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Abstract:
Elk-Livestock Studies in Montana was established to study elk-livestock interactions through
cooperative research programs of various state and federal agencies. The objectives of Elk-Livestock
Studies were: 1) to determine the influence of various cattle management practices on elk and their
habitats, 2) to evaluate alternative management practices, and 3) to develop beneficial guidelines for
dual use of the available resource. This research project fell within objective one, and its objectives
were: 1) to quantify the effects of summer cattle grazing at various phonological stages on the winter
nutritional values of three mountain bunchgrasses, and 2) to quantify the effects of winter elk grazing
on the growth and development in the following spring of the same three species. Rough fescue
(Festuca scabrella). Idaho fescue (Festuca idahoensis) and bluebunch wheatgrass (Agropyron spicatum)
were the species studied. The study was conducted on the South Crow elk winter range in the Elkhorn
Mountains of Montana.

For objective one a random experimental design of one factor with three levels and nine treatments was
used. The grass species were the factor levels and the treatments consisted of the phenological stage
when grazing had occurred plus an ungrazed stage. Winter chemical constituent values were the
dependent variables. For objective two a randomized block design having one factor with three levels
and two treatments in five blocks was used. Sites, species, grazing, and standing dead were the blocks,
factor and two treatments, respectively. The dependent variables were plant height and phenological
stage on six spring sampling dates.

None of the summer grazing treatments affected rough fescue or bluebunch wheatgrass winter
nutritional values, and grazed plants were similar to ungrazed plants. Some phenological stages of
summer grazing were reflected in Idaho fescue winter chemical constituent values, but no management
significance could be attached to the differences. Winter grazing did not affect spring leaf lengths in
rough fescue or bluebunch wheatgrass, and only occasionally affected Idaho fescue spring growth. The
presence of standing dead in the spring resulted in longer Idaho fescue leaves in the next spring.
Neither rough fescue nor bluebunch wheatgrass spring leaf lengths were affected by the presence of
overwintering residual material. These results were discussed from the perspective of the winter
physiological activity of each species of grass.. 
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ABSTRACT

E lk-L ivestock  S tu d ies  i n  Montana was e s t a b l i s h e d  to  s tu d y  e l k -  
l i v e s t o c k  i n t e r a c t i o n s  th ro u g h  c o o p e r a t i v e  r e s e a r c h  p rog ram s o f  
v a r io u s  s t a t e  and f e d e ra l  agencies . The o b je c t iv e s  of E lk-L ivestock  
S tu d i e s  w e re :  I)  t o  d e te r m in e  th e  i n f l u e n c e  o f  v a r i o u s  c a t t l e
management p r a c t i c e s  on e lk  and t h e i r  h a b i t a t s ,  2 ) t o  e v a l u a t e  
a l t e r n a t i v e  m anagement p r a c t i c e s ,  and 3) t o  d e v e lo p  b e n e f i c i a l  
g u i d e l i n e s  f o r  d u a l  use  o f  th e  a v a i l a b l e  r e s o u r c e .  T h is  r e s e a r c h  
p r o j e c t  f e l l  w i t h i n  o b j e c t i v e  one, and i t s  o b j e c t i v e s  w e re :  I) to
q u a n t i fy  the  e f f e c t s  of summer c a t t l e  g raz in g  a t  v a r io u s  phonological 
s t a g e s  on t h e  w i n t e r  n u t r i t i o n a l  v a l u e s  o f  t h r e e  m o u n t a i n  
bunchgrasses, and 2) to  q u a n t i fy  the  e f f e c t s  o f  w in te r  e lk  g raz ing  on 
th e  growth and development i n  th e  fo l lo w in g  sp r in g  o f the  same th re e  
s p e c i e s .  Rough f e s c u e  ( F e s tu o a  s c a b r e l l a ). Id ah o  f e s c u e  ( F e s tu c a  
i d a h o e n s i s ) and b luebunch  w h e a tg r a s s  (A groovron s b i c a t u m ) were th e  
sp ec ie s  s tud ied . The study was conducted on the  South Crow e lk  w in te r  
range in  th e  Elkhorn Mountains of Montana.

