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

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

A s tu d y  was c o n d u c te d  d u r in g  th e  y e a r s  o f  1982 and 1983 to  
in v e s t ig a te  rep ro d u c tiv e  c h a r a c te r i s t i c s  and mechanisms im p o rtan t in  
p la in s  s i l v e r  s a g e b ru sh  (A r te m is ia  can a  P ursh  s sp . c a n a ). The s tu d y  
was co n d u c ted  on th e  F o r t  Keogh L iv e s to c k  and Range R esea rch  
L a b o ra to ry  a t  M ile s  C ity , M ontana. In  p a r t i c u l a r ,  s t u d i e s  ex am ined : 
( I )  seed d is p e r s a l  from in d iv id u a l p la n ts  and among s i t e s ,  (2) fa c to r s  
a f f e c t in g  g erm in a tio n , (3) emergence, growth and s u rv iv a l of seed lin g s  
u n d er c o n t r o l l e d  and f i e l d  c o n d i t io n s ,  and (4) w h e th e r  th e  p r im a ry  
o r ig in  o f in d iv id u a l p la n ts  was from seed o r v e g e ta tiv e  p ropaga tion .

D isp ersa l p a t te rn s  were examined f o r  a one-month p erio d  in  the  
f a l l  o f  1982. Wind d i s p e r s a l  a p p ea re d  to  be th e  m ost i n f l u e n t i a l  
f a c t o r  i n  th e  d i s p e r s a l  o f  a c h e n e s  from  p la in s  s i l v e r  s a g e b ru s h  f o r  
th e  a r e a  s tu d ie d .  A d e f i n i t e  t h r e e - d i r e c t i o n a l  d i s t r i b u t i o n  o f 
d isp e rse d  seed was found. Most seed was d isp e rsed  c lo se  to , or under, 
th e  sh ru b , b u t t h i s  depended on d a te  and d i r e c t i o n .  No m a jo r 
d i f f e r e n c e s  i n  d i s p e r s a l  p a t t e r n s  w ere  found  among th e  th r e e  s tu d y  
s i t e s .  P la in s  s i l v e r  s a g e b ru sh  can g e rm in a te  u n d e r a v a r i e t y  o f 
e n v iro n m e n ta l  c o n d i t io n s ,  b u t c e r t a i n  s i t u a t i o n s  d id  f a v o r  h ig h e r  
g e rm in a tio n  percen tag es. S t r a t i f i c a t i o n  had no e f f e c t  on g erm ina tion  
success. Date o f seed c o l le c t io n ,  l i g h t  and dark reg im es, tem peratu re  
and w a te r  s t r e s s  had im p o r ta n t  i n f l u e n c e s  on g e r m in a t io n  s u c c e s s . 
H igher te m p e r a tu r e s  t h a t  had a d v e r s e  e f f e c t s  on g e r m in a t io n  w ere  
favored  i n  s e e d lin g  grow th. S eed ling  response was enhanced by a d d itio n  
o f supplem entary  w a te r and b u r ia l  a t  5 mm. M o rta lity  was lo w est from 
see d lin g s  em erging from 15 and 25 mm. D esp ite  la rg e  numbers o f seeds 
th a t  were p lan ted , very  few see d lin g s  emerged in  th e  f i e l d  ( 1.2%), and 
o f  th e s e  o n ly  11 p e r c e n t  s u rv iv e d  th e  summer. The d e g re e  to  w hich  
p l a in s  s i l v e r  s a g e b ru s h  r e l i e s  on v e g e t a t i v e  r e p r o d u c t io n  was 
e s ta b lis h e d  by ro o t excava tions. P la in s  s i lv e r  sagebrush in  a lm ost a l l  
c a s e s  showed some d e g re e  o f rh iz o m a to u s  g ro w th , even  among s m a ll  
see d lin g s . Most excavated  in d iv id u a ls  tu rn ed  out to  be sp ro u ts  from an 
a lread y  e s ta b lis h e d  p la n t. No d if fe re n c e s  could be found among s i t e s  
o r b e tw een  d i s tu r b e d  o r  u n d is tu rb e d  s i t e s  i n  te rm s  o f  num bers o f  
sp ro u ts  or seed lin g s . Drought was l ik e ly  th e  most im p o rtan t in f lu e n c e  
on growth h a b i ts .
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INTRODUCTION

An a d e q u a te  u n d e rs ta n d in g  o f  how in d iv id u a l  s p e c ie s  in f lu e n c e  

p la n t—community dynamics i s  fundam ental to  su cc e ss fu l management o f 

ra n g e la n d s . M embers o f  th e  sa g e b ru sh  genus ( A r te m is ia  L.) have lo n g  

been  re g a rd e d  a s  h a v in g  an  im p o r ta n t  r o l e  i n  r a n g e la n d s  o f  N orth  

America. In  the p a s t, sagebrush sp e c ie s  have g e n e ra lly  been considered  

u n d e s i r a b le  i n  ra n g e la n d  o p e r a t io n s  due to  t h e i r  a d v e rse  im p a c t pn 

p r e f e r r e d  fo r a g e  s p e c ie s  and l i v e s t o c k  o p e r a t io n s .  C o n seq u en tly , 

c o n t r o l  m easu re s  w ere  o f te n  recom m ended w ith  h ig h  b ru sh  d e n s i t i e s .  

R e c e n tly , w ith  ex p an d in g  kn o w led g e, th e  sa g e b ru sh  com plex  has been  

re g a rd e d  a s  o f t e n  p r o v id in g  v a lu a b le  fo ra g e  and c o v e r  f o r  e i t h e r  

l i v e s t o c k  a n d /o r  w i l d l i f e .  As su ch , i t  s e r v e s  an  im p o r ta n t  r o l e  i n  

w este rn  ecosystem s. However, the  economic and management im portance of 

sagebrush depends upon th e  s p e c i f ic  taxon p re sen t (B ee tle  1977).

S ilv e r  sagebrush (A rtem is ia  cana Pursh1) occup ies an e s tim a te d  13

m i l l i o n  h e c ta r e s  (ha) i n  th e  11 w e s te r n  U n ite d  S t a t e s  (B e e t le  I9 6 0 ).

I t  ra n k s  seco n d  to  b ig  sa g e b ru sh  ( A r te m is ia  t r i d e n t a t a  N u tt.)  w ith

re s p e c t to  a re a  occupied. In  Montana th e re  a re  about 7.8 m il l io n  ha of

b ig  sagebrush  and 5.2 m il l io n  ha o f s i l v e r  sagebrush, w h ile  in  Wyoming

th e r e  a r e  9.1 m i l l i o n  ha and 2.85 m i l l i o n  ha r e s p e c t i v e l y .  The

g e o g ra p h ic  ra n g e  and e c o lo g ic a l  dom inance o f t h i s  sh ru b  m e r i t s

i n t e n s i v e  r e s e a r c h  a t t e n t i o n .  H ow ever, t h i s  h a s  n o t p r e v io u s ly

occurred. While b ig  sagebrush, has been s tu d ie d  e x te n s iv e ly  in  re c en t

1 S c ie n t i f ic  nom enclatu re  in  t h i s  th e s i s  fo llo w s  B e e tle  I960, B ee tle  
and Young 1965, S h e tle r  and Skog 1978.
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y e a r s ,  b io lo g ic a l  in f o r m a t io n  d e a l in g  w ith  s i lv e r  sagebrush i s  very  

l im ite d . S ta te s  such as  Montana and Wyoming re ly  h e a v ily  on range and 

p a s tu re  fo rag e  fo r  t h e i r  l iv e s to c k  in d u s try . T herefore , a p p re c ia tio n  

of s i lv e r  sagebrush com m unities and th e i r  im p lic a tio n s  f o r  management 

i s  im p o rtan t.

P la in s  s i l v e r  s a g e b ru sh  (A r te m is ia  P ursh  can a  asp. c a n a l i s  an 

im p o r ta n t  sh ru b  i n  th e  N o r th e rn  G re a t P la in s .  I t  i s  fo u n d  on deep , 

low land s o i l s  o f f lo o d p la in s  and i s  g e n e ra lly  considered  to  in c re a se  

i n  r e s p o n s e  to  c a t t l e  g ra z in g .  T h is  s a g e b ru sh  i s  an  e r e c t ,  f r e e l y  

b ra n c h in g  sh ru b  o f  up to  1.5 m e te rs  o f t e n  found  i n  dense  s ta n d s .  I t  

sp ro u ts  v ig o ro u sly  a f t e r  d is tu rb a n ce s  such as burning.

I t  i s  i m p o r t a n t  to  u n d e r s t a n d  f a c t o r s  c o n t r i b u t i n g  to  

rep ro d u c tiv e  success  o r f a i l u r e  in  o rder to  ga in  a b e t te r  a p p re c ia tio n  

o f p la n t  p o p u la t io n  dynam ics. T h is  i s  p ro b a b ly  b e s t  a c c o m p lish e d  i n  

c o n ju n c t io n  w ith  a u te c o lo g ic a l  s t u d i e s  o f  p r i n c i p a l  s p e c ie s  t h a t  

in c lu d e  r e s e a r c h  on pheno logy  and p ro d u c t io n  o f f i e l d  p o p u la t io n s  

(M ott I 979). Due to  p l a in  s i l v e r  sage  b ru s h ’s e x te n s iv e  o c c u re n c e  i n  

many N orthern G reat P la in s  p la n t com m unities, a study was undertaken 

to  exam ine some o f th e  v a r i a b l e s  in v o lv e d  i n  i t s  s u c c e s s .  The s tu d y  

was conducted over a two y ear p e rio d  a t  the  F o rt Keogh L ivestock  and 

Range Research L aboratory  a t  M iles C ity , Montana. I t  was designed to  

exam ine r e p r o d u c t iv e  c h a r a c t e r i s t i c s  and m echan ism s w hich  a re  

im p o rtan t i n  the success and m aintenance of p la in s  s i lv e r  sagebrush.

Two study g o a ls  were addressed  i n  th e  course of ,my re sea rch . They 

w ere: ( I )  to  e s ta b l is h  b a se lin e  in fo rm a tio n  on p la in s  s i lv e r  sagebrush 

r e p r o d u c t io n ,  and (2) to  c o n s id e r  s e x u a l and a s e x u a l

-K .

means o f
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r e p r o d u c t io n  w ith  r e g a rd  to  th e  r e l a t i v e  im p o r ta n c e  o f each . More 

s p e c i f ic  o b je c t iv e s  w ere e s ta b lis h e d  w ith in  th is  co n tex t and examined 

in  in d iv id u a l s tu d ie s . This re se a rc h  work was designed to  reach  fo u r 

o b je c t iv e s . These w ere: (I )  to  examine seed d is p e r s a l  c h a r a c te r i s t i c s  

from  in d iv id u a l  p l a n t s ,  (2 ) to  i n v e s t i g a t e  f a c t o r s  a f f e c t i n g  seed  

g e rm in a tio n , (3) to  e v a lu a te  emergence, e a r ly  growth and su rv iv a l of 

s e e d l in g s ,  and (4) to  d e te rm in e  w h e th e r  th e  p r im a ry  o r i g i n  o f  

in d iv id u a l p la n ts  was from seed or v e g e ta tiv e  p ropagation .
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LITERATURE REVIEW 

In tro d u c tio n  to  A rtem isia  Taxonomy

A New World group o f c lo se ly  r e la te d  sagebrush sp e c ie s  com prise a 

North American endemic S ec tio n  of the  w orld -w ide Genus A rtem isia  L. 

(300 s p e c ie s )  and o c c u r  i n  v a ry in g  am ounts o v e r a b o u t 109 m il l io n , 

h e c ta r e s  (ha) i n  th e  11 w e s te rn  U n ite d  S t a t e s  (B e e t le  I960 ). T h is 

S e c t io n ,  d e s ig n a te d  T r id e n t a ta e ,  l i k e l y  e v o lv ed  i n  N o rth  A m erica 

during  the  l a t e  T e r t ia ry  or e a r ly  Q uaternary  tim es  from an a n c e s tra l  

sp e c ie s  o f  A rtem is ia  o r ig in a t in g  i n  Asia. D if f e r e n t ia t io n  throughout 

the C enozoic, e ra  probably  occurred  under the s tim u lu s  o f a r id  cycles. 

T rid en ta ta e  i s  o f m ountain o r ig in  and G reat B asin a d a p ta tio n  (B eetle  

I960, Johnson 1978, McArthur and Plummer 1978). Members o f T rid en ta ta e  

a re  d i s t i n g u i s h e d  from  Old W orld c o u n te r p a r t s  by woody s tem s  and a 

l a c k  o f  ra y  f l o r e t s .  In  a d d i t i o n  th e y  s h a re  common c h a r a c t e r i s t i c s  

w ith in  th e  S ec tio n , in c lu d in g : (I) d e n ta te  le av e s , in  g e n e ra l, covered 

w ith  c h a r a c te r i s t i c  se r ice o u s  or canescen t pubescence, (2.) an arom atic  

odor cau sed  by a v a r i e t y  o f  t e r p e n e s ,  and (3) c a m p a n u la te  heads 

arranged  in  m odified  p a n ic le s  (B ee tle  1977, McArthur and Plummer 1978, 

T isd a le  and H ironaka 1981).

C h a r a c te r is t ic s  and Taxonomy o f Sagebrush

S evera l ad ap tiv e  fe a tu re s  have been a sso c ia te d  w ith  th e  S ec tio n  

T r id e n ta ta e  and have  r e s u l t e d  i n  i t s  e x te n s iv e  d i s t r i b u t i o n  and 

p e r s i s t e n c e  o f  many s p e c ie s  i n  a v a r i e t y  o f h a b i t a t s .  P h y s io lo g ic a l
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f e a t u r e s  s u c h  a s  a b i l i t y  to  c a r r y  on p h o t o s y n t h e s i s  a t  low  

tem p e ra tu res , a b i l i t y  to  germ inate  over a w ide range o f tem p era tu res , 

e x ten s iv e  ro o t system , and prom inent secondary' m etabo lic  compounds may 

c o n fe r  a c o m p e t i t iv e  a d v a n ta g e  f o r  s a g e b ru s h  (D eP u it and C a ld w e ll 

1973, Caldw ell 1978).

Evidence in d ic a te s  th a t  a l l  sp ec ie s  and su b sp ec ies  o f  T rid en ta tae  

can be g iv e n  th e  s t a t u s  o f  a t  l e a s t  to p o g ra p h ic  and e d a p h ic  c lim a x  

dom inants. As such, each d e fin e s  in  i t s  own way a d i f f e r e n t  e co lo g ica l 

a rea . Many o f the  f a c to r s  which in f lu e n c e  the d i s t r ib u t io n a l  p a t te rn s  

i n  sagebrush a re  r e f le c te d  i n  s o i l  developm ent combined w ith  c l im a tic  

or env ironm ental c h a r a c te r i s t i c s  ( H a z le t t  and H offm an 1975, W inward 

1980, F roem ing  1981). S e v e ra l  s p e c ie s  such  a s  s i l v e r  sag e b ru sh  

(A rtem isia  cana Pursh) and b ig  sagebrush  (A rtem isia  t r i d e n ta ta  N utt.) 

have a c h ie v e d  s u f f i c i e n t l y  w ide d i s t r i b u t i o n  to  h av e  d ev e lo p ed  

s u b s p e c ie s .  B oth have th r e e  s u b s p e c ie s .  B ig  sa g e b ru sh  i s  th e  m ost 

w id e sp re a d  and h a s  r e c e iv e d  th e  m ost r e s e a r c h  a t t e n t i o n .  S i lv e r  

sagebrush i s  second in  d i s t r ib u t io n  and i s  not w e ll resea rch ed .

Two g e n e t ic a l ly  d i f f e r e n t ia te d  groups in  th e  T r id e n ta ta e  S ec tio n  

a re  recognized . One group re s p ro u ts  a f t e r  d is tu rb an ce  QL t r i p a r t i t a  

Rydb., A.can a  and A. r i s i d a  (N u tt.)  G ray ), w h ile  th e  o th e r  g roup  does 

n o t QL t r i d e n t a t a . A. a r b u s c u la  N u t t . ,  JL lo n g i lo b a  (O s te rh o u t)  

B ee tle , JL nova Nelson, JL b ig lo v i i  Gray and JL PVgmeae Gray).

S ilv e r  Sagebrush Taxonomy

The s i lv e r  sagebrush complex i s  composed o f th re e  su b spec ies  w ith  

a l l o p a t r i c  d i s t r i b u t i o n  (F ig u re  I )  and c h a r a c t e r i s t i c  e c o lo g ic a l
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d i s t r i b u t i o n  of  A r t e m i s i a  c a n a c a n a  

d i s t r i b u t i o n  of  A r t e m i s i a  c a n a  b o l a n d e r i

-----  d i s t r i b u t i o n  of  A r t e m i s i a  c a n a  v i s c i d u l a

★  location of Fort Keogh Livestock and Range Research Lab

F igure  I . D is tr ib u tio n  o f the  th re e  su b sp ec ies  o f s i l v e r  sagebrush in  
w este rn  North America (Harvey 1981).



7

n ich es  (B eetle  1977). Subspecies a re  sep a ra ted  m orpho log ica lly  on th e  

b a s i s  o f  l e a f  w id th , s e s q u i te r p e n e  c o n te n t  and g eo g rap h y  (M o rris  e t  

a l .  1976).

M ountain  s i l v e r  sa g e b ru sh  (A. c an a  ssp . v i s c i d u l a  (O s te rh o u t)  

B e e t le )  i s  t y p i f i e d  by i t s  g r e e n is h ,  l i n e a r  l e a v e s ,  and i t  o c c u rs  on 

stream  banks, meadows and d ep ress io n s  g e n e ra lly  a t  h ig h e r e le v a tio n s . 

I t  i s  o f te n  in  c lo se  a s s o c ia t io n  w ith  c o n ife rs  i n  th e  Rocky Mountain 

reg io n  of the w este rn  s ta t e s .  Bolander s i lv e r  sagebrush (At. cana ssp. 

b o lan d eri (Gray) Ward), in  c o n tra s t ,  has l in e a r ,  canescen t le av e s  and 

g ro w s  on p o o r ly  d r a i n e d  s o i l s  i n  c e n t r a l  O regon  an d  e a s t e r n  

C a l i f o r n ia .  P la in s  s i l v e r  s a g e b ru s h  ( A. cana  P u rsh  s sp . c a n a ) i s  an 

e r e c t ,  c a n e s c e n t ,  f r e e l y  b ra n c h in g  sh ru b  o f  up to  1.5 m w ith  l a r g e  

l i n e a r  le av e s . This taxon i s  found grow ing on w e ll w a tered , deep s o i l s  

throughout th e  N orthern  G reat P la in s , e p p ac ia lly  along stream bottom s 

and drainagew ays, in  sp a rse  to  dense s tan d s . Wyoming b ig  sagebrush (A. 

t r i d e n ta ta  ssp. wjyomingensis B ee tle  and Young) i s  th e  only o th e r m ajor 

shrubby sagebrush i n  th e  N orthern  G reat P la in s  (B ee tle  1977, Johnson 

1978, T isd a le  and Hironaka 1981).

D is tr ib u t io n  o f P la in s  S ilv e r  Sagebrush

P la in s  s i l v e r  s a g e b ru sh  o c c u rs  e a s t  o f  th e  c o n t in e n ta l  d iv id e  

(except fo r  the  Yampa R iver V alley , Colorado) in  Wyoming and Montana 

n o rth  to  so u th ern  A lb erta  and Saskatchew an and e a s t  to  c e n tr a l  North 

and South Dakota and no rth w est Nebraska. Several, d is ju n c t  po p u la tio n s  

occur i n  th e  e a s te rn  Dakotas (Harvey 1981).
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S i l v e r  s a g e b ru sh  w as f i r s t  c o l l e c t e d  by L ew is and C la rk  on th e  

b l u f f s  o f  th e  M is s o u r i  R iv e r  ( N u t t a l l  1841) and t y p i c a l  h a b i t a t s  

in c lu d e  loam y to  san d y , w e ll  d ra in e d  s o i l s  o f  u p la n d s , and a l l u v i a l  

f l a t s  and te r r a c e s  o f v a lle y  bottom s. I t  i s  f u r th e r  d is tin g u ish e d  as 

g ro w in g  i n  dense  o r open s ta n d s  a lo n g  s tr e a m s  and v a l l e y s  t h a t  a r e  

su b je c t to  e ro s io n , f lo o d in g  and d e p o sitio n . Hence, s t r a t i f i c a t i o n  and 

h e te ro g e n e ity  a re  conspicuous in  th e  a l lu v ia l  p r o f i le s  (Thatcher 1959, 

H a z le t t  and H offm an I 975, Jo h n so n  1978). T h a tc h e r  (1 959) n o te d  t h a t  

o n ly  one o f th e  f o u r  s a g e b ru sh  s p e c ie s  he s tu d ie d ,  p l a in s  s i l v e r  

s a g e b ru s h , grew on s o i l s  in f lu e n c e d  by h ig h  w a te r  t a b l e s .  Joh n so n  

( 1978) r e p o r te d  t h a t  o n ly  s i l v e r  s a g e b ru sh  and w e s te r n  wh e a tg r a s s  

(Agropyron s m ith i i  Rydb.) th r iv e d  i n  a re a s  o f freq u e n t flood ing .

Ecology and C h a r a c te r is t ic s  o f Sagebrush

Winward (1980) n o te s  th a t  q u e s tio n s  c o n tin u a lly  a r i s e  a s  to  (I) 

how much sagebrush i s  re q u ire d  fo r  w i ld l i f e ,  (2) th e  e c o lo g ic a l s ta tu s  

o f  th e  p l a n t ,  and (3) w h e th e r  c o n t r o l  i s  d e s i r a b l e .  Each s a g e b ru sh  

ta x o n  h a s  u n iq u e  b io l o g i c a l  f e a t u r e s  t h a t  in f lu e n c e  m anagem ent 

d e c is io n s . Moreover, most of the  re g io n  dominated by sagebrush in  the  

w e s te r n  s t a t e s  i s  s t a b l e ,  m eaning  t h a t  s p e c ie s  p re s e n c e  h a s  n o t 

changed ap p rec iab ly  s in c e  the  tim e o f s e tt le m e n t. However, some a re a s  

have  shown a s u b s t a n t i a l  in c r e a s e  i n  sa g e b ru sh  d e n s i ty  due to  heavy 

l i v e s t o c k  g r a z i n g  ( T i s d a l e  and  H ir o n a k a  1 9 8 1 ). U n d er t h e s e  

c ircu m stan ces , im p lem en ta tion  of c o n tro l p ra c t ic e s  may be d e s ira b le .
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C ontro l Methods and R esu lts

M ethods o f  c o n t r o l  t h a t  have been  u sed  on s a g e b ru s h  in c lu d e  

h e rb ic id a l ,  m echanical, b io lo g ic a l  o r  b u rn in g  t r e a tm e n t s .  A l te r n a te  

p o s s i b i l i t i e s  o f  a l t e r i n g  s a g e b ru s h  co m m u n itie s  h ave  in c lu d e d  

f e r t i l i z e r  t r e a tm e n t s  and g e n e t i c  s e l e c t i o n  o f im p ro v ed  p la n t  

m a t e r i a l s .  However, w hat c o n t r o l  w ork on s i l v e r  s a g e b ru sh  t h a t  h a s  

been done, i n  s o u th e a s te r n  M ontana, i s  r e p o r te d  i n  W hite  and C u rr ie  

(1983).

S p e c ie s  o f  s a g e b ru sh  w h ich  do n o t l a y e r  o r s p ro u t  i n  n a tu r e  a re  

r e l a t i v e l y  e a sy  to  c o n t r o l  by v a r io u s  m ethods. Heavy k i l l  has been 

r e p o r te d  w ith  2 ,4-D  on b ig  s a g e b ru s h  ( B l a i s d e l l  and M ueggler 1956, 

C ornelius and Graham 1958). M echanical and burning tre a tm e n ts  a re  a lso  

e f f e c t iv e  in  reduc ing  b ig  sagebrush (Johnson and Payne 1968). W right 

'et a l .  (1979) have n o te d  t h a t  f i r e  h a s  p ro b a b ly  p la y e d  an h i s t o r i c  

r o le  i n  keeping brush d e n s ity  low in  sag e b ru sh /g ra ss  com m unities. I t  

w as e s t im a te d  t h a t  f i r e s  o c c u r e d  e v e r y  3 2 - 7 0  y e a r s  i n  t h e s e  

communities.

W hite ( p e r s o n a l  comm.) h as  s tu d ie d  h e r b i c i d a l ,  m e c h a n ic a l and 

burning tre a tm e n ts  on p la in s  s i lv e r  sagebrush  in  so u th e a s te rn  Montana 

and h a s  fo u n d  t h a t  f a l l  b u rn in g  can  le a d  to  good c o n t r o l  (W hite  and 

C u rr ie  1983). B l a i s d e l l  and M uegg ler (1956) i n d i c a t e d  th a t  s i l v e r  

s a g e b r u s h  sh o w s m uch g r e a t e r  r e s i s t a n c e  to  2 ,4 -D  th a n  o t h e r  

s a g e b ru s h e s . The s p r o u t in g  n a tu re  o f  sh ru b s  such  a s  s i l v e r  and 

t h r e e t i p  s a g e b ru s h  (A. t r i p a r t i t a ) makes c o n t r o l  e f f o r t s  m ore 

d i f f i c u l t .  I t  has a lso  c o n tr ib u te d  to  h ig h e r p la n t d e n s ity  when anim al 

u se  i s  h ig h  a n d /o r  f i r e  f re q u e n c y  h a s  been  re d u c e d . In  t h r e e t i p
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sa g e b ru sh  p o p u la t io n s  i n  O regon, W inward (1980) b e l ie v e d  c o n t r o l  

e f f o r t s  may be th e  o n ly  way to  keep  sh ru b  d e n s i t i e s  low  enough to  

a llow  fo r h ea lth y  s tands o f . herbaceous sp ec ie s . He re p o r te d  th a t  l ig h t  

g r a z in g  and even  nonuse  w i l l  f a i l  to  r e s t o r e  s t a b l e  h e rb a c e o u s  

com position. M ountain s i lv e r  sagebrush d e n s ity  in c reased  l e s s  ra p id ly  

i n  re s p o n se  to  m a in te n a n c e  o f  a good h e rb a c e o u s  c o v e r  th a n  d id  

t h r e e t i p  sagebrush.

D e f o l i a t i o n  o f  b row se s p e c ie s  a p p e a re d  to  re d u c e  c a rb o h y d ra te  

re se rv e s  to  about the same e x te n t r e g a rd le s s  of c o n tro l tre a tm en t d a te  

(D o n art and Cook I 970). S tu rg e s  (1977a) r e p o r te d  t h a t  f a l l  m o is tu re  

was reduced by 19 p e rc en t in  a b ig  sagebrush stand  w ith  g a in s  noted a t  

91-183 cm depth. However, m o is tu re  d e p le t io n  was g re a te r  on sprayed 

s i t e s  in  the  top 61 cm because g ra ss  d e n s ity  in c re ase d  when sagebrush 

w as c o n t r o l l e d .  T h is  r e s p o n s e  w as o b s e rv e d  w h ere  s o i l s  w ere 

s u f f ic ie n t ly  deep so th a t  g ra ss  ro o ts  were above sagebrush  ro o ts .

B io lo g ic a l c o n tro l has gained re c e n t a t te n t io n  and Gates (1964) 

has in d ic a te d  th a t  a l e a f - d e f o l i a t in g  moth (Aroea w e b s te r i i)  has been 

one o f the  most p rom ising  in  t h i s  reg a rd  because i t  p r e f e r s  sagebrush 

sp ec ie s . B esides t h i s  moth, some o th e r  in s e c ts  have been re p o rte d  as  

d e s tru c t iv e  to  sagebrush. These in c lu d e  T rirhabda p i lo s a  and vario u s  

s p e c ie s  o f  g ra s s h o p p e rs  (H arvey 1981, T is d a le  and H iro n ak a  1981). 

Voles (M icro tus spp,), a roden t on ran g e lan d s, have caused ex ten s iv e  

damage on b ig  and s i lv e r  sagebrush p o p u la tio n s  as  w e ll a s  o th e r p la n t 

s p e c ie s  (M uegg ler 1 966, T is d a le  and H iro n ak a  1981). In  s o u th e a s t  

Montana, they were p re se n t in  s u f f ic ie n t  numbers in  1983 to  g ird le  and 

t o p k i l l  many sh ru b s  on b o th  my s tu d y  a r e a  and i n  n ea rb y  p a s tu r e s .
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Rodents do no t seem to  tak e  th e  seed as  food however, p o ss ib ly  due to  

te rp e n o id s  p re sen t (E v e re tt, Meeuwig and S tevens 1978).

Sagebrush p la n ts  th a t  su rv iv e  c o n tro l tre a tm e n ts  have been found 

to  be the  most im p o rtan t f a c to r  in  shrub re in v a s io n  (Johnson and Payne 

1968). G enerally , re e s ta b lish m e n t occu rred  du ring  th e  f i r s t  few y ea rs  

a f t e r  tre a tm e n t and u l t im a te ly  was a lso  due to  p la n ts  grow ing to  seed 

b earin g  s iz e  (Bartolom e and Heady 1978). C ontrol tre a tm e n ts  m ight a lso  

a llo w  o th e r  s p e c ie s  such  a s  g r e e n  r a b b i t b r u s h  ( C h rv s o th a m n u s  

v i s c i d i f l o r u s  (Hook.) N u tt.)  to  e x p l o i t  new s i t e s  w here  c o m p e t i t io n  

has been e lim in a te d  (Young and Evans 1972). C ontrol o f p la in s  s i lv e r  

sagebrush was s ig n i f ic a n t  in  reduc ing  shrub co m p etitio n  and in c re a s in g  

d e s i r a b l e  fo r a g e .  When m e c h a n ic a l t r e a tm e n t s  w ere  exam ined  i n  t h i s  

c o n te x t ,  c u t t i n g  d a te  and o r i g i n a l  p la n t  s i z e  w ere  found  to  be 

im p o r ta n t  in  d e te rm in in g , su b se q u e n t s p r o u t in g  and re g ro w th  (W hite 

p e rsonal com m unication). Phenology and m o is tu re  s t r e s s  a lso  a f fe c te d  

m o r ta l i ty .

Many s h ru b s , in c lu d in g  s i l v e r  s a g e b ru sh , a r e  d e s i r a b l e  i n  

re c lam a tio n  of d is tu rb e d  la n d s  fo r  c a tch in g  snow and fu rn ish in g  fo rage 

o r co v er f o r  l i v e s t o c k  and w i l d l i f e .  However, s i l v e r  s ag e b ru sh  

c o n s i s t e n t l y  had th e  l e a s t  g ro w th  o f  f i v e  s h ru b s  t r a n s p la n t e d  a s  

se e d lin g s  on to p s o i l  and overburden i n  Wyoming (Howard e t  a l .  1977). 

To im prove  on th e s e  c h a r a c t e r i s t i c s ,  W elch and M cA rthur (1979) have 

s u g g e s te d  t h a t  s a g e b ru sh  can p ro b a b ly  be g e n e t i c a l l y  im proved  to  

become a m ore v a lu a b le  fo r a g e  r e s o u r c e .  T h is  i s  b e ca u se  o f a r i c h l y  

v a r ia b le  germ plasm.
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Forage C on sid era tio n s

All sagebrushes have some im portance as  fo rage  (B ee tle  I960), but 

i t  h as  been  e s t a b l i s h e d  t h a t  th e r e  a re  s i g n i f i c a n t  d i f f e r e n c e s  i n  

anim al p re fe ren ce  among taxa. Most re se a rc h  on t h i s  su b je c t has been 

concerned w ith  b ig  sagebrush, low sagebrush  (Ae. a rb u scu la I and b lack  

sagebrush (Ae, ,nova). L im ited  s tu d ie s  w ith  s i lv e r  sagebrush have been 

done. G e n e tic  v a r i a t i o n  b e tw een  sa g e b ru sh  s p e c ie s  and s u b s p e c ie s  

in flu en ced  anim al p re fe ren ce  more than  env ironm ental v a r ia t io n  w ith in  

the  taxon (Sheehy and Winward 1981). S tu d ie s  r e l a t i n g  to  g raz in g  use 

o f  p l a in s  s i l v e r  s a g e b ru sh  have shown t h a t  i t  i s  a r e l a t i v e l y  

im p o r ta n t  p l a n t  f o r  w in te r  use  by some w i l d l i f e  s p e c ie s  such  a s  e lk  

( C ervus .cana.de n s i s ) , m ule d e e r  ( O d o c o ileu s  h em io n u s) and a n te lo p e  

(A nt.ilocapra am ericaqa) (D ietz e t  a l .  1962, Mackie 1970, Kufeld 1973, 

Dusek 1975, B e e t le  1977, S c h o ll  e t  a l .  1977, W ilson  1977, Sheehy and 

W inward 1981). I t  w i l l  be used by l i v e s t o c k  o n ly  i f  t h e r e  i s  l i t t l e  

e l s e  a v a i l a b l e  (M ackie 1970, K u fe ld  1973, Dusek 1975, B ranson and 

M ille r  1981, Sheehy and Winward 1981, Roath and K rueger 1982).

W ild life  Forage C onsidera tions

B e e t le  (1977) r e p o r te d  t h a t  p l a in s  s i l v e r  s a g e b ru s h  was l e s s  

p a la ta b le  than  Wyoming b ig  sagebrush , but s ta te d  th a t  i t  was re a d ily  

tak en  by e lk  and deer in  w in te r . Sheehy and Winward (1981) showed th a t  

Bolander s i lv e r  sagebrush  was h ig h ly  p re fe rre d  by mule deer. S choll e t  

a l .  ( 1977) r e p o r te d  t h a t  m o u n ta in  s i l v e r  s a g e b ru sh  w as m o d e ra te ly  

p a la ta b le  to  mule deer. Two s tu d ie s  i n  the  M issouri B reaks o f Montana 

dem onstrated  th a t  use o f p la in s  s i lv e r  sagebrush by mule deer and e lk



13

was ex ten s iv e  (Mackie 1970, Kufeld 1973). H eaviest use was observed on 

b o tto m la n d s , b u t m o d e ra te  u se  w as o b se rv ed  th ro u g h o u t th e  a re a  

s tu d ied . Mackie based h is  conclusions on o b se rv a tio n s  o f frequency of 

shrub use and rumen co n ten t from dead an im als. P la in s  s i lv e r  sagebrush 

was found  i n  50 p e rc e n t  o f  th e  c o l l e c t e d  m ule d e e r  rum ens and i n  22 

p e rc e n t  o f th e  e lk  rum ens. A lthough  th e s e  num bers d i f f e r ,  e lk  w ere  

o b se rv ed  to  use  th e  sh ru b  a s  f r e q u e n t ly  a s  th e  d e e r . A n te lope  i n  

Wyoming used s i lv e r  sagebrush predom inantly  during  l a t e  f a l l ,  w in te r  

and e a r ly  s p r in g  (W ilso n  1977). D ie tz  e t  a l .  (1962) r e p o r te d  t h a t  use 

of sagebrush was dependent on what o th e r p la n t sp e c ie s  were a v a ila b le . 

S ag eb ru sh  w as re g a rd e d  a s  m ore p a l a t a b l e  when o th e r  p l a n t s  w ere  

a v a ila b le . Mule deer i n  low c o n d itio n  re fu sed  to  e a t  sagebrush alone. 

Deer were seldom observed in  a s i lv e r  sagebrush type du rin g  w in te r  in  

c e n tr a l  Montana, and d ie ts  con tained  l e s s  than  10 p e rcen t of th e .sh ru b  

i n  a l l  s e a s o n s  (Dusek 1975). T h is  w as n o te d  even  th o u g h  use o f t h i s  

ty p e  d o u b led  from  e a r ly  to  l a t e  summer i n  a s s o c i a t i o n  w ith  a 

c o r re s p o n d in g  d e c re a s e  i n  use o f th e  b ig  s a g e b ru sh  a r e a s .  W hite 

(personal comm.) c o n sid e rs  s i lv e r  sagebrush o f l im i te d  fo rag e  value. 

He h a s  o b se rv e d  use  by r a b b i t s  and v o le s ,  bu t o n ly  o c c a s io n a l  use by 

mule deer. More freq u en t use by deer seemed to  be r e s t r i c t e d  to  w in te r  

periods when deer p o p u la tio n s  were high.

