will thicken stands. It
will occur‘early by vegetative repfoduction in A. Zﬁdoviciana and
by seeds in boéh A. ludovieiana and A. frigida. It will require,

however, about 4 years in A. tridentata and A. cana. It is
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speculated that vegetafive rép:oduction of A. cana will occur only
_after seve;al years. -Long distance dispersal by seeds or vegetative

reproduction will be rare.
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