For o b je c t iv e  one a random ex per im en ta l  design of one f a c t o r  w ith  
th re e  l e v e l s  and nine t re a tm e n ts  was used. The g ra s s  sp ec ie s  were the  
f a c t o r  l e v e l s  and the t re a tm e n ts  c o n s is te d  of the phenolog ies! s tage  
when g r a z i n g  had o c c u r r e d  p lu s  an u n g razed  s t a g e .  W in te r  c h em ica l  
c o n s t i tu e n t  v a lu e s  were the dependent v a r ia b le s .  For o b je c t iv e  two a  
randomized block design  having one f a c to r  w ith  th re e  l e v e l s  and two 
t r e a t m e n t s  i n  f i v e  b lo c k s  was used . S i t e s ,  s p e c i e s ,  g r a z in g ,  and 
s t a n d i n g  d e a d  w e r e  t h e  b l o c k s ,  f a c t o r  and  tw o  t r e a t m e n t s ,  
r e s p e c t i v e l y .  The d e p e n d e n t  v a r i a b l e s  w e re  p l a n t  h e i g h t  and  
phenolo g ical s tage  on s ix  sp r in g  sam pling  da tes .

None of the summer g raz ing  t r e a tm e n ts  a f fe c te d  rough fescue  or 
bluebunch w heatg rass  w in te r  n u t r i t i o n a l  va lues , and grazed p la n ts  were 
s i m i l a r  to  u n g razed  p l a n t s .  Some pheno l o g i  c a l  s t a g e s  of summer 
g r a z in g  w ere  r e f l e c t e d  i n  Idaho  f e s c u e  w i n t e r  c h e m ic a l  c o n s t i t u e n t  
v a l u e s ,  bu t no managem ent s i g n i f i c a n c e  cou ld  be a t t a c h e d  to  th e  
d i f f e r e n c e s .  W in te r  g r a z i n g  d id  n o t  a f f e c t  s p r i n g  l e a f  l e n g t h s  in-v- 
rough fescue  or bluebunch w heatg rass ,  and only o c c a s io n a l ly  affected^ 
Idaho  f e s c u e  s p r i n g  g ro w th . The p re s e n c e  of s t a n d i n g  dead  i n  th e  
s p r i n g  r e s u l t e d  i n  l o n g e r  Id ah o  f e s c u e  l e a v e s  i n  th e  n e x t  s p r in g .  
N e ither rough fescue  nor bluebunch w heatg rass  sp rin g  l e a f  le n g th s  were 
a f fe c te d  by the  presence of o v e r w i n t e r i n g  r e s i d u a l  m a t e r i a l .  These 
r e s u l t s  w e r e  d i s c u s s e d  f ro m  t h e  p e r s p e c t i v e  o f  t h e  w i n t e r  
p h y s io lo g ica l  a c t i v i t y  of each sp ec ie s  of g rass .



I

INTRODUCTION

M an a g em en t and  r e s e a r c h  g r o u p s  h a v e  s p e n t  much e f f o r t  

in v e s t i g a t i n g  th e  v a r io u s  a sp e c ts  and r e l a t i o n s h ip s  of land , l iv e s to c k  

and e lk  management. One c u rre n t  program i s  "E lk-L ivestock  S tu d ies  in  

M ontana", an i n t e r a g e n c y  e f f o r t  to  s tudy e lk - l iv e s to c k  in te r a c t io n s .  

" E lk - L iv e s to c k  S t u d i e s "  was i n i t i a t e d  i n  I 982 to :  I ) . d e te r m in e  th e  

i n f l u e n c e  o f  v a r i o u s  c a t t l e  m anagement p r a c t i c e s  on e l k  and t h e i r  

h a b i t a t ,  2 ) to  e v a l u a t e  a l t e r n a t i v e  management p r a c t i c e s  and 3 ) to  

develop b e n e f ic ia l  g u id e l in e s  fo r  dual use of the  a v a i l a b le  resource. 