L ivestock  Forage C on sid era tio n s

Reported l iv e s to c k  use o f s i lv e r  sagebrush p re se n ts  a c o n f l ic t in g  

and u n c le a r  p i c tu r e .  M ackie (1970) and K ufe ld  (1973) r e p o r te d  no use 

by c a t t l e  on p la in s  s i lv e r  sagebrush in  th e  M issouri Breaks. Although
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Dusek (1975) r e p o r te d  t h a t  c a t t l e  s p e n t  64 p e rc e n t  o f  t h e i r  t im e  i n  

s i l v e r  s a g e b ru sh  c o m m u n itie s  from  Ju n e  to  S e p tem b er, no use o f th e  

p la n t  w as o b se rv e d . Season  o f  c a t t l e  use  and d e g re e  o f  sh ru b  

u t i l i z a t i o n  w ere  r e l a t e d  to  p a l a t a b i l i t y  and  a v a i l a b i l i t y  o f  

h e rb a c e o u s  v e g e ta t io n .  However, sh ru b  u t i l i z a t i o n  was no t ex cessiv e  

and had no lo n g  term  e f f e c t s  on abundance or v ig o r i n  Oregon. The only 

sh ru b s  w hich  w ere  o b v io u s ly  a v o id ed  by l i v e s t o c k  w ere  sh ru b b y  

c in q u e f o i l  ( P o t e n t i l l a  f r u t i c o s a  L.) and m o u n ta in  s i l v e r  s a g e b ru sh  

(Roath and Krueger 1982). Sheehy and Winward (1981) showed some sheep 

u t i l i z a t i o n  o f B olander s i lv e r  sagebrush i n  Oregon, but p re fe ren ce  was 

low. In  n o r th e a s te rn  Montana, Branson and M ille r  (1981) re p o rte d  th a t  

p la in s  s i lv e r  sagebrush, in  p a r t ic u la r ,  in c reased  g re a t ly  in  d e n s ity  

when r e s t e d  from  c a t t l e .  T h is  w as a t t r i b u t e d  to  tw o f a c t o r s .  F i r s t ,  

p l a in s  s i l v e r  s a g e b ru s h  w as m ore p a l a t a b l e  th a n  m ost s h ru b s  i n  th e  

a re a  and showed ra p id  recovery  from reduced g razing . Secondly, s i lv e r  

sagebrush  was lo c a te d  on le v e l  f lo o d p la in s , a d jac e n t to  s tream s where 

i t  was re a d i ly  acce ssab le  to  l iv e s to c k  and v u ln e ra b le  to  heavy use.

Sagebrush Chem istry

I n te r e s t  in  th e  chem ical p ro p e r t ie s  o f  sagebrush in  r e la t io n  to  

tax o n o m ic  r e f in e m e n t  i n t o  s p e c i e s  an d  s u b s p e c i e s  h a s  l e d  to  

sp e c u la tio n s  as  to  why c e r ta in  tax a  a re  p re fe rre d  by an im als. M ineral 

and n u t r i e n t  c o n te n t  can  be shown to  c o in c id e  w i th  th e  use o f  

sagebrush by season. This may be p r im a r i ly  due to  a v a i l a b i l i t y  and no t 

i l l u s t r a t e  a c au se  and e f f e c t  r e l a t i o n s h i p .  Gough and Erdman (1980) 

' f o u n d  s i g n i f i c a n t  d i f f e r e n c e s  i n  c o n c e n t r a t io n s  o f  30 e le m e n ts  i n
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Wyoming b ig  sa g e b ru sh  by sea so n . The h ig h e s t  c o n c e n t r a t io n s  o f  th e  

m a jo r e le m e n ts  (Ca, Cu, Mg, P, K, S) w ere  i n  Ju n e  and J u ly  and th e  

lo w e s t  w ere  i n  th e  w in te r .  The in v e r s e  w as fo u n d  w ith  tw o g ro u p s  o f  

m inor e le m e n ts  (A l, Cr, An, Ar, Ba, Cd, Fe, Pb, Na, Co, Mn ). In  

g en e ra l, h igh crude p ro te in  and low crude f ib e r  c o n ten ts  a re  found in  

w in te r  and o f te n  r e la te d  to  in c re a se d  p re fe ren ce  du ring  th a t  season.

The v a r ia t io n  i n  secondary m etabo lic  compounds among th e  taxa  may 

s tro n g ly  in f lu e n c e  p a l s t a b i l i t y .  Secondary chem icals may be m o d if ie rs  

o f  fo rag in g  behavior and a re  l ik e ly  in f lu e n c e s  on s e l e c t i v i t y .  Black 

sa g e b ru sh  h as  been  fo u n d  to  p r e c o n d i t io n  sh eep  f o r  th e  a c t i o n  o f 

T e tra d y m ia  to x in s  i n  p h o to s e n s i t i s m  (Jo h n so n  1982). The sag e b ru sh  

genus h a s  th r e e  g ro u p s  o f s ec o n d a ry  com pounds. These in c lu d e  

phenolic s ,  v o la t i l e  o i l s  and se sq u ite rp e n e  la c to n e s . The f i r s t  group, 

w h ich  in c lu d e s  f l a v e n o id s  and c o u m e r in s , a r e  f l o u r e s c e n t  u n d e r UV 

l i g h t  and w ere  f i r s t  u sed  to  s e p a r a te  s u b s p e c ie s  o f  c e r t a i n  ta x a  

(W inward and T is d a le  1969). C o lo r e x t r a c t s  have been  l in k e d  w ith  

p a l a t a b i l i t y  to  m ule d e e r  (S te v e n s  and M cA rthur I 974), w ith  s i l v e r  

sagebrush being f a i r l y  p a la ta b le  and i n  the same catego ry  a s  Wyoming 

b ig  s a g e b ru s h . The l i g h t  b lu e  c o lo r  fo u n d  i n  e x t r a c t s  o f  s i l v e r  

s a g e b ru sh  d e n o te s  a medium p r e f e r e n c e  w h e rea s  th e  d a r k e r  b lu e  o f 

m o u n ta in  b ig  s a g e b ru sh  e x t r a c t s  (A r te m is ia  t r i d e n ta ta  ssp. vasevana 

(Rydb.) B e e t le )  i n d i c a t e s  h ig h e r  a n im a l p re fe re n c e .  The p re se n c e  o f 

co u m erin  d e r i v a t i v e s  and t h e i r  g ly c o s id e s  a r e  a ls o  c o r r e l a t e d  w ith  

th i s  d a rk er b lue (S hafizedeh  and M eln ikoff 1970). This concept has no t 

been c o n s is te n tly  v e r i f ie d  under wide ran g in g  c ircu m stan ces .
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S e s q u ite rp e n e  l a c t o n e s  a r e  a ls o  b e in g  s tu d ie d  a s  tax o n o m ic  

m arkers and may be r e la te d  to  p re fe ren ce . S p e c if ic  compounds in  th is  

g roup  have been  i d e n t i f i e d  (Bhadane and S h a f iz e d e h  I 975), bu t i t  i s  

n o t known w hich  have a r o l e  to  p r e f e r e n c e .  P la in s  s i l v e r  s ag e b ru sh  

ch rom  o to  g r a p h i c  p a t t e r n s  a r e  v e r y  c lo s e  to  th e  n o n ~ p re f e r r e d  

s u b s p e c ie s ,  b a s in  b ig  s a g e b ru s h  (A r te m is ia  t r i d e n t a t a  N u tt. ssp . 

t r id e n ta ta )  (Kelsey e t  a l .  1976).

E co lo g ica l A spects o f Sagebrush

Grazing Im pacts

Shrub com m unities may be e x c e p tio n a lly  s ta b le  in  th e  absence of 

e x te rn a l p e r tu rb a tio n  (Harper 1977). T herefore , community com position 

may depend more upon th e  n a tu re  of p rev ious d is tu rb a n c e s  and th e  f lo r a  

t h a t  d e v e lo p e d  im m e d ia te ly  t h e r e a f t e r  th a n  u p o n  s u c c e s s i o n a l  

developm ent.

In  one b ig  s a g e b r u s h /g r a s s  com m unity i n  Id a h o , sh ru b s  and 

p e r e n n ia l  g r a s s e s  d o u b led  a f t e r  25 y e a r s  o f no l i v e s t o c k  g ra z in g  

(A nderson and H o lte  1981). S e le c t iv e  g ra z in g  by c a t t l e  i n  s p r in g  

en co u rag ed  g ro w th  o f s a g e b ru s h , b u t sheep  g ra z in g  i n  l a t e  autum n on 

com m unities w ith  low shrub d e n s i t ie s  p reven ted  an in c re a s e  in  d en sity  

of b ig  sagebrush. At h ig h e r shrub d e n s i t ie s ,  the sheep l o s t  w eight and 

f a i l e d  to  c o n t r o l  s a g e b ru sh . A f te r  s i x  y e a r s  s a g e b ru sh  in c r e a s e d  i n  

both s iz e  and p o te n t ia l  seed p ro d u c tio n  i n  th i s  s i tu a t io n  (F rischnech t 

and H a rr is  1973).
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S o il R e la tio n sh ip s

S o il c h a r a c te r i s t i c s  have been.exam ined to  e v a lu a te  r e la t io n s h ip s  

w ith  sagebrush d is t r ib u t io n .  S i l v e r  s a g e b ru sh  p r e f e r s  w e l l  'd ra in e d , 

a l l u v i a l ,  c o a r s e r  t e x tu r e d  s o i l s  i n  bo ttom lands. More d e ta i le d  s o i l  

and v e g e ta tio n  r e la t io n s h ip s  in  s i lv e r  sagebrush com m unities have been 

rep o rted . Lower l e v e l s  o f  P, K, N, o rg an ic  m a tte r  and c a t io n  exchange 

c a p a c i ty  w ere  r e p o r te d  i n  s i l v e r  s a g e b ru sh  s o i l s  th a n  a d ja c e n t  b ig  

sagebrush  s o i l s  (H azIe tt and Hoffman 1975). This was probably  due to  

m ore m a tu re  s o i l  d ev e lo p m en t i n  th e  b ig  sa g e b ru sh  com m unity. 

Cunningham (1971) re p o rte d  th a t  m oderate to  high le v e l s  o f  e x tra c ta b le  

m agnesium  i n  th e  12-24 in c h  la y e r ,  w as im p o r ta n t  to  th e  -p resence  and 

success o f  s i lv e r  sagebrush. This was a s s o c ia te d  w ith  im p e rfe c t s o i l  

d ra in a g e  and a sh a llo w  r o o t  sy s te m  i n  th e  p la n t .  Optimum h a b i t a t  

seemed to  in c lu d e  a m o ist upper s ix  in c h es  o f s o i l  a long  w ith  coarse 

m a te r ia ls  i n  the  s o i l  p r o f i le .  S tu rg es  (1977b) s t a t e s  th a t  w a te r-u se  

zo n es  s h i f t  o u tw a rd  and downward i n  th e  s o i l  from  th e  b ig  sa g e b ru sh  

p l a n t s  a s  th e  g ro w in g  se a so n  ad v an c e s . S tu rg e s  (1977b) and C a ld w e ll 

( 1978) both c h a ra c te r iz e  b ig  sagebrush as  having a prom inent ta p ro o t 

w ith  s u f f i c i e n t  l a t e r a l  s p re a d  and r o o t  d e n s i ty  to  c a p tu r e  summer 

p r e c i p i t a t i o n .  D eeper r o o t s  a r e  p r e s e n t  w hich  a llo w  u t i l i z a t i o n  o f 

deeper w a te r re s e rv e s  and m o is tu re  rech arg e . S im ila r  re s e a rc h  has no t 

been done w ith  s i lv e r  sagebrush.

A lle lo p a th y

A lle lo p a th y  i s  o n e ■a re a  t h a t  i s  e x te n s iv e ly  c o v e red  i n  th e  

l i t e r a t u r e  on A rtem isia . This w ealth  of in fo rm a tio n  i s  probably due,
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i n  p a r t ,  to  i n t e r e s t  i n  why t h i s  genus i s  so s u c c e s s f u l .  A l le lo p a th y  

i s  a p ro m in e n t f e a t u r e  found  i n  A r te m is ia  th ro u g h o u t th e  w o rld , and 

much of the  fo re ig n  re se a rc h  fo cu ses  on i t ,

A lle lo p a th ic  su b stan ces  from  A rtem isia  rhizom es and le a v e s  have 

u n iv e r s a l l y  d e c re a s e d  r e s p i r a t i o n  o r in h ib i te d  g e rm in a tio n  of g ra ss  

see d s  (C h irc a  and F a b ia n  1973» F ried m an  e t  a l .  1977, H offm an and 

H a z le t t  1 977, Weaver and K lb v ich  1977, G roves and A nderson  1981, 

H ussain and Khanum 1982). In  In d ia , M elkania e t  a l .  (1982) a t t r ib u te d  

th e  a l l e l o p a t h i c  p o t e n t i a l  o f  A r te m is ia  v u lg a r i s  L. to  c e r t a i n  

h y d r o p h i l ic  m e ta b o l i t e s .  I n  J a p a n , Num ata e t  a l .  (1975) found  a 

b i o l o g i c a l l y  a c t i v e  a g e n t ( c a f f e i c  a c id )  in  th e  r o o t s  o f  m ugwort 

(A rtem is ia  p rin ceo s  Pampan.). In h ib i t io n  of g ra ss  germ inaton  has been 

th e  most commonly re p o rte d  response , but i n  some cases s t im u la t io n  of 

g ro w th  h as  been  re c o rd e d  by H offm an and H a z le t t  (1977), W eaver and 

K lo v ich  ( 1977) and C h irc a  and F a b ia n  (1973). H ale ( 1982) n o te d  t h a t  

l e a c h a t e s  from  A. v u l g a r i s  L. a l s o  in c r e a s e d  g ro w th  o f th e  fu n g u s  

Pvthium m vriotvlum . Harvey (1981) observed autopathy  in  some sagebrush 

sp ec ie s  i n  Montana, p la in s  s i lv e r  sagebrush included .

R eproductive C h a ra c te r is t ic s

Seed D isp e rsa l

One of the  prim ary fe a tu re s  o f  any rep ro d u c tiv e  s tr a te g y  i s  th e  

number o f p ropagules th a t  a re  produced and d isp ersed . In  t h i s  re sp e c t, 

e f f i c i e n c y  o f seed  d i s p e r s a l  by w ind and r e p r o d u c t iv e  c a p a c i ty  a re  

a s s o c ia te d .  S ag eb ru sh  s p e c i e s  a r e  g e n e r a l l y  lo w  i n  d i s p e r s a l  

e f f i c i e n c y  and see d  p ro d u c t io n  c a p a c i ty  i s  h ig h  (B o sto ck  and B enton
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1979). Seed d is p e r s a l  i s  one of the  most im p o rtan t f a c to r s  prom oting 

gene flow  i n  p la n t  p o p u la t io n s .  In  m ost p la n t  s p e c ie s ,  in c lu d in g  

sagebrush , d is p e r s a l  seems to  be in c id e n ta l ,  e sp e c ia lly  du rin g  sto rm s, 

and i s  not based on any s p e c ia l m orphological s tru c tu re . D isp ersa l i s  

one way th a t  p la n ts  can keep t h e i r  descenden ts sep a ra ted  i n  space, and 

i t  p ro v id e s  each  new p l a n t  w ith  i t s  own s i t e  w here  i t  h a s  g r e a t e r  

p o te n t ia l  to  compete w ith  o th e r p la n ts  (van der F i j i  1982). D isp ersa l 

s tra te g y  i s  complex and re p re se n ts  a compromise between c o n f l ic t in g  

dem ands, such  a s  av en u es  o f  en e rg y  e x p e n d itu re .  C o n se q u e n tly , 

e s ta b lish m e n t might be more im p o rtan t i n  some sp ec ie s  than  d is p e r s a l  

fo r  ach iev in g  re p ro d u c tiv e  success.

D is p e r s a l  can p la y  a c r i t i c a l  r o l e  i n  d e te r m in in g  p o p u la t io n  

s iz e . Because seeds o f most p la n ts  a re  d isp e rsed  c lo se  to  the  pa ren t, 

seed d e n s ity  f a l l s  o f f  s te e p ly  as d is ta n c e  from the  p a re n t in c re a se s  

(H a rp e r 1977, Cook 1980). T h is  i s  th e  c a se  w ith  s a g e b ru s h  (B e e tle  

I960 , F ried m an  and O rshan  1975, H arvey 1981, T is d a le  and H iro n ak a  

1981). Seed d is p e r s a l  in  a r id  com m unities i s  d esc rib ed  a s  f a l l i n g  in to  

two c la s s e s  (Mott 1979). They a re : (I) w idespread d is p e r s a l ,  o fte n  of 

la rg e  numbers of seeds, en ab lin g  e x p lo i ta t io n  of a number of p o te n tia l  

s i t e s ,  and (2 ) u t i l i z a t i o n  o f  a f a v o r a b le  h a b i t a t  f a c i l i t a t e d  by 

m in im a l movem ent o f  seed  from  th e  p a r e n t  p la n t .  Under d e s e r t  

c o n d itio n s , t h i s  second s tr a te g y  i s  thought to  im prove th e  chances o f 

see d lin g  e s ta b lish m e n t s in ce  a d jacen t s i t e s  have a lread y  proved to  be 

s u i t a b l e  f o r  g ro w th  and d ev e lo p m en t o f  p a r e n t  p l a n t s  (F ried m an  and 

O rshan  1975). The p a t t e r n s  o f achene  d i s p e r s a l ,  s e e d l in g  em ergence , 

appearence o f co ty ledons and s e e d lin g  m o r ta l i ty  of Aa, h e r bar a lb a  Asso
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were r e la te d  to  d is ta n c e  from the  p a ren t p la n t. E ighty f iv e  pe rcen t o f 

th e  a c h e n e s  o f  t h i s  s p e c ie s  f e l l  u n d er th e  e x i s t i n g  sh ru b  canopy. 

A lthough  d i s p e r s a l  i s  im p o r ta n t ,  o n ly  a few d i s p e r s a l  p a t t e r n s  a re  

noted by Cook (1980) as being published .

D isp ersa l can be by wind, w ater or an im als  in  sagebrush (T isd a le  

and H ironaka 1981) w ith  v a ry in g  im portance g iven  to  each by d i f f e r e n t  

a u th o r s .  Harvey (1981) s t a t e s  lo n g  d i s t a n c e  d i s p e r s a l  by s i l v e r  

sagebrush i s  probably due to  m ucilag inous seeds a t ta c h in g  to  an im als. 

B e e t le  (I9 6 0 ) d e c la r e s  t h a t  w a te r  i s  u n d o u b te d ly  a m ore im p o r ta n t  

d i s p e r s a l  a g e n t  th a n  w in d . A n em o ch o ry  (w in d  d i s p e r s a l )  i s  

r e p re s e n ta t iv e  o f A steraceae (Compositae) and seems to  be o f g re a te s t  

im p o r ta n c e  (H a rp e r 1977, B o sto ck  and B e n to n .1979» Evans and Young 

1982). S e e d lin g s  o f  b a s in  b ig  s a g e b ru s h  have been  fo u n d  up to  33 

m ete rs  away from the  n e a re s t p o ss ib le  source p lan t. S ince sagebrush 

se e d s  have l i m i t e d  m o rp h o lo g ic a l m echanism s fo r  d is ta n t  w ind-borne 

d is p e r s a l ,  the  range of the p la n t i s  probably extended in  contiguous 

bands a ro u n d  th e  p e r ip h e r y  o f e s t a b l i s h e d  s ta n d s  (D aubenm ire  1975). 

A lthough  r o d e n ts  p la y  an a c t i v e  r o l e  i n  seed  d i s p e r s a l  o f  many 

h e rb a c e o u s  s p e c ie s ,  no s a g e b ru sh  seed  w as r e p o r te d ly  d is p e r s e d  by 

ro d en ts  (L aT ourette  e t  a l .  1971).

Achenes o f  c e r ta in  sagebrush sp ec ie s , in c lu d in g  s i l v e r  sagebrush, 

develop a tra n sp a re n t g e la tin o u s  envelope around the seed upon co n tac t 

w ith  w a te r  (C lo r e t  a l .  I 974, Harvey 1981, van d e r  P i j l  I 982). T h is  

seem s an im p o r ta n t  m ethod f o r  a t t a c h i n g  to  s o i l  p a r t i c l e s ,  w hich 

th e re b y  en h an ces  g e rm in a t io n  c o n d i t io n s  by p r o t e c t in g  th e  d e l i c a t e  

embryo from d e s s ic a t io n  and m echanical in ju r y  (Clor e t  a l .  1974, van
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der F i j i  1982). The m ucilaginous seed co a t  has a lso  been regarded  as  a 

d i s p e r s a l  a g e n t  (H arvey  I 981, van d e r  F i j i  I 982), and i n  g e n e r a l  th e  

d r i e r  the  c l im a te  th e  more myxospermy (m ucilaginous co a ting )  p resen t.

Phenological development i n  sagebrush r e s u l t s  i n  most seed being 

shed during  l a t e  f a l l  and w in te r ,  a lthough a few rem ain throughout the  

w i n t e r  ( B e e t l e  I960 , Harvey 1981, T i s d a l e  and H iro n ak a  1981). Most 

v ia b le  seed i s  d isp e rsed  during  th e  f i r s t  seven days, although aborted 

f lo w ers  and h a l f - f i l l e d  seeds a re  commonly d isp ersed  over the next two 

to  fo u r  weeks (Goodwin 1956). T isda le  and Hironaka (1981) have s ta t e d  

th a t  up to  300,000 achenes per p la n t  can be produced in  b ig  sagebrush, 

bu t Harvey (1981) r e p o r t e d  a maximum p ro d u c t io n  o f  o n ly  54,000 

achenes i n  s i l v e r  sagebrush.

Germination F ac to rs

I n t e r e s t  i n  ge rm ina tion  c h a r a c t e r i s t i c s  o f  sagebrush i s  two fo ld . 

F i r s t ,  e f f o r t s  to  use  s a g e b ru s h  to  p r o v id e  f o r a g e  o r  c o v e r  f o r  

l i v e s t o c k ,  w i l d l i f e  and e r o s i o n  c o n t r o l  depend upon t h i s  knowledge. 

S eco n d ly ,  t h e r e  i s  o f t e n  a d e s i r e  to  r e d u c e  s ta n d  d e n s i t y  i n  a r e a s  

w here  p l a n t s  become to o  a b u n d an t and com pete  w i th  f o r a g e  p l a n t s  

( Pechanec e t  a l .  1965, McArthur e t  a l .  1974, Harvey 1981).

The c o m b in a t io n  o f  h a b i t a t  c o n d i t i o n s  t h a t  f a v o r  s e e d l in g  

e s ta b l ish m e n t  has been r e f e r r e d  to  a s  a sa fe  s i t e  (Cook 1980). In  t h i s  

environment, the  w a te r  and n u t r i e n t  re so u rce s  and s t i m u l i  im m ediately  

surrounding  a seed de te rm ines  w hether i t  w i l l  germ inate  (Harper 1977). 

G e rm in a t io n  on a s p e c i f i c  s eed b ed  i s  a l s o  c o n t r o l l e d  by in h e r e n t  

c h a r a c t e r i s t i c s  o f  s e e d s ,  o r  i n  some c a s e s ,  th ro u g h  m o d i f i c a t i o n  of
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th e  p h y s i c a l  e n v iro n m e n t  by th e  seed  i t s e l f  (Evans and Young 1982). 

H e te r o g e n e i ty  i n  th e  m ic ro e n v i ro n m e n t  and th e  e x tre m e  s u b t l e t y  o f  

g e r m in a t io n  r e q u i r e m e n t s  can d e te r m in e  t h e  number and v a r i e t y  o f  

s e e d l i n g s  t h a t  a r e  r e c r u i t e d  i n t o  th e  p l a n t  p o p u l a t i o n  from th e  

seedbank . High d e n s i t y  s t r e s s  can ad v e rse ly  a f f e c t  s e e d l in g  success. 

Another im p o rtan t  e lem ent, herb ivory , tends  to  d iv e r s i f y  range p la n t  

communities. Herbivory in f lu en c es  l o c a l l y  d i f f e r e n t  m icroenvironm ents 

f o r  s e e d l i n g  e s t a b l i s h m e n t  and su b se q u e n t  g ro w th  o f  p l a n t s ,  and 

th e re fo re  i n i t i a t e s  re g e n e ra t io n  cy c le s  on a sm all s c a le  w i th in  th e  

community.

One aspec t o f  sagebrush communities i s  t h a t  very  few sagebrush 

seeds germ inate  (Evernari e t  a l .  1971, H a z le t t  and Hoffman 1975, Cook 

1980, Harvey 1981). T h is  o c c u r s  d e s p i t e  t h e  g r e a t  seed  p r o d u c t io n  

t y p i c a l  o f  s a g e b ru s h  p l a n t s .  S e v e ra l  f a c t o r s  can c o n t r i b u t e  to  t h i s  

phenomenon in c lu d in g :  s o i l  m e tr ic  p o t e n t i a l  w ith  i t s  e f f e c t  on w e tted  

con tac t  between seed and s o i l  (C ollis-G eorge and H ector 1966), e a r ly  

death  of seed lin g s  (Eddleman 1979), seasonal c l im a t ic  co n d it io n s  and 

p l a n t  age (Nosova 1973, Evans and Young 1982), s o i l  m o is tu r e  

r e l a t i o n s h ip s  and l i t t e r  (B eetle  I960).

A c h e n e s  o f  s a g e b r u s h  i n  g e n e r a l  do n o t  e x h i b i t  s p e c i f i c  

ge rm ina tion  requ irem en ts .  Therefore, they a re  u su a l ly  considered  non- 

dormant (McDonough and H arn iss  1975, Caldwell 1978) and do not p e r s i s t  

f o r  long  p e r io d s  i n  th e  s o i l  (Young and Evans 1975). However, i f  seeds 

a r e  s u b j e c t e d  to  i d e a l  l a b o r a t o r y  c o n d i t i o n s ,  g e r m in a t io n  can be a s  

high as 90 pe rcen t (Harvey 1981). Im portan t f a c to r s  to  examine, w ith .
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r e s p e c t  t o  g e r m i n a t i o n  r e q u i r e m e n t s ,  in c lu d e  c o ld  t r e a t m e n t s

( s t r a t i f i c a t i o n ) ,  tem pera tu re , l i g h t ,  w a te r  s t r e s s  and m a tu r i ty  of the
- ;

seed.

S t r a t i f i c a t i o n

S t r a t i f i c a t i o n  has been defined  a s  a  cold tre a tm e n t  which breaks 

seed  dormancy. I t  i s  i m p o r t a n t  i n  many s p e c i e s .  Bewley and B lack  

(1982) s t a t e  t h a t  i t  i s  m#§t ^ g n e f i c i a l  if- needs a r e  h y d r a te d .  The 

amount of p r e c h i l l i n g  th a t  i s  needed to  enhance g e rm ina tion  i s  q u i te  

v a r ia b le  among spgg ies  and can range from a few days to  s e v e ra l  months 

(Young and Evans 1979, Bewley and B lack  1982). I t  can  a l s o  be 

u n n e c e s s a ry .  S tidham  efc §1. (1980) s t a t e  t h a t  m ost s h ru b s  r e q u i r e  a 

p r e c h i l l  to  a c h ie v e  maximum g e r m in a t io n ,  and th e y  i d e n t i f i e d  b ig  

sagebrush in  t h i s  category  w ithout reg a rd  to  subspecies . Krueger and 

S h a n e r  (1982) r e p o r t e d  p r o s t r a t e  sp u rg e  (E u p h o rb ia  s u o in a  Raf.) 

i n c r e a s e d  i t s  g e r m in a t io n  by 70=80 percen t w ith  s t r a t i f i c a t i o n ,  but 

Krasikova (1978) showed seeds of annual composites (A rtem is ia  v u lg a r is  

L. in c lu d e d )  w ere  n o t  a f f e c t e d  by s t r a t i f i c a t i o n .  B ecause see d s  o f  

s a g e b ru s h  s p e c i e s  have been c l a s s i f i e d  a s  nondorm an t,  i t  m igh t be 

hypothesized  t h a t  such seeds would no t b e n e f i t  from p re c h i l l in g .  The 

on ly  e x c e p t i o n  to  t h i s  s p e c u l a t i o n  h a s  been  m o u n ta in  b ig  sag e b ru sh  

(McDonough and H arniss  1974, 1975, Caldwell 1978). S t r a t i f i c a t i o n  can 

a l s o  a f f e c t  g e r m i n a t i o n  r e s p o n s e s  t o  e n v i r o n m e n ta l  v a r i a b l e s .  In  

a r r o w l e a f  b a l s a m r o o t  ( B a l s a m o r h i z a  s a e i t t a t a  (P u rsh )  N u t t . ) ,  

s t r a t i f i c a t i o n  low ered  the optimum tem pera tu re  f o r  g e rm ina tion  (Young 

and Evans 1979), and i n  a s i m i l a r  f a s h i o n ,  p r e c h i l l  s i g n i f i c a n t l y
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l e s s e n e d  th e  e f f e c t  o f  w a te r  s t r e s s  on g e r m in a t io n  o f  m o u n ta in  b ig  

sagebrush seeds (McDonough and H arn iss  1975).

Temperature E f fe c ts

The e f f e c t s  o f  tem pera tu re  on seed germ ina tion  have been s tu d ied  

e x t e n s i v e l y  i n  many s p e c i e s .  T e m p e ra tu re  r e g im e s  a r e  f r e q u e n t l y  

i n v o lv e d  i n  s e a s o n a l  c o n t r o l  o f  dormancy e s p e c i a l l y  i n  r e s p o n s e  to  

i n t e r a c t i o n s  w ith  l i g h t .  An optimum tem pera tu re  becomes apparen t when 

seeds germ ina te  over a wide range. In  a d d i t io n ,  most seeds germ inate  

b e t t e r  under  c o n s t a n t  r a t h e r  th a n  f l u c t u a t i n g  t e m p e r a t u r e  r e g im e s  

(Bewle y  and Black 1982, Evans and Young 1982). Bewley and Black (1982) 

a lso  note  th a t  r a t e  of ge rm ina tion  i s  of g re a t  va lue  i n  c h a ra c te r iz in g  

s ee d  r e s p o n s e s  to  t e m p e r a t u r e ,  a l th o u g h  th e re  i s  o f te n  cons ide rab le  

v a r i a b i l i t y  due to  g e n e t ic  d i f f e re n c e s .  This g en e t ic  h e te ro g en e i ty  i s  

dem onstrated  through subpopulations  o f  seed from a p la n t  population. 

These subpopulations  germ inate  under d i f f e r e n t  tem pera tu re  reg im es and 

r a t e s  change w ith  these  tem pera tu res .  All subspecies  o f  b ig  sagebrush 

a r e  n o te d  to  speed  up g e r m in a t io n  fro m  18 to  2 days  a s  a f u n c t i o n  o f  

in c re a s in g  tem p era tu res  (McDonough and H arniss  1975). Sagebrush seeds 

germ inate  over a  wide range of tem pera tu res ,  but optimum tem pera tu res  

a r e  u s u a l l y  w e l l - d e f i n e d  (Weldon e t  a l„  1959, C lo r e t  a l .  1974, 

C a ld w e l l  1978, K ra s ik o v a  1978, Sabo e t  a l .  1979, W ilso n  1982). In  

s i l v e r  sagebrush, the  optimum seems to  be about 14 C (Harvey 1981).

L igh t and Dark E f fe c ts

The l i g h t  requ irem en t o f  seeds has a l so  been s tu d ied  w idely . To a 

l a r g e  e x t e n t ,  l i g h t  seem s to  p la y  an  i n t e r a c t i v e  r o l e  w i th  o t h e r
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environm ental f a c to r s .  Seed dormancy i s  te rm in a ted  i n  a la rg e  number 

o f  s p e c i e s  when h y d ra te d  seed  i s  i l l u m i n a t e d .  L ig h t  is ,  t h e r e f o r e  of 

g re a t  e co lo g ica l  importance (Cook 1980). L ight can determ ine  whether 

g e r m in a t io n  o c c u r s  i n  o r  on th e  s o i l ;  i t  c o n t r o l s  g e r m in a t io n  under 

v e g e ta t io n a l  canopies; and i t  i n t e r a c t s  w ith  tem pera tu re  to  determ ine 

th e  l e n g t h  o f  s e a s o n a l  dormancy. An i n c r e a s e  i n  t e m p e r a t u r e  may 

d e c r e a s e  th e  e f f e c t s  o f  l i g h t  so much t h a t  g e r m in a t io n  i n  t h e  d a rk  

becomes g r e a t e r .  The o p p o s i t e  can  o c c u r  w hereby some g e r m in a t io n  

o c c u r s  a t  lo w e r  t e m p e r a t u r e s ,  b u t  l i g h t  a lo n g  w i t h  i n c r e a s i n g  

tem p era tu res  w i l l  in c re a se  ge rm ina tion  (Bewley and Black 1982). Some 

s p e c i e s  t h a t  have  n e v e r  been  dorm an t r e a d i l y  g e r m in a te  i n  d a rk n e s s  

when imbibed w i th  w ater . Other sp ec ie s ,  i n  c o n t ra s t ,  seem in s e n s i t i v e  

to  l i g h t  u n le ss  exposed to  osm otic  s t r e s s .

In  some s p e c i e s  l i g h t  i n h i b i t s  seed  g e r m i n a t i o n  a t  c e r t a i n  

tem p era tu res  due to  changes i n  th e  makeup o f the  c e l l  membrane. This 

i n h i b i t i o n  seem s to  o c c u r  d u r in g  th e  l a t e r  s t a g e s  o f  th e  g e rm in a to n  

p ro c e s s .  T here  can a l s o  be a l i g h t  r e q u i r e m e n t  a t  th e  t im e  of 

d i s p e r s a l  w h ich  i s  n e g a te d  a f t e r  b u r i a l  and p a ssa g e  o f  t im e  (Bewley 

and B lack  I 982). In  c o n t r a s t ,  Cook ( I 980) r e p o r t s  t h a t  some s p e c i e s  

w i l l  d isp lay  no l i g h t  requ irem en t as  f r e s h  seed, but they w i l l  have a 

l i g h t  r e q u i r e m e n t  a f t e r  b u r i a l .  L i g h t - s t i m u l a t e d  g e r m in a t io n  o f 

s eed lin g s  in v o lv e s  a complex i n t e r a c t i o n  o f  th e  phy tochrom e sy s tem . 

However, the  p re c ise  mechanism of m a in ta in in g  dormancy in  seeds t h a t  

r e q u i r e  l i g h t  i s  unknown a l th o u g h  i t  seems c l e a r  t h a t  t h e r e  a r e  

com plex  i n t e r a c t i o n s  w i t h  t e m p e r a t u r e  and horm ones (A l-A ni e t  a l .  

1972, Wooley and S t o l l e r  19,78).
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L ig h t  e x e r t s  a v a r i a b l e  i n f l u e n c e  on s e e d  g e r m in a t io n  o f  

s a g e b ru s h  d ep en d in g  on th e  s p e c i e s  and a s s o c i a t e d  e n v i ro n m e n ta l  

f a c t o r s .  F r in g e d  s a g e w o r t  ( A r t e m is i a  f r i a i d a  W il lc . )  showed a l i g h t  

r e q u i r e m e n t ,  bu t t h i s  co u ld  be c i r c u m v e n te d  by t r e a t i n g  seed  w i th  

g i b b e r i l l i c  a c id  (W ilson  I 982). Sabo e t  a l .  (1979) a s s e r t  t h a t  l i g h t  

has no e f f e c t  on ge rm ina tion  of seed i n  e i t h e r  f r in g ed  sagew ort or b ig  

s a g e b ru s h .  However, e v id e n c e  to  th e  c o n t r a r y  has  been p r e s e n t e d  by 

s e v e r a l  r e s e a r c h e r s  t h a t  s t a t e  t h a t  l i g h t  s i g n i f i c a n t l y  i n c r e a s e d  

ge rm ina tion  by as much as th re e  t im es  i n  b ig  sagebrush (Weldon e t  a l .  

1959, B ee tle  I960, Caldwell 1978).

The ge rm ina tion  response t h a t  has  been observed i n  o th e r  spec ies  

c l e a r ly  dem onstra tes  th a t  l i g h t  can play a v a r ia b le  ro le .  In  Iraq , Al- 

Ani e t  a l .  (1972) r e p o r t e d  a v a r i e t y  o f  r e a c t i o n s  among 10 s p e c ie s  

w i t h  r e s p e c t  to  g e r m i n a t i o n  r e q u i r e m e n t  f o r  l i g h t .  Two s p e c i e s  

r e q u i r e d  l i g h t ,  w h i l e  s i x  showed no r e s p o n s e  and tw o had  t h e i r  b e s t  

g e rm ina tion  i n  dark. L e ttuce , a l i g h t  s e n s i t iv e  seed, d id  not re q u ire  

l i g h t  a t  t e m p e r a t u r e s  below 20 C (W oolley and S t o l l e r  1978). Most 

o th e r  s tu d ie s  of v a r io u s  sp ec ie s  show a requ irem en t f o r  l i g h t  (Waller 

e t  a l .  1980, Mayeux and L e o t ta  1981, Krueger and Shaner 1982).