In  a d d i t io n  to  Montana S ta te  U n iv e rs i ty ,  the In te rm oun ta in  F o res t  and 

Range Experiment S ta t io n  i n  M issoula, MT, the  Montana Department of 

F i s h ,  W i l d l i f e  and P a rk s  and th e  U n i v e r s i t y  o f  Montana a r e  a l s o  

invo lved  i n  th e  program.

T h is  p r o j e c t  f e l l  w i t h i n  t h e  f i r s t  o b j e c t i v e  o f  " E lk - L iv e s to c k  

S tudies" . I t s  o b je c t iv e s  were: I j  to  q u a n t i fy  the  e f f e c t s  of summer

c a t t l e  g raz in g  a t  v a r io u s  phenolo g ica l  s tag e s  on the  r e s u l t i n g  w in te r  

n u t r i t i o n a l  v a lu e s  of th re e  mountain bunchgrasses, and 2 ) to  q u an tify  

t h e  e f f e c t s  o f  e lk  w i n t e r  g r a z in g  on g ro w th  and d ev e lo p m en t  o f  th e  

same g ra s se s  i n  the  fo l lo w in g  spring .

Two d e c i s i o n s  w e re  made w hich  had i m p o r t a n t  i n f l u e n c e s  on th e  

p ro je c t .  F i r s t ,  i t  was decided th a t  t h i s  p ro je c t  would d esc r ib e  one 

a n n u a l  c y c l e  o f  g ro w th  and u t i l i z a t i o n  from  an i n d i v i d u a l  p l a n t  

p e r s p e c t i v e .  As a r e s u l t  f i e l d w o r k  was d e s ig n e d  t o  m in im iz e  th e  

im pact of the  p ro je c t .  Some e f f e c t s  o f  t h i s  d ec is io n  were the  use of 

l i n e  t r a n s e c t s  i n s t e a d  o f  c a g e s  an d  a n i m a l s  f o r  d e f o l i a t i o n
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tre a tm e n ts .  This approach r e s u l t e d  i n  reduced t re a tm e n t  co n tro l  and 

s a c r i f i c e  o f  e x p e r i m e n t a l  d e s i g n  i n t e g r i t y .  Some t r e a t m e n t  

com binations were m iss in g  or had sm all  sample s ize s .  The s t a t i s t i c a l  

a n a ly s i s  was l e s s  r ig o ro u s  than could have been achieved from a more 

c o n t ro l le d  experim ent.

The o th e r  i m p o r t a n t  d e c i s i o n  was t h e  s e l e c t i o n  o f  key s p e c ie s .  

Rough f e s c u e  ( F e s tu c a  s c a b r e l l a  T o r r . ) ,  I d a h o  f e s c u e  ( F e s t u c a  

i d a h o e n s i s  E lm er .)  and b luebunch  w h e a tg r a s s  (A groovron  sp ic a tu m  

(P u rsh )  S c r ib n .  and S m ith )  w ere  ch o sen , b ecau se  th e y  a re  b o th  

im p o r t a n t  h a b i t a t  com ponen ts  and m a jo r  c o n s t i t u e n t s  o f  w i n t e r  e lk  

d i e t s  i n  Montana. Of th e  t h r e e  s p e c i e s  Id a h o  f e s c u e  w as th e  most 

abundant and rough fescue  th e  l e a s t .  S i t e s  w ith  both rough fescue and 

bluebunch w heatg rass  appeared to  be ecotones between pa tches  of rough 

fescue  and th e  g e n e ra l ly  occu rr in g  bluebunch w heatgrass. S e le c t io n  of 

these  key sp ec ie s  reduced the p o te n t ia l  sampling s i t e s  from the e n t i r e  

a v a i l a b le  a re a  to  s p e c i f i c  s i t e s  where a l l  th re e  sp ec ie s  occurred.
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LITERATURE REVIEW

Elk d i e t  s e l e c t i o n  s t u d i e s  from  th e  m o u n ta in o u s  r e g i o n s  o f  

Montana a r e  p r e s e n t e d  t o  s u p p o r t  th e  c h o ic e  of rough f e s c u e ,  Idaho 

f e s c u e  and b lu e b u n ch  w h e a tg r a s s  a s  th e  s t u d i e d  s p e c i e s .  G rass  

carbohydrate  a l l o c a t io n  s t r a t e g i e s  and growth responses  to  g raz ing  a re  

summarized. Phenologica l development, g raz in g  re sponses  and n u t r i e n t  

c o n ce n tra t io n  p a t t e r n s  fo r  rough fescue  and bluebunch w heatgrass  a re  

p resen ted . Only seasonal p ro g ress io n  of n u t r i e n t  c o n c e n tra t io n s  a re  

p r e s e n t e d  f o r  Idaho  f e s c u e .  The l i t e r a t u r e  on bluebunch w heatgrass  

was much more e x ten s iv e  and complete than f o r  e i t h e r  fescue .

ELK DIETS

Elk food  h a b i t  s t u d i e s  i n  t h e  Rocky M ounta in  r e g i o n  have  been 

e x te n s iv e ly  reviewed by Kufeld (1973). From these s tu d ie s  i t  could be 

concluded t h a t  e lk  s e le c te d  th e  g ree n es t  fo rage  a v a i la b le .  During the  

seasons of p la n t  dormancy t h e i r  d i e t s  were composed predom inantly  of 

g ra m in o id s .  T h is  g e n e r a l  p a t t e r n  h a s  a l s o  been o b s e rv e d  i n  Montana 

s t u d i e s  ( t a b l e  I) .  A d d i t i o n a l l y ,  i n  M ontana, a l a r g e  p r o p o r t i o n  of 

th e  sp ec ie s  s e le c te d  were th e  dominant a v a i l a b le  bunchgrasses. In th e  

E lk h o rn  M o un ta in s  o f  c e n t r a l  Montana up to  62% of e lk  w i n t e r  d i e t s  

were composed o f  Idaho fescue , rough fescue  and bluebunch w heatgrass, 

t h e  m ost a b u n d an t  and a v a i l a b l e  b u n c h g ra s s e s  on th e  w i n t e r  ra n g e  

(DeSimone e t  a l .  1984). Other s tu d ie s  from Montana a ls o  re p o r te d  t h a t  

rough fescue , Idaho fescue  and bluebunch w heatg rass  were im portan t e lk  

w in te r  d i e t  components ( t a b le  I) .

.;d



Table I Rough fescue  (F e sc ) , Idaho fescue  (F eld) and bluebunch w heatgrass  (Agsp) 
i n  seasonal e lk  d i e t s  i n  Montana, s e le c te d  s tu d ie s .

SPFClFS 
FESC FEID

% OF DIET
AGSP

SEASON LOCATION TECHNI OllF ■ ■ CITATION

48 10 6 WINTER Elkhorns MT Ml CROH I STOLOG I CAL DeSimone et AL. 1984
I 27

48 49 21
8 WINTER

SPRING ■ Elkhorns MT Feeding Site Exam Gordon 1968

5 55 5 SPRING Elkhorns MT Feeding Site Exam Stevens 1965
39 24

I 6 April
May

Sun River MT Feeding Site Exam Knight 1961
" 2

88% GRASS1 
84% GRASS

3 spring
WINTER 

. SPRING
Little Belts 

MT Feeding Site Exam 
Rumen Analysis

Kirsch 1963

100% GRASS-LIKE2 
100% GRASS-LIKE WINTER

SPRING NAT'L Bison 
Range MT Rumen Analysis Morris & Schwartz 1957

4 3 48 WINTER Sun River MT Feeding Site Exam Casagranda s Janson 195
13 16 13 WINTER Sun River 