Osmotic P o te n t ia l

T here  a r e  a t  l e a s t  t h r e e  s t a g e s  o f  th e  g e r m in a t io n  p ro c e s s  i n  

which w a te r  r e l a t i o n s h ip s  a re  im p o rtan t:  (I)  im b ib i t io n ,  (2) enzymatic 

t r a n s f o r m a t i o n  and m e r i s t e m a t i c  a c t i v i t i e s ,  and (3) s t a r t  o f  growth 

through e lo n g a t io n  and emergence of the  r a d i c l e  through the seed coat. 

A ll  o f  th e s e  a r e  r e g u l a t e d  by w a te r  u p ta k e  from  th e  s o i l  or s o i l
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s o l u t i o n .  W ater s t r e s s  i s  an  im p o r t a n t  v a r i a b l e  t h a t  can  i n f l u e n c e  

ge rm ina tion  response. Because of th e  d i f f i c u l t y  i n  m e a s u r in g  m a t r i c  

p o t e n t i a l ,  o s m o t ic  p o t e n t i a l  h a s  u s u a l l y  been used  i n  s o i l - w a t e r  

s t u d i e s  (Evans and Young 1982). However, m a t r i c  p o t e n t i a l  has  been 

found to  be an im p o r tan t  f a c to r  i n  seed ge rm ina tion  (Collis-G eorge and 

Hector 1966).

Germination r a t e s  and t o t a l s  c o n s i s te n t ly  decrease  w ith  a d ec line  

i n  e x t e r n a l  w a te r  p o t e n t i a l .  Under t h e s e  c o n d i t i o n s ,  e x c e s s iv e  

t e m p e r a t u r e s  and m o i s t u r e  s t r e s s  a r e  u su a lly  a d d i t iv e  i n  decreasing  

g e r m in a t io n .  S eeds, i n  a w a te r  s t r e s s  s i t u a t i o n ,  a r e  p la c e d  under 

r e l a t i v e l y  m ore  s t r e s s  i n  e x t r e m e l y  warm o r  c o o l  in c u b a t io n  

tem pera tu res  (Bewley and Black 1982, Evans and Young 1982).

I n c r e a s e d  w a t e r  s t r e s s  e i t h e r  d e l a y s  t h e  c o m p l e t i o n  o f  

germ ina tion  or reduces germ ination . This a lso  depends on the  v igor of 

t h e  seed . An a b i l i t y  to  g e r m in a te  u n d e r  s t r e s s  may c o n f e r  c e r t a i n  

e co lo g ica l  advantages (Bewley and Black 1982). Parmar and Moore (1966) 

showed t h a t  responses  to  m o is tu re  s t r e s s  d i f f e r e d  between seeds o f  low 

and h ig h  v i g o r ,  and th e y  s u g g e s te d  t h a t  i n c r e a s e d  o s m o t ic  p o t e n t i a l  

decreased w a te r  abso rp tio n ,  d is tu rb e d  n u t r i e n t  uptake, caused abnormal 

metabolism and u l t im a te ly  reduced growth.

Big sagebrush responded to  more n eg a tiv e  osmotic p o t e n t i a l  w ith  

l e s s  t o t a l  ge rm ina tion , but t h i s  c o n d i t io n  was am elio ra ted  by l i g h t  

(Weldon e t  a l .  I 959). In  c o n t r a s t ,  Sabo e t  a l .  (1979) r e p o r t e d  l i t t l e  

e f f e c t  of osm otic  p o te n t ia l  u n t i l  10 atm was reached. Fringed  sagewort 

was much more s e n s i t i v e  th a n  b ig  s a g e b ru s h  and showed i n i t i a l

responses  a t  2 atm.
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M aturity  of Seed

M aturity  of seed a lso  tends to  have an e f f e c t  on g e rm ina tion  w ith  

h i g h e r  v a lu e s  b e in g  o b se rv e d  i n  l a t e r  seed  c o l l e c t i o n s .  Cl o r  e t  a l .  

(1974) re p o r te d  t h a t  A rtem is ia  h e rb a -a lb a  Asso re a c te d  t h i s  way, and 

b o th  p r o s t r a t e  sp u rg e  and p r o s t r a t e  k o c h ia  (Koohia n r o s t r a t a  (L.) 

Schrad.) showed h igher  germ ina tion  percen tages  when seed was c o l le c te d  

l a t e r  (W aller e t  a l .  1980, Krueger and Shaner 1982).

E arlv  Seed ling  Growth

Growth c h a r a c t e r i s t i c s  o f  s a g e b ru s h  s e e d l i n g s  seem, to  be 

p r im a r i ly  s u b je c t  to  g e n e t ic  co n tro l  although environm ental in f lu e n c e s  

a lso  c o n tr ib u te  to  s e e d l in g  response (McArthur and Welch 1982). Among 

b ig  s a g e b ru s h  a c c e s s i o n s  and s u b s p e c i e s ,  g ro w th  p a r a m e t e r s  showed 

s i g n i f i c a n t  d i f f e r e n c e s  i n  each  m easu re .  H e ig h t ,  c row n, l e n g th  of 

l e a d e r s  and a n n u a l  y i e l d  w ere  among p a r a m e te r s  d i f f e r i n g  be tw een  

access ions  and subspecies .

Although seed p roduc tion  i s  h igh  i n  sagebrush, very few seed lings  

em erge and s u r v iv e .  T h is  can be a t t r i b u t e d  to  amount o f  v e g e t a t i o n  

p r e s e n t  ( c o m p e t i t i o n ) ,  l i t t e r ,  a d v e r s e  e n v i r o n m e n ta l  f a c t o r s  (eg. 

w a te r  s t r e s s  and d e p th  o f  b u r i a l ) ,  and a l l e l o p a t h y  (a u to p a th y )  

(Jo h n so n  and Payne 1968, E v e rn a r i  e t  a l .  1971, F r ied m an  and Orshan 

1975, H a r n i s s  and McDonough 1975, Eddlem an 1979, Cook 1980, Harvey 

1981, Evans and Young 1982, Wilson 1982). The maximum depth from which 

s a g e b ru s h  seed  w i l l  em erge has  been  e s t i m a t e d  a t  5 mm by Harvey 

(1981). B u r i a l  a t  2 mm was c o n s id e r e d  an optimum d e p th  f o r  p l a i n s  

s i l v e r  s a g e b ru s h .  Y ears  t h a t  a r e  f a v o r a b l e  f o r  n a t u r a l  s e e d l i n g
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e s ta b l ish m e n t  can occur a t  i r r e g u l a r  i n t e r v a l s  w ith  the  prim ary f a c to r  

being s o i l  m o is tu re  (Johnson and Payne 1968, Gordon and Wright 1981). 

However, e s ta b lish m en t can be of l i t t l e  e co lo g ica l  importance u n le ss  

i t  occurs  on h igh ly  d is tu rb e d  a re a s  accord ing  to  Harvey (1981). '

V egeta tive  (Asexual) Reproduction

V e g e ta t iv e  r e p r o d u c t i o n  i n  A r te m is ia  has been examined sev e ra l  

t im e s ,  b u t  few i n - d e p t h  s t u d i e s  have been c o m p le ted .  B ostock  and 

Benton (1979) s tu d ie d  f i v e  p e ren n ia l  composites w ith  vary ing  degrees 

o f  l a t e r a l ,  e x t e n s i o n  and g ro w th . They s u b s e q u e n t ly  r e l a t e d  seed  and 

v e g e ta t iv e  re p ro d u c tiv e  s t r a t e g i e s .  Seed was g e n e ra l ly  more im portan t 

than v e g e ta t iv e  capac ity . However, A r t e m i s i a  v u lg a r  i s  L= p e r e n n a t e s  

only by v e g e ta t iv e ly  produced propagules, and i t  had rhizome growth 

measured a t  30 cm per year.

Went (1979) c o n te n d s  t h a t  s u r v i v a l  i n  p e r e n n i a l  d e s e r t  p l a n t s  

depends  m a in ly  upon a v e g e t a t i v e  s t r a t e g y ,  and s e e d s  a r e  on ly  a 

secondary method o f  rep ro d u c tio n  t h a t  becomes im p o r tan t  when summer 

r a i n s  a l lo w  a b u n d an t g e r m in a t io n .  C o n t r a d i c to r y  e v id e n c e  h a s  been 

p r e s e n t e d  i n  a s tu d y  by Young and Evans (1972). They exam ined  g re e n  

ra b b i tb ru s h  which was long  thought to  invade s i t e s  by ro o t  sp rou ting . 

They d iscovered  t h a t  i t  r e l i e d  h eav i ly  on seed lin g s  to  e s t a b l i s h  new 

p la n ts .  Therefore, e i t h e r  mechanism can be su ccess fu l .

There a re  sp e c ia l  problems t h a t  v e g e ta t iv e  rep ro d u c tio n  p re sen ts  

f o r  th e  f i e l d  and e x p e r im e n t a l  e c o l o g i s t .  Abrahamson (1980) s t a t e s  

t h a t  v e g e t a t i v e  r e p r o d u c t i o n  i s  more s i m i l a r  to  g ro w th  th a n  to  

rep ro d u c tio n  w ith  confusion coming from us ing  an im als  a s  models, He
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s t a t e s  f u r t h e r  t h a t  v e g e t a t i v e  r e p r o d u c t io n  i s  a d i s t i n c t  and w e l l -  

defined  phenomenon.

V e g e t a t i v e  r e p r o d u c t i o n  i s  common i n  f o r e s t  h e r b s ,  a q u a t i c  

p l a n t s ,  and a t  h i g h e r  l a t i t u d e s  and a l t i t u d e s  w here  e c o s y s te m s  a re  

more in f lu en c ed  by f i r e ,  c l im a t i c  and o th e r  d is tu rb a n ce s  (Abrahamson 

1980, Legere and P aye tte  1981). A c lone i s  de fined  a s  the  aggregate  of 

in d iv id u a l  organisms descended by asexual rep roduc tion  from a s in g le  

s e x u a l ly  p ro d u ced  i n d i v i d u a l  (B arn es  1966). Many p l a n t s  i n  such 

d iv e rse  genera  as Oohioglossum. P te r id iu m , Populus, Equisetum* Carey, 

Rhus. C ornus . P runus and A r t e m is i a  fo rm  c lo n e s  by i n i t i a t i n g  s h o o ts  

from underground p a r ts .  I t  i s  common f o r  c lo n a l  growth to  be much more 

p re v a len t  than sexual rep ro d u c tio n  i n  s p i t e  of the  f a c t  th a t  th e re  may 

be a l a r g e  and v i a b l e  seedbank  i n  t h e  s o i l  (E v e rn a r i  e t  a l .  1971» 

H a z le t t  and Hoffman 1975, Cook 1980, Harvey 1981, Loyett-D oust 1981). 

The d e g re e  t o  w hich  c lo n in g  p l a y s  a r o l e  i n  some e c o s y s te m s  can be 

q u i t e  la rg e .  In  F in land , 80 p e rcen t  of the angiosperm v e g e ta t io n  i n  a 

l o c a l  f l o r a  had t h e  c a p a c i t y  to  c lo n e  (Abrahamson 1980), w h i le  i n  

Great B r i t a in ,  tw o - th i rd s  of the common p e ren n ia l  sp e c ie s  a re  c lonal 

(Cook 1983). Moreover, the  most p e rn ic io u s  weeds u su a l ly  become more 

s e r io u s  economic p e s ts  p re c is e ly  because they grow from underground 

ro o ts ,  rhizomes and buds.

T m p n r t a n c e  o f  V egeta tive  Reproduction

S e v e r a l  r e a s o n s  c a n  r e a s o n a b l y  e x p l a i n  why v e g e t a t i v e  

r e p r o d u c t i o n  i s  o f  such  im p o r ta n c e .  V e g e t a t i v e  r e p r o d u c t i o n  a l lo w s  

su rv iv a l  of p e re n n ia l  po lyp lo ids  i n  s p i t e  of t h e i r  ty p i c a l l y  i n f e r i o r
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seed being l e s s  a b le  to  su c c e ss fu l ly  e s t a b l i s h  or m a in ta in  v igor. In 

a d d i t i o n ,  r e p r o d u c t i o n  by seed :  ( I )  g e n e r a l l y  r e q u i r e s  h ig h e r  

t e m p e r a t u r e s  th a n  th o s e  f o r  v e g e t a t i v e  g ro w th ,  (2) seem s a t  a 

d isadvantage  w ith  r e s p e c t  to  e f f e c t iv e n e s s  of gene tra n sm is s io n ,  and 

(3) i s  u s u a l l y  i n  c o m p e t i t i o n  w i th  v e g e t a t i v e  r e p r o d u c t i o n  f o r  th e  

same l i m i t e d  r e s o u r c e s  (Abrahamson 1980). When b o th  m ethods  o c c u r  

s im u ltaneous ly , v e g e ta t iv e  o f f sp r in g  w i l l  commonly develop im m edia te ly  

and qu ick ly  become a d u l t .  This i s  a p p aren tly  accomplished w i th  l a r g e r  

c a r b o h y d r a t e  r e s e r v e s  th a n  th o s e  i n d i v i d u a l s  d e v e lo p in g  from  seed . 

Cloning seems to  be a low r i s k  mechanism f o r  in c re a s in g  lo n g ev ity  and 

p e r e n n a t io n  o f  th e  g e n e t .  The g e n e t  i s  d e f in e d  a s  a l l  g e n e t i c a l l y  

i d e n t i c a l  members of a clone derived  from a s in g le  zygote (Cook 1983). 

Abrahamson (1980) a l s o  p r e d i c t s  t h a t  when popu la tion  d e n s i ty  i s  low 

and c lo n a l  e x p re ss io n  i s  p o s s ib le ,  v e g e t a t i v e  r e p r o d u c t i o n  would be 

more advantageous because i t  f a c i l i t a t e s  l o c a l  spread and occupation  

by th e  g e n e t .  However, when p l a n t  d e n s i t y  i s  h ig h ,  s e e d s  would be 

b e t t e r .  Seeds f a c i l i t a t e  d i s p e r s a l  to  new s i t e s  t h a t  may be l e s s  

densely  populated and th e r e f o r e  more f a v o r a b l e  f o r  s e e d l i n g  g row th . 

L i f e  e x p e c ta n c y  o f  p l a n t s  r e g e n e r a t i n g  from seed i s  f r e q u e n t ly  l e s s  

th a n  t h a t  o f  v e g e t a t i v e l y  p roduced  p l a n t s  (Abrahamson 1980, Cook 

1979). This has  been a t t r i b u t e d  to  more in te n s e  co m p eti t iv e  s t r e s s  fo r  

l i g h t  and o th e r  resou rces .

Cook (1983) r e i t e r a t e s  th e  b e l i e f  th a t  noth ing  i n  b io lo g r  makes 

sense except i n  l i g h t  of evo lu tion . He f u r t h e r  s t a t e s  th a t  b e n e f i t s  of 

c lo n a l  rep ro d u c tio n  in c lu d e :  (I) an enhanced a b i l i t y  to  u t i l i z e  scarce  

re so u rce s ,  (2) g re a te r  co m petit ive  a b i l i t y  both to  invade o th e r  c lones
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and to  r e s i s t  i n v a s i o n  o f  s e e d l i n g s ,  and (3) r e d u c e d  p r o b a b i l i t y  o f  

genet e x t in c t io n  by spread ing  r i s k  among a number of in d iv id u a ls .

C h a r a c te r i s t i c s  o f  V egeta tive  Reproduction

P opu la tions  of in d iv id u a l  genets  can extend over a l a r g e  a rea  and 

can a t t a i n  s u b s ta n t i a l  ages. Shrubs pose sp e c ia l  demographic problems 

i n  th a t  age s t r u c tu r e  of aboveground shoo ts  may d iverge  sharp ly  from 

th a t  o f  belowground p a r t s  (Fernandez and Caldwell 1975, Harper 1977, 

Noble e t  a l .  1979). Demography o f  c lo n a l  s h ru b s  i s  • u l t i m a t e l y  

d e te r m in e d  by th e  m orphology o f th e  g ro w th  sys tem  and w i l l  have a 

com plex  age s t r u c t u r e .  Thus, rh izo m e  a g e s  w i l l  u s u a l l y  be q u i t e  

d i f f e r e n t  th a n  t h a t  o f  a e r i a l  s h o o t s ,  and t h e  a g es  o f  buds w i l l  be 

d i f f e r e n t  from  t h a t  o f  e i t h e r  rh iz o m e s  o r s h o o ts .  H arberd  (1967) 

re p o r te d  on one la rg e  popu la tion  of Holous m o l l i s  L. t h a t  c o n s is ted  o f  

only fo u r  genotypes. One of the  genotypes was 1/2 m ile (0.8 km) wide. 

Comparable a n a ly s is  o f  sheep 's  fescue  (Festuca ovina L.) rev ea led  one 

genotype th a t  was considered  to  be over 1000 y ea rs  old (Harberd 1962). 

Aspens (P o o u lu s  t r e m u l o i d e s  M ichx.) have been  r e c o g n iz e d  f o r  t h e i r  

c l o n a l  n a t u r e  and c a n  c o v e r  43 h e c t a r e s  w i t h  4 7 ,0 0 0  r a m e t s  

( in d iv id u a ls )  (Kemperman and Barnes 1976). They f req u e n t ly  a t t a i n  very 

g r e a t  age (>10000 y e a r s ) .  C re o so te  bush  ( L a r r e a  t r i d e n t a t a  (Ses. & 

Hoc. Exdc.) Cov.) i n  t h e  Mojave D e s e r t  c lo n e  by i r r e g u l a r  r a d i a l  

g row th  on o u t e r  e d g e s  o f  stem  seg m en ts  (Vasek 1980). They have been 

e s t i m a t e d  to  r e a c h  ag es  o f  a lm o s t  12000 y e a r s .  L o n g e v i ty  o f  th e  

rh izo m e  sy s tem  can be a s  lo n g  a s  th e  l i f e  o f  th e  g e n e t ,  a s  i n  sand  

sedge  (C arex  a r e i i a r i a  L.) (Noble e t  a l .  1 979), o r rh iz o m e s  can
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d i s in t e g r a t e  a f t e r  e s tab lish m en t o f  daughter p la n ts  w ith  independent 

r o o t  s y s te m s  ( L o v e t t -D o u s t  1981). The mere p r e s e n c e  o f  p h y s i c a l  

c o n n e c t i o n s  b e tw e e n  v e g e t a t i v e  o f f s p r i n g  i s  i n s u f f i c i e n t  f o r  

dem onstra t ing  p h y s io lo g ic a l  in terdependence  (Ashmun e t  a l .  1982).

The o c c u p a t io n  o f  h o r i z o n t a l  s p a c e ,  c h a r a c t e r i s t i c  o f  c lo n a l  

growth ( I to  e t  a l .  1976, Noble e t  a l .  1979, Cook 1983), may be g re a t ly  

a f f e c t e d  by p h y s i c a l  f e a t u r e s  o f  th e  h a b i t a t .  The s u c c e s s  o f  o f  th e  

c lo n e  i s  g r e a t l y  i n c r e a s e d  by: ( I )  c a p a c i t y  to  d e t e c t  n u t r i e n t

g r a d a t i o n s ,  (2 )  i n i t i a t i o n  o f  a d v e n t i t i o u s  r o o t s ,  and (3) 

e s ta b l ish m e n t  of new shoots. This c lo n a l  c ap ac ity  seems to  overcome 

l i m i t i n g  a sp e c ts  o f  the  s o i l  and c o m p e t i t iv e  in f lu e n c e s  (Noble e t  a l .  

1979, Cook 1983). S torage o f  carbohydra tes  i n  a p e re n n ia l  rhizome has 

been noted a s  advantageous to  r a p id  development and s u rv iv a l  of c lones 

(Ashmun e t  a l .  1982). Rhizome fo rm atio n  o f  mugwort was observed from 

A pril  to  May in  Japan w ith  l a t e r a l  ex ten s io n  being 5.4 m ete rs  ( I to  e t  

a l .  1976). Endogenous hormones have been r e l a t e d  to  s to lo n  development 

w i th  g i b b e r i l l i c  a c i d  s t i m u l a t i n g  s t o l o n  e l o n g a t i o n  and c y t o k i n i n  

i n i t i a t i n g  l e a f y  s h o o t  d e v e lo p m en t  from  s t o l o n s  (Kumar and W areing  

1972). S i lv e r  sagebrush p u t t in g s  r o o t  e a s i ly  w i th in  e ig h t  weeks when 

c o l le c te d  a t  the  l e a f  growth phonologica l s tage  (E v ere t t ,  Meeuwig and 

Robertson 1978).

F a c t o r s  t h a t  s t i m u l a t e  v e g e t a t i v e  r e p r o d u c t i o n  a r e  g e n e r a l  i n  

n a tu r e  (Abrahamson I 980). S o i l  m o i s tu r e  can p ro m o te  e i t h e r  means o f  

r e p r o d u c t i o n .  I n c r e a s e d  s o i l  m o i s tu r e  was shown t o  f a v o r  seed  

r e p r o d u c t i o n  i n  w i ld  g a r l i c  (A ll iu m  c a r in a tu m  L.) ( S a l i s b u r y  1942). 

L i t t l e  seed  was s e t  i n  a w e t summer by two o t h e r  s p e c i e s ,  y e l lo w
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d e a d n e t t le  Cfialeobdolon JLuteum Hudson) and blue gromwell (Lithosnermum 

-RUiJ.Rureor-coeraleum L.), each o f  w h ich  was r e p r o d u c in g  v ig o r o u s ly  by 

v e g e t a t i v e  means. S o i l  t e x t u r e  i n f l u e n c e s  what s t r a te g y  i s  favored, 

w ith  c lay  con ten t u su a lly  fav o r in g  v e g e ta t iv e  rep ro d u c tio n  (Abrahamson 

1980). I n c r e a s i n g  l i t t e r  d e c r e a s e d  t h e  s u c c e s s  o f  c lo n in g ,  w h i le  

in c re a se d  environm ental s e v e r i ty  accen tua ted  v e g e ta t iv e  rep roduction .

Methods were designed to  examine c e r t a i n  rep ro d u c t iv e  s t r a t e g i e s  

i n  p l a i n s  s i l v e r  s a g e b ru s h  w i t h  r e s u l t s  from  t h i s  l i t e r a t u r e  

exam ination i n  mind. S p e c i f ic a l ly ,  experim ents  d ea l in g  w ith  d is p e r s a l ,  

g e rm ina tion  f a c to r s ,  e a r ly  seed lin g  growth and v e g e ta t iv e  rep ro d u c tio n  

were implemented.
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METHODS AND SITE DESCRIPTIONS ■

In tro d u c t io n

This p ro je c t  was conducted a t  the  F o r t  Keogh L ives tock  and Range 

Research Labora tory  near M iles C i ty  i n  s o u t h e a s t  Montana. F ie ld w o rk  

was i n i t i a t e d  i n  Ju n e  o f  1982 and c o m p le te d  i n  O c to b e r  1983. The 

s t a t i o n  has a v a r i e ty  of range s i t e s  and topography re p re s e n ta t iv e  of 

much o f  th e  N o r th e rn  G re a t  P l a i n s  (Johnson  I 978). Topography ra n g e s  

from rough breaks to  a l l u v i a l  f lo o d p la in s  and te r r a c e s .  Land forms are  

in te r s e c te d  by numerous i n t e r m i t t e n t  stream  channels where s u b s ta n t ia l  

p o pu la tions  of p la in s  s i l v e r  sagebrush e x i s t .

The c l im a te  i s  f a i r l y  ty p ic a l  o f  the  Northern Great P la in s  w ith  

d ro u g h t  p l a y in g  a s u b s t a n t i a l  r o l e  (Jo h n so n  1978). A verage annua l 

p r e c i p i t a t i o n  a t  M iles C ity  fo r  the  pe riod  1878-1981 has been 34.29 cm 

(13.5 in ) .  D ev ia tions  from t h i s  average can be extreme as  evidenced by 

h i s t o r i c  maximums and minimums: 57.9 cm (22.8 in )  in  1879 and 14.0 cm. 

(5.5 in )  i n  1934, r e s p e c t i v e l y .  P r e c i p i t a t i o n  was below norm al 

p r e c e d in g  t h i s  s tu d y  w i th  1979, 1980 and 1981 r e c e i v i n g  22.1 cm (8.7 

i n ) ,  26.7 cm (10.5 i n )  and 26.9 cm (10.6 i n ) ,  r e s p e c t i v e l y .  The 

p r e c i p i t a t i o n  and t e m p e r a t u r e  d a t a  f o r  1981 , 1982 and 1983 a re

summarized by month i n  Appendix A. Data f o r  1981 was inc luded  because 

O lson  (1982) found t h a t  p r e c i p i t a t i o n  from  th e  p r e v io u s  y e a r  was 

im portan t in  determ in ing  subsequent v e g e ta t io n  response .

Four d i s t i n c t  a s p e c t s  o f  s a g e b ru s h  r e p r o d u c t i o n  w e re  exam ined  

d u r in g  th e  c o u rs e  o f  my r e s e a r c h .  They in c lu d e d :  seed  d i s p e r s a l ,
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germ ina tion , s ee d l in g  development and asexual rep roduction . D isp ersa l  

c h a r a c t e r i s t i c s  w ere  m easu red  i n  f i e l d  p o p u la t i o n s .  G e rm in a t io n  

f a c t o r s  w ere  o b se rv e d  i n  g row th  cham bers . Em ergence, g ro w th  and 

su rv iv a l  pa ram ete rs  were d i f f e r e n t i a t e d  i n  f i e l d ,  growth chamber and 

g re e n h o u se  s t u d i e s .  • F i n a l l y ,  f i e l d  e x c a v a t io n s  w e re  c o n d u c ted  to  

ev a lu a te  the  r e l a t i v e  importance of v e g e ta t iv e  rep ro d u c tio n .

Seed D isp ersa l

Three s tu d y  s i t e s  w ere  s e l e c t e d  i n  th e  f a l l  o f  I 982 to  e v a l u a t e  

seed d i s p e r s a l  i n  p la in s  s i l v e r  sagebrush. These s i t e s  were ty p ic a l  of 

p l a i n s  s i l v e r  s a g e b ru s h  c o m m u n it ie s  th r o u g h o u t  th e  N o r th e rn  G re a t  

P l a in s .  They were l o c a t e d  so a s  to  a l lo w  e a sy  a c c e s s  d u r in g  t h e  l a t e  

f a l l  and e a r ly  w in te r .  These th ree  p a s tu re s  a re  r e f e r r e d  to  l o c a l ly  as 

Paddy Faye, Lower Flood and Lower Black Springs.

S i t e  D esc r ip t io n s

Paddy F ay e  i s  an  a l l u v i a l  b o t t o m l a n d  t h a t  i s  l o c a t e d  

approx im ate ly  11 km so u th eas t  of s t a t i o n  h ead q u arte rs  and ad jacen t  to  

th e  Tongue R iv e r .  The p a s t u r e  i s  i n t e r s e c t e d  by an i n t e r m i t t e n t  

d r a in a g e ,  Paddy Faye Creek. P l a i n s  s i l v e r  s a g e b ru s h  i s  a p ro m in en t  

v e g e ta t iv e  c h a r a c t e r i s t i c  o f  Paddy Faye, but p la n t  d e n s i ty  ranges from 

sparse  to  dense. Understory v e g e ta t io n  c o n s i s t s  of green  need leg rass  

(JS tipa  V i r i d u l a  T r in . ) ,  b u f f a l o g r a s s  (B uchloe d a c t v l o i d e s  (N u tt . )  

E n g e lm .) ,  b l u e  g ra m a  ( B o u t e l o u a  g r a c i l i s  (H.B.K.) L a g .)  and 

c o n s i d e r a b l e  w e s t e r n  w h e a tg r a s s  (Agroovron s m i th i i  Rydb). In troduced
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s p e c i e s  i n c l u d e  J a p a n e s e  b rom e  ( B r o mus ia p o n ic u s  Thunb.) and 

ch ea tg ra ss  (Bromus tectorum  L„).

■ So ils  i n  Paddy Faye a r e  p re d o m in a n t ly  Kobar s i l t y  c la y  loam s. 

Kobar s i l t y  c la y  lo am s  a re  c l a s s i f i e d  a s  f i n e ,  m o n t m o r i l l o n i t i c  

B o ro l l ic  Camborthids. They a re  deep, w e l l -d ra in e d ,  n ea r ly  le v e l  s o i l s  

t h a t  a r e  fo rm ed  i n  a l lu v iu m .  The s o i l s  have  m o d e r a te ly  slow
T-

p e r m e a b i l i t y  and h ig h  a v a i l a b l e  w a te r  c a p a c i t y .  A v a i l a b l e  w a te r  

c a p a c i t y  i s  th e  amount o f  w a te r  c a p a b le  o f  b e in g  s t o r e d  i n  th e  s o i l  

p r o f i l e .  The range s i t e  i s  c l a s s i f i e d  a s  clayey and i s  lo c a te d  i n  the  

25 to  36 cm (10-14 in )  p r e c i p i t a t i o n  zone. Paddy Faye has a h igh  w ater 

t a b le  underly ing  much o f the  pastu re .

Paddy Faye h a s  had a lo n g  h i s t o r y  o f  heavy g r a z in g  u se .  D uring  

e a r l y  s e t t l e m e n t  i t  was s i t u a t e d  a lo n g  th e  Tongue R iv e r  T r a i l .  As 

such, i t  re ce iv ed  continuous, season-long  g raz ing  by la rg e  l iv e s to c k  

herds. More r e c e n t ly  t h i s  p a s tu re  has been used during  the  summer as a 

b r e e d in g  p a s t u r e .  B ecause o f  d ro u g h t  c o n d i t i o n s  and a "change i n  

g r a z in g  m anagem ent, th e  s tu d y  s i t e  had n o t  been g ra z e d  f o r  th e  p a s t  

f i v e  y e a rs  p r io r  to  t h i s  s tudy .

Lower F lood  P a s tu r e  i s  an a l l u v i a l  f l o o d p l a i n  a d j a c e n t  to  th e  

Tongue R iv e r  and l o c a t e d  7-9  km s o u t h e a s t  o f  s t a t i o n  h e a d q u a r t e r s .  

V egeta tion  i s  s im i l a r  to  th a t  o f  Paddy Faye. P la in s  s i l v e r  sagebrush 

i s  the dominant shrub sp ec ie s  p resen t.  I t  i s  found i n  sp a rse  to  dense 

s t a n d s  w i th  w e s t e r n  w h e a tg r a s s ,  g re e n  n e e d le g r a s s , .  b lu e  gram a, 

b u f fa lo g ra s s ,  Japanese brome and ch ea tg ra ss  c o n s t i tu t in g  most of the 

u n d e r s to r y .  The p r i n c i p l e  s o i l s  found  i n  Lower F lood  a r e  Harlem 

V a r ia n t  s i l t y  c l a y s .  They a re  c l a s s i f i e d  a s  f i n e ,  m o n t m o r i l l o n i t i c



B o r o l l i c  C am b o rth id s .  P e r m e a b i l i t y  i s  s low  w h i l e  a v a i l a b l e  w a te r  

c a p a c i t y  i s  h ig h .  These deep , w e l l - d r a i n e d ,  a l l u v i a l  s o i l s  a re  b e s t  

desc rib ed  as clayey range s i t e s .

Grazing i n  Lower Flood has t r a d i t i o n a l l y  been imposed during- the  

sp r in g  and e a r ly  summer. Grazing begins every year  a t  ca lv in g  (ea r ly  

A p r i l )  and c o n t in u e s  th ro u g h  th e  e a r l y  sea so n  w i th  i n t e r m i t t e n t  

g raz ing  during  the summer.

The Lower Black Springs study s i t e  i s  re p re sen ted  by a sm all a rea  

on a t e r r a c e  o f  th e  Y e l lo w s to n e  R iv e r  a p p r o x im a te ly  6.5 km w e s t  o f  

s t a t i o n  h e a d q u a r t e r s .  A lthough  h e rb a c e o u s  v e g e t a t i o n  f o r  t h i s  s i t e  

w ould  n o rm a l ly  be w e s t e r n  w h e a tg r a s s  and a s s o c i a t e d  s p e c i e s ,  i t  i s  

c u r re n t ly  occupied by c re s te d  w heatg rass  (Agroovron c r is ta tu m  (L.) P. 

G aertn.) th a t  was seeded s e v e ra l  y e a rs  ago. A m oderately  dense stand  

o f  p l a i n s  s i l v e r  s a g e b ru s h  d o m in a te s  t h i s  a r e a  w i th  g reasew ood  

CS a rc o b a tu s  v e r m i c u l a t u s  (H ook.) J .  T o r r . )  b e i n g  o c c a s i o n a l l y  

in te rs p e r se d .  Crested w heatg rass  i s  th e  major unders to ry  c o n s t i tu e n t .  

H avre-V ariant loams a re  the  common s o i l  found i n  Lower Black Springs. 

I t  i s  a deep , w e l l - d r a i n e d  s o i l  fo rm ed  i n  a l lu v iu m .  M oderate  

pe rm eab li ty  and high a v a i la b le  w a te r  c a p a c i t y  a r e  c h a r a c t e r i s t i c  o f  

t h i s  f i n e - l o a m ,  mixed ( c a l c a r e o u s )  f r i g i d  U s t i c  T o r r i f l u v e n t .  The 

range s i t e  i s  considered  as  s i l t y .  Use by g raz ing  c a t t l e  t r a d i t i o n a l l y  

has been a s  a breeding p a s tu re  i n  th e  summer.

Experimental Methods

F iv e  p l a n t s  w ere  s e l e c t e d  i n  each  o f  th e  t h r e e  s tu d y  s i t e s  and 

marked f o r  seed d i s p e r s a l  measurements. The shrubs were s e le c te d  to

38
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t y p i f y  th e  a v e ra g e  a d u l t  (seed  b e a r in g )  s i z e  s t r u c t u r e  o f  th e  

com m unity. In  a d d i t i o n ,  c a r e  was ta k e n  to  s e l e c t  p l a n t s  w i th  

s u f f i c i e n t  a r e a  around  them to  accom oda te  s i x  u n o b s t r u c t e d  l i n e  

t r a n s e c t s  f o r  m on ito r ing  d is p e r sa l .  All seedheads were removed from 

ad jacen t  sagebrush p la n ts  w i th in  a 10 m rad iu s  o f  the  marked shrubs to  

e l im in a te  t h e i r  in f lu en c e  on the  d is p e r s a l  measurements. Six permanent 

l i n e  t r a n s e c t s  w ere  th e n  e s t a b l i s h e d  i n  a r a d i a l  f a s h i o n  from  th e  

cen te r  of each marked shrub. T ransects  were o r ie n te d  so th a t  one l i n e  

lay  along th e  p re v a i l in g  wind d i re c t io n .  The o the r f i v e  t r a n s e c t s  were 

equally  spaced a t  60 degree ang les  from one another around the c e n tr a l  

sh ru b . Aluminum s h e e t - m e t a l  p l a t e s  (36x36 cm) were a n ch o red  to  th e  

g round  a t  one m e te r  i n t e r v a l s  ( 0 ,1 ,2 ,3  and 4 m) a lo n g  each  t r a n s e c t  

( F ig u re  2).

F ig u r e  2. D i s p e r s a l  s tu d y  l a y o u t  w i th  s i x  t r a n s e c t s  a t  e q u a l  a n g le s  
(60 d e g r e e s )  s u r r o u n d in g  th e  c e n t r a l  sh ru b . F iv e  spaced  
( a t  0 ,1 ,2 ,3  m) p l a t e s  w ere  f o r  c o l l e c t i o n  o f  d i s p e r s e d  
seed i n  each t r a n s e c t .
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Each p l a t e  ( F ig u re  2) was c o a te d  w i th  an a d h e s iv e  (p e t ro le u m  

j e l l y )  i n  o r d e r  to  c a tc h  i n d i v i d u a l  s e e d s  a s  th e y  f e l l .  T h is  s p a t i a l  

arrangement a llow ed  fo r  an in v e s t ig a t i o n  of wind e f f e c t .  Seeds t h a t  

dropped on the p la t e s  were c o l le c te d  and counted through the  November 

d i s p e r s a l  period . Sample c o l l e c t io n s  were rep ea ted  every 3 or 4 days. 

An ong o in g  r e c o r d  w as m a in ta in e d  on num bers and t i m i n g  o f  seed  

d i s p e r s a l  in  r e l a t i o n  to  d is ta n ce  and d i r e c t i o n  from the  paren t plant".

New a d h e s iv e  w as r e a p p l i e d  a s  needed a f t e r  each  c o l l e c t i o n .  