Canyon MT Feeding Site Exam Schallenberger 1966

1} 5
37 WINTER

WINTER Gravelly Mtns 
MT Feeding Site Exam 

Clipping
Eustace 1967

90% GRASS1 
90% GRASS WINTER

SPRING Gravelly Mtns 
MT Rumen Analysis Rouse 195/

18 . 
67% GRASS1 35 WINTER

March
Gallatin Canyon 

MT Feeding Site Exam Constan 1967

Ii3 IV WINTER
SPRING Rocky Mtn Front 

MT Ml CROH I STOLOG I CAL Kasworm et al. 1984

43 27 11 SPRING Sun River. MT Feeding Site Exam Knight 1970
GRASSES ON THE STUDY'AREAT' ------- - ^  SPECIES, BUT THE KEY SPECIES WERE THE DOMINANT

d̂ Z S K rI I s ^ ' ^ eŴ dH r^ V' DED■BY SPECIES' BUT THE KEY SPECIES WERE the
All Eestuca in the study combined.
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CARBOHYDRATE ALLOCATION STRATEGIES

C arb o h y d ra te  a l l o c a t i o n  p a t t e r n s  on a s e a s o n a l  b a s i s  and i n  

respohse  to  d e f o l i a t i o n  and g raz ing  t re a tm e n ts  have been reviewed by 

T r l i c a  (1977)» W hite (1973) and Cook ( 1966). Some g e n e r a l i z a t i o n s  

s u p p o r te d  by a l l  t h r e e  a u t h o r s  i n c l u d e d :  I )  a l th o u g h  i t  was seldom  

emphasized t o t a l  p la n t  so lu b le  carbohydra tes  in c reased  w ith  m a tu r i ty ,  

2 ) c a r b o h y d r a t e  a l l o c a t i o n  p a t t e r n s  v a r i e d  w i t h  p h e n o l o g i c a l  

development and environm enta l co n d it io n s ,  and 3) th e  l e v e l  of so lu b le  

c a r b o h y d r a t e s  l o c a t e d  i n  a p a r t i c u l a r  t i s s u e  a t  any g iv e n  t im e  was 

a l s o  a f u n c t i o n  o f  c o n c u r r e n t  p l a n t  p h y s i o l o g i c a l  a c t i v i t i e s  and 

b i o t i c  and a b i o t i c  environm enta l in f lu e n c e s .

G ra z in g ,  a b i o t i c  e n v i r o n m e n ta l  i n f l u e n c e ,  has  m o d i f ie d  t h e  

c a r b o h y d r a t e  a l l o c a t i o n  p a t t e r n  o f  a l l  s p e c i e s  s t u d i e d  to  d a te .  

S t u d i e s  u s in g  m ore s o p h i s t i c a t e d  t e c h n i q u e s  have dem onstra ted  t h a t  

in d iv id u a l  sp e c ie s  responded d i f f e r e n t l y  to  g raz ing  (e.g, Caldwell e t  

a l .  1981). However some i n t e r s p e c i f i c  g e n e r a l iz a t io n s  were apparent. 

I f  g raz in g  ended before  the  i n i t i a l  growth period ended, in ju r y  from 

d e f o l i a t i o n  was re d u c e d .  F a l l  r e  grow th  was much more im p o r t a n t  to  

p la n ts  grazed through the e n t i r e  i n i t i a l  growth period  than  to  p la n ts  

g ra z e d  e a r l y  i n  t h e  i n i t i a l  g ro w th  p e r io d  o r  u n g ra z ed  (McLean and 

Wikeem 19 8 5 a ,b). G ram ^no ids  t h a t  w ere  e n t i r e l y  d o rm an t d u r in g  th e  

w in te r  were more dependent on carbohydra te  re se rv e s  fo r  sp r in g  growth 

i n i t i a t i o n  than those  w i th  photo  s y n t h e t i c  a l l y  a c t i v e  o v e r w i n t e r i n g  

l e a v e s  (R o b e r tso n  and Woolhouse 1984b). G ram ino ids  t h a t  depended on 

o v e rw in te r in g  p h o to s y n th e t ic a l ly  a c t i v e  le a v e s  to  f u e l  i n i t i a l  sp r in g  

g ro w th  r e q u i r e d  some i n t a c t  l e a v e s  i n  t h e  s p r i n g  (R o b e r tso n  and
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AGROPYROM SPICATUM