A pp lica t ion  was accomplished by h ea t in g  th e  petroleum j e l l y  u n t i l  i t  

m e l te d  i n  a 0.47 l i t e r  m e ta l  p a i n t  can. A p o r t a b l e ,  w h i t e - g a s  camp 

s tove  was used fo r  t h i s  purpose i n  th e  f i e l d .  Liquid petroleum  j e l l y  

was then  e i t h e r  r o l l e d  or brushed onto the  aluminum p la te s  depending 

on a i r  t e m p e r a t u r e .  Use o f  th e  r o l l e r  was m ost e f f e c t i v e  i f  a i r  

tem p era tu res  were below 10 C, and the  brush was most e f f e c t iv e  above 

t h i s  tem pera tu re . This method was used su c c e ss iv e ly  a t  tem p era tu res  

r a n g in g  from  -18  to  25 C. P r e c i p i t a t i o n  o ecu r i n g  d u r in g  th e  s tu d y  

period  had no adverse e f f e c t .

Counting was handled i n  two ways. I f  the  number of. seeds was low 

and c o u ld  be co u n ted  q u i c k l y ,  th e y  w e re  t a l l i e d  i n  th e  f i e l d  and 

d iscarded . However, i f  seeds were too numerous to  be r e a d i ly  counted, 

th e y  w ere  c o l l e c t e d  f o r  l a t e r  e n u m e ra t io n .  A p a i n t  s c r a p e r  was 

em ployed to  c o l l e c t  t h e  m ix tu r e  o f  p e t ro le u m  j e l l y ,  s e e d s  and any 

a d d i t io n a l  m a te r ia l  such as leav es .  This m ixture  was then placed i n  a 

s h a l l o w - s i d e d ,  d i s p o s a b l e  a lum inum  pan (22x15x3 cm) f o r  l a t e r  

s e p a ra t io n  i n  the  la b o ra to ry .
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Seeds were sep a ra ted  from the  petroleum  j e l l y ■by f i r s t -  p lac ing  

th e  s o l i d i f i e d  m ix tu r e  on f o u r  l a y e r s  o f  c h e e s e c l o t h  t h a t  were  

s t r e tc h e d  and s ta p le d  over the  aluminum pans. Pans were then  placed i n  

a 100 degree oven u n t i l  the petroleum  j e l l y  melted. This r e s u l te d  i n  

l a t e r a l  s p r e a d in g  o f  th e  m ix tu r e ,  l e a v i n g  s e e d s  s p r e a d  o u t  on th e  

cheesec lo th  and the petroleum  j e l l y  i n  the pan below. Seeds could then 

be e a s i l y  counted and recorded .

I

S t a t i s t i c a l  Analysis

Seed d is p e r s a l  was analyzed w ith  a s p l i t - s p l i t  p lo t  design  w ith  

da te  being a co v ar ian t (see Appendix B). Because seed counts  on p lo t s  

a t  th e  4 m d i s t a n c e  c o n ta in e d  many z e r o  v a lu e s ,  t h i s  d i s t a n c e  was 

d is regarded  i n  the a n a ly s is .  Mean s e p a ra t io n  t e s t s  f o r  a l l  f a c to r s  and 

com binations were eva lua ted  w ith  Student t - s t a t i s t i c s .

' Germination

Germination success  o f  p la in s  s i l v e r  sagebrush was examined i n  

r e l a t i o n  to  f iv e  d i f f e r e n t  f a c to r s  th a t  have been w idely  rep o r ted  to  

a f f e c t  seed germ ination . The f i v e  f a c to r s  were s tud ied  co ncu rren tly  so 

th a t  the e f f e c t s  of an in d iv id u a l  f a c to r  could be examined along w ith  

a s s o c i a t e d  i n t e r a c t i o n s .  A lthough one o r  two f a c t o r s  a r e  commonly 

evalua ted  i n  ge rm ina tion  re sea rch , s tu d ie s  of t h i s  magnitude ( ie .  f iv e  

f a c t o r s )  a r e  seldom  r e p o r t e d  i n  t h e  l i t e r a t u r e .  None have  in v o lv e d  

p la in s  s i l v e r  sagebrush.
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Methods

The f i v e  f a c t o r s  ( t re a tm e n ts )  considered  i n  t h i s  s tudy were: (I) 

d a te  o f  seed  c o l l e c t i o n ,  (2) s t r a t i f i c a t i o n  ( p r e c h i l l i n g ) ,  (3) 

t e m p e r a t u r e ,  (4) l i g h t / d a r k ,  and (5) o s m o t ic  p o t e n t i a l .  Seed was 

g a th e r e d  from  th e  Lower B lack  S p r in g s  s tu d y  s i t e  on t h r e e  o c c a s io n s  

d u r in g  th e  d i s p e r s a l  p e r io d .  The f i r s t  seed  c o l l e c t i o n  was made i n  

l a t e  October j u s t  a f t e r  d i s p e r s a l  s t a r te d .  The second c o l l e c t io n  was 

made i n  l a t e  November, and th e  f i n a l  one took p lace  i n  e a r ly  January. 

The m ethod t h a t  was used  to  c o l l e c t  s e e d s  i n v o lv e d  s t r i k i n g  th e  

in f lo re s c e n c e  branches so t h a t  seeds would f a l l  in to  a paper sack th a t  

was he ld  a longside. This techn ique  r e s u l t e d  i n  a l a rg e  p ro p o r t io n  of 

mature seeds. A t o t a l  of 15 to  25 p la n ts  were c o l le c te d  from in  t h i s  

fa sh io n  a t  each c o l l e c t io n  da te .  Seeds were pooled to  ensure  adequate 

numbers o f  f i l l e d  seeds , to  provide a r e p r e s e n ta t iv e  sample of seeds 

from the p la n t  popu la tion , and to  reduce the  e f f e c t s  of s e m i - s t e r i l e  

in d iv id u a ls .  A fter each c o l le c t io n ,  f i l l e d  seeds were hand-separa ted  

from le a v e s ,  f l o r a l  b r a c t s  and u n f i l l e d  seed.

Seeds from each c o l l e c t i o n  were subdivided in to  groups o f  50 so 

th a t  in d iv id u a l  t rea tm en t com binations could be imposed and evaluated. 

Each g roup  o f  s e e d s  was t h e n  exposed  to  d i f f e r e n t  c o m b in a t io n s  o f  

s t r a t i f i c a t i o n ,  l i g h t ,  t e m p e r a t u r e  o r  o s m o t ic  p o t e n t i a l  f o r  each  

c o l l e c t io n  date . All t re a tm e n ts  were r e p l i c a t e d  th re e  tim es . Seed was 

considered germ inated when r a d ic le s  had emerged and achieved a len g th  

o f  a t  l e a s t  3 mm.

A f te r  h a l f  th e  g ro u p s  o f  s e e d s  had undergone  a s t r a t i f i c a t i o n  

t re a tm en t,  a l l  groups were placed i n  p e t r i  d ish es  having two p iece s  of
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No. 3 Whatman f i l t e r  paper. The paper was moistened w ith  one of fou r  

o s m o t ic  s o l u t i o n s  (0 ,2 .5 ,5 .0 ,7 * 5  b a r s ) .  Each p e t r i  d i s h  w as e i t h e r  

open t o ' l i g h t  o r  w rapped i n  alum inum  f o i l  f o r  a d a rk  t r e a t m e n t  and 

then p laced  i n  one of th ree  growth chambers s e t  a t  in d iv id u a l  constan t 

tem pera tures  (10,20,30 C).

Germination counts were made f o r  21 days on seeds i n  every p e t r i  

d ish  f o r  each seed c o l le c t io n ,  A fte r  21 days, counts were d iscon tinued  

on those p e t r i  d ish es  i n  which no new germ ina tion  had occured during 

th e  p r e v io u s  seven  days. When d i s h e s  c o n ta in e d  s e e d s  t h a t  had 

germ inated  w i th in  th e  prev ious seven days, counts were continued u n t i l  

a p e r io d  o f  seven  c o n s e c u t iv e  day s  o f  no g e r m in a t io n  o c cu red .  A few 

i n d i v i d u a l  s e e d s  g e r m in a te d  up to  45 d ay s  a f t e r  i n c e p t i o n  o f  th e  

germ ination  t r i a l s .

S t r a t i f i c a t i o n  w as a c h ie v e d  by p l a c i n g  h a l f  o f  th e  g ro u p s  o f  

s e e d s  i n  c o ld  s to r a g e  o f  -23  C f o r  30 days. The n o n - s t r a t i f i e d  se e d s  

were kept a t  room tem pera tu re  of 18 to 21 C (65 to 75 F). The 50 seeds 

i n  each  g roup  w ere  th e n  p la c e d  i n  th e  p e t r i  d i s h e s  h a v in g  m o is te n e d  

f i l t e r  paper w ith  the  fou r  osmotic s o lu t io n s .

The fou r  c o n cen tra t io n s  (0,2.5,5.0,7.5 bars) of osm otic  so lu t io n s  

were achieved by us ing  po lye thy lene  g lyco l (PEG-6000) a s  a so lu te  i n  

d i s t i l l e d  w ater . PEG-6000 s o lu t io n s  have been w idely  used to  provide 

acc u ra te  osm otic  c o n c e n tra t io n s ; and because of chemical in e r tn e s s ,  i t  

may be s u p e r i o r  to  o t h e r  commonly used  s o l u t e s  such  a s  d -m a n n i to l  

(Weldon e t  a l .  1957, P arm ar and Moore 1966, Sabo e t  a l .  1979, B erk a t  

and B r i s k e  1981, W ilso n  1982).. The amount o f  PEG-6000 needed to  

s i m u l a t e  d i f f e r e n t  o s m o t ic  p o t e n t i a l s  w ere  a d j u s t e d  f o r  th e  t h r e e



d i f f e r e n t  t e m p e r a t u r e s  u s in g  t h e  s t a n d a r d  f o r m u la  p r e s e n t e d  by 

Helmrick and P f e i f e r  (1954). ■

Three g ro w th  cham bers  w ere  used  to  c o n t r o l  th e  f a c t o r s  o f  

t e m p e r a t u r e  and l i g h t .  Each g ro w th  cham ber was s e t  a t  one o f  t h r e e  

co n s tan t  tem p e ra tu res :  10, 20, and 30 C. The p e t r i  d ish es  were placed 

i n  th e  cham bers  w i th  h a l f  o f  them exposed  to  bo th  i n c a n d e s c e n t  and 

f lu o r e s c e n t  l i g h t .  The o th e r  h a l f  were wrapped i n  aluminum f o i l  fo r  a 

complete dark regime. The seeds i n  the dark regime were counted under 

u l t r a v i o l e t  (UV) l i g h t .

S t a t i s t i c a l  Analysis

Two g e r m in a t io n  r e s p o n s e s  ( t o t a l  and r a t e )  w ere  a n a ly z e d  to  

de term ine  the  r e l a t i v e  im portance of in d iv id u a l  f a c to r s .  A f iv e  f a c to r  

(3x2x2x3x4) f a c t o r i a l  design  w ith  th re e  r e p l i c a t i o n s  was employed to  

analyze t o t a l  germ ina tion  percen tages. A nalysis  of v a r ia n ce  was run  to  

d e te r m in e  t h e  s i g n i f i c a n c e  o f  m ain  e f f e c t s  and i n t e r a c t i o n s  (se e  

Appendix C). When s i g n i f i c a n t  F v a l u e s  w ere o b t a in e d ,  Duncan 's  

m u l t i p l e  ra n g e  t e s t  was used  to  s e p a r a t e  means and d e te r m in e  w here  

d i f f e r e n c e s  i n  means occured. Rates of germ ina tion  were evaluated  by 

g raph ic  methods. Germination pe rcen tages  from in d iv id u a l  days during  

the  g e rm ina tion  t r i a l s  were p lo t te d  a g a in s t  s in g le  f a c to r s ,  such as 

tem pera tu re , and com binations o f  f a c t o r s  found to  be s ig n i f i c a n t  i n  

th e  f a c t o r i a l  a n a l y s i s .  S tu d e n t  t - s t a t i s t i c s  w ere  ru n  to  e v a lu a t e  

s ig n i f ic a n c e  on in d iv id u a l  days.
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E arly  Seedling Growhh

S e e d l in g  em ergence , g ro w th  and s u r v i v a l  w ere  i n v e s t i g a t e d  i n  

th re e  d i f f e r e n t  s tu d ie s .  One study u t i l i z e d  t r a n s p la n te d  seed lin g s  i n  

g ro w th  cham bers  to  d e l i n i a t e  th e  e f f e c t s  o f  d i f f e r e n t  d i u r n a l  

t e m p e r a t u r e s  on g ro w th . A second  s tu d y  in v o lv e d  f a l l  s e e d in g  i n  t h e  

f i e l d  w ith  subsequent measurements on emergence, growth and su rv iv a l  

d u r in g  t h e  f o l l o w i n g  g ro w in g  sea so n .  The t h i r d  s tu d y  c o n s i s t e d  o f  

greenhouse work i n  which emergence, growth and su rv iv a l  were observed 

under more c o n tro l le d  c ircum stances than  th e  f i e l d  s tudy would be.

The f i r s t  study was i n i t i a t e d  to  ev a lu a te  the  e f f e c t  o f  d i f f e r e n t  

t e m p e r a t u r e  r e g im e s  on e a r l y  g row th  o f  s e e d l i n g s  u n d e r  c o n t r o l l e d  

c o n d i t i o n s .  The second  s tu d y  was to  a s c e r t a i n  em ergence , g row th  and 

s u r v i v a l  o f  s e e d l i n g s  i n  t h e  f i e l d  p l a n t e d  a t  f o u r  d e p th s .  

(0 ,0 .5 * 1.5 ,2 .5  cm) and under  d i f f e r e n t  m o i s t u r e  r e g im e s .  The f i n a l  

s tudy was to  determ ine s e e d l in g  emergence from the same fo u r  depths 

( 0 ,0 .5 ,1.5 ,2 .5  cm) and su b se q u e n t  g ro w th  and s u r v i v a l  u n d e r  more 

co n to l le d  c ircum stances.

Methods

T ransplanted  Seedlings

In  June  o f  1982, 100 p l a i n s  s i l v e r  s a g e b ru sh  s e e d l i n g s  o f

a p p r o x im a te ly  th e  same h e ig h t  (28 mm) and g ro w th  s t a g e  w ere  

t r a n s p l a n t e d  i n d i v i d u a l l y  from th e  f i e l d  i n t o  10x10x12 cm p l a s t i c  

pots. The po ts  were f i l l e d  w i th  2 cm of sand i n  the bottom and na tive  

to p s o i l  to  w i th in  2 cm of the  top. Seedlings were i n i t i a l l y  placed i n
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th e  g re e n h o u se  f o r  one month to  r e c o v e r  from  any t r a n s p l a n t  shock. 

E ig h ty  p l a n t s  w ere  th e n  s e l e c t e d  based  on s i m i l a r i t y  to  one a n o th e r  

and p laced  i n  growth chambers s e t  a t  one of two d iu rn a l ly  f lu c tu a t in g  

tem pera tu re  regim es. These reg im es were choosen to  roughly s im u la te  

cool and warm co n d it io n s  found i n  d i f f e r e n t  seasons. Regimes co n s is ted  

o f  a 12 hour p h o to p e r io d  w i th  d a y / n i g h t  t e m p e r a t u r e s  b e in g  s e t  a t  

e i t h e r  90 /70  F (32/21 C) o r  70 /50  F (21 /10  C). F o r ty  s e e d l i n g s  w ere  

p laced i n t o  each chamber. P re lim inary  measurements of p la n t  h e ig h t  and 

number of le av e s  were ob ta ined  a t  the  tim e  seed lin g s  were put in to  the  

growth chambers.

Growth m e asu re m e n ts  w ere  made on s e e d l i n g s  e v e ry  f i v e  weeks. 

These i n c lu d e d  h e i g h t ,  number o f  l e a v e s ,  and two h o r i z o n t a l  ax es  

( leng th , w idth). In  a d d i t io n ,  e ig h t  s eed lin g s  were randomly se le c te d  

a t  each  r e c o r d i n g  p e r io d  f o r  d e s t r u c t i v e  s am p lin g .  M easu rem en ts  on 

these  p la n ts  inc luded  l e a f  area , ro o t  and shoot weights. Leaf a rea  was 

determ ined by the l i g h t  a t t e n u a t io n  method and employed a L ico r  model 

LI-3000 a rea  meter. Leaf a rea  of each sample was measured th re e  t im es 

and the  r e s u l t s  averaged. Shoot w e igh ts  inc luded  t o t a l  w e igh ts  of both 

stem and l e a f  t i s s u e  cut a t  ground le v e l .  Root weight was determined 

a f t e r  a l l  s o i l  was throughly  washed away. Both shoot and ro o t  m a te r ia l  

was oven d r ied  and weighed. This study was completed i n  December 1982;

Greenhouse Seeding

The e f f e c t s  o f  s e e d in g  d e p th  oh s e e d l i n g  em ergence , g row th  and 

s u r v i v a l  was exam ined  i n  th e  g re e n h o u se .  Ten p o ts  w ere  f i l l e d  w i th  

w i th  s i f t e d  n a t i v e  s o i l  from Paddy Faye and seed ed  a t  one o f  f o u r
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d e p th s  ( 0 ,0 .5 ,1.5 ,2 .5  dm). Ten s e e d s  w ere  p l a n t e d  i n  each  p l o t  i n  a 

d e f i n i t e ,  mapped p a t t e r n .  As each  seed  em erged i t  was r e c o rd e d  and 

mapped as to  lo c a t io n  so t h a t  l a t e r  growth measurements could be made 

i n  r e l a t i o n  to  emergence d a te .

Once s e e d l i n g s  p a s s e d  th e  c o ty le d o n  s t a g e  and e n t e r e d  th e  tw o- 

l e a f  s tage  of phenology, measurements on h e igh t,  number o f  le av e s  and 

the  two h o r iz o n ta l  axes were recorded  weekly fo r  e ig h t  weeks. The pots 

were w atered so as  to  keep s o i l  near f i e l d  capac ity , and tem pera tu res  

were m ain ta ined  a t  about 21 C (70 F) throughout the  t r i a l .

F ie ld  Seeding

Seeds w ere  c o l l e c t e d  d u r in g  th e  f a l l  o f  1982 and p l a n t e d  i n t o  

n a t i v e  s o i l  i n  th e  Paddy Faye p a s t u r e  ( s e e  Seed D i s p e r s a l  s i t e  

d e sc r ip t io n )  on November 3, 1982. Three r e p l i c a t i o n s  were e s ta b l is h e d  

so t h a t  a s s o c i a t e d  w a te r  t r e a t m e n t s  and p l a n t i n g  d e p th s  cou ld  be 

ev a lua ted  fo r  e f f e c t s  on seed l in g  emergence, growth and su rv iv a l .

The th re e  r e p l i c a t i o n s  were lo c a te d  on le v e l ,  open ground w ith in  

a p la in s  s i l v e r  sagebrush community. P lo ts  were mowed to  ground le v e l  

to  f a c i l i t a t e  p l a n t i n g .  E ig h t  sev en  m e te r  l i n e s  w ere  s t a k e d  o u t  f o r  

seeding and randomly s e le c te d  to  re c e iv e  one of fo u r  depth t re a tm en ts  

(see  F ig u r e  3). A w eighed  sam ple  o f  m a tu re  s e e d s ,  u n f i l l e d  s e e d s  and 

f l o r a l  b r a c t s  was p la c e d  i n  a hand—o p e r a te d ,  s i n g l e  row cone s e e d e r  

and p l a n t e d  a t  th e  d e s i r e d  d e p th  ( 0 ,0 .5 ,1.5 ,2 .5  cm). Depth was 

c o n tro l le d  by a d ju s t in g  p e n e t r a t io n  o f  double d isk  openers. Seeds i n  

ten  samples of t h i s  weighed amount of seed m a te r ia l  were counted to  

d e te r m in e  how many f i l l e d  s e e d s  w ere  a c t u a l l y  p la n t e d .  I t  was



Figure  3. P e r s p e c t i v e  view  o f  f i e l d  p l a n t i n g  r e p l i c a t i o n  g iv in g  d im e n s io n s  and a sam ple  of 
randomized a rray  of p la n t in g  depths. One-half of each row was given a w a ter  treatm ent. 
R abbit-p roof fence and barbed w ire  surrounded e n t i r e  p lo t .
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d e te r m in e d  t h a t  each  sam p le  c o n ta in e d  an a v e ra g e  o f  706+43 s e e d s .  

T h e re fo re ,  each  o f  th e  l i n e s  t h a t  w ere  p l a n t e d  c o n ta in e d  101+6 

seeds/m.

Each r e p l i c a t i o n  was enclosed  i n  a r a b b i t -p r o o f  fence construc ted  

w i th  r a i l r o a d  t i e s  a s  c o rn e r  p o s t s ,  two t h i c k n e s s e s  o f  .61 m h ig h  

c h ic k e n  w i r e ,  and two s t r a n d s  o f  b a rb ed  w i r e  above t h e  c h ic k e n  w i r e  

(Figure 3). Seeded p lo t s  passed through the  w in te r  i n  a dormant s t a t e

and see d l in g s  began to  emerge th e  fo l lo w in g  spring .
I

W a te r in g  t r e a t m e n t s  s t a r t e d  May 15, I 983, and m e asu re m e n ts  o f  

s e e d l i n g  em ergence  and s u r v i v a l  began on June  15. T h is  s c h e d u le  was 

based upon p rev ious work which re p o r te d  th a t  sagebrush s eed lin g s  w i l l  

e m e r g e  f ro m  A p r i l  t h r o u g h  J u l y  ( B e e t l e  I960., H a rv ey  1 9 8 1 ) .  

C o n se q u e n t ly ,  t h e r e  was an i n i t i a l  p e r io d  d u r in g  w hich  n a t u r a l  

g e r m in a t io n  and em ergence  co u ld  o c c u r  w i th o u t  b e in g  s u b j e c t e d  to  

s t r e s s f u l  c o n d it io n s  th a t  might cause m o r ta l i ty .  Each emerged seed ling  

was marked w ith  a l a rg e  washer on June 15. Subsequent s eed lin g s  were 

marked w ith  f la g s .  Supplementary w a te r  was ap p lied  as needed once each 

week to  p ro v id e  seeded  a r e a s  w i th  a minimum o f  2.5 cm (1 i n c h / p e r  

week). Adjustments were made f o r  any p r e c i p i t a t i o n  th a t  occured during 

the  preceding  week. D i s t i l l e d  w ater  was t ra n sp o r te d  in to  the  f i e l d  and 

ap p lied  i n  30.5 cm s t r i p s  ad jac e n t  to  seeded l in e s .  This a p p l ic a t io n  

was im posed  upon h a l f  o f  each  row by u s in g  I g a l l o n  hand g a rd e n  

s p r in k le r s .  P r e c ip i t a t io n  was monitored by fo u r  wedge type r a in  gauges 

lo c a te d  w i th in  50 m of the  study p lo ts .
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S e e d l in g  h e i g h t ,  number o f  l e a v e s  and tw o h o r i z o n t a l  axes  

( leng th , w idth) measurements were recorded  each week i n  June and Ju ly . 

During August, these  same measurements were taken .every  o th e r  week.

S o il  m o is tu re  l e v e l s  and tem p era tu res  were recorded  by burying 

c a l i b r a t e d  f i b e r g l a s s  w a f e r s  a t  d e p th s  o f  7.5 and 15 cm w i t h i n  each  

r e p l i c a t io n .  Four w afers  were p laced i n  each r e p l i c a t i o n  so th a t  two 

d e p th s  w ere  m easu red  i n  bo th  w a te r e d  and u n w a te re d  s e c t i o n s  o f  th e  

p lo t .  T herm isto rs  measured r e s i s t a n c e  f o r  s o i l  tem p era tu res  w hile  s o i l  

m o i s t u r e  w as  g a u g e d  by c a p a c i t a n c e .  Core s a m p le s  w ere  ta k e n  

p e r i o d i c a l l y  to  check  g r a v i m e t r i c  d e t e r m i n a t i o n s  w i th  th e  s o i l  

m ois tu re  w afers .

S t a t i s t i c a l  Analysis

D ata  e v a l u a t i o n  was a c c o m p l is h e d  by c h i - s q u a r e  a n a l y s i s  f o r  

emergence and su rv iv a l  responses. Growth curves were co n s tru c ted  from 

d a ta  means and t e s t e d  w i th  S tu d e n t  t - s t a t i s t i c s .  G rap h s .w e re  a l s o  

co n s tru c ted  to  he lp  i n t e r p r e t  r e s u l t s .

S prou ting  and Seedling  Estab lishm ent

The sp ro u tin g  na tu re  of p la in s  s i l v e r  sagebrush was evaluated  by 

two se p a ra te  s tu d ie s .  These were i n i t i a t e d  to  q u a n t i fy  to  what degree 

th e  s h ru b  r e l i e s  on e i t h e r  v e g e t a t i v e  r e p r o d u c t i o n  o r s e e d l in g  

e s tab lish m en t to  r e c r u i t  new members in to  a community. The f i r s t  phase 

of t h i s  work involved  exam ination  of in d iv id u a l  p la n ts  from sev e ra l  

r e p r e s e n t a t i v e  co m m u n it ie s .  I n d i v i d u a l  p l a n t s  o f  a u n ifo rm  h e ig h t  

c la s s  (16 to  40 cm) were s e le c te d  a long l i n e  t r a n s e c t s  and excavated
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to  de term ine  whether th a t  p la n t  o r ig in a te d  independently  from seed or 

was a sp ro u t  from an a lready  e s ta b l i s h e d  shrub. The second phase was 

c o m p ris e d  o f  e x c a v a t in g  a r e a s  a round  tw o, l a r g e ,  f a i r l y  i s o l a t e d  

p la n ts  th a t  were surrounded by numerous sm all p lan ts .  The e n t i r e  area, 

i n c l u d i n g  t h e  m ain  s h ru b ,  was e x c a v a te d  i n  o r d e r  to  d e te r m in e :  ( I )  

w h e th e r  p l a n t s  w ere  o f  c lo n a l  o r  seed  o r i g i n ,  (2) w ha t p o t e n t i a l  

p l a n t s  h ad  f o r  v e g e t a t i v e . s p r e a d  b a s e d  on n u m b er  o f  s p r o u t s  

s u r r o u n d in g  a p l a n t ,  and (3) th e  d e g re e  to  w hich  a d v e n t i t i o u s  buds 

were p resen t  bn e s ta b l i s h e d  rhizomes.

Transect Excavations

S ix  s e p a r a t e  s i t e s  w ere  s e l e c t e d  a s  r e p r e s e n t a t i v e  o f  p la in s '  

s i l v e r  sagebrush communities i n  the  N orthern  Great P la in s .  Three s i t e s  

had been s u b j e c t  to  some form  o f  r e c e n t  d i s t u r b a n c e  such  a s  f i r e  or 

i c e  s c r a p in g .  These s i t e s  a r e  r e f e r r e d  to  a s  th e  Y e l lo w s to n e  R ive r ,  

Lower B lack  S p r in g s  and Lower F lood  p a s t u r e s .  The o t h e r  t h r e e  s i t e s  

were not su b jec ted  to  re c e n t  d is tu rb an ce  except f o r  p e r io d ic  g raz ing  

by c a t t l e .  These a reas  were L ig n i te  Creek, Paddy Faye and Moon Creek 

p as tu res .  For s i t e  d e s c r ip t io n s  on Paddy Faye, Lower Flood and Lower 

Black Springs see Seed D isp ersa l  s i t e  d e s c r ip t io n s .

S i t e  D esc r ip t io n s

The Y e l lo w s to n e  R iv e r  p a s t u r e  i s  l o c a t e d  on t e r r a c e s  on th e  

n o r t h e r n  s i d e  o f  th e  Yellow s to n e  R iv e r  n e a r  a r a i l r o a d  b r id g e  

a p p r o x im a te ly  5 km n o r th w e s t  o f  s t a t i o n  headquarte rs .  P la in s  s i l v e r  

s a g e b ru s h  i s  th e  dom in an t  sh ru b  and i s  found  i n  s p a r s e  to  dense  

s t a n d s . .  The u n d e r  s t o r y  i s  d o m i n a t e d  by w e s t e r n  w h e a t g r a s s ,
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n e e d le a n d th r e a d  and a n n u a l  brom es. Two b a s i c  s o i l  ty p e s  a r e  p r e s e n t  

depending on p rox im ity  to  the  r iv e r .  S o i l s  a re  dominated by deep, w ell 

d r a in e d  f i n e  sandy loam s and lo am s  n e a r  th e  r i v e r .  Such s o i l s  have 

moderate to  m oderately  r a p id  p e r m e a b i l i t y  and m o d e r a te ly  a v a i l a b l e  

w a te r  capac ity  from 15 to 25 cm. These s o i l s  a re  c l a s s i f i e d  as  sandy 

ran g e  s i t e s .  As d i s t a n c e  from  th e  r i v e r  i n c r e a s e s ,  th e  s o i l s  g ra d e  

in to  deep, w e l l -d ra in e d  loams o f moderate and slow p e rm e ab i l i ty  and 

high a v a i la b le  w a ter  capac ity . The s o i l s  throughout the study s i t e  are  

dom inately  f r i g i d ,  U stic  T o r r i f l uvents.

L ig n i te  Creek i s  an i n t e r m i t t e n t  stream  d is s e c t in g  much of the  

s o u th e r n  p o r t i o n  o f  th e  s t a t i o n  f o r  s e v e r a l  k i l o m e t e r s  i n  a n o r th -  

s o u t h  d i r e c t i o n .  The s t u d y  a r e a  w as  10 km d i r e c t l y  w e s t  o f  

h ead q u a r te rs  c lose  to  where t h i s  d ra inage  jo in s  th e  Yellowstone River. 

I t  w as l o c a t e d  on a l l u v i a l  d e p o s i t s  t h a t  w ere  c l o s e  to  th e  s t r e a m  

c h a n n e l .  The s i t e  had m o d e ra te ly  dense  s t a n d s  o f  p l a i n s  s i l v e r  

sagebrush w i th  w es te rn  w h e a tg ra s s  and a n n u a l  bromes d o m in a t in g  th e  

u n d e r s to r y  v e g e t a t i o n .  S o i l s  w ere  i n  t h e  C a m b o r th id - T o r r i f l u v e n t  

com plex  and w ere  c h a r a c t e r i z e d  by n o t  h a v in g  a t y p i e  p r o f i l e .  

P e r m e a b i l i t y  can  be slow  to  m o d e r a te ly  r a p i d  w i th  low to  m o d e ra te  

a v a i l a b l e  w a te r  c a p a c i t y  from  8 to  28 cm. The s o i l s  r a n g e  from  f i n e  

sandy loams to  s i l t y  c lay  loams w ith  s t r a t a  of sand and g rav e l  common 

i n  some a reas . Range s i t e s  a re  s i l t y  and overflow.

Moon Creek i s  an i n t e r m i t t e n t  stream  on the  w este rn  border of the  

s ta t io n .  Minor d ra inages  d i s s e c t  the  Moon Creek flood p l a in  r e g u la r ly .  

P l a i n s  s i l v e r  s a g e b ru s h  i s  t h e  dom in an t  s p e c i e s  th r o u g h o u t  t h i s  

d r a in a g e  w i t h  s m a l l  g ro v e s  o f  p l a i n s  co tto n w o o d  ( P o p u lu s  d e l t o i d e s



53

B artr .)  s c a t t e r e d  a long th e  creek. The dominant unders to ry  v eg e ta t io n  

i s  w e s t e r n  w h e a tg r a s s ,  o f t e n  i n  d ense  s t a n d s .  G reen n e e d le g r a s s  i s  

a l s o  common. Some o f  th e  d r i e r  a r e a s  o f  th e  t e r r a c e s  have  l a r g e  

p r o p o r t i o n s  o f  J a p a n e s e  brome, c h e a t g r a s s  and b lu e  gram a. Dominant 

s o i l s  i n  Moon Creek a r e  i n  t h e  G e rd ru m -Creed com plex  w i th  some 

s c a t t e r e d  T o r r i f lu v e n ts .  This study a re a  i s  c l a s s i f i e d  a s  a c lay  pan 

range s i t e  and th e  s o i l s  belong to  the  f in e ,  m o n tm o r i l lo n i t ic  B o ro l l ic  

N a t r i a r gids. S o i l s  a re  about evenly d iv ided  between Gerdrum s i l t y  c lay  

lo am s  and Creed lo am s  w i th  s m a l l  a r e a s  o f  s l i c k  s p o t s .  A p r e v a i l i n g  

i n f l u e n c e  i n  t h e s e  s o i l s  i s  t h e i r  s a l t  and  so d iu m  c o n t e n t .  

P e r m e a b i l i t y  i s  slow  and t h e i r  h ig h  a v a i l a b l e  w a te r  c a p a c i ty  i s  

decreased to  15 to  20 cm due to  s a l t  con ten t.

Methods

A f t e r  s t u d y  a r e a s  w e r e  s e l e c t e d ,  f o u r  25 m t r a n s e c t s  

w ere  e s t a b l i s h e d  and used  to  sam p le  i n d i v i d u a l s  from  p l a i n s  s i l v e r  

s a g e b ru s h  p o p u la t i o n s .  S am pling  p ro c e ed e d  so th a t  th e  n e a re s t  p la n t  

w i t h i n  a p a r t i c u l a r  h e i g h t  c a t e g o r y  (16 to  40 cm) w as f la g g e d  a t  

i n t e r v a l s  o f  f i v e  m e te r s .  T h is  s i z e  c a te g o ry  was chosen  a f t e r  

p r e l i m i n a r y  e x c a v a t io n s  and a g in g  had e s t a b l i s h e d  t h a t  such  p l a n t s  

r e p r e s e n t e d  s tem  m a t e r i a l  be tw een  one and f o u r  y e a r s  o ld .  The 

p re l im in a ry  study a lso  e s ta b l i s h e d  t h a t  u n derg round  m a t e r i a l  v a r i e d  

c o n s id e r a b ly  a c c o r d in g  to  w h e th e r  t h e  p l a n t  o r i g i n a t e d  from  p a r e n t  

rhizomes, p la n ts  or seed lings .

R oots  o f  f l a g g e d  p l a n t s  w ere  e x c a v a te d  w i th  g r e a t  c a r e  so t h a t  

f r a g i l e  r h i z o m e  c o n n e c t i o n s  r e m a i n e d  i n t a c t .  The p l a n t  w as
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s u f f i c i e n t l y  e x c a v a te d  to  d e te r m in e  i f  i t  was c o n n e c te d  to  a n o th e r  

p l a n t  o r  was an in d e p e n d e n t  i n d i v i d u a l .  A f te r  t h i s  d e t e r m i n a t i o n ,  

m e asu re m e n ts  w ere  r e c o r d e d  on p l a n t  h e i g h t ,  l e n g t h  o f  rh iz o m e s  

( ro o ts ) ,  and stem and rhizome (ro o t)  d iam eters .  Root d i s t r i b u t i o n  from 

each in d iv id u a l  excava tion  was mapped, and l i n e  sketches  o f  each p lan t  

w ere  draw n f o r  a p i c t o r i a l  r e c o r d .  Sam ples  w ere  ta k e n  from  m ajo r  

s e c t io n s  o f  each excavated p la n t .  These inc luded  stem, ro o t ,  rhizome 

and c o n n e c t in g  rh izo m e  s e c t i o n s .  They w ere  p la c e d  i n  s e a l e d  p l a s t i c  

b a g s  i n  t h e  f i e l d  and  t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  f o r  age  

d e te rm in a tio n .  Aging of sagebrush was f e a s i b l e  i n  s p i t e  of common stem 

s p l i t t i n g  and la y e r in g  (Ferguson 1964).

I s o la te d  P lan t  Excavations

Two la rg e  p la n ts  were s e le c te d  i n  Lower Flood to  be in d iv id u a l ly  

excavated f o r  a study on asexua l (v eg e ta t iv e )  rep ro d u c tiv e  p o te n t ia l .  

Only two p la n ts  were s e le c te d  due to  h igh  la b o r  requ irem en ts  involved. 

The p l a n t s  w ere  s u b j e c t i v e l y  s e l e c t e d  by two c r i t e r i a .  The f i r s t  

c r i t e r i a  was t h a t  the  p la n t  should be r e l a t i v e l y  i s o la t e d  from o ther 

l a rg e  p la in s  s i l v e r  sagebrush p l a n t s  so t h a t  c o m p e t i t i v e  i n f l u e n c e s  

from  o t h e r  i n d i v i d u a l s  w ere  m in im ize d .  In. t h i s  way, v e g e t a t i v e  

p o t e n t i a l  co u ld  be f r e e l y  e x p re s s e d .  The second c r i t e r i a  was a 

p red o m in an ce  o f  s m a l l e r  " i n d i v i d u a l s "  surrounding  t h i s  l a r g e r  p lan t  

w h ich  was I m o r  g r e a t e r  i n  h e ig h t .  A reas a round  th e  l a r g e  p l a n t s  

( a p p r o x im a te ly  4 to  5 m r a d i u s )  w ere  e x c a v a te d  so t h a t  r o o t s  and 

rhizomes of a l l  the  sm a l le r  p la n ts  were exposed and r e l a t i o n s h ip s  to 

the  l a r g e r  p la n ts  determ ined. Root d i s t r i b u t i o n  from the  excavations
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w e r e  mapped so t h a t  seed lin g s  and sp ro u ts  could be d i f f e r e n t i a t e d  and 

s iz e  category  recorded.

S t a t i s t i c a l  A n a l v s i R

Chi-square a n a ly s is  was performed on t r a n s e c t  d a ta  to  determ ine 

w hether major d is tu rb a n c e s  had an e f f e c t  on the  r a t i o  of s eed lin g s  to  

sp ro u ts  and i f  th e re  were d i f f e r e n c e s  among in d iv id u a l  s i t e s .  Student 

t - s t a t i s t i c s  were run  to  de term ine  o v e ra l l  s ig n if ic a n c e  of the  r a t i o  

o f  s e e d l i n g s  and s p r o u t s .  The i s o l a t e d  p l a n t  e x c a v a t io n s  w ere  n o t  

d e s ig n e d  to  be a n a ly z e d ,  r a t h e r  t h i s  e x p e r im e n t  was d e s ig n e d  to  

p rovide  a d d i t io n a l  in s ig h t  in to  asexual rep ro d u c tiv e  p o t e n t i a l .
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RESULTS AND DISCUSSION

Seed D ispersa l

One o f  th e  p r im a ry  f e a t u r e s  t o  i n v e s t i g a t e  i n  r e g a r d s  to  

rep roduc tive  s t r a t e g i e s  i s  the number of propagules th a t  a re  produced 

and d i s p e r s e d .  Seed d i s p e r s a l  i n  p l a i n s  s i l v e r  s a g e b ru s h  was 

in v e s t ig a te d  i n  reg a rd s  to  s i t e  comparisons, d i r e c t io n  of seed f a l l ,  

d i s t a n c e  t h a t  seed  f e l l  from p a r e n t  p l a n t s ,  and d a te  o f  seed  

d is p e r s a l .  S t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e s  were not found among 

th e  t h r e e  s tu d y  s i t e s  i n  t e r m s  o f  num bers o f  s e e d s  d i s p e r s e d ,  

d i r e c t i o n  o f  seed  f a l l  and d i s t a n c e  r e l a t i o n s h i p s  o f  seed  f a l l .  

However, h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n s  (p< 0.01) e x i s t e d  be tw een  

s tu d y  s i t e s  and t im e  o f  seed  d i s p e r s a l .  Numbers o f  s e e d s  t h a t  

d isp ersed  a lso  changed s i g n i f i c a n t l y  from the  f i r s t  re co rd in g  da te  to  

f o l l o w i n g  d a t e s .  The seed  d i s p e r s a l  d i s t a n c e  from  th e  p a r e n t  p l a n t  

f o l l o w e d  a d e f i n i t e  p a t t e r n .  D i r e c t i o n  of d is se m in a t io n  d isp layed  a 

th ree - lo b ed  s t e l l a t e  type d i s t r ib u t io n .  Wind played the  major ro le  in  

d e t e r m in in g  seed  d i s p e r s a l  i n  p l a i n s  s i l v e r  s a g e b ru s h  a t  th e  s tu d y  

s i t e s .

The m a jo r i ty  of seed d isp ersed  throughout th e  study period  was in  

t h e  sam e t h r e e  p r i n c i p l e  d i r e c t i o n s .  H o w ev er ,  d a t e  p l a y e d  a 

s ig n i f i c a n t  r o l e  because i t  determ ined th e  t o t a l  number of seeds th a t  

f e l l ,  and t h i s  i n d i r e c t l y  a f f e c t e d  th e  number o f  s e e d s  t h a t  w ere  

d isp ersed  a t  vary ing  d is ta n c e s  on th e  d i f f e r e n t  t r a n s e c t s .
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A lthough  d i s p e r s a l  o f  s a g e b ru s h  see d s  h a s  been a t t r i b u t e d  to  

w ind , w a te r  and a n im a l s ,  wind (anem ochory) seem s to  be o f  m a jo r  

importance (B eetle  I960, Harper 1977, Bostock and Benton 1979, T isdale  

and Hironaka 1981, Evans and Young 1982). My study confirmed th a t  wind 

d i s p e r s a l  was an im p o r t a n t  f a c t o r  i n  t h e  d i s p e r s a l  o f  p l a i n s  s i l v e r  

s a g e b r u s h  s e e d .  H o w ev e r ,  t h e  s t u d y  d e s i g n  d i d  n o t  a l l o w  f o r  

c a te rg o r iz in g  w a ter  or animal in f lu en c es  a s  l e s s e r  f a c to r s .  The s i t e s  

on w h ic h  t h i s  s t u d y  w as c o n d u c t e d  and  t h e  m o r p h o l o g i c a l  

c h a r a c t e r i s t i c s  o f  the  seed seemed to  p o in t to  a l e s s e r  c o n tr ib u t io n  

by these  f a c to r s .

A lthough  th e  t h r e e  s tu d y  a r e a s  wjere s e p a r a t e d  by s e v e r a l  

k i lo m e te rs ,  no no tab le  d i f f e r e n c e s  in  d is p e r s a l  c h a r a c t e r i s t i c s  could 

be d e tec ted . The same environm ental in f lu en c es ,  e s p e c ia l ly  p re v a i l in g  

and s to rm  w in d s ,  seemed to  e x e r t  s i m i l a r  i n f l u e n c e s  on d i s p e r s a l  

th ro u g h o u t  t h e  s tu d y  a r e a  v i c i n i t y .  P r e v a i l i n g  w in d s  a s  w e l l  as  

cyclon ic  winds from atm ospheric  d is tu rb a n ce s  would not o r d in a r i ly  be 

e x p e c te d  to  change w i t h i n  th e  g e o g r a p h ic a l  range  o f  th e  p r o j e c t .  

T h e re fo re ,  t h i s  r e s u l t e d  i n  w ind d i r e c t i o n s  t h a t  w e re  r e l a t i v e l y  

c o n s is te n t  f o r  a l l  th re e  study s i t e s .  The p a t te rn s  o f  seed d is p e r sa l

th a t  were observed were c h a r a c t e r i s t i c  of each in d iv id u a l  p la n t ,  and
\  .

fo r  t h i s  reason  they should not vary r e g a rd le s s  of where a popu la tion  

was lo ca ted .

Timing o f  d is p e r s a l  v a r ie d  between s i t e s  (Figure 4). Paddy Faye 

showed a s i g n i f i c a n t l y  l a r g e r  number o f  s e e d s  f a l l i n g  on th e  f i r s t  

m easu rem en t d a te  (7.1 see d s  p e r  p l a t e )  w i th  a second  peak  on th e  

f o u r t h  m easu rem en t d a te  (3.5 se e d s  p e r  p l a t e ) .  A g r a d u a l  d e c r e a s e  i n
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seed numbers was observed on Lower Flood a f t e r  the  i n i t i a l  high value 

(from  3.1 to  1.1 s e e d s  p e r  p l a t e ) .  The d e c l i n e  i n  seed  num bers and 

d i f f e r e n c e s  among d a t e s  w ere  l e s s  p ronounced . Lower B lack  S p r in g s  

showed a f a i r l y  u n ifo rm  d i s t r i b u t i o n  o f  d i s p e r s e d  s e e d s  among a l l  

d a tes ,  and thus  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  numbers of 

s e e d s  d i s p e r s e d  w ere  d e t e c t e d .  D i f f e r e n c e s  among s i t e s  can b e s t  be 

e x p la in e d  by d i s s i m i l a r  p h e n o lo g i c a l  m a t u r a t i o n  o f  p l a n t s  a t  each  

s i t e .  I n d i v i d u a l  p l a n t s  w ere  s e l e c t e d  f o r  m easurem en t b e fo re  seed  

d i s p e r s a l  was i n i t i a t e d .  C o n se q u e n t ly ,  p l a n t s  t h a t  w ere  sam pled 

r e p r e s e n t e d  a h e te r o g e n e o u s  m ix tu r e  w i th  r e s p e c t  to  rhow r a p i d l y  

phonological development occured. As th e  season progressed , th e re  were 

more in d iv id u a ls  reach ing  seed m a tu r i ty  e a r ly  on the  f i r s t  two s i t e s .  

The t h i r d  s i t e  had a b o u t  e q u a l  num bers o f  p l a n t s  a t t a i n i n g  seed  

m a tu r i ty  throughout the  study period. These d i f f e r e n c e s  a re  possib ly  

due to  two in f lu e n c e s ,  namely microenvironment and s o i l s .  Paddy Faye 

and Lower F lood  a re  c h a r a c t e r i z e d  by s i m i l a r  v e g e t a t i o n  and s o i l  

components. Both study s i t e s  have a r e l a t i v e l y  sh o r t  v e g e ta t io n  cover 

and s o i l s  w i th  a d om inan t c la y  f r a c t i o n .  Lower B lack  S p r in g s ,  i n  

c o n t ra s t ,  has a dominant cover of c re s te d  w heatgrass  and more s i l t y  to  

sandy s o i l s .  The m ic ro e n v iro n m e n t  and, s o i l  m o i s tu r e  r e l a t i o n s h i p s  

would m ost l i k e l y  be d i f f e r e n t  b e tw een  Lower B lack  S p r in g s  and th e  

f i r s t  two s i t e s .  T h e re fo re ,  t h i s  w ould  i n f l u e n c e  th e  d i f f e r i n g  

phenolo ica l development f,br p la in s  s i l v e r  sagebrush between the  f i r s t ,  

two s i t e s  and Lower Black Springs.

Phenoldgical development i n  most sagebrush sp ec ie s  i s  such th a t  

th e  m a j o r i t y  o f  s e e d s  a re  shed i n  l a t e  f a i l  and w i n t e r .  Most of th e
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v ia b le  seed i s  dropped during  th e  f i r s t  seven days a f t e r  d is p e r s a l  i s  

i n i t i a t e d  (Goodwin 1956, B e e t l e  1960, Harvey 1981, T i s d a l e  and 

Hironaka 1981). Over the  fo l lo w in g  two to  fo u r  weeks o f  these  s tu d ie s  

d i s p e r s a l  was o b se rv e d  to  c o n s i s t  p r i m a r i l y  o f  a b o r t e d  f l o w e r s  and 

h a l f - f i l l e d  s e e d s .  In  my s tu d y ,  how ever, v a r i a b i l i t y  i n  m a t u r i t y  of 

i n d i v i d u a l  p l a n t s  r e s u l t e d  i n  an  e x te n d e d  d i s p e r s a l  p e r io d  when 

c o n s id e r e d  on a p o p u la t i o n  b a s i s .  D i s p e r s a l  was p r o p o r t i o n a t e l y  

g r e a t e s t  i n  th e  f i r s t  week (4.2 s e e d s  p e r  p l a t e )  (F ig u re  5). T h is  

would be c o n s i s t e n t  w i th  p r e v i o u s l y  r e p o r t e d  r e s u l t s .  However, 

phenologies! d i f f e r e n c e s  i n  the p la n t  p o pu la tion  in f lu en ced  the number 

o f  v i a b l e  s e e d s  t h a t  f a l l  i n  s u b se q u e n t  d i s p e r s a l  p e r io d s .  No 

s t a t i s t i c a l  d i f f e r e n c e s  e x i s t e d  among th e  second , t h i r d  o r  f o u r t h  

s a m p l in g  p e r i o d s  (1 .97 , 2 .2 , 2.4 see d s  p e r  p l a t e ,  r e s p e c t i v e l y ) ,  

a l th o u g h  s i g n i f i c a n t l y  l e s s  seed  f e l l  i n  th e  l a s t  p e r io d  (1.4 se e d s  

p e r  p l a t e ) .

R e s u l t s  i n d i c a t e d  t h e r e  was a s h a rp  d e c r e a s e  i n  t h e  number of 

p l a i n s  s i l v e r  s a g e b ru s h  s e e d s  (f rom  5.4 t o  1.4 s e e d s  p e r  p l a t e )  t h a t  

w ere  d i s p e r s e d  be tw een  t h e  z e r o  and one m e te r  a r e a  a d j a c e n t  to  th e  

p a r e n t  p l a n t  (F ig u re  6). No s t a t i s t i c a l  d i f f e r e n c e  co u ld  be found 

among measurements f o r  the  next th re e  m eters. Therefore, these  r e s u l t s  

are  c o n s i s te n t  w ith  prev ious re se a rc h  which rep o r ted  t h a t  most seeds 

w ere  d i s p e r s e d  n e a r  th e  p a r e n t  p l a n t  w i th  seed  d e n s i t y  d e c l i n i n g  

sharp ly  as d is ta n c e  in c re a se s  (Harper 1977, Cook 1980). This d is p e r sa l  

p a t t e r n  h a s  been shown to  e x i s t  i n  A r t e m i s i a  s p e c i e s  ( B e e t l e  I960 , 

Friedman and Orshan 1975, Harvey 1981, T isda le  and Hironaka 1981).
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F ig u r e  5. Mean num bers o f  p l a i n s  s i l v e r  s a g e b ru sh  seed  p e r  p l a t e  
d ispersed  i n  a l l  d i r e c t io n s  from a paren t p lan t .  D ispersa l 
from a t o t a l  of 15 p la n ts  i s  summarized. D iffe ren ces  a re  
summarized fo r  each da te  a t  which d is p e r s a l  was achieved.
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i s  sum m arized . D i f f e r e n c e s  a r e  sum m arized  f o r  each 
d is ta n ce  a t  which d is p e r s a l  was achieved.



63

Measurement da te  had a co n s id e rab le  e f f e c t  on th e  number of seeds 

t h a t  w ere  d i s p e r s e d  a t  i n c r e a s i n g  d i s t a n c e s  from th e  p a r e n t  p l a n t  

( F ig u re  7)« In  t h r e e  o f  th e  f i v e  d i s p e r s a l  p e r io d s  i n v e s t i g a t e d ,  th e  

m a jo r i ty  of seeds f e l l  under the pa ren t p la n t  w ith  s u b s t a n t i a l l y  l e s s  

being found a t  d is ta n c e s  o f  one or more m eters. However, i n  two cases, 

th e  second  and f i f t h  s a m p l i n g  p e r i o d s ,  d i s p e r s a l  w as  e v e n l y  

d i s t r i b u t e d  a c r o s s  a l l  f o u r  d i s t a n c e s .  On a t  l e a s t  one sa m p l in g  

i n t e r v a l  (November 17-19), d is p e r s a l  was s i g n i f i c a n t ly  h ig h e r  a t  two 

m ete rs  (2.3 seeds per p la te )  than  a t  the  one m eter d is ta n c e  (0.6 seeds 

p e r  p l a t e )  from  th e  p a r e n t  p l a n t .  On a n o th e r  s a m p l in g  i n t e r v a l  

(November 13-16), d is p e r s a l  a t  th re e  m ete rs  (1.8 seeds per p la te )  was 

h ig h e r  th a n  a t  e i t h e r  one (1.1 s e e d s )  o r  two (0.9 s e e d s )  m e te r s  

d i s t a n c e  from  th e  p a r e n t  p l a n t .  S t ro n g  c y c lo n i c  w in d s  on th e s e  two 

sampling in t e r v a l s  bes t  e x p la in  the apparent d e v ia t io n  from what would 

be expected i n  d is p e r s a l  p a t te rn s .  The gusty  winds in h e re n t  i n  these  

w in d s  would d i s p e r s e  s e e d s  to  a g r e a t e r  d i s t a n c e  th a n  norm al 

co n d it io n s  might.

D i s p e r s a l  p a t t e r n s  showed t h r e e  p r i n c i p l e  r e g i o n s  w here  see d s  

w ere  u s u a l l y  c o n c e n t r a t e d .  The m a j o r i t y  o f  s e e d s  f e l l  d i r e c t l y  

downwind from  th e  p r e v a i l i n g  n o r th w e s t  w inds . In  a d d i t i o n ,  two 

seco n d a ry  r e g i o n s  o f  seed  c o n c e n t r a t i o n  w ere  l o c a t e d  a t  120 d e g re e  

ang les  on e i t h e r  s id e  of the  prim ary d is p e r s a l  region. S ig n i f ic a n t ly  

h i g h e r  q u a n t i t i e s  (2 to  9 t im e s )  o f  seed  w ere  found  i n  t h e s e  t h r e e  

a r e a s  th a n  th e  r e m a in in g  a r e a s .  T h is  r e s u l t e d  i n  a t h r e e - l o b e d  

s t e l l a t e  f i g u r e  when seed  num bers  w ere  p l o t t e d  a s  a f u n c t i o n  of 

d is p e r sa l  d i r e c t i o n  (F igure  8). V a r ia t io n  between th e  th re e  prominent
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F ig u r e  8. Mean num bers o f  p l a i n s  s i l v e r  s a g e b ru sh  seed  p e r  p l a t e  
d isp ersed  from a paren t p la n t  i n  s ix  d i r e c t io n s .  Numbers 
on axes r e p re se n t  mean numbers of seeds d ispersed . Shaded 
a rea  r e p re s e n ts  a g en e ra l iz ed  seed d is p e r s a l  p a t te rn .  See 
Appendix D f o r  example of how t h i s  graph was constructed .
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lobes o f  the  f ig u r e  occurred  as  d is ta n ce  was considered. The primary 

d i s p e r s a l  r e g io n  ( t r a n s e c t  A) r e c e i v e d  th e  g r e a t e s t  amount o f  seed  

w ith  the  m a jo r i ty  f a l l i n g  d i r e c t l y  under the  paren t p la n t  (0 meters) 

(F igure 9). A second peak of seeds f e l l  a t  two m eters. Although fewer 

s e e d s  f e l l  i n  t h e  n o r t h e r l y  l o b e  a l o n g  t r a n s e c t  E, t h e  s e e d  

d i s t r i b u t i o n  p a t t e r n  was th e  same a s  i n  t r a n s e c t  A. W ith  r e s p e c t  to  

d i s p e r s a l  d i s t a n c e ,  th e  s o u th w e s t  lo b e  ( t r a n s e c t  C) d e m o n s t r a t e d  a 

s t a t i s t i c a l l y  d i f f e r e n t  d i s p e r s a l  p a t t e r n  w ith  seeds f a l l i n g  mainly a t  

the  one and th re e  m ete rs  d is ta n c e s  from the  paren t p lan t .  In  the  f i r s t  

t r a n s e c t ,  a mean o f  1 3 .8 ,  1 .1 ,  3 .5 ,  and  0 .3  s e e d s  f e l l  a t  t h e  

r e s p e c t iv e  d is ta n c e s  o f  0, I ,  2, and 3 m eters. In  c o n t r a s t ,  t r a n s e c t  C 

e x h i b i t e d  a mean o f  1 .3 , 5 .7 , 0.3; and 6.7 s e e d s  f a l l i n g  a t  th e  

r e s p e c t iv e  d is ta n c e s  o f  0, I ,  2 and 3 meters. This genera l  p a t te r n  of 

seed d i s p e r s a l  was observed on p la in s  s i l v e r  sagebrush throughout the  

study period  a lthough some v a r i a t io n s  were encountered among sampling 

i n t e r v a l s  (F igures  10 to  14). E s s e n t i a l ly  the same type of th re e  lobed 

geom etric  shape was found fo r  a l l  f iv e  sampling, periods . However, the 

p r in c ip le  reg io n s  of seed d is p e r s a l  d id  change accord ing  to  c o l le c t io n  

d a te .  For exam ple , on t h e  second  ( F ig u re  11) and t h i r d  (F ig u re  12) 

sam pling period , the  l a r g e s t  p ro p o r t io n  of seeds f e l l  i n  t r a n s e c t s  C 

and E, r e s p e c t iv e ly .  Observations on wind d i r e c t io n  and speed during 

th e s e  two p e r io d s  showed a d i f f e r i n g  p a t t e r n  from  th e  dom inant 

p re v a i l in g  winds and speeds t h a t  would ex p la in  these  d i  p a r i  t i e s .  The 

o th e r  th ree  p e rio d s  e x h ib i te d  a s im i l a r  p a t t e r n  to  th a t  d esc ribed  fo r  

F ig u r e  9, t h a t  i s ,  t r a n s e c t  A r e c e i v e d  th e  l a r g e s t  p r o p o r t i o n  o f  

d isp e rsed  s e e d s .  -
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prevailing
NW wind

I
10

TRANSECT A

F ig u r e  9. Mean num bers o f  p l a i n s  s i l v e r  s a g e b ru sh  seed  p e r  p l a t e  
d i s p e r s e d  from  a p a r e n t  p l a n t  i n  s i x  d i r e c t i o n s  a t  f o u r  
d i s t a n c e s  (0, 1 , 2 , 3  m). Numbers on a x es  r e p r e s e n t  mean 
num bers o f  see d s  d i s p e r s e d .  Shaded a r e a  r e p r e s e n t s  a 
g e n e r a l i z e d  s ee d  d i s p e r s a l  p a t t e r n .  See Appendix D f o r  
example of how th i s  graph was constructed .
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prevailing
-20 NW wind

-50

TRANSECT A

Figure 10. Mean num bers o f  p l a i n s  s i l v e r  s ag e b ru sh  seed  p e r  p l a t e  
d i s p e r s e d  from  a p a r e n t  p l a n t  i n  s i x  d i r e c t i o n s  a t  f o u r  
d i s t a n c e s  (0, 1 , 2, 3 m). Date o f  d i s p e r s a l  was from 
November 1-5. Numbers on a x e s  r e p r e s e n t  mean see d s  
d ispersed . Areas a re  a g en era l iz ed  seed d is p e r s a l  p a t te rn  
a t  each s u c c e s s i v e  d i s t a n c e .  See Appendix D f o r  exam ple 
of how t h i s  graph was construc ted .
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Area of d i s p e r s a l

and 3 m, respectively

TRANSECT

F ig u r e  11. Mean num bers o f  p l a i n s  s i l v e r  s ag e b ru sh  seed  p e r  p l a t e  
d i s p e r s e d  from a p a r e n t  p l a n t  i n  s i x  d i r e c t i o n s  a t  f o u r  
d i s t a n c e s  (0, 1 , 2 , 3  m). Date o f  d i s p e r s a l  was from 
November 6 -9 .  Numbers on a x e s  r e p r e s e n t  mean see d s  
d ispersed . Areas a re  a g en era l iz ed  seed d is p e r s a l  p a t te rn  
a t  each s u c c e s s iv e  d i s t a n c e .  See Appendix D f o r  exam ple 
of how t h i s  graph was constructed .
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F ig u r e  12. Mean num bers o f  p l a i n s  s i l v e r  s ag e b ru sh  seed  p e r  p l a t e  
d i s p e r s e d  from  a p a r e n t  p l a n t  i n  s i x  d i r e c t i o n s  a t  f o u r  
d i s t a n c e s  (0 , I ,  2 , 3 m). Date o f  d i s p e r s a l  was from 
November 10-12. Numbers on a x e s  r e p r e s e n t  mean see d s  
d ispersed . Areas a re  a g en era l iz ed  seed d i s p e r s a l  p a t te rn  
a t  each s u c c e s s iv e  d i s t a n c e .  See Appendix D f o r  exam ple  
of how t h i s  graph was constructed .
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prevailing NW

F ig u r e  13« Mean num bers o f  p l a i n s  s i l v e r  s a g e b ru sh  seed  p e r  p l a t e  
d i s p e r s e d  from  a p a r e n t  p l a n t  i n  s i x  d i r e c t i o n s  a t  f o u r  
d i s t a n c e s  (0, I ,  2, 3 m). Date o f  d i s p e r s a l  was from 
November 13-16. Numbers on a x e s  r e p r e s e n t  mean s e e d s  
d ispersed . Areas a re  a g en era l iz ed  seed d is p e r s a l  p a t te rn  
a t  each s u c c e s s iv e  d i s t a n c e .  See Appendix D f o r  exam ple  
of how t h i s  graph was constructed .
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Area of dispersal

1 and 3 m, respectively

TRANSECT A

F ig u r e  14. Mean num bers o f  p l a i n s  s i l v e r  s ag e b ru sh  seed  p e r  p l a t e  
d i s p e r s e d  from  a p a r e n t  p l a n t  i n  s i x  d i r e c t i o n s  a t  fo u r  
d i s t a n c e s  (0 , I ,  2 , 3 m). D ate o f  d i s p e r s a l  was from 
November 17-19. Numbers on a x e s  r e p r e s e n t  mean see d s  
d ispersed . Areas a re  a gen era l ized  seed d is p e r s a l  p a t te rn  
a t  each s u c c e s s iv e  d i s t a n c e .  See Appendix D f o r  exam ple 
of how t h i s  graph was construc ted .
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Q u a l i ta t iv e  o b se rva tions  on wind d i r e c t io n  and speed were made 

during  each d is p e r s a l  period. The r e s u l t i n g  changes i n  wind d i r e c t io n  

seemed to  c o r r e la t e  w e ll  w ith  d is p e r s a l  p a t te rn s  t h a t  were observed.. 

Although the p re v a i l in g  wind was from the northw est, changes .did occur 

accord ing  to  w eather v a r i a t i o n  and topograph ica l  in f lu en ces .  All th ree  

study s i t e s  were lo c a te d  i n  bottom lands th a t  are  d is s e c te d  to  vary ing  

d e g r e e s .  L o c a l  w in d  p a t t e r n s  an d  f l u c t u a t i o n s  w ere  n a t u r a l l y  

e s t a b l i s h e d  i n  t h e s e  s i t u a t i o n s  t h a t  c o n t r i b u t e d  to  d i s p e r s a l  

d i f f e r e n c e s  between da tes .  These lo c a l  winds would a lso  tend to  be i n  

c o n s i s t e n t  p a t t e r n s ,  a l th o u g h  i n  v a r y in g  d e g re e s  o f  i n t e n s i t y ,  and 

th e y  t h e r e f o r e  i n f l u e n c e  th e  seed  d i s p e r s a l  p a t t e r n s  i n t o  a t h r e e -  

lobed s t e l l a t e  geom etric  d i s t r i b u t io n .  While the p re v a i l in g  winds were 

g en e ra l ly  c o n s is te n t  and o f  low speed, the  changes due to  w eather and 

to p o g ra p h y  te n d ed  to  be i n  th e  form  o f g u s t s  and w i th  i n c r e a s e d  

v e lo c i ty .  Thus the  d is p e r s a l  p a t te r n s  observed i n  t h i s  s tudy were not 

uniform on each date. The t r a n s e c t  (A) under the  most d i r e c t  in f lu en ce  

o f  the  p re v a i l in g  wind d isp layed  th e  c h a r a c t e r i s t i c  p a t t e r n  o f  having 

th e  l a r g e s t  num bers o f  s e e d s  n e x t  to  th e  p a r e n t  p l a n t  and s m a l l e r  

am ounts  a t  g r e a t e r  d i s t a n c e s .  The o th e r  two m a jo r  r e g i o n s  o f  seed  

d i s p e r s a l  w ere  th e  r e s u l t  o f  w hat te n d e d  to  be r a t h e r  c o n s i s t e n t  

w e a th e r  and to p o g r a p h ic  i n f l u e n c e s  t h a t  w ere  r e p e a t e d  i n  v a r y in g  

degrees of i n t e n s i t y  during  each sampling in te r v a l .

T h is  ty p e  o f  d i s t r i b u t i o n a l  p a t t e r n  o f  d i s p e r s e d  s e e d  h a s  n o t  

been d e s c r ib e d  i n  th e  l i t e r a t u r e  on s a g e b ru s h  and p ro b a b ly  i s  th e



r e s u l t  o f the  sampling technique. Most o f  the  re sea rch  on d is p e r s a l  of 

sagebrush i s  o b se rv a t io n a l  i n  na ture  o r  was s tu d ied  i n  l e s s  d e t a i l  and 

w ith  sm a l le r  numbers and periods  than  t h i s  study provided.
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Germination Responses 

Response to  In d iv id u a l  F ac to rs

All main f a c to r s ,  except s t r a t i f i c a t i o n ,  had h ig h ly  s ig n i f i c a n t  

(p< .01) e f f e c t s  on ge rm ina tion  response. These inc luded : da te  of seed 

c o l le c t io n ,  l i g h t  and dark, tem pera tu re , and osm otic  p o te n t i a l .  Most 

i n t e r a c t i o n s  th a t  d id  not in c lu d e  s t r a t i f i c a t i o n  as  a f a c t o r  were a lso  

h ig h ly  s i g n i f i c a n t  (p< .01). These i n c lu d e d :  ( I )  l i g h t / d a r k  and d a te  

o f  seed  c o l l e c t i o n ,  (2) t e m p e r a t u r e  and d a te  o f  seed  c o l l e c t i o n ,  (3) 

l i g h t /d a r k  and tem pera tu re , (4) tem p era tu re  and osm otic  p o te n t i a l ,  (5) 

l i g h t / d a r k  and o s m o t ic  p o t e n t i a l ,  (6) l i g h t / d a r k ,  t e m p e r a t u r e ,  and 

d a te  o f  s ee d  c o l l e c t i o n ,  (7) l i g h t / d a r k ,  t e m p e r a t u r e ,  and o s m o t ic  

p o t e n t i a l ,  (8) t e m p e r a t u r e ,  o s m o t ic  p o t e n t i a l ,  and d a te  of seed  

c o l l e c t i o n ,  and f i n a l l y  (9 )  l i g h t / d a r k ,  t e m p e r a t u r e ,  o s m o t ic  

p o t e n t i a l ,  and d a te  o f  seed  c o l l e c t i o n .  Means w ere  s e p a r a t e d  and 

ran k ed  by r e l a t i v e  im p o r ta n c e  i n  r e g a r d s  to  t h e s e  s i g n i f i c a n t  

responses. R esu ltan t pe rcen tages  f o r  in d iv id u a l  main e f f e c t s  and two- 

way in t e r a c t i o n s  a re  summarized i n  Table I .  For the  th re e  way (Table 

2) and fo u r -w a y  i n t e r a c t i o n s , , n o  r a n k in g s  w ere  p o s s i b l e  and on ly  

genera l  p a t t e r n s  could be observed.

D ate o f  seed  c o l l e c t i o n  a f f e c t e d  g e r m in a t io n  p e r c e n ta g e s .  The 

seed th a t  was c o l le c te d  i n  the  w in te r  had h igher g e rm ina tion  t o t a l s  

(35%) than  t h a t  ob ta ined  from seeds c o l le c te d  i n  l a t e  f a l l  (24%). Dark 

g e rm ina tion  was g e n e ra l ly  p re fe r re d  over l i g h t  i n  the  f i r s t  and th i r d  

c o l l e c t i o n  d a t e s ,  b u t  no s i g n i f i c a n t  d i f f e r e n c e  w as shown on t h e  

second c o l le c t io n .  However, g e rm ina tion  i n  l i g h t  or dark was h igher  i n



T able I .  Means1 from in d iv id u a l  main e f f e c t s  and se p a r a te  com b inations o f  two-way in t e r a c t io n s  where 
s ig n i f ic a n c e  (p .01 ) was found. For f a c t o r i a l  ANOV se e  Appendix C. L e t te r s  o n ly  app ly  in
in d iv id u a l  b lo c k s  o f  m eans. ____________ ___________________________________________________ _________________________________

Main F actor 2
L igh t Temperature(C) Osmotic P o te n t ia l(b a r s ) Date

I n te r a c t io n
F a c to r (s ) T reatm ent( s )  L D 10 20 30 0 2 .5 5 .0 7 .5 I 2 3

•None 27b 32* 29b 36* 2 3 C 57* 40b 17* 4d 24* 29b 35*

L ig h t/d a rk L
D

34b 29° 18®
24d 43* 28c

35d
44*

8f
26*

22d
26*

29* 35b 
29* 39*

Temperature 10
20

57b
64*

41d
48*

16f

25f a !  ’

X '

“ d

26* 39*
39* 40* -d __cd

30 50° 30* 10 2 25 22 25

Osmotic ^ 0 5 Ib
___C 5S  6S

P o t e n t ia l 2 .5 33f 3 9 - 47
5 .0
7 .5 I i 2fs

1 Numbers are mean t o t a l  germ ination  p e r c e n ta g e s . Means fo llo w e d  by d i f f e r e n t  l e t t e r s  d enote s ig n i f ic a n t  
d if f e r e n c e s  (p .01 ) from D uncan's m u lt ip le  range t e s t .

2 D ates are  as fo llo w s :  ( I )  l a t e  O ctober, (2 ) l a t e  November, and (3 ) e a r ly  January. These are d a te s  o f  
seed  c o l l e c t i o n .

3 No s ig n i f ic a n c e  (p .01 ) cou ld  be d i f f e r e n t ia t e d  betw een d a tes  in  regard s to  osm otic  p o t e n t ia l s .



Table 2 . Means from th ree-w ay  in t e r a c t io n s  o f  main e f f e c t  com b in ation s where s ig n if ic a n c e  (p .01 )  
__________ was found . For f a c t o r i a l  ANOV s e e  Appendix C.______________________________

I n te r a c t io n
F a c to r (s ) T reatm ent(s)

Osm otic P o te n t ia l(b a r s )
Main F a c to r (s )

Date Temperature
(C)

& Osm. P o t e n t ia l
(b a rs)

I 0 2 .5 5 .0 7 .5 I 2 3 0
10

2 .5  5 7 .5 0
20

2 .5  5 7 .5
30

0 2 .5  5 7 .5

Date I 50 27 - 5 .2 59 40 22 2 48 32 10 0
2 53 41 10 3 73 49 26 7 49 27 9 2
3 67 57 37 5 63 54 27 14 54 30 10 4

L ig h t/d a rk  & L-O 58 69 67
Osm. P o t e n t ia l  D-O 45 47 57

L -2 .5 28 34 43
D -2 .5 38 43 51
L -5 .0 2 9 13
D -5 .0 22 21 34
L -7 .5 .1 2 .3
D -7 .5 I 5 15

L ig h t/d a rk  &
.Temperature L-10 71 48 17 2 24 37 42

D-IO 42 34 15 3 17 16 38
L-20 69 40 6 I 25 33 32
D-20 60 55 44 15 38 44 48
L-30 54 16 I 0 20 16 18
D-30 46 43 19 4 25 27 32

Numbers are mean t o t a l  germ in ation  p e r c e n ta g e s .

D ates are as fo llo w s :  ( I )  l a t e  O ctober, (2 ) l a t e  November, and (3 ) e a r ly  January.
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seed from the  l a s t  c o l l e c t io n  than  e i t h e r  of the  two o th e r  c o l l e c t io n  

d a t e s .  C o l l e c t i o n  d a t e  c h a n g e d  t h e  e f f e c t  o f  t e m p e r a t u r e  on 

g e r m in a t io n  t o t a l s  (T ab le  I ) .  A lthough  20 C was p r e f e r r e d  o v e r a l l  

(36%) and 30 C was the  l e a s t  p re fe r re d  (23%), ge rm ina tion  of seeds a t  

10 C in c re a se d  s u b s t a n t i a l l y  as da te  became l a t e r .  Seeds o f  the  f i r s t  

c o l l e c t io n  a t  10 C were the  low est germ ina ting  (22%) compared to  seeds 

a t  20 C (33%). By th e  t h i r d  d a te  o f  c o l l e c t i o n  t h e  im p o r ta n c e  of 10 C 

was such  t h a t  s e e d s  i n  t h i s  t e m p e r a t u r e  r e g im e  w ere  g e r m in a t in g  a t  

ab o u t t h e  same l e v e l  a s  th o s e  i n  t h e  20 C re g im e  (40%). There  w ere  no 

s i g n i f i c a n t  i n t e r a c t i o n s  b e tw een  w a te r  p o t e n t i a l  and d a te  o f  seed  

c o l le c t io n .

Germination i n  th e  dark was h ig h e r  (32%) than  i n  th e  l i g h t  (27%) 

(Table 1). Highest g e rm ina tion  was observed w ith  seeds exposed- to  dark 

c o n d i t i o n s  a t  20 C (43%) when l i g h t  and t e m p e r a t u r e  w as a n a ly z e d .  

Seeds u n d e rg o in g  a t r e a t m e n t  o f  30 C i n  th e  l i g h t  had  th e  l o w e s t  

g e rm in a t io n  (18%).

P r o g r e s s i v e l y  d e c r e a s i n g  o s m o t ic  p o t e n t i a l s  caused s ig n i f i c a n t  

d ecreases  i n  ge rm ina tion  percen tages  (57 to  4%) (Table I). I n te r a c t io n  

e f f e c t s  o f  osmotic p o t e n t i a l  and l i g h t  and dark r e s u l t e d  i n  response 

r e v e r s a l  a s  w a te r  s t r e s s  i n c r e a s e d  beyond 0 b a r s .  Under no w a te r  

s t r e s s ,  seeds had h igher  ge rm ina tion  t o t a l s  i n  th e  l i g h t  (65%) than  i n  

th e  dark. (49%). However, t h i s  r e l a t i o n s h i p  r e v e r s e d  a t  2.5 b a r s  so 

t h a t  g e r m i n a t i o n  i n  t h e  d a rk  (44%) was g r e a t e r  th a n  i n  t h e  l i g h t  

(35%). This response continued as  osm otic  p o te n t i a l s  reached 5 and 7.5 

bars . Germination percen tages  decreased  a s  osm otic  s t r e s s  in c reased , 

b u t  th e  d e c r e a s e  was l e s s  p r e c i p i t o u s  f o r  s e e d s  m a in ta in e d  i n  th e
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d a rk .  G e rm in a t io n  r e a c t i o n s  to  t e m p e r a t u r e  and o s m o t ic  p o t e n t i a l  

com binations fo llow ed  a p re d ic ta b le  p a t te rn .  Regard less  of the osm otic 

p o t e n t i a l ,  g e rm ina tion  was h ig h e s t  i n  th e  20 C regim e fo llow ed  by the  

10 and 30 C regim es, r e s p e c t iv e ly .

S t r a t i f i c a t i o n  h a d  no s t a t i s t i c a l  e f f e c t  on g e r m in a t io n .  

Sagebrush seeds a re  g e n e ra l ly  considered  to  be hondormant (McDonough 

and H arniss  1975, Caldwell 1978). Since s t r a t i f i c a t i o n  i s  norm ally  a 

dormancy b reak e r , i t  might be expected th a t  p la in s  s i l v e r  sagebrush 

would n o t  re sp o n d  t o  a c o ld  t r e a t m e n t .  Sageb rush  s e e d s  r i p e n  and 

d i s p e r s e  l a t e  i n  th e  f a l l  and e a r l y  w i n t e r .  Cold t e m p e r a t u r e s  a r e  

common a t  t h i s  t im e  i n  t h e  N o r th e rn  G re a t  P l a i n s  and m ig h t  a l r e a d y  

r e s u l t  i n  a f i e l d  in d u c e d  s t r a t i f i c a t i o n .  T h is  ty p e  o f  r e s p o n s e  i s  

s u g g e s te d  by th e  f a c t  t h a t  a s  s eed  c o l l e c t i o n  d a t e  became l a t e r ,  

germ ina tion  pe rcen tages  inc reased .

G e rm in a t io n  o c c u r re d  u n d e r  a v a r i e t y  o f  c o n d i t i o n s ,  and t h i s  

r e s p o n s e  c o n f i rm e d  t h a t  s a g e b ru s h  s e e d s  do n o t  e x h i b i t  s p e c i f i c  

g e r m in a t io n  r e q u i r e m e n t s .  More optimum c o n d i t i o n s  a r e  f a v o re d  by 

seeds, but these  c o n d it io n s  a re  no t r e s t r i c t e d  to  narrow requ irem en ts .

Rate Response to  In d iv id u a l  F ac to rs

A ll  t h r e e  seed  c o l l e c t i o n s  e x h i b i t e d  s im i l a r  r a t e  responses  to  

i n c r e a s i n g  w a te r  s t r e s s  (F ig u re  15). However, h ig h e r  g e r m in a t io n  

p e r c e n t a g e s  w ere  o b se rv ed  a s  d a t e  o f  c o l l e c t i o n  advanced . The l e s s  

negative  osm otic  p o t e n t i a l s  had f a s t e r  r a t e s  of ge rm ina tion  as  w ell as 

h igher g e rm in a tio n  percen tages. Rates o f  ge rm ina tion  were determined 

by bo th  th e  speed  a t  w h ich  s e e d s  r e a c h e d  th e  maximum l e v e l  o f
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Three seed c o l le c t io n s  a re  presented  ( l a t e  October, l a t e  
November, and e a r ly  Jan u a ry ) .



81

g e rm ina tion  ( the  s teep n ess  o f  s lo p es  i n  th e  fo l lo w in g  graphs) and days 

a f t e r  i n i t i a t i o n  of germ ination , As w a te r  s t r e s s  in c re a se d ,  th e re  was 

a d e c r e a s e  i n  bo th  amount o f  seed  g e r m in a t in g  and r a t e  ( s lo p e )  o f  

germ ination . These f in d in g s  a re  c o n s i s te n t  w ith  the  f in d in g s  o f  Bewley 

and B lack  (1982) and Evans and Young (1982). P l a i n s  s i l v e r  s ag e b ru sh  

seems to  be very  s e n s i t iv e  to  in c reased  w a te r  s t r e s s  and w i l l  decrease  

g e r m i n a t i o n  by a s  much as  1 /3  b e tw ee n  0 and 2.5 b a r s ,  and by a s  much 

a s  100 t im e s  b e tw een  0 and 7.5 b a r s  d ep en d in g  on d a te  o f  c o l l e c t i o n  

(F ig u re  15). T h is  i s  c o m p arab le  to  t h e  r e s p o n s e  found  w i th  f r i n g e d  

sagewort a s  in c re a s in g ly  negative  osm otic  p o te n t i a l s  were encountered 

(Sabo e t  a l .  1979).

At l e a s t  t h r e e  a s p e c t s  o f  th e  seed  g e r m in a t io n  p r o c e s s  a r e  

a f f e c t e d  by w a te r  u p ta k e  from  th e  s o i l  s o l u t i o n  (Evans and Young 

1982). They a r e :  ( I )  i m b i b i t i o n ,  (2) e n z y m a t ic  t r a n s f o r m a t i o n  and 

m eris te .m atic  a c t i v i t i e s ,  and (3) s t a r t  o f growth. As osm otic  p o te n t ia l  

becomes more nega tive , i t  becomes h a rd e r  f o r  the  seed to  take  up w ater 

to  meet the  needs of these  th ree  s tages . In  the p re l im in a ry  im b ib i t io n  

s t a g e ,  w a te r  u p ta k e  i s  c r i t i c a l  b ecau se  i t  i n i t i a l i z e s  e n z y m a t ic  

t r a n s f o r m a t i o n ,  m e r i s t e m a t i c  a c t i v i t i e s  and f i n a l l y  th e  s t a r t  o f 

e lo n g a t io n  and emergence of the  r a d ic le .  In  genera l ,  in c reased  w ater 

s t r e s s  de lays  com pletion of and reduces germ ination . This i s  caused by 

d e c r e a s e d  w a te r  a b s o r p t i o n ,  d i s t u r b e d  n u t r i e n t  u p ta k e ,  abnorm al 

metabolism and reduced growth (Parmar and Moore 1966). F ac to rs  such as 

these  undoubtedly c o n tr ib u te d  t o  the  r e d u c t io n  i n  g e rm in a tio n  t h a t  was 

o b se rv e d . in  t h i s  study under in c re a se d  m o is tu re  s t r e s s .
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Seed c o l l e c t i o n  d a t e  a f f e c t e d  t h e  r e s p o n s e  to  a l l  f a c t o r s  and 

in t e r a c t i o n s  of f a c to r s .  As seed was c o l le c te d  l a t e r ,  ge rm ina tion  was 

enhanced  r e g a r d l e s s  o f  o th e r  c o n d i t i o n s .  A lthough m ost seed  i s  

d isp ersed  i n  the  f i r s t . f e w  weeks a f t e r  r ip en in g , seed rem ain ing  on the 

p la n t  probably a t t a i n s  g r e a te r  m a tu r i ty .  Research on e f f e c t s  of seed 

r ip e n in g  or m a tu r i ty  have in d ic a te d  th a t  l a t e r  seed c o l l e c t io n s  showed 

h igher g e rm ina tion  pe rcen tages  (Clor e t  a l .  1974, W aller e t  a l .  1980, 

Krueger and Shaner 1982).

When a l l  f a c t o r s  w ere  c o n s id e r e d  t o g e t h e r ,  g e r m i n a t i o n  was 

h i g h e s t  a t  20 C an d  l o w e s t  a t  30 C. H o w ev e r ,  t h e  e f f e c t s  o f  

t e m p e r a t u r e  on g e r m in a t io n  changed w i th  r e s p e c t  to  s ee d  c o l l e c t i o n  

period (F igure  16). Changes were i n  r e s p e c t  to  im portance of the 10 C 

regime. As c o l l e c t io n  d a te  advanced, h ig h e s t  g e rm ina tion  was s t i l l  

o b se rv e d  u n d e r  th e  20 C re g im e .  In  c o n t r a s t ,  th e  l o w e s t  t e m p e r a t u r e  

r e g im e  (10 C) became more im p o r t a n t  i n  s t i m u l a t i n g  i n c r e a s e d  

g e r m in a t io n .  Under t h i s  t e m p e r a t u r e  r e g im e ,  tw ic e  a s  many seed s  

g e r m in a te d  from  th e  t h i r d  c o l l e c t i o n  d a t e  (40%) a s  from  th e  f i r s t  

c o l l e c t i o n  d a te  (22%). The f a s t e s t  g e r m in a t io n  r a t e s  w ere  a l s o  

r e c o rd e d  i n  t h e  20 C re g im e .  Seeds a t  10 C had th e  s l o w e s t  s t a r t i n g  

and the  lo n g e s t  germ ina tion  p e r io d s  r e c o r d e d .  When t h i s  g e r m in a t io n  

period  i s  considered , the  l a s t  c o l l e c t io n  of seed had no s ig n i f i c a n t  

d i f f e r e n c e  b e tw een  th e  10 and 20 C t e m p e r a t u r e  r e g im e s .  R a tes  of 

g e r m in a t io n  a r e  o f  v a lu e  i n  c h a r a c t e r i z i n g  s ee d  r e s p o n s e s  to  

tem pera tu re , although th e re  i s  o f te n  co n s id e rab le  v a r i a b i l i t y  due to  

g e n e t i c  d i f f e r e n c e s  (Bewle y  and B lack  1982). Genetic subpopulations  

w i l l  g e r m in a te  under  d i f f e r e n t  t e m p e r a t u r e  r e g im e s  and r a t e s  w i l l
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change w ith  these  tem pera tu res .  McDonough and H arniss  (1975) note  th a t  

g e r m in a t io n  t im e  i n  b ig  s a g e b ru s h  d e c r e a s e d  from  18 to  2 days w i th  

inc reas ing , tem pera tu res .

One a p p a r e n t  r e p r o d u c t i v e  c h a r a c t e r i s t i c  i n  p l a i n s  s i l v e r  

s a g e b r u s h  i s  t h a t  s e e d  c an  g e r m i n a t e  o v e r  a w id e  r a n g e  o f  

t e m p e r a t u r e s .  T h is  i s  a l s o  c h a r a c t e r i s t i c  o f  b ig  s a g e b ru s h .  This  

c h a r a c t e r i s t i c  as  w e ll  as  the changing r e l a t i o n s h ip  of tem pera tu re  and 

s ee d  c o l l e c t i o n  d a t e  s u g g e s t  a d a p t i v e  f e a tu r e s  f o r  h e te ro g en e ity  of 

seed popula tions . Caldwell (1978) re g a rd s  sagebrushes’ (most spec ies)  

a b i l i t y  to  g e r m in a te  o v e r  a w ide  ra n g e  o f  t e m p e r a t u r e s  a s  a 

com petit ive  advantage over o th e r  a s s o c ia te d  spec ies .  A s u b s ta n t i a t io n  

o f  McDonough and H a r n i s s ’ (1975) i m p l i c a t i o n  t h a t  t h e r e  a r e  g e n e t i c  

subpopula tions  of sagebrush w ith  c h a r a c t e r i s t i c  tem pera tu re  optim a f o r  

ge rm ina tion  i s  apparen t i n  th e  a b i l i t y  of p la in s  s i l v e r  sagebrush seed 

to  germ inate  over a wide range of tem pera tu res .  This h e te ro g en e i ty  of 

germ ina tion  requ irem en ts  a llow  seeds to  germ inate  under a v a r i e ty  of 

e n v i ro n m e n ta l  c o n d i t i o n s  t h a t  th e  seed  w i l l  e n c o u n te r  i n  th e  e a r l y  

g ro w in g  sea so n .  T h is  i s  m a n i f e s t e d  b o th  i n  t h e  num bers o f  see d s  

ge rm ina ting  and r a t e s  of ge rm ina tion  i n  r e l a t i o n  to  tem pera ture .

G e rm in a t io n  r e s p o n s e s  u n d e r  l i g h t  o r  dark c o n d i t io n s  in d ic a te d  

t h a t  g e r m i n a t i o n  was s l i g h t l y  f a v o re d  by a d a rk  e n v iro n m e n t  i n  a l l  

c o l l e c t io n  d a te s  (F igure  17). Rates were not d i f f e r e n t  between the  two 

t re a tm e n ts ,  a lthough germ ina tion  p e rio d s  were g e n e ra l ly  lo n g e r  i n  the 

dark. In  l i g h t ,  t h i s  p e r iod  was from 24 to  43 days w h ile  i n  dark seeds 

germ inated from 38 to  44 days. D iffe ren ces  among and w i th in  in d iv id u a l  

c o l l e c t io n  d a te s  were sm all even though germ ina tion  t o t a l s  were h igher
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i n  s e e d s  from  th e  t h i r d  c o l l e c t i o n  d a te .  On th e  f i r s t  c o l l e c t i o n ,  

g e rm in a t io n  w as 27 and 24% f o r  d a rk  and l i g h t ,  r e s p e c t i v e l y .  On th e  

t h i r d  c o l l e c t i o n ,  se e d s  i n  d a rk  had 39% g e r m in a t io n  w h ile  l i g h t  

t r e a te d  seeds were a t  31%.

The e f f e c t s  o f l i g h t  on seed g erm in a tio n  i s  v a r ia b le  depending on 

sp ec ie s  invo lved  and complex in te r a c t io n s  w ith  environm ental f a c to r s  

such  as  t e m p e r a tu r e ,  w a te r  r e l a t i o n s  and t im e  (A l-.Ani e t  a l .  1972, 

W oolley  and S t o l l e r  1978, Cook 1980, B ew ley and B lack  1982). L ig h t 

seems to  be more im p o rtan t i n  seeds r e q u ir in g  a dormant p e rio d  and a 

dorm ancy b re a k in g  m echanism . B ecause  m ost s a g e b ru sh  s p e c ie s  a re  

regarded  a s  nondorm an t, l i g h t  may not be o f c r i t i c a l  im portance. The 

e v id e n c e  f o r  g e r m in a t io n  r e s p o n s e s  i n  o th e r  A r te m is ia  s p e c ie s  

i n d i c a t e s  a v a r i a b l e  in f lu e n c e .  S tu d ie s  on f r in g e d  s a g e w o r t and b ig  

s a g e b ru sh  d e m o n s tra te d  s i g n i f i c a n t l y  m ore g e r m in a t io n  w i th  l i g h t  

(W eldon e t  a l .  1957, B e e t le  1960, C a ld w e ll 1978, W ilson  1982), b u t 

o th e r s  have shown th e  o p p o s i te  r e s p o n s e  (Sabo e t  a l .  1979). Seed 

b u r ia l  and i t s  r e la t io n s h ip  to  l i g h t  c o n d itio n s  seems to  be of major 

im portance in  f i e l d  emergence and s u rv iv a l of p la in s  s i lv e r  sagebrush 

(d iscu ssed  on pp. 107-124).

T here w ere  s e v e r a l  im p o r ta n t  e n v iro n m e n ta l  i n t e r a c t i o n s  t h a t  

a f f e c t e d  g e r m i n a t i o n  r e s p o n s e  t o  i n d i v i d u a l  f a c t o r s .  T h ese  

i n t e r a c t i o n s  w ere  m ost e a s i l y  in te r p r e te d  by e v a lu a tin g  germ in a tio n  

re s p o n s e  to  any tw o f a c t o r s  ta k e n  to g e th e r .  For ex am p le , l i g h t  and 

d a rk  t r e a tm e n t s  w ere  i n v e s t i g a t e d  i n  c o n ju n c t io n  w ith  th e  th r e e  

te m p e ra tu re  re g im e s . By u s in g  t h i s  a p p ro a c h , th e  e f f e c t s  o f  s in g le  

f a c t o r s  c o u ld  be p u t i n  b e t t e r  p e r s p e c t iv e  b ecau se  th e y  w ere
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superim posed upon a second v a r ia b le . Moreover, in d iv id u a l c o l le c t io n  

d a te s  could a lso  be ev a lu a ted  in  more dep th  w ith in  t h i s  con tex t. Thus 

i t  becam e c l e a r  t h a t  c o l l e c t i o n  d a te  changed th e  r e l a t i o n s h i p s  o f  

l i g h t  and d a rk  w i th in  th e  d i f f e r e n t  te m p e r a tu r e s  re g im e s . T h is  i s  

i l l u s t r a t e d  by F ig u res  18, 19» and 20 in  which l i g h t  and dark reg im es 

a re  com pared a t  th e  th r e e  te m p e r a tu r e s  and f o r  th e  th r e e  c o l l e c t i o n  

d a te s . 1 !

In  g e n e ra l, dark  co n d itio n s  r e s u l te d  in  h igher g e rm in a tio n  in  a l l  

th r e e  c o l l e c t i o n s .  When s e e d s  from  th e  f i r s t  c o l l e c t i o n  d a te  w ere  

germ inated  under l i g h t ,  e s s e n t ia l ly  no d if fe re n c e s  could be d e tec ted  

w ith  r e s p e c t  to  tem p era tu re  regim e (F igure  18). However, as c o lle c t io n  

d a te  advanced tem p era tu re  ex erted  more o f an in flu e n c e  on germ ina tion  

(F ig u re s  19» 20). By th e  t h i r d  d a t e , . l i g h t  com bined w i th  th e  10 C 

tem p era tu re  showed s ig n i f ic a n t ly  h igher germ in a tio n  (42%) th an  e i th e r  

th e  20 o r  30 C re g im e s  (32 and 18% r e s p e c t i v e l y ) .  The h ig h  30 C 

tem p era tu re  r e s u l te d  i n  lo w est g e rm in a tio n  from a l l  th re e  d a te s  when 

l i g h t  w as p r e s e n t .  In  c o n t r a s t ,  d a rk  t r e a t e d  s e e d s 'g e n e r a l l y  showed 

b e s t  g e r m in a t io n  u n d e r th e  20 C re g im e  and l e a s t  a t  10C . Under d a rk  

co n d itio n s , d if f e re n c e s  among tem p era tu re  reg im es were commonly 10% -or 

m ore d ep en d in g  upon c o l l e c t i o n  d a te .  G e rm in a tio n  r e s p o n s e s  d id  n o t 

vary  t h i s  much i n  th e  l ig h t .  In  dark  co n d itio n s , g e rm in a tio n  ra te s  (or 

s lo p es) were slow er and s t a r t  o f g e rm in a tio n  was u s u a lly  delayed by 

th re e  to  s ix  days. The t o t a l  period  of ge rm in a tio n  was a lso  prolonged, 

e s p e c i a l l y  f o r  th o s e  se e d s  i n  th e  10 C te m p e ra tu re  re g im e  w here  

g e r m in a t io n  o c c u r re d  a t  38 to  44 d ay s . On th e  t h i r d  c o l l e c t i o n ,  th e  

e x te n d e d  g e r m in a t io n .p e r io d  r e s u l t e d  i n  seed  re s p o n se  a t  10 C b e in g
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e f f e c t  o n  t o t a l  g e r m i n a t i o n  p e r c e n t a g e s  a n d  r a t e s  o f
g e r m i n a t i o n .  F i r s t  s e e d  c o l l e c t i o n  ( l a t e  O c t o b e r )  d a t a  i s
p r e s e n t e d .  N u m b e r s  a r e  m e a n  v a l u e s  f o r  a l l  s e e d s  i n  t h i s
c o l l e c t i o n  p e r i o d .
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g e r m i n a t i o n .  S e c o n d  s e e d  c o l l e c t i o n  ( l a t e  N o v e m b e r )  d a t a
i s  p r e s e n t e d .  N u m b e r s  a r e  m e a n  v a l u e s  f o r  a l l  s e e d s  i n
t h i s  c o l l e c t i o n  p e r i o d .
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e f f e c t s  o n  t o t a l  g e r m i n a t i o n  p e r c e n t a g e s  a n d  r a t e s  o f
g e r m i n a t i o n .  T h i r d  s e e d  c o l l e c t i o n  ( e a r l y  J a n u a r y )  d a t a  i s
p r e s e n t e d .  N u m b e r s  a r e  m e a n  v a l u e s  f o r  a l l  s e e d s  i n  t h i s
c o l l e c t i o n  p e r i o d .
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s l ig h t ly  h igher than  th a t  o f th e  30 C regim e but s t i l l  low er than  seed 

re s p o n se  a t  20 C.

My r e s u l t s  have  d e m o n s tra te d  t h a t  p la in s  s i lv e r  sagebrush seed 

can g e rm in a te  u n d e r b o th  l i g h t  and d a rk  c o n d i t io n s .  H ow ever, l i g h t  

seem s to  be l e s s  e f f e c t i v e  i n  in d u c in g  g e rm in a t io n  th a n  d a rk  

c o n d i t io n s .  B ecause  te m p e ra tu re  r e l a t i o n s h i p s  change a c c o rd in g  to  

l i g h t  o r  d a rk  t r e a tm e n t ,  i t  seem s a p p a re n t  t h a t  th e  i n t e r a c t i o n s  o f  

l i g h t  an d  t e m p e r a t u r e  c a n  e i t h e r  s t i m u l a t e  o r  i n h i b i t  s e e d  

germ ination . This could be o f co n sid e ra b le  im portance w ith  reg ard s  to  

seed  b e in g  b u r ie d  o r on th e  s o i l  s u r f a c e .  D uring  th e  g ro w in g  sea so n , 

te m p e r a tu r e s  a r e  n o rm a lly  h ig h e r  and f l u c t u a t e  m ore on th e  s o i l  

s u r f a c e .  T h is  m eans t h a t  s u r f a c e  c o n d i t io n s  e x i s t  t h a t  w i l l  p ro v id e  

l i m i t e d  g e rm in a t io n  o f  th o s e  se e d s  a b le  to  re sp o n d  to  v a r i a b l e  

te m p e ra tu re  and l i g h t  re g im e s . H ow ever, c o o le r  and m ore s t a b l e  

te m p e r a tu r e s  e x i s t  b e n e a th  th e  s o i l  s u r f a c e .  S in ce  d a rk  c o n d i t io n s  

a lso  p re v a il ,  t h i s  p rov ides a more fa v o ra b le  environm ent fo r  seeds to  

g e rm in a te . The h e te r o g e n e i ty  a s s o c ia te d  w ith  in d iv id u a l germ ina tion  

req u irem en ts  or s i t e s  c r e a te s  a  w ide range o f env ironm ental co n d itio n s  

to  which p la in s  s i lv e r  sagebrush seems w e ll adapted.

The e f f e c t s  o f o s m o tic  p o t e n t i a l  on seed  g e rm in a t io n  change 

a c c o rd in g  to  w h e th e r  l i g h t  o r  d a rk  c o n d i t io n s  p r e v a i l  (F ig u re s  

21 , 22 , 23). No s i g n i f i c a n t  d i f f e r e n c e s ,  i n  r e g a r d s  to  th e s e  two 

f a c t o r s ,  w ere o b se rv ed  a s  seed  c o l l e c t i o n  d a te  advanced . At o sm o tic  

p o t e n t i a l s  o f  0 b a r s ,  g e rm in a t io n  w as h ig h e r  i n  th e  l i g h t  re g im e . 

G erm ination t o t a l s  were from 10 to  22 p e rcen t h igher i n  l i g h t  than  in  

dark a t  t h i s  osm otic  p o te n tia l ,  In  t h i s  reg im e, t o t a l s  ranged from 58
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g e r m i n a t i o n  p e r c e n t a g e s  a n d  r a t e s  o f  g e r m i n a t i o n .  S e c o n d  s e e d  c o l l e c t i o n  ( l a t e
N o v e m b e r )  d a t a  i s  p r e s e n t e d .  N u m b e r s  a r e  m e a n  v a l u e s  f o r  a l l  s e e d s  i n  t h i s  c o l l e c t i o n
p e r i o d .
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to  6 9% in  th e  l i g h t  and 45 to  57% i n  th e  d a rk  d ep en d in g  on d a te  o f 

c o lle c t io n . When seeds a re  lo c a te d  on the s o i l  su rfa c e  where l i g h t  i s  

g e n e ra lly  a. co n stan t f a c to r ,  g e rm in a tio n  would be fav o red  only  when 

w a te r i s  f r e e ly  a v a ila b le . This r e la t io n s h ip  was re v e rse d  a t  2.5 bars  

so t h a t  d a rk  c o n d i t io n s  w ere  s l i g h t l y  favored , a lthough g erm ina tion  

p e rio d s  were leng thened . D iffe ren ces  o f around 10% w ere noted here  in  

a l l  c o l l e c t i o n  d a te s  b e tw een  se e d s  i n  d a rk  and th o s e  i n  th e  l i g h t .  

Response d if fe re n c e s  to  l i g h t  and dark  reg im es became g re a te r  as  w a te r 

s t r e s s  in c r e a s e d  from  2.5 b a r s  to  5 and 7.5 b a r s .  Dark c o n d i t io n s  

seem ed to  a m e l io r a te  th e  e f f e c t  o f  in c r e a s e d  w a te r  s t r e s s  on see d s . 

G e rm in a tio n  u n d e r d a rk  c o n d i t io n s  a t  th e s e  m ore n e g a t iv e  o sm o tic  

p o t e n t i a l s  w as 2 to  30 t im e s  g r e a t e r  th a n  t h a t  o f  l i g h t  c o n d i t io n s .  

T h e re fo re , g e rm in a t io n  i n  l a t e r  s t a g e s  o f  th e  g ro w in g  s e a so n , when 

m o is tu re  c o n d i t io n s  a r e  g e n e r a l ly  m ore s e v e re ,  w ould be fa v o re d  i n  

d a rk  e n v iro n m e n ts  such  a s  b u r i a l  i n  th e  s o i l .  G e rm in a tio n  r a t e s  o r  

tim e to  reach  maximum germ in a tio n  were no t s u b s ta n t ia l ly  d i f f e r e n t  in  

any o f the  reg im es.

The g e rm in a tio n  response th a t  was observed when osm otic  p o te n t ia l  

was considered  along w ith  tem p era tu re  reg im es showed th a t  th e re  were 

d i f f e r e n c e s  i n  g e r m in a t io n  t o t a l s  among c o l l e c t i o n  d a te s  and a 

changing im portance o f th e  10 C tem p era tu re  regim e as c o l le c t io n  da te  

advanced  (F ig u re s  24 , 25 , 2 6 ). G e rm in a tio n  t o t a l s  in c r e a s e d  i n  a l l  

p o t e n t i a l s  a s  d a te  advanced  and t h i s  i s  e s p e c i a l l y  t r u e  f o r  see d s  

g e rm in a tin g  a t  10 C. At 0 b a rs , g e rm in a tio n  in  t h i s  tem p era tu re  regim e 

in c re a s e s  from 50% on the  f i r s t  d a te  to  67% on the  th ird . G erm ination
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F i g u r e  2 6 .  O s m o t i c  p o t e n t i a l  c o m p a r i s o n s  a m o n g  t h r e e  t e m p e r a t u r e s  a n d  t h e i r  e f f e c t s  o n  t o t a l
g e r m i n a t i o n  p e r c e n t a g e s  a n d  r a t e s  o f  g e r m i n a t i o n .  T h i r d  s e e d  c o l l e c t i o n  ( e a r l y
J a n u a r y )  d a t a  i s  p r e s e n t e d .  N u m b e r s  a r e  m e a n  v a l u e s  f o r  a l l  s e e d s  i n  t h i s  c o l l e c t i o n
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a t  10 C w as second  o r  t h i r d  i n  im p o r ta n c e  on th e  f i r s t  and second  

d a te s  in  a l l  p o te n t ia ls .  However, the  th i r d  c o l le c t io n  showed seeds a t  

10 C had s l i g h t l y  h ig h e r  g e rm in a t io n  p e rc e n ta g e s  th a n  e i t h e r  20 or 

30. C, e x c e p t  a t  7.5 b a r s  w here  i t  w as th e  second  h ig h e s t .  A lthough 

g e rm in a t io n  t o t a l s  d id  i n c r e a s e  w ith  an advance in  c o l le c t io n  d a te , 

th e se  in c re a s e s  w ere m agnified  as p o te n t ia l  became more n egative . At 0 

b a rs , the  in c re a se  from the  f i r s t  to  l a s t  c o l le c t io n  was on ly  on th e  

o rd e r  o f  1 /15 to  I / 1 0 th . At 7;5 b a r s ,  t h i s  i n c r e a s e  w as 7 to  14 t im e s  

the  g e rm in a tio n  on th e  th i r d  c o l le c t io n  as  in  th e  f i r s t .  Although the  

im p o r ta n c e  o f g e r m in a t io n  i n  th e  10 C re g im e  in c r e a s e d  w ith  th e  

advance o f c o l l e c t i o n  d a te ,  r a t e s  had m ore g ra d u a l s lo p e s  w here th e  

germ in a tio n  p o te n t ia l  was reached a t  a slow er pace than  i n  20 o r 30 C. 

P eriods o f  g e rm in a tio n  was a lso  extended fo r  seeds a t  10 C by 9 to  17 

days.

There i s  a s ig n i f ic a n t  r e la t io n s h ip  between le n g th  of tim e seeds 

rem ain  on the p a ren t p la n t  and the optimum germ in a tio n  tem pera tu re . As 

le n g th  of tim e (or m a tu rity )  becomes g re a te r ,  ge rm in a tio n  i s  enhanced, 

e s p e c i a l l y  a t  lo w e r  te m p e ra tu re s  su ch  a s  10 C. T h is  i s  e v id e n t  

re g a rd le s s  o f  w a ter s t r e s s .

I t  i s  a p p a re n t  t h a t  p l a in s  s i l v e r  sag e b ru sh  h a s  an  a b i l i t y  to  

g e rm in a te  u n d e r a v a r i e t y  o f  e n v iro n m e n ta l  c o n d i t io n s .  However, 

in d iv id u a l  f a c t o r s  and i n t e r a c t i o n s  o f  c o m b in a tio n s  o f  f a c t o r s  do 

s i g n i f i c a n t l y  i n h i b i t  o r s t im u la t e  g e rm in a tio n . P la in s  s i l v e r  

s a g e b ru sh  seem s to  be m ost s e n s i t i v e  to  o s m o tic  p o t e n t i a l  and to  a 

l e s s e r  d e g re e  te m p e r a tu r e ,  l i g h t  c o n d i t io n s  and d a te  o f seed  

c o l l e c t i o n  (o r d i s p e r s a l ) .  S t r a t i f i c a t i o n  c o u ld  n o t be d e te c te d  a s
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h a v in g  any in f lu e n c e  on g e rm in a t io n  re s p o n s e s .  Seeds u n d e r no w a te r  

s t r e s s  germ inated b e s t, e sp e c ia l ly  in  c o n d itio n s  o f  l ig h t .  The seeds 

u n d er no w a te r  s t r e s s  w ere  a ls o  fa v o re d  i n  te m p e r a tu r e s  o f  10 and 

20 C. G erm ination tem p era tu res  o f  20 C w ere most favored  o v e ra ll ,  but 

see d s  a t  10 C showed co m p arab le  r e s u l t s  when c o l l e c t e d  th e  l a t e r  i n  

th e  sea so n . As w a te r  s t r e s s  in c r e a s e d ,  d a rk  c o n d i t io n s  w ere  a m ore 

im p o r ta n t  s t im u la n t  to  g e rm in a t io n .  D ate  o f  seed  c o l l e c t i o n  o r 

d i s p e r s a l  from  a p a r e n t  p l a n t  w as im p o r ta n t  i n  t h a t  i t  s t im u la te d  

germ ination .
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E arly  S eed ling  Growth

S tu d ie s  on p l a i n s  s i l v e r  s a g e b ru sh  i n  g ro w th  ch am b ers , th e  

greenhouse and under f i e l d  co n d itio n s  confirm ed th a t  the  environm ent 

f a c t o r s  t h a t  a f f e c t e d  g e rm in a t io n  a l s o  p la y  an im p o r ta n t  r o l e  i n  

de te rm in in g  how many see d lin g s  w i l l  emerge, su rv iv e  and grow. Water 

a v a i l a b i l i ty ,  tem p era tu re  and p la n tin g  depth  a l l  a f fe c te d  th e  degree 

of seed lin g  su ccess. Depth from which a seed lin g  em erges i s  a ffec ted , 

by l ig h t  and m o is tu re  co n d itio n s . H eterogeneity  in  th e  seed pool a lso  

expressed  i t s e l f  i n  th i s  work on se e d lin g  developm ent.

Temperatu re  E f fe c ts  on T ransplanted  S eed lings

Growth chamber s tu d ie s  on the  e f f e c t  of two d iu rn a l tem p era tu res  

on s e e d l in g  g ro w th  in d i c a t e d  t h a t  th e  h ig h e r  te m p e ra tu re  re g im e  

r e s u l t e d  i n  g r e a t l y  enhanced  g ro w th . Those s e e d l in g s  i n  th e  32/21 C 

tre a tm e n t had s ig n i f ic a n t ly  more growth in  te rm s o f h e ig h t, number of 

le a v e s , and cover expressed  by two h o r iz o n ta l  axes (F igure  27). Height 

in  th e  warm regim e (32/21 C) responded im m edia te ly  and su s ta in e d  ra p id  

grow th f o r  more than  th re e  months. In  c o n tra s t ,  see d lin g  h e ig h t in  the 

c o o l re g im e  (2 1 /1 0  C) d id  n o t m ark ed ly  change f o r  tw o m onths. "As a 

co n seq u en ce , h e ig h t  i n  th e  warm re g im e  (80 mm) w as m ore th a n  tw ic e  

t h a t  o f  t h a t  o f  th e  co o l re g im e  (38 mm) a t  th e  end o f  th e  s tu d y . 

Numbers o f  l e a v e s  in c r e a s e d  (b o th  re g im e s  from  around  12 le a v e s )  i n  

the  warm regim e a t  a g re a te r  r a t e  than  those  in  th e  c o o le r regim e so 

t h a t  a t  th e  end o f th e  s tu d y , th o s e  s e e d l in g s  i n  th e  32 /21  C reg im e  

had about th re e  tim es  as  many leav es  (180 and 70 le av es). Although the
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F ig u re  27. T em p e ra tu re  e f f e c t s  on s e e d l in g  g ro w th . Four g row th  
p aram ete rs  a re  p resen ted : h e ig h t, number o f  le a v e s , and 
two h o r iz o n ta l cover e s tim a te s .
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h o riz o n ta l  axes dem onstrated  the same response of g re a te r  grow th in  

the  warmer regim e, the  d if fe re n c e s  w ere no t a s  g re a t a s  th e  prev ious 

two p a ra m e te r s .  For th r e e  m on th s , th e  i n c r e a s e s  w ere  s te a d y , bu t 

a f te rw a rd s . th e re  was a decrease  in  both h o r iz o n ta l axes.

R esu lts  f o r  growth i n  term s o f l e a f  a re a  and ro o t/sh o o t biom ass 

r e f l e c t e d  th e  same t r e n d ,  b u t d i f f e r e n c e s  b e tw een  re g im e s  had 

d i f f e r e n t  c h a r a c t e r i s t i c s  (F ig u re  28). L ea f a r e a  g ro w th  i n  bo th  

reg im es in c re a se d  s u b s ta n t ia l ly ,  but two c h a r a c te r i s t ic s  w ere r e a d ily  

apparen t. F i r s t ,  l e a f  a re a  in c re a se d  i n  the co o ler regim e (21/10 C) a t  

the  same r a te  as th a t  o f l e a f  a rea  i n  th e  warm regim e. However, growth 

was d e la y e d  by a m onth i n  th e  c o o le r  re g im e  and peaked  a t  a b o u t th e  

same le v e l  as th a t  i n  th e  32/21 C regim e. S eed ling  l e a f  a re a  d ec lin ed  

a f t e r  th re e  o r fo u r  months w ith  th a t  of the co o le r regim e a t  a s teep e r 

r a t e  than  in  th e  warmer regim e. Leaf a re a  was s ig n i f ic a n t ly  h igher in  

th e  w arm er re g im e  i n  e v e ry  sa m p lin g  p e r io d  e x c e p t th e  n e x t to  l a s t  

one.

Root b io m ass  i n  b o th  t r e a tm e n t s  w as s i g n i f i c a n t l y  h ig h e r  th a n  

shoot biom ass in  the  re s p e c tiv e  tem p era tu re  regim es (F igure  28). Root 

and s h o o t b io m ass  i n  th e  32/21 C re g im e  in c r e a s e d  th ro u g h o u t th e  

e x p e r im e n t ,  w h e rea s  r o o t  and sh o o t b io m ass  i n  th e  c o o le r  reg im e  

in c re ase d  s te a d i ly  u n t i l  th e  l a s t  d a te  when a p re c ip ito u s  decrease  was 

o b se rv e d . O v e ra l l ,  th e  t i s s u e  w e ig h t  i n  th e  w arm er re g im e  f o r  bo th  

ro o ts  and sh o o ts  was g re a te r  than  re s p e c tiv e  ro o t and shoo t biom ass a t  

the c o o le r regim e. No s t a t i s t i c a l  d if f e re n c e s  were found among ro o t 

biom ass in  both reg im es except a t  the  end o f the  study a t  which tim e 

see d lin g s  a t  32/21 C showed about 30% more ro o t biomass due to  a s teep
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d e c lin e  i n  biom ass a t  21/10 C. Measurements o f shoot biom ass showed a 

s ig n if ic a n t  d if fe re n c e  on a l l  sam pling p e rio d s  excep t f o r  the  next to  

l a s t  one. At t h i s  tim e  shoot biom ass a t  21/10 C responded s im i la r ly  to  

t h a t  o f  r o o t  b io m ass  i n  t h i s  re g im e . T here  w as a s te e p  d e c l in e  i n  

biom ass on th e  l a s t  da te . At th e  end o f th e  study shoot biom ass in  th e  

warmer regim e was tw ice  th a t  of shoot biom ass i n  the c o o le r regim e. 

Root to  sh o o t r a t i o s  in c r e a s e d  th ro u g h o u t th e  e x p e r im e n t (T ab le  3 ) , 

w ith  g re a te r  shoot growth ap p aren t th e  f i r s t  two rec o rd in g  p e rio d s  f o r  

see d lin g s  i n  th e  warm regim e. R oot/shoot r a t i o s  changed from 0.94 fo r  

th e  warm re g im e  and 1.8 f o r  th e  c o o le r  re g im e  to  1.49 and 2 .4 , 

re s p e c tiv e ly . R atio s  o f  ro o t biom ass to  shoot biom ass w ere h ig h er fo r  

see d lin g s  i n  the co o le r reg im e, w ith  the d if fe re n c e  betw een tre a tm e n t 

r a t i o s  a p p a r e n t ly  b e in g  due to  th e  g r e a t e r  i n i t i a l  s h o o t g ro w th  f o r  

see d lin g s  i n  the  warmer regim e.

Table 3• Root to  shoot r a t i o s  fo r  see d lin g  growth under two 
tem pera tu re  reg im es. R atio s  a re  p resen ted  by tem perature 
regim e and sam pling d a te .

R oot/shoot r a t i o s ' .

Sampling d a te
Tem perature -——— -------------------------------:----------
regime^ 8/12 9/14 10/21 11/22 12/22

32/21 C .94 .72 1,13 1.33 1.49

21/10 C 1.80 2.25 2.14 1.50 2.43

Root and shoot r a t i o s  were determ ined by oven dry t i s s u e  w eights 
from fo u r see d lin g s  tak en  from each tem peratu re  regim e a t  each 
sam pling p e rio d .
Temperature regim es were re g u la te d  fo r  a 12 hour p e rio d  a t  each 
tem peratu re  in  growth chambers.

4
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Most grow th p aram eters  e x h ib ite d  a p o s i t iv e  grow th re la t io n s h ip  

i n i t i a l l y  t h a t  becam e n e g a t iv e  to w a rd s  th e  end o f th e  f i v e  and one 

h a l f  month study (F igu res 27» 28). The only excep tions w ere th e  number 

o f  le av e s  a t  32/21 C and ro o t and shoot biom ass a t  th e  32/21 C regim e. 

In  g e n e r a l ,  g ro w th  c u rv e s  s t a r t e d  d e c l in in g  e a r l i e r  i n  th e  lo w e r 

t e m p e r a tu r e s  th a n  f o r  th e  h ig h e r  te m p e ra tu re  re g im e . The o n ly  

excep tion  was fo r  l e a f  a rea  where th e  seed lin g s  i n  th e  c o o le r regim e 

peaked l a t e r  and then  d ec lin ed  sharp ly . The m echanics fo r  the  n egative  

growth was most l ik e ly  th e  lo s s  o f la r g e r ,  e a r l i e r  grow th le av es  and 

rep lacem ent by s m a lle r  leav es .

G ro w th  o f  s e e d l i n g s  w as s t r o n g l y  i n f l u e n c e d  by a m b ie n t  

tem p era tu res . However, optimum g e r m in a t io n  te m p e r a tu r e s  w ere  lo w e r  

th a n  th o s e  found  to  be th e  m ost f a v o r a b le  f o r  s e e d l in g  g ro w th . T h is  

seems to  correspond w e ll w ith  environm ental tem p era tu res  l ik e ly  to  be 

e n c o u n te re d  d u r in g  th e  c o u rse  o f  th e  g ro w in g  se a so n . As p re v io u s ly  

d i s c u s s e d ,  g e r m in a t io n  w as m ost s u c c e s s f u l  a t  10 o r  20 C (se e  pages 

8 4 -8 6 ) , w h ile  g ro w th  o f s e e d l in g s  w as m ore s u c c e s s f u l  a t  d ay tim e  

te m p e r a tu r e s  o f  32 C ( n ig h t t im e  21 C). Seeds g e rm in a te  and em erge 

e a r ly  in  th e  g ro w in g  s e a s o n  when a m b ie n t te m p e r a tu r e s  a r e  n o rm a lly  

low er than  those  i n  the summer growing months.

Greenhouse Seeding

S e e d lin g  em ergence  o ccu red  a t  d e p th s  o f  0 , 0.5 and 1.5 cm, bu t 

none w as o b se rv e d  a t  th e  d e e p e s t  d e p th  o f  2.5 cm (F ig u re  29). The 

g r e a t e s t  em ergence  to o k  p la c e  a t  th e  s o i l  s u r f a c e  w ith  s e v e r a l  

s e e d l in g s  n e v e r  m aking i t  p a s t  th e  c o ty le d o n  s ta g e .  F or th e  two
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F igure  29. Emergence and s u rv iv a l o f greenhouse seed lin g s  a t  th re e  depths o f  b u r ia l .
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sh a llo w er dep ths o f  b u r ia l  (0 and 0.5 cm), su rv iv a l was very  s im ila r  

i n  te rm s  o f h a v in g , an  i n i t i a l  peak  o f em ergence , a d i e - o f f  o f 

seed lin g s  and th en  a s ta b le  number su rv iv in g  th e  study. A la rg e  f lu s h  

of seeds germ inated  and emerged i n  the  f i r s t  th re e  weeks. The g re a te s t  

num ber o f  em erged  s e e d l in g s  a t  any one t im e  w as 33 a t  th e  s o i l  

su rfa c e , a lthough a to t a l  o f  37 (o f 100) emerged over the  e n t i r e  study 

period . This same p a t te rn  was observed a t  0.5 cm, but w ith  low er to t a l  

numbers. The h ig h e s t number of emerged see d lin g s  a t  th i s  depth  was 20, 

a l th o u g h  22 em erged o v e r th e  e n t i r e  s tu d y  p e r io d . Only one s e e d l in g  

emerged from the  1.5 cm depth. Those see d lin g s  th a t  d id  no t e s ta b l is h  

an a d e q u a te  r o o t  sy stem  d ie d  s h o r t l y  a f t e r  em erg in g . T h is  l e f t  a 

r a th e r  s ta b le  number which su rv ived  throughout the  r e s t  o f the t r i a l .  

T h is  p e r io d  b e tw een  g e rm in a t io n  and s t a b i l i z a t i o n  i n  th e  g row th  

environm ent i s  probably  the  most c r i t i c a l  i n  the  l i f e  of the  p la n t and 

i s  th e  p eriod  where most m o r ta l i ty  has been observed (Eddleman 1,979, 

Evans and Young 1982).

W ater r e l a t i o n s h i p s  p ro b a b ly  b e s t  e x p la in  th e  h ig h  number o f 

germ in a tin g  seqds and e s ta b l is h in g  se e d lin g s  on the s o i l  su rface . In  

t h i s  s tu d y  w a te r  s t r e s s  w as m in im ize d  so t h a t  l i g h t  p r e s e n te d  a 

fav o rab le  environm ent in  which to  germ inate (see page 92).

Growth m e asu rem en ts  e s t a b l i s h e d  th a t  those see d lin g s  su rv iv in g  

i n i t i a l  em ergence  from  th e  0.5 cm d e p th  grew h ig h e r  (19 to  22 

mm g r e a t e r )  and had m ore le a v e s  (11 to  14 g r e a t e r )  th a n  th o s e  

s u r v iv in g  s e e d l in g s  from  th e  0 and 1.5 cm d e p th s  (F ig u re  30). The 

s e e d l in g  from  1.5 cm showed th e  l e a s t  g ro w th  i n  th e s e  tw o g ro w th  

p a ra m e te r s .  S e e d l in g s  em erg in g  from  0.5 cm e x h ib i te d  m ore l a t e r a l
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F ig u re  30. Growth p a ra m e te r s  i n  th e  g reen h o u se  as  a f f e c t e d  
le a v e s  and h e ig h t of seed lin g s  a re  p re sen ted . uy uepcn ot seed  b u r i a l .  Number of
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g ro w th  th a n  s e e d l in g s  from  th e  o th e r  two d e p th s  (F ig u re  31). The 

lo w e s t  am ount o f  g ro w th  i n  th e s e  tw o m easu rem en ts  w ere  found  i n  

s e e d l in g s  t h a t  w ere  i n i t i a l l y  on th e  s o i l  s u r f a c e  a lth o u g h  th e  

see d lin g  from the  1.5 cm depth s ta r te d  w ith  the  l e a s t .  In  g en era l, the  

one s e e d l i n g  t h a t  e m e rg e d  f ro m  1.5 cm had  s i m i l a r  g ro w th  

c h a r a c t e r i s t i c s  a s  s e e d l in g s  from  a t  th e  s o i l  s u r f a c e .  The enhanced  

s e e d l in g  g ro w th  t h a t  w as m easu red  from  see d s  b u r ie d  0.5 cm deep was 

p ro b a b ly  due to  m ore f a v o r a b le  g e r m in a t io n  c o n d i t io n s  a s  w e l l  a s  

b e t t e r  r o o t  g ro w in g  c o n d i t io n s .  Seeds ge rm in a tin g  below th e  su rface  

a re  surrounded by the s o i l  m a tr ix  and th e re fo re  have a co n stan t s o i l  

co n tac t. This r e s u l t s  in  more fa v o ra b le  m o is tu re  and a g re a te r  i n i t i a l  

n u tr ie n t  base from which to  draw. Those see d lin g s  th a t  can e s ta b l is h  a 

w o rk in g  r o o t  sy stem  by th e  t im e  th e  c o ty le d o n s  a r e  above th e  s o i l  

s u r f a c e  a l r e a d y  have a s u b s t a n t i a l  a d v a n ta g e  f o r  c o n tin u e d  g ro w th . 

T h is  i s  i l l u s t r a t e d  by th e  g r e a t e r  g ro w th  e x h ib i te d  by s e e d l in g s  

e s ta b l is h in g  from 0.5 cm.

F ie ld  Seeding

Emergence o f p la in s  s i lv e r  sagebrush in  th e  f i e l d  to ta le d  about 

1.2 p e rc e n t  o f  th e  se e d s  p la n te d .  Of th o s e  s e e d l in g s  t h a t  em erged, 

only about 11% su rv ived  th e  summer. S eed lings were most abundant from 

th e  0.5 cm d e p th  th a n  from  th e  o th e r  p l a n t in g  d e p th s  (F ig u re  32). At 

th e  h ig h e s t le v e l  of emergence, th e re  w ere 85 see d lin g s  from the  0.5 

cm depth and 59» 52 and 17 see d lin g s  r e s p e c tiv e ly  from th e  0, 1.5 and 

2.5 cm depths. Those germ in a tin g  on th e  su rface  and em erging from 1.5 

cm w ere  n e a r ly  e q u a l i n  num ber. T h is  r e l a t i o n s h i p  w as m a in ta in e d
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F igure 32. S eed ling  numbers p re sen t throughout summer of 1983 a f te r  
em erg in g  from  f o u r  p l a n t in g  d e p th s  (0 , 5 , 15, 25 mm).
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th ro u g h o u t th e  s tu d y  p e r io d  e x c e p t on th e  l a s t  tw o r e c o r d in g  d a te s .  

The num ber o f s e e d l in g s  t h a t  s u rv iv e d  from  1.5 cm w as s i g n i f i c a n t l y  

h ig h e r (60% g re a te r )  than  those  su rv iv in g  from the s o i l  su rface  on th e  

l a s t  d a te .  Em ergence from  2.5 cm w as n o te d , b u t w as s i g n i f i c a n t l y  

low er than  any of the  o th e r depths. Emergence from t h i s  depth was 12 

to  20% o f th e  em ergence  from  th e  o th e r  d e p th s . A f te r  th e  f i r s t  o f  

J u ly ,  s e e d l in g  m o r t a l i t y  was c o n s id e ra b le .  In  a d d itio n , s ig n if ic a n t  

d i f f e r e n c e s  i n  m o r t a l i t y  r a t e s  w ere  o b se rv e d  among th e  v a r io u s  

t r e a tm e n t  d e p th s . In  g e n e r a l ,  g r e a t e r  m o r t a l i t y  was o b se rv e d  w here 

th e r e  w as th e  l a r g e s t  num ber o f  s e e d l in g s .  The g r e a t e s t  s e e d l in g  

m o r t a l i t y  o c c u r re d  w ith  p l a n t s  t h a t  em erged from  0.5 cm, and th e  

second h ig h e s t m o r ta l i ty  was observed on p la n ts  th a t  were seeded on 

th e  s u r f a c e .  S e e d lin g s  t h a t  em erged from  th e  tw o d e e p e s t  d e p th s  had 

lo w er m o r ta l i ty  r a te s .

D is t in c t  d if f e re n c e s  i n  see d lin g  growth were m easured in  response 

to  seeding  depth , but the c a lc u la te d  v a ria n ce  among o b se rv a tio n s  was 

so h ig h  t h a t  s t a t i s t i c a l  s i g n i f i c a n c e  co u ld  n o t be e s t a b l i s h e d .  

However, i d e n t i f i a b le  re sp o n se  p a t t e r n s  co u ld  be d is c e r n e d .  Grow th, 

except fo r  h e ig h t, responded more under a w a te rin g  tre a tm e n t. P lan tin g  

depth a lso  p layed a r o le  in  growth p a t te rn s  w ith  b u r ia l  being  s l ig h t ly  

favored . These r e la t io n s h ip s  w ere s t i l l  apparen t when depth  and w ater 

tre a tm en ts  were analyzed to g e th e r .

Weekly w ater a p p lic a tio n s  s ig n i f ic a n t ly  in flu en ced  both emergence 

and s u r v iv a l  o f  s e e d l in g s  (F ig u re  33). Em ergence w as a p p ro x im a te ly  

tw ice  as g re a t  i n  th e  w atered  s e c tio n s  a s  i n  th e  nonwa te re d  se c tio n s . 

S u rv iv a l was a lso  enhanced under the  w a te r trea tm en t. Whereas only  2.6
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Figure 33. Numbers o f seed lin g s  p re sen t throughout th e  summer of 1983 
a f t e r  r e c e i v i n g  one  in c h  o f  w a te r  p e r  w eek  o r no 
a d d itio n a l w ater.
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p e rc e n t  o f  th e  s e e d l in g s  s u rv iv e d  th e  summer i n  th e  n o n w a te red 

tre a tm e n t, U.6% made i t  through the season w ith  a d d it io n a l  w ater.

Supplem entary w ater a f fe c te d  grow th c h a r a c te r i s t i c s  o f seed lin g s  

i n  th a t  w a te re d •p la n ts  became somewhat la r g e r  than  those grown under 

am bient c o n d itio n s  (F igure  34). However, d if f e re n c e s  w ere sm all and no 

s t a t i s t i c a l l y  s ig n i f ic a n t  r e la t io n s h ip s  w ere found w ith in  any of the 

g ro w th  p a ra m e te r s  t h a t  w ere  m easu red . E xcep t f o r  s e e d l in g  h e ig h t ,  

w a te re d  p l a n t s  w ere  a lw ay s  l a r g e r  th a n  th o s e  t h a t  r e c e iv e d  no 

a d d i t i o n a l  w a te r .  The h e ig h t  o f  n o n w a te red  p l a n t s  w as l e s s  th a n  

w a te re d  p l a n t s  f o r  th e  f i r s t  f o u r  w eeks a lth o u g h  t h i s  r e l a t i o n s h i p  

rev e rsed  i t s e l f  l a t e r .  Numbers o f  le av e s  and th e  two h o r iz o n ta l axes 

were g re a te r  on a l l  d a te s  f o r  w atered  p la n ts .

A n a ly s is  o f  r e s u l t s  o f  p l a n t in g  d e p th  t r e a tm e n t s  showed t h a t  

th e r e  was g e n e r a l ly  m ore g ro w th  i n  s e e d l in g s  t h a t  grew  from  b u r ie d  

v seed th an  from seed p la n te d  on th e  s o i l  su rface  (F igure  35). However, 

only l im ite d  grow th was observed i n  any trea tm en t over the summer. The 

g re a te s t  se e d lin g  growth occured a t  p la n tin g  dep ths o f  0 .5  and 2.5 cm.

No s ig n i f ic a n t  d if f e re n c e s  in  see d lin g  growth were d e tec te d  when 

w a te r  and d e p th  t r e a tm e n t s  w ere  e v a lu a te d  c o n c o m ita n t ly .  However, 

th e s e  f i n d i n g s  w ere c o m p lic a te d  by t o t a l  m o r t a l i t y  f o r  0 and 2.5 cm 

s e e d l in g s  t h a t  w ere  n o t w a te re d . In  g e n e r a l ,  th o s e  s e e d l in g s  t h a t  

o r ig i n a te d  from  th e  0.5 and 2.5 cm p l a n t in g  d e p th s  had th e  h ig h e s t  

r e l a t i v e  grow th and see d lin g s  th a t  o r ig in a te d  a t  the  su rfa ce  had th e  

lo w est (F igures 36, 37). Here too , only l im ite d  grow th was observed in
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any t r e a t m e n t . o v e r th e  summer. M easu rem en ts  f o r  th e  n o n w ate red  

see d lin g s  tended to  be more w idely  spaced than  those  f o r  the  w atered 

s e e d lin g s .

The environm ent im m edia te ly  surround ing  a seed d e te rm in es  w hether 

i t  r e c e iv e s  th e  c o n d i t io n s ,  r e s o u r c e s  and s t i m u l i  needed f o r  

ge rm in a tio n  (Harper 1977). This environm ent a lso  p lay s  a key ro le  in  

de te rm in in g  i f  the see d lin g  w i l l  su rv iv e  and prosper. In  t h i s  study, a 

m ore f a v o r a b le  f i e l d  e n v iro n m e n t w as p r e s e n t  f o r  b u r ie d  seed . 

A d d itiona l w a te r should have improved the  environm ent f o r  emergence 

and su rv iv a l.-H o w e v e r , th e  e f f e c t  o f  b u r i a l  and a d d i t i o n a l  w a te r  on 

growth param ete rs  was no t alw ays e a s i ly  determ ined. This can perhaps 

be a t t r i b u t e d  to  a m o d e ra te  d ro u g h t t h a t  o c cu red  d u r in g  th e  s tu d y  

period . Below average p r e c ip i ta t io n  and abnorm ally h igh  tem p era tu res  

were c h a r a c te r i s t i c  o f  the  1983 grow ing season (see Appendix A), and 

th i s  a p p a ren tly  r e s u l te d  i n  an in h ib i t io n  of growth i n  a l l  seed lin g s . 

As a co n seq u en ce , s e e d l in g  r e s p o n s e s  i n  th e  g ro w th  cham bers and 

greenhouse phases of t h i s  study could no t be d i r e c t ly  r e la te d  to  f i e ld  

re s p o n s e s .  High m o r t a l i t y  o f  f i e l d  s e e d l in g s  a ls o  made a n a ly s i s  o f  

growth c h a r a c te r i s t i c s  d i f f i c u l t .

When see d  from  th e  p a re n t  p la n t  i s  b u r ie d , i t  i s  i n  a more 

a d v a n ta g e o u s  e n v iro n m e n t u n le s s  b u r ie d  to o  deep . The s m a l l  s iz e  o f 

p l a in s  s i l v e r  s a g e b ru sh  seed  l i m i t s  th e  d ep th  to  w h ich  i t  can be 

b u r ie d . I t  w as l i k e l y  t h a t  th o s e  s e e d s  em erg in g  from  2.5 cm w ere 

s l i g h t l y  l a r g e r  and t h e r e f o r e  had s u f f i c i e n t  food  r e s e r v e s  to  re a c h  

the su rfa c e , w h ile  sm a lle r  ones w ere in cap ab le  of t h i s  response. The 

same p ro p e r t ie s  w ere undoubtedly p re sen t in  those see d lin g s  emerging
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from the  1.5 cm depth. The seed lin g s  th a t  emerged from th ese  g re a te r  

d e p th s  had much lo w e r  m o r t a l i t y  r a t e s .  T h is  may i n d i c a t e  t h a t  th e s e  

p la n ts  e s ta b lis h e d  deeper and more ex ten s iv e  ro o t system s th a t  were 

ab le  to  take advantage o f fa v o ra b le  m o is tu re  co n d itio n s .

Although see d lin g s  a t  the  su rface  and a t  shallow  dep ths were ab le  

to  take advantage of e a r l i e r ,  more opportune m oistu re  co n d itio n s , they 

soon l o s t  t h i s  a d v a n ta g e  a s  d ro u g h t c o n d i t io n s  w ere  e n c o u n te re d . As 

the season p ro g ressed , th e i r  sh a llo w er and l e s s  developed ro o t system s 

w ould be m ore s u s c e p ta b le  to  d ro u g h t th a n  th o s e  o f d e e p e r  ro o te d  

s e e d l in g s .  T h is  w as e v id en c e d  by b o th  th e  h ig h e r  m o r t a l i t y  r a t e s  in  

seed lin g s  from the  two sh a llo w er dep ths and th e  e f f e c t  o f added w ater 

on emergence and s u rv iv a l (F igu res 32, 33).

S agebrush . com m unities ty p ic a l ly  have very  few seeds g erm ina ting  

i n  th e  f i e l d  d e s p i t e  a l a r g e  seed  p ro d u c t io n  each  y e a r  ( E v e rn a r i  e t  

a l .  1971» H a z l e t t  an d  H o ffm an  1 9 7 5 , Cook 198 0 , H a rv ey  1 9 8 1 ). 

C o n trib u tin g  f a c to r s  to  t h i s  phenomena in c lu d e : s o i l  m a tr ic  p o te n t ia l  

and i t s  e f f e c t  on w e tted  c o n tac t between seed and s o i l  ( C o l l i s - George 

1966), e a r ly  d e a th  o f  s e e d l in g s  (E ddlem an 1979), s e a s o n a l  c l i m a t i c  

c o n d i t io n s  and p la n t  age (Nosova 1973, Evans and Young 1982), s o i l  

m o is tu re  r e l a t i o n s h i p s  and l i t t e r  (B e e t le  1960), A ll th e s e  f a c t o r s  

a f fe c te d  outcomes in  t h i s  experim ent. However, m oistu re  c o n d itio n s , as 

m an ifested  by c l im a tic  co n d itio n s  (e s p e c ia lly  drought), seemed to  be 

the  m ajor in f lu e n c e  on se e d lin g  success.
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S prouting  and S eed ling  E stab lishm ent

Two s tu d ie s .w e r e  co n d u c ted  to  e v a lu a te  th e  s p r o u t in g  n a tu r e  o f 

p la in s  s i lv e r  sagebrush. The degree to  which the shrub r e l i e s  more on 

v e g e t a t i v e  r e p r o d u c t io n  th a n  s e e d l in g  e s ta b lis h m e n t was ev id en t in  

both the  tr a n s e c t  study and the  i s o la te d  p la n t ex cava tions.

T ransect Excavations

D if f e r e n c e s  b e tw een  num bers o f  s p ro u ts  and in d iv id u a ls  a r is in g  

from  s e e d l in g s  w ere  e v id e n t  i n  a l l  s i x  s tu d y  a r e a s  and th e  f i v e  

t r a n s e c t s  w i t h i n  each  s i t e .  M easurem ents o f  above and be low ground  

v e g e ta tiv e  p a r ts  rev ea led  d if fe re n c e s  i n  ages, biom ass and h o r iz o n ta l 

space occupied. I t  was apparen t th a t  an e la b o ra te  subsu rface  rhizom e 

system , e x i s t s  t h a t  i s  commonly o ld e r  th a n  aboveg round  s h o o ts  and 

s te m s . P la n ts  t h a t  o r ig i n a t e d  from  v e g e t a t i v e  s p r o u ts  o u tnum bered  

in d iv id u a ls  o r ig in a t in g  from seed. D is t in c t io n s  could not be made fo r  

s i t e  or d is tu rb an ce  in f lu e n c e  on r a t i o s .o f  sp ro u ts  to  see d lin g s  w ith in  

communities.

P l a n t s  w e re  s e p a r a t e d  i n t o  tw o  c a t e g o r i e s  b a s e d  on a 

d e te rm in a tio n  as  to  w hether the p la n t o r ig in a te d  from a seed or was a 

s p ro u t  o r i g i n a t i n g  from  an e s t a b l i s h e d  p la n t .  P la n ts  fo u n d  w ith o u t  

c o n n e c tio n s  to  a n o th e r  p l a n t  w ere c o n s id e re d  a s  o r i g i n a t i n g  from  a 

seed. This f i r s t  group in c lu d ed  some p la n ts  w ith  aboveground m a te r ia l 

t h a t  had o r ig i n a t e d  from  o ld e r  p l a n t s  t h a t  had been  t o p k i l l e d .  The 

second ca tego ry  inc luded  two d i s t i n c t  groups based on morphology of 

th e  rh izo m e  sy s te m . T h is  c a te g o ry  in c lu d e d  th o s e  p l a n t s  t h a t  w ere  a



123

s e r ie s  o f  sp ro u ts  a long  a s in g le  rhizom e th a t  u su a lly  te rm in a ted  w ith

a stump th a t  was dead or decadent. The second group in c lu d ed  those

p la n t s  t h a t  had a d e f i n i t e  rh izo m e  c o n n e c tio n  to  a h e a l th y  p a re n t

p la n t. In  most cases  a s e r ie s  of sp ro u ts  o r a  s in g le  p la n t was u su a lly  
• " -

c o n n e c te d  by a rh izo m e  to  a n o th e r  l a t e r a l  rh izo m e  from  a l a r g e ,  

e s t a b l i s h e d  p a r e n t  p la n t .  G rap h ic  e x am p les  o f th e  th r e e  c a s e s  

d e s c r ib e d  above a r e  d is p la y e d  i n  F ig u r e s  38, 39 and ifO. F ig u re  38 

d e m o n s tra te s  how a s e e d l in g  g e n e r a l ly  a p p e a re d . F ig u re  39 shows an 

exam ple  o f  a s e r i e s  o f  s p r o u ts  o r i g i n a t i n g  from  an o ld e r  stum p o r 

p la n t .  F i n a l l y ,  F ig u re  40 e x h i b i t s  how a s in g le  s p r o u t  co u ld  be 

a tta ch e d  to  a l a t e r a l  rhizom e from a p a ren t p lan t.

There were s ig n i f ic a n t  (p< .05) age d if fe re n c e s  betw een above and 

below ground  v e g e t a t i v e  o rg a n s . Ages o f  p la n t  s t e m s , . t a p r o o t s  and 

rh iz o m e s  a re  sum m arized  i n  T ab le  4. Aboveground s te m s  w ere  3 to  5 

y e a rs  younger than  ta p ro o ts  and a ss o c ia te d  rhizom es. P aren t rhizom es 

w ith  d i r e c t l y  c o n n ec te d  s p r o u ts  w ere  c l e a r l y  th e  o ld e s t .  However, 

ta p ro o ts  and rh izom es w ith o u t d i r e c t ly  connecting  rh izom es to  a paren t 

p la n t were no t s ig n i f ic a n t ly  d i f f e r e n t  from one ano ther.

L a te ra l  ex ten s io n  o f rhizom es and rhizom e system s was g re a t in  

com parison to  aboveground h e ig h ts  (Table 5). Aboveground s iz e  and age 

c o r re la te d  w e ll and t h i s  r e la t io n s h ip  was an a p p ro p ria te  c r i t e r i a  fo r  

s e l e c t i n g  p l a n t s  f o r  t h i s  s tu d y . D e v ia t io n  from  th e  g e n e r a l  p a t t e r n  

was due to  in c lu s io n  of a l l  stem s along  th e  rhizom e system , not ju s t  

th e  in d iv id u a l p la n ts  th a t 'w e re  marked fo r  study. Rhizome le n g th  was 

about 2 1/2 tim es th a t  o f p la n t h e ig h t when sp ro u ts  w ere connected to  

p a ren t p la n ts . L a te ra l  spread of the  rhizom e system  was approx im ate ly



124

-Q fQ u n r i:A d V B n t l t i o u i  b u d s '

ARTEMISIA 
CANA CANA

F igure  38. Graphic example o f an excavated  seed lin g . D em onstration of 
common appearance of a see d lin g .
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Ground

Iltlous Buds

Subsurface Connecting Rhlzoi

16cm

ARTEMISIA 
CANA CANA

F igure  39. Graphic example of excavated sp ro u t connected to  a parent 
p la n t .  D e m o n s tra tio n  o f common a p p e a ra n c e  o f  a rh izo m e 
system  w ith  a sso c ia te d  sp ro u ts  in  a s e r ie s .  O rig inal or 
o ld e s t  m a te r ia l i s  on f a r  r ig h t .
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Ground

Rhizome
from
mother
plant

F ig u re  40. G raph ic  exam ple  o f an e x c a v a te d  s p ro u t  c o n n ec te d  to  a 
p a re n t  p la n t .  D e m o n s tra tio n  o f common a p p e a ra n c e  o f a 
s p ro u t  c o n n ec te d  to  a p a re n t  p la n t  by way o f a rh izo m e 
from th a t  p la n t .
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T ab le  4 . Age r e l a t i o n s h i p s  o f  above and below  ground p a r t s  o f  p la in s  
s i l v e r  s a g e b r u s h .  S i z e s  o f  s te m s  an d  r h iz o m e s  a r e  
summarized in  Table 5.

P lan t p a r t  
measured

Average 
ag e(y ea rs)

S tandard
d e v ia t io n

Number o f 
sam ples2

Stems 3 .4 ^ 1.97 204

Taproots 6 .9 b 3.1 28

Parent rhizome 
or stump^

8 .8 ° 3.7 68

Rhizome system2* 6 .Ob 2.5 128

' S ig n if ic a n t  mean d if fe re n c e s  a re  denoted when fo llow ed  by d i f f e r e n t
l e t t e r s  (p< .05).
Sam ple num bers v a r i e d  due to  a v a r i e t y  o f  s i t u a t i o n s  p r e s e n t  i n  
in d iv id u a l e x c a v a tio n s .

^ Rhizome o r i g i n a t i n g  from  a p a re n t  p la n t  (o r dead  stu m p ) to  w hich  
sp ro u t was d i r e c t ly  connected.

^ Rhizome se c tio n s  o th e r than  those  d e fin ed  in  3 above.

Table 5. Growth r e la t io n s h ip s  of above and belowground p a r ts  of p la in s  
s i lv e r  sagebrush .

Measurement Number o f
d e s c r ip tio n Mean (cm) Range (cm) sam ples2

P lan t (sp ro u t) 32al 11-59 155
h e ig h t
L a te ra l  d is ta n c e  to 78b 14-277 61
p aren t connection^
L a te ra l  spread  of 105° 11-369 90
rhizome system 2*

1 S ig n if ic a n t  mean d if fe re n c e s  a re  denoted when fo llow ed  by d i f f e r e n t  
l e t t e r s  (p < .0 5 ).

2 Sam ple num bers v a r ie d  due to  a v a r i e t y  o f s i t u a t i o n s  p r e s e n t  i n  
in d iv id u a l ex cav a tio n s .

3 L a te ra l d is ta n ce  from p aren t p la n t o r rhizom e to  n e a re s t  sp rou t on 
rh izo m e  sy stem  e x p re s s e d  a s  a mean o f a l l  p l a n t s  w ith  t h i s  g ro w th  
h a b it .

" T o ta l ' l a t e r a l  ex ten t o f a l l  rhizom es in  an ex cav a tio n  expressed  a s  a 
mean of a l l  p la n ts  w ith  rhizome system s.
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3 1 /2  t im e s  t h a t  o f  p la n t  h e ig h t .  C o n s id e ra b le  v a r i a t i o n  e x i s t e d  i n  

both m easurem ents. The maximum m easurem ents fo r  both in s ta n c e s  were 

277 cm and 369 cm, re sp e c tiv e ly . The minimum measurem ents were U  cm 

and 11 cm, r e s p e c t i v e l y .  T o ta l  l a t e r a l  s p re a d  o f rh iz o m e s  u s u a l ly  

exceeded th e  d is ta n c e  of a sp rou t to  a connecting  rhizom e. However, in  

some c a s e s  t h i s  d i s t a n c e  w as s i m i l a r .  D au g h ter p l a n t s  w ere , i n  

g e n e r a l ,  lo c a te d  c o n s id e r a b le  d i s t a n c e s  from  p a re n t  p la n t s  o r  

rhizom es.

The r e l a t i v e  freq u e n c ie s  o f occurance fo r  d is ta n c e s  encountered 

from p a ren t p la n ts  or rh izom es to  daugh ter p la n ts  a re  summarized in  

T a b le  6 . The l a r g e s t  p r o p o r t i o n  (59  p e r c e n t )  o f  r h iz o m a to u s  

connections between p a re n t and daughter p la n ts  were from  50 to  100 cm 

in  d is ta n ce . The second h ig h e s t p ro p o rtio n  (20 p ercen t) was in  those 

rhizome connections between 0 and 50 cm, w ith  the 100-150 cm category  

being c lo se  to  t h i s  w ith  15 p e rcen t.

P la n ts  a r i s in g  from rhizom es w ere more abundant th an  those  th a t  

grew from  s e e d l in g s  (T ab le  7). A p p ro x im a te ly  63 p e r c e n t  o f th e  

excavated p la n ts  were connected by rhizom es to  an e s ta b lis h e d  p la n t or 

rhizom e system . About 37 p e rcen t w ere in d iv id u a ls  w ith  no connections 

to  any o th e r  p la n t  o r  rh iz o m e . S t a t i s t i c a l  a n a ly s i s  c o n firm e d  t h a t  

t h i s  d i f f e r e n c e  w as s i g n i f i c a n t  (p< .025 ). However, one o f th e  s ix  

s i t e s ,  L ig n i te  C reek , showed an o p p o s i te  t r e n d . The p re se n c e  o f 

ex trem ely  clayey and e x ten s iv e  g ra v e lly  s o i l s  in  the study a re a  might 

e x p l a i n  t h e  p r e p o n d e r a n c e  o f  n o n c o n n e c te d  i n d i v i d u a l s .  W ater 

r e l a t i o n s h i p s  w ould  be m ore u n fa v o ra b le  i n  bo th  s o i l  c o n d i t io n s .  

T h e re fo re , t a p r q o t in g  p l a n t s  m ig h t have  an a d v a n ta g e  i n  th e s e
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Table 6. Frequency o f occurance fo r  d is ta n c e s  encountered  from p aren t 
p l a n t s  o r rh iz o m e s  to  d a u g h te r  p l a n t s  o f  p l a in s  s i l v e r  
sagebrush .

D istance to  
p a ren t (cm) I

Study 
2 3

0-50 — 2 4
50-100 7 3 8
100-150 « I 2
150-200 2 I
200+

s i t e s
6 1

T otal catego ry
4 5 numbers

2 3 I 12
7 4 7 36
I 3,. 2 9

I ee
3
I

T o ta ls  9 6 15 11 10 10 T T 2 : “
1

S i t e  num bers c o rre sp o n d  to  names a s  f o l lo w s :  I-L o w er F lo o d , 
^- L ig h ite  Creek, 3-Paddy Faye, 4-Lower Black S prings, 5-Moon Creek,

2 6-Y ellow stone R iver p a s tu re s .
T h is  num ber does n o t in c lu d e  p l a n t s  w ith  rh izo m e  sy s te m s  t h a t  
o r ig in a te d  from a dead stump and was in c lu d ed  in  a s e r ie s  of sp ro u ts  
and rhizom es.

T ab le  7» P la n t  e x c a v a t io n  r e s u l t s .  S u m m ariza tio n  o f  num bers o f  
in d iv id u a l p la n ts  i n  each study s i t e  f a l l i n g  in  one of two 
c a te g o r ie s :  having rhizom atous connections o r  n o t \

Category I 2
Study

3
S ite ii
4 5 6

Category
t o t a l s

Rhizomatous^ 7 15 13 13 14 13 75 a

Nonrhizomatous 

1I O-. __
13 5 7 7 6 7 45b

t - t e s t s .  A ll s i t e s  showed s ig n if ic a n t  d if f e re n c e s .
Study s i t e s  correspond to  names as  fo llo w s : I-L ig n ite  Creek, 2-Lower 
F lo o d , 3 - Paddy F aye , 4-L ow er B lack  S p r in g s ,  5-Moon C reek, 
6-Y ellow stone R iver p a s tu re s . Lower Flood, Lower B lack Springs and 
the Y ellow stone R iver p a s tu re s  were considered  d is tu rb e d . The o th e rs  
were no t.
Rhizomatous p la n ts  in c lu d ed  a l l  in d iv id u a ls  having rhizom e system s 
e i th e r  from h ea lth y  p a re n ts  or w e ll-d e f in e d  rhizom es and those th a t
were members o f  a s e r ie s  o f  sp ro u ts  u su a lly  o r ig in a t in g  from dead 
stumps.
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c ircu m stan ces  in  reach in g  deeper, more fav o rab le  co n d itio n s , over more 

s h a l lo w , rh iz o m a to u s  in d iv id u a l s .  S i g n i f i c a n t  d i f f e r e n c e s  (p< .05) 

w ere  n o t found  among s i t e s  a c c o rd in g  to  C h i-s q u a re  a n a ly s i s .  A ll 

s i t e s ,  excep t L ig n ite  Creek, had about equal p ro p o rtio n s  o f connected 

s p r o u ts  and s e p a r a te  p la n t s .  The L i g n i t e  C reek d a ta  a cc o u n te d  f o r  

n in e ty  p e rcen t of the  v a r i a b i l i t y  among s i t e s .  Comparison of the th re e  

d i s tu r b e d  s i t e s  w ith  th e  th r e e  u n d is tu rb e d  s i t e s  r e v e a le d  no 

s ig n i f ic a n t  d i f f e r e n c e s  (p< .05).

S e v e ra l  f a c t o r s  m ig h t e x p la in  why v e g e ta t iv e  r e p r o d u c t io n  was 

common i n  these  s i lv e r  sagebrush com m unities. E vo lu tion  p lays a key 

r o le  i n  understand ing  why a p a r t i c u la r  p la n t o r community re a c ts  to  

e x t e r n a l  f o r c e s  a s  th ey  do (Cook 1983). B e n e f i t s  o f  v e g e ta t iv e  

r e p r o d u c t io n  in c lu d e :  ( I )  an enhanced  a b i l i t y  to  u t i l i z e  unevenly- 

d i s t r i b u t e d  r e s o u r c e s ,  and (2) an in c r e a s e d  c o m p e t i t iv e  a b i l i t y  to  

in v a d e  o th e r  a r e a s .  In  a d d i t io n ,  s p r o u ts  a r e  b e t t e r  a b le  to  r e s i s t  

in v a s io n  of o th e r see d lin g s  w h ile  re d u c in g  th e  p r o b a b i l i t y  o f g e n e t 

e x t in c t io n .  T h is  i s  a c c o m p lish e d  by s p re a d in g  th e  r i s k  among many 

g e n e tic a l ly  id e n t ic a l  in d iv id u a ls .  An e v o lu t io n a r y  s t r a t e g y  such  a s  

t h i s  i s  th e re fo re  c o n s is te n t w ith  th e  f in d in g s  o f  Abrahamson (1980), 

who re p o rte d  th a t  in c re a se d  environm ental s e v e r ity  g e n e ra lly  s h if te d  

em phasis to  v e g e ta tiv e  rep roduction .

The sp ro u tin g  n a tu re  o f s i lv e r  sagebrush may be in d ic a t iv e  of the  

h a b i t a t  i n  w hich  i t  i s  e n c o u n te re d . B ein g  lo c a te d  p re d o m in a n tly  on 

f lo o d  p l a i n s  and b o tto m la n d s , th e  p la n t  i s  c o n t in u a l ly  under th e  

in f lu e n c e  o f  d i s tu r b a n c e s  such  a s  (d e p o s itio n  from  f lo o d in g  and 

i c e  s c r a p in g  i n  w in te r .  F i r e  may a l s o  have  p la y e d  a r o l e  i n  th e
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e v o lu tio n  o f the  taxon’s re sp ro u tin g  c h a r a c te r i s t ic s .  P lan t p roduction  

i s  g e n e ra lly  h ig h e r i n  the bottom lands, both in  herbaceous and woody 

grow th, and t h i s  would presum ably c p n tr ib u te  to  h ig h e r fu e l  loads fo r  

n a tu r a l  and m an -in d u ced  f i r e s .  C o n se q u e n tly , f i r e  w ould  be m ore 

in te n s e  and more prone to  ca rry  in  such ecosystem s. S ilv e r  sagebrush 

i s  a v ig o ro u s  s p r o u te r  and t h i s  i s  m ost l i k e l y  th e  r e s u l t  o f th e  

ev o lu tio n a ry  in f lu e n c e s  o f  re c u rr in g  c y c lic  o r p e r io d ic  d is tu rb an ces .

U t i l i z a t i o n  o f  l i m i t e d  r e s o u r c e s  th ro u g h  l a t e r a l  e x te n s io n  o f  

rhizom es would appear to  be a co m p e titiv e  advantage over e stab lish m en t 

by s e e d s .  M ore a b u n d a n t  h e r b a c e o u s  v e g e t a t i o n  i n  t h e  m e s ic  

environm ents o f f lo o d p la in s  produces g re a te r  co m p etitio n  fo r  sagebrush 

seed lin g s . V egeta tive  sp ro u ts  may com pensate fo r  th i s  d isadvan tage by 

more ra p id  m orphological developm ent. S prouts a re  a s so c ia te d  w ith  a 

l a r g e r ,  m ore a v a i l a b l e  n u t r i e n t  and c a rb o h y d ra te  r e s e r v e s  from  

e s ta b lis h e d  ro o ts  and sh o o ts , thus in c re a s in g  l i f e  expectancy o f the  

genet (Abrahamson 1980). Although no t r a r e  i n  the com m unities s tu d ied , 

s e e d lin g  e s ta b lish m e n t was found in  only one th i r d  o f  th e  p la n ts  th a t  

were excavated. This r e l a t iv e ly  low occurance i s  perhaps a t t r ib u ta b le  

to  d is a d v a n ta g e s  a s s o c i a t e d  w ith  g e rm in a tio n  req u irem en ts , seed lin g  

emergence and s u rv iv a l, and subsequen t c o m p e t i t io n  from  e s t a b l i s h e d  

p la n ts . Whereas see d lin g s  must draw upon t h e i r  own re so u rc e s , sp ro u ts  

p r o l i f e r a te  by u t i l i z i n g  e s ta b lis h e d  shoo t and ro o t re so u rc e s .

E n v iro n m e n ta l f a c t o r s ,  e s p e c i a l l y  d ro u g h t, m ig h t b e s t  e x p la in  

d i f f e r e n c e s  i n  r a t i o s  o f  s p r o u ts  and s e e d l in g s .  E a s te r n  M ontana i s  

u n d e r th e  c o n s ta n t  em brace  o f d ro u g h t c y c le s .  For ex am p le , a th r e e  

y ear drought ex tend ing  from  1979 through 1981 preceded th e  w et year of
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1982. This l a t e s t  drought co incided  w ith  th e  ages o f  the  m a jo rity  of 

th e  p l a n t s  p ic k e d  f o r  t h i s  s tu d y  (mean o f  3.4 y e a r s ) .  The r e l a t i v e l y  

m o is t  y e a r  p r e c e d i n g 't h i s  d ro u g h t o f  1979-1981 and th e  w e t y e a r  o f 

1982 w as a p p a r e n t ly  th e  s o u r c e  f o r  m o s t o f  th e  n o n c o n n e c te d  

in d iv id u a ls . Sprouts w ere, in  g en e ra l, on e i th e r  s id e  of th e  spectrum , 

e sp e c ia l ly  the o ld e r in d iv id u a ls . This p a r t ic u la r  drought was probably 

th e  g re a te s t  in f lu e n c e  on w hether a sp ro u t o r see d lin g  was observed. 

There does seem to  be a s t r a t i f i c a t i o n  in  s i lv e r  sagebrush com m unities 

and i s  i n  r e l a t i o n  to  o c c u ra n c e  o f  w e t y e a r s  and d ry  y e a r s ,  w ith  

see d lin g s  being favored  i n  w et y ears.

The r e la t iv e ly  cool growing season of 1982 was a s s o c ia te d  w ith  

r e l a t iv e ly  h igh p re c ip i ta t io n .  Numerous s e e d l in g s  and a  few s p r o u ts  

w ere  p ro duced  i n  t h i s  y e a r .  The d ry , warm g ro w in g  se a so n  o f 1983 

p roduced  few s e e d l in g s  and an  abundance  o f  s p r o u ts .  I t  w as o b se rv ed  

t h a t  few s e e d l in g s  from  1982 s u rv iv e d  th e  second  s e a so n . I t  w ould 

th e re fo re  appear th a t  th e  mode a s  w e ll as  the su ccess  o f rep ro d u c tio n  

i s  s t r o n g ly  r e l a t e d  to  c l i m a t i c  re g im e . These g en era l o b se rv a tio n s , 

com bined w ith  t h i s  s h ru b 's  a b i l i t y  to  s p ro u t  under s t r e s s ,  s u g g e s t  

t h a t  d ro u g h t c o n d i t i o n s . m ig h t p ro d u ce  s u f f i c i e n t  s t r e s s  to  fa v o r  

v e g e ta tiv e  rep ro d u c tio n . This o v e rr id in g  im portance o f drought s t r e s s  

on re p ro d u c tiv e  s tra te g y  m ight a lso  e x p la in  why d if fe re n c e s  could not 

be found between and w ith in  d is tu rb e d  and und istu rbed  study  s i t e s .

I s o la te d  P lan t Excavations

The e x te n s iv e  s p r o u t in g  n a tu r e  o f  p l a in s  s i l v e r  s a g e b ru sh  was 

r e a d ily  ap p aren t a f t e r  com plete ex cav a tio n s  had been com pleted on the
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a re as  surrounding  two la rg e , i s o la te d  p la n ts . In  a d d itio n , i t  became 

c le a r  th a t  m ost ro o ts  c o n sis te d  o f a shallow , underground network of 

rh iz o m e s . Maps o f  th e  e x c a v a t io n s  e s t a b l i s h e d  t h a t  p l a i n s  s i l v e r  

sagebrush p o ssesses  a h ig h ly  complex ro o t system  (F igu res 41, 42) th a t  

may in c lu d e  se v e ra l sm a lle r , independent system s (F igure  43).

Root e x c a v a t io n s  r e v e a le d  t h a t  o ld e r  w e l l - e s t a b l i s h e d  p l a n t s  

c o n s is te d  o f not one, but an ag g reg ate  of sev e ra l in d iv id u a l system s 

or p la n ts  (F igu res 41, 42). There was co n sid e rab le  d iv e r s i ty  in  degree 

o f  rh izo m e  sy stem  c o m p le x ity . I n d iv id u a l  c lo n e s  had a s  many as  52 

s p r o u ts  and a s  few a s  one (F ig u re  43). No e v id e n c e  w as found  to  

in d ic a te  th a t  a l l  in d iv id u a l c lones w ere of the  same genet. That i s ,  

no common r o o t  c o n n e c tio n s  co u ld  be t r a c e d .  However, t h i s  does n o t 

exclude th e  p o s s ib i l i ty  th a t  they m ight have been connected and l a t e r  

sep a ra ted  a f t e r  death  o f connective  rh izom es.

E x c a v a tio n s  e s t a b l i s h e d  t h a t  rh iz o m e s  can extend and sp ro u t a t  

l e a s t  th r e e  m e te rs  away from  th e  p a r e n t  p la n t .  T h e re fo re , a l a r g e  

number o f progeny can p o te n t ia l ly  a r is e  from  one g e n e tic  in d iv id u a l. A 

d e n d r i t i c  p a t t e r n  w as c h a r a c t e r i s t i c  o f  t h i s  ty p e  o f h o r i z o n ta l  

rhizom e expansion, w ith  s iz e  c la s s e s  d ecreasin g  in  g en e ra l co n cen tric  

c i r c l e s  away from the  main canopy. That i s ,  sp ro u ts  decreased  in  s iz e  

a s  d is ta n c e  from the  p la n t in c reased .

One o f the  f a c to r s  th a t  m ight h e lp  e x p la in  d i s t r ib u t io n  p a tte rn s  

i n  f i e l d  p o p u la t io n s  o f  p l a i n s  s i l v e r  s a g e b ru sh  w ould  in v o lv e  

u t i l i z a t i o n  o f s o i l  m o is tu re  and n u t r i e n t s .  A lle lo p a th y  m ig h t a l s o  

p la y  a r o l e .  A s p a t i a l  r e l a t i o n s h i p  i s  f r e q u e n t ly  i d e n t i f i a b l e  in  

which rh izom es w i l l  grow in to  a re a s  th a t  a re  not a lre ad y  occupied by
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NUMBERS IN 
CATEGORYHEIGHT 

S 4 5 +  cm 

4 3 5 —4 5  cm 
3 2 5 —35 cm 
2 1 5 —2 5  cm 

I 0 —15cm

-----rhizome
Q  aboveground shoots 
Th canopy cover of main plant

F ig u re  41. Map o f  f i r s t  l a r g e ,  i s o l a t e d  p la n t  e x c a v a tio n . A ll aboveground s h o o ts  a re  shown 
i n d i v i d u a l l y  and num bered a c c o rd in g  to  s t a t u r e .  R hizom es a re  shown a s  l i n e s  w ith  
th ic k n e ss  r e l a t i v e  to  s iz e .
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NUMBERS IN 
CATEGORYHEIGHT

5 4 5 +  cm
4 35 — 4 5  cm

3 25  —3 5 c m

2 1 5 —2 5  cm
I 0 —15 cm

'— rhizome
O  aboveground shoots

canopy cover of main plant

F ig u re  42. Map o f  second  l a r g e ,  i s o l a t e d  p la n t  e x c a v a tio n . A ll aboveground  s h o o ts  a re  shown 
i n d i v i d u a l l y  and num bered a c c o rd in g  to  s t a t u r e .  R hizom es a re  shown a s  l i n e s  w ith  
th ick n ess  r e l a t iv e  to  s iz e .



O  plant or shoot larger than 15 cm 
-  plant or shoot smaller than 15 cm 

rhizome ______  .

0 .5 Im

F igu re  43.
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o th e r  s a g e b ru sh  p l a n t s .  L im ite d  n u t r i e n t s  and s o i l  m o is tu re  e x e r t  a 

dom inant im pact on a p la n ts  a b i l i t y  to  su rv iv e  and p rosper. Abrahamson 

(1980) p r e d i c t s  t h a t  when p o p u la t io n  d e n s i ty  i s  low in  c lo n a l  ty p e  

p la n ts , v e g e ta tiv e  rep ro d u c tio n  w ould be m ore a d v a n ta g e o u s , th e re b y  

enhancing genet spread and occupation . Such a s i tu a t io n  e x i s t s  in  many 

p la in s  s i lv e r  sagebrush com m unities where sp arse  p la n t p o p u la tio n s  a re  

common.

C o m p e titio n  f o r  a v a i l a b l e  r e s o u r c e s  seem s to  be th e  m ajo r 

in f lu e n c e  on d e te rm in in g  where a p la n t can become e s ta b lis h e d  (Noble 

e t  a l .  1 979» Cook 1983). In  c o m m u n itie s  w here  c o m p e t i t io n  f o r  

re so u rce s  i s  g re a t, c lo n a l e s ta b lish m e n t m ight be a t  an advantage when 

expanding a p la n t 's  a re a  of e s tab lish m en t. This i s  la rg e ly  due to  the  

a b i l i t y  to  draw upon n u t r ie n ts  and re s e rv e s  from e s ta b lis h e d  ro o ts  and 

s h o o ts .  S p a t i a l  a r ra n g e m e n ts  i n  p la in s  s i lv e r  sagebrush com m unities 

can be m ostly  exp lained  by co m p etitiv e  s t r e s s  th a t  l i m i t s  d e n s i t ie s  in  

any one a rea  and in f lu e n c e  where a rhizom e can grow.

A lle lo p a th y  i s  a f e a t u r e  i n  sa g e b ru sh  c o m m u n itie s  t h a t  co u ld  

p e rh a p s  p la y  a r o l e  i n  d e te r m in in g  s p a t i a l  p a t t e r n s .  L e a c h a te s  from  

l e a f  m a te r ia l  would probably not a f f e c t  rhizom e fo rm a tio n  and growth, 

because rh izom es a re  g e n e ra lly  lo c a ted  i n  th e  8 to  30 cm zone. S tud ies 

have shown th a t  c e r ta in  h y d ro p h ilic  m e ta b o lite s  exuded from rhizom es 

can p e rm e a te  th e  im m e d ia te ly  s u r ro u n d in g  s o i l  ( Numata e t  a l .  1 975, 

Hale 1982, M elkania e t  a l .  1982), th u s  in f lu e n c in g  nearby development 

e i t h e r  by s e e d l in g s  o r  rh iz o m e s . However, no such  f in d in g s  a re  

re p o rte d  fo r  p la in s  s i lv e r  sagebrush .



138

SUMMARY

T h is  s tu d y  was d e s ig n e d  to  g a in  a b e t t e r  a p p r e c i a t i o n  o f p la n t  

p o p u la t io n  dyn am ics. S p e c i f i c a l l y ,  i t  i n v e s t i g a t e d  r e p r o d u c t iv e  

c h a r a c te r i s t i c s  and mechanisms im p o rtan t in  p la in s  s i l v e r  sagebrush. 

In  p a r t i c u l a r ,  s t u d i e s  exam ined : ( I )  seed  d i s p e r s a l  from  in d iv id u a l  

p l a n t s  and among s i t e s ,  (2) f a c t o r s  a f f e c t i n g  g e rm in a t io n ,  (3) 

emergence, growth and s u rv iv a l of seed lin g s  under c o n tro lle d  and f i e ld  

c o n d i t io n s ,  and (4) w h e th e r th e  p r im a ry  o r i g i n  o f  in d iv id u a l  p la n t s  

was from seed or v e g e ta tiv e  sp ro u ts .

Wind appears  to  be th e  most i n f l u e n t i a l  fa c to r  i n  th e  d is p e rs a l  

o f  a c h en e s  from  p la in s  s i l v e r  s a g e b ru sh  p la n t s .  A d e f i n i t e  th r e e -  

d i r e c t i o n a l  d i s t r i b u t i o n  o f  d is p e r s e d  se e d  was fo u n d . The l a r g e s t  

p ro p o rtio n  of seed was d isp e rsed  in  l i n e  w ith  the p re v a il in g  northw est 

w ind , bu t sec o n d a ry  a r e a s  o f  seed  d e p o s i t io n  w ere  a ls o  found  a t  120 

degrees on e i th e r  s id e  of the prim ary one. The mechanism f o r  th i s  type 

o f d i s t r ib u t io n  i s  b a s ic a l ly  unexplained. D isp ersa l in  th e se  secondary 

d i r e c t i o n s  w as, a t  t im e s ,  more p r e v a le n t  d ep en d in g  on d a te  and 

a s s o c ia te d  w inds (o r s to rm s ) . Most seed  w as d is p e r s e d  c lo s e  to ,  o r 

under, the shrub. However, i n  a t  l e a s t  one case the  l a r g e s t  p ro p o rtio n  

o f  seed  was d is p e r s e d  a t  th r e e  m e te rs .  In  t h i s  i n s t a n c e ,  seed  was 

evenly d isp e rsed  from the  p la n t ou t to  th re e  m eters, and th e re  was no 

steady  decrease  o f d isp e rse d  seed, u n t i l  th e  th re e  m ete rs  d is ta n c e  was 

reached. Seed numbers then  dropped o f f  sh arp ly .

There were no m ajor d if fe re n c e s  i n  d is p e r s a l  p a t te rn s  among the  

th re e  study s i t e s ,  but p la n t phenology seemed to  be v a r ia b le  so th a t
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the  m a jo rity  o f seed f e l l  a t  d i f f e r e n t  tim es  depending on s i t e .  At one 

s i t e ,  d is p e r s a l  was evenly d is t r ib u te d  throughout the study period  due 

to  d if fe re n c e s  in  phenolo g ica l developm ent.

P la in s  s i l v e r  s a g e b ru sh  seed  can g e rm in a te  u n d e r a v a r i e t y  o f  

e n v iro n m e n ta l  c o n d i t io n s ,  b u t c e r t a i n  s i t u a t i o n s  d id  f a v o r  h ig h e r  

ge rm in a tio n  p ercen tages. S t r a t i f i c a t i o n  had no e f f e c t  on germ in a tio n  

s u c c e s s ,  p ro b a b ly  due to  seed  n o t b e in g  do rm an t and t h e r e f o r e  no t 

r e q u i r i n g  th e  dorm ancy b re a k in g  c o ld  t r e a tm e n t .  P o s s ib ly  some 

s t r a t i f i c a t i o n  w as i n h e r e n t l y  p r e s e n t  b ecause  of co ld  tem p era tu res  

du ring  the  l a t e  f a l l  and e a r ly  w in te r  when seeds were c o lle c te d  from 

th e  f i e ld .  Date of seed c o l le c t io n ,  l i g h t  and dark reg im e, tem peratu re  

and w a ter s t r e s s  had im p o rtan t in f lu e n c e s  on germ in a tio n  su ccess , but 

s a g e b r u s h  s e e d s  w e re  n o t  n o te d  t o  h a v e  s p e c i f i c  g e rm in a t io n  

req u irem en ts.

H igher g e rm in a t io n  p e rc e n ta g e s  w ere  o b se rv ed  i n  l a t e r  seed  

c o l le c t io n  p erio d s . Seeds in  com plete dark germ inated b e t te r  than in  

l i g h t  e x c e p t when th e y  w ere under no w a te r  s t r e s s .  T e m p e ra tu re s  o f  

20 C w ere  g e n e r a l ly  m ost f a v o r a b le  f o r  g e rm in a tio n . H ow ever, on th e  

l a s t  seed c o l le c t io n , seed germ in a tio n  a t  10 C was not d i f f e r e n t  than  

a t  20 C. R a te s  o f  g e rm in a t io n  in c r e a s e d  w ith  h ig h e r  te m p e ra tu re s .  

G e rm in a tio n  p e rc e n ta g e s  and r a t e s  d ropped  o f f  s t e e p ly  under th e  

in f lu e n c e  o f more neg a tiv e  osm otic  p o te n t ia ls .  L ig h t-a f fe c te d  seeds in  

the  10 C tem p era tu re  regim e showed fa v o ra b le  g e rm in a tio n , but under 

dark  c o n d itio n s , 20 C became more im p o rtan t w ith  s low er r a t e s  than in  

l i g h t .  H e te ro g e n ie ty  in  th e  seed  p o p u la t io n  was p ro b a b ly  th e  m ost 

i m p o r t a n t  v a r i a b l e  e x p l a i n i n g  th e  r e s u l t s  o f  t h i s  s tu d y  on
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p o t e n t i a l  o r  l i g h t  changed , t h i s  h e te r o g e n ie ty  a llo w e d  se e d s  to  

germ inate .

A fter seeds have germ inated , the  environm ent th a t  th e  see d lin g  i s  

su b jec te d  to  de te rm in es  see d lin g  success. Tem perature was fo u n d .to  be 

im p o r ta n t  i n  th e  g ro w th  o f s e e d l in g s .  H igher te m p e r a tu r e s  t h a t  had 

adverse  e f f e c t s  on g e rm in a tio n  w ere favored  i n  see d lin g  growth. This 

m ight be expected because h ig h er tem p era tu res  a re  norm ally  p re sen t in  

the  l a t e r  s ta g e s  of the seed lin g  growing season. S eed ling  response  was 

enhanced  by th e  a d d i t io n  o f su p p le m e n ta ry  w a te r . More s e e d l in g s  

. emerged, and su rv ived  through the summer. Seeds th a t  had been p lan ted  

a t  5 mm produced th e  most seed lin g s  in  th e  f i e l d  (85), w h ile  those a t  

th e  s u r f a c e  and a t  15 mm p roduced  a b o u t th e  same num bers (59 and 52 

re s p e c tiv e ly ) .  M o rta lity  was g re a te s t  among see d lin g s  em erging from 5 

mm and the  l e a s t  fo r  those  emerging from  15 and 25 mm.

S e e d lin g  g ro w th  w as r e l a t i v e l y  u n a ffe c te d  by a d d itio n a l w ater, 

b u t p a t t e r n s  co u ld  be d is c e rn e d . W atered  s e e d l in g s  showed som ew hat 

g r e a t e r  g ro w th , e s p e c i a l l y  from  th e  5 and 25 mm p la n t in g  d e p th s . 

B u ria l p lace s  th e . the seeds i n  a l e s s  severe  environm ent i n  term s of 

tem p era tu res  and w ater s t r e s s .  D espite  th e  la rg e  numbers o f seeds th a t  

were p lan ted , very  few se e d lin g s  emerged i n  the  f i e ld  (1.2 %),  and of 

these  only 11 p e rcen t su rv ived  th e  summer.

The degree to  which p la in s  s i lv e r  sagebrush r e l i e s  on v e g e ta tiv e  

r e p r o d u c t io n  was e s t a b l i s h e d  by r o o t  e x c a v a t io n s .  P la in s  s i l v e r  

sagebrush i n  a lm ost a l l  cases  showed some degree of rh izom atous growth 

even among sm all seed lin g s . However, most excavated in d iv id u a ls  tu rned
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o u t to  be s p r o u ts  from  an a l r e a d y  e s t a b l i s h e d  p l a n t .  Ages o f  

ab o v eg round  s h o o ts  w e re  y o u n g er th a n  any be low ground  r o o t s  o r  

rh iz o m e s , w h ile  th e  o ld e s t  p la n t  seg m en ts  w ere  p a re n t  rh iz o m e s  to  

which in d iv id u a l p la n ts  were connected. Most grow th was below ground 

and was re p re se n te d  by subsurface  l a t e r a l  ex ten sio n  o f rhizom es and 

rhizom e system s. On average, t h i s  l a t e r a l  spread was 3 1/2 tim es th a t 

o f the  shoot h e ig h t. The la r g e s t  p ro p o rtio n  o f rh izom atous connections 

to  p a r e n t  p l a n t s  o r rh iz o m e s  w ere  from  50 to  100 cm i n  d i s ta n c e .  No 

d i f f e r e n c e s  c o u ld  be found  among s i t e s  o r  b e tw een  d i s tu r b e d  o r 

u n d is tu rb e d  s i t e s .  T h is  w as m ost l i k e l y  due to  d ro u g h t c o n d i t io n s  

o v e rr id in g  any e f f e c t  o f d is tu rb an ce  as f a r  as  an in f lu e n c e  on growth 

h a b i ts .

In  e x c a v a t io n s  o f  l a r g e ,  i s o l a t e d  p l a n t s  th e  l a r g e  d e g re e  to  

w hich  s p r o u ts  a r i s e  from  rh iz o m e s  w as e v id e n t .  These " in d iv id u a l"  

p l a n t s  w ere  com posed n o t o f  one, b u t an  a g g re g a te  o f  c lo n a l  sy s te m s  

in d ic a t in g  a g re a t p o te n t ia l  f o r  v e g e ta tiv e  rep ro d u c tio n .
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APPENDIX A

PRECIPITATION AND TEMPERATURE DATA FOR THE YEARS 

1981, 1982 AND 1983
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Sum m arization o f c l im a tic  d a ta  p re sen ted  in  two ta b le s . Table 7 
i s  the p r e c ip i ta t io n  and tem pera tu re  averages fo r  the  summer months 
fo r  the  y e a rs  o f  1981 through 1983 a t  M iles C ity , Montana. Table 8 i s  
maximum tem p era tu res  and days above 90 F during  the summer months a t  
M iles C ity .

Table 8. P r e c ip i ta t io n  and tem p era tu re  averages by month f o r  the  y ears  
1981, 1982 and 1983 a t  M iles C ity , Montana.

Year Month
P re c ip i ta t io n  

( in )  (cm)
D eparture 
( in )  (cm)

Temperature 
(F) (C)

D eparture 
(F) (C)

1981 January .05 .13 - .4 4 - 1.12 31.0 — ,6 15.6 8.7
February .06 .15 - .4 5 -1 .1 4 27.9 -2 .3 6 .3  3 .5
March .28 .71 - .3 7 - .9 4 40.7 3.8 10.5 5 .9A p ril .20 .51 —1.06 -2 .6 9 51.3 10.8 6 .0  3 .4
May 2.87 7.29 .81 2.06 57.1 14.1 .8 .5
June 2.57 6.53 - .7 5 - 1 .91 63.9 17.9 ■*1 • 0 — • 6
Ju ly .36 .91 -1 .1 9 - 3.02 75.1 24.1 .7 .4
August 1.12 2.84 — .08 - .2 0 74.7 23.9 2 .2  1.2
September .72 1.83 -.4 7 -1 .1 9 63.8 17.8 3 .9  2.2
October 1.39 3.53 .68 1.73 45.0 7 .3 - 3 .8  - 2.1
November .78 1.98 .27 .69 37.0 2 .8 4.6 2.6
December .23 .58 - .2 5 - .6 4 21.9 -5 .7 —.  I - .  I

ANNUAL 10.63 27.00 -3 .3 0 -8 .3 8 49.1 9.6 5O
OO
Q

1982 January .96 2.44 .47 1.19 1.9 -1 6 .9 -13 .5  -7 .6
February .20 .51 -.31 - .7 9 17.2 -8 .3 —4.4 -2 .5
March .73 1.85 .08 .20 30.8 - .7 .6 .3
A pril .53 1.35 - .7 3 -1 .8 5 41.9 5 .5 -3 .4  -1 .9
May 2.61 6.63 .55 1.40 52.6 11.5 -3 .7  - 2.1
June 5.10 12.95 1.78 4.52 63.7 17.8 - 1.2 - .7
Ju ly .69 1.75 - .8 6 -2 .1 8 73.1 23.0 -1 .3  - .7
August .61 1.55 - .5 9 - 1 .50 74.2 23.6 1.7 1.0
September 2.23 5.66 1.04 2.64 59.4 15.3 - .5  - .3
October 1.61 4.09 .91 2.31 46.7 8.2 - 2.1 - 1.2
November .10 .25 -.4 1 - 1 .04 28.4 - 2 .0 -4 .0  - 2 .2
December 1.01 2.57 .53 1.35 21.4 -5 .9 - .6  - .3

ANNUAL 16.38 41.61 2.45 6.22 42.6 5 .9 -2 .7  -1 .5

1983 January .26 .66 -.31 - .7 9 27.7 -2 .4 13.6 7.6
February .09 .23 - .4 7 - 1 .19 34.9 1.6 12.8 7 .2
March .95 2.41 .36 .91 36.5 2 .5 5 .2  2.9
A pril .02 .05 -1 .3 5 -3 .4 3 44.9 7 .2 0.0 0.0
May 1.36 3.45 -.9 5 -2.41 53.7 12.2 -3 .1  -1 .7
June 1.56 3.96 - 1 .1,9 - 3.02 65.7 18.9 - .7  - .4
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Table 8 . con tinued .

Year Month P r e c ip i ta t io n  D eparture Temperature D eparture 
( in )  (cm) ( in )  (cm) (F) (C) (F) (C)

Ju ly 1.89 4.80
August .33 .84
September 1.36 3.45
October .26 .66
November .43 1.09
December .28 .71

.37 .94
- .9 3  - 2.36 

.28 .71
- .6 4  - I „63 
—.17 —.43
- .3 2  - .8 1

76.1 24.7 
80.4 27.1 
58.3 15.8 
49.9 10.0 
34.0 1.1 

0 .9  -1 7 .4

1.5 .8
8.1 4 .5  

—I .8 —I .0 
,1.5 .8
2.0  1.1 

- 2 0 . 6 - 11.1

ANNUAL 8.79 22.33 -4 .6 7  -11.86 46.9 8 .3 1.6 .9

T ab le  9. Maximum te m p e r a tu r e s  and d ay s  above 90 F (50.4 C) d u r in g  
_________  June; Ju ly  and August o f 1982 and 1983 a t  M iles C ity , Mont.

Year Month
Maximum

(F)
Temperature

(C)

1982 June 94 52.6
Ju ly 99 55.4
August 101 56.6

1983 June 100 56.0
J u ly 108 60.5
August 105 58.8

Days above 90 F 
(50.4  C)

2
11
14

3
20
25
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APPENDIX B

DISPERSAL ANALYSIS OF VARIANCE TABLE

/
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Sum m arization of a n a ly s is  o f v a rian ce  of seed d is p e r s a l  da ta  in  
which the s ix  t r a n s e c ts  and fo u r d is ta n c e s  a re  considered  s p l i t  p lo ts  
and d a te  of d is p e r s a l  as a co v a rian t. Sources o f v a r ia t io n ,  degrees o f 
freedom, F -r a t i o  and s ig n if ic a n c e  a re  p re sen ted .

Table 10. Summarization of d is p e r s a l a n a ly s is  o f v a ria n ce .

Source of 
v a r ia t io n

Degrees o f 
freedom F -r a t i o

S ig n ifican ce
le v e l

Study a re a 2 .40 .68

T ransects
(d ire c t io n )

5 6.58 .0001

D istance from 
p la n t

3 11.71 .0

Date of seed 
drop

4 6.36 .0

T ransect & 
D istance

15 5.19 .0

Study a rea  
& Date

8 2.73 .006

D istance & 
Date

12 5.45 .0

T ran sec t, D istance 
& Date

60 1.44 .018
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APPENDIX C

GERMINATION FACTORIAL ANALYSIS OF VARIANCE TABLE

I

J
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S u m m ariza tio n  o f a n a ly s i s  o f  v a r ia n c e  in  g e rm in a tio n  f a c to r ia l  
experim ent. F ive f a c to r s  were examined in d iv id u a lly  and in te r a c t io n s  
among f a c t o r s  w ere  a ls o  exam ined . Note t h a t  i n t e r a c t i o n s  t h a t  
in c luded  s t r a t i f i c a t i o n  a re  no t in c lu d ed  in  th i s  ta b le .

Table 11. Summarization of germ ination  a n a ly s is  o f v a r ia n c e .

Source of 
v a r ia t io n

Degrees of 
freedom F -r a t i o

S ig n ifican ce
le v e l

Date of seed 
c o lle c t io n

2 72.3 .0007

S t r a t i f i c a t i o n I .0015 .97

Light/D ark I 58.4 . 0

Temperature 2 90.0 .0

Osmotic P o te n tia l 3 890.7 .0

L ig h t/d a rk  & Date 2 16.2 .0004

Temperature & 
Date

4 16.9 .0

L ig h t/d a rk  & 
Osmotic p o te n t ia l

3 79.1 .0

L ig h t/d a rk  & 
Temperature

2 93.5 .0

L ig h t/d a rk , Date 
& Temperature

4 5.6 .0009

Temperature & 
Osmotic p o te n t ia l

6 4.6 .0002

Tem perature, Date & 
Osmotic p o te n t ia l

12 4.9 .0

L ig h t/d a rk , Temperature 
& Osmotic p o te n t ia l

6 12.5 .0

L ig h t/d a rk , Tem perature, 
Osmotic p o te n t ia l  &
Date

12 2.6 COg



APPENDIX D

CONSTRUCTION OF DISPERSAL FIGURES
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Example o f  c o n s tr u c t io n  o f  d i s p e r s a l  grap h s . S c a le  on axes  are  
numbers o f  se ed s  d is p e r s e d  in each o f  s i x  d i r e c t i o n s .  At each d is ta n c e  
from the parent p la n t  ( 0 ,  I ,  2 ,  and 3 m), the number o f  s e ed s  th a t  f e l l  
at th a t  d is ta n c e  were graphed and connected  to  approximate the degree  
of  d i s p e r s a l  in  each d i r e c t i o n .

prevailing 
NW wind

1-3 .96

Area of dispersal

I and 3 m, respectively

TRANSECT A
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