Quinton e t  a l .  (1982) s tu d ie d  bluebunch w heatgrass  v e g e ta t iv e  and 

r e p r o d u c t i v e  grow th  i n  th e  a b se n c e  o f  g r a z i n g  from  I 971 to  I 973 i n  

i n t e r i o r  B r i t i s h  Columbia. V egeta tive  growth i n i t i a t i o n  was determined 

by e x t r a p o l a t i o n  o f  y i e l d  and l e a f  g ro w th  c u rv e s  t o  z e r o .  Growth 

i n i t i a t i o n ,  e s t im a te d  from y ie ld  curves, occurred from mid-March to 

May. S o il  tem p e ra tu res  a t  10 cm were 6°C and average a i r  tem pera tu res  

w i t h i n  I 0 C. S o i l  m o i s tu r e  a t  28 and 75 cm had been r e c h a r g e d  by 

s p r i n g  snow m e l t .  L ea f  g ro w th  e s t i m a t e s  o f  g row th  i n i t i a t i o n  w ere  

e a r l i e r .  So il tem p era tu res  were s t i l l  near O0C a t  10 cm and snow m elt 

l e s s  th a n  one week e a r l i e r .  A 6°C s o i l  t e m p e r a t u r e  a t  g row th  

i n i t i a t i o n  was s u p p o r te d  by o t h e r s  (H a rr is .  1967 and A nderson and 

McNaughton I 973).

V e g e ta t i v e  g ro w th  i n  B r i t i s h  C olum bia  l a s t e d  tw o m onths  w i th  

culms reach in g  a maximum h e ig h t  of 19 cm. Average culm le n g th  reached 

38.2 cm i n  W ash in g to n  (R ic k a rd  e t  a l .  I 975) and 16.4 cm a t  D ubois , ID 

( B l a i s d e l l  1958). L ea f  g ro w th. c ea se d  i n  e a r l y  summer. A s s o c ia te d  

s o i l  m o is tu re  l e v e l s  were v a r ia b le ,  and a i r  tem p era tu res  were s t i l l  

co o le r  than optimum growth tem pera tu res  (DePuit and C aldw ell 1975).

F a l l  g ro w th  i n  B r i t i s h  Colum bia o c c u r re d  o n ly  i n  t h e  y e a r  w i th  

both the  w e t t e s t  and warmest September and October. P r e c ip i t a t i o n  and 

tem p e ra tu re  were 135$ and 120$ o f average, r e s p e c t iv e ly .  Phenological 

development p a t t e r n s  from sev e ra l  a re a s  a re  re p o r te d  i n  t a b le  2.

Woolhouse 1984b).. There may a lso  be a d d it io n a l  carbohydrate  a l lo c a t io n

p a tte rn s  n o t y e t  e lu c id a te d .



Table-2 . The p ro g ress io n  o f  bluebunch w heatgrass  phenolo g ica l  development i n  th e  
N orthern Rockies.

PHENOLOGICAL
STAGE DATE

snow f r e e Ap I Mr 30
growth i n i t i a t i o n mid-Ap Ap 11 Ap 4 l a t e  Ap
boot Jn  I Ma 16 . Ma 22 ' Ma -  e a r ly  Jn
e a r ly  head e a r ly  Jn Ma 28
f u l l  head mid-Jn Jn  6 Jn  14
e a r ly  flower m id - la te  Jn
f u l l  flower l a t e  J n - mid-J l Jn  18 Jn 25
seed r ip e l a t e  J l Jn  28 . J l  19
seed s h a t t e r l a t e  J I - e a r ly  Ag J l  21 J l  24 l a t e  J l
growth c e s sa t io n e a r ly  J n - mid-J I Jn  7 J l  8 l a t e  J l
f a l l  growth l a s t  h a l f  Oc J l  & Ag -  Oc

Years 1971-73 1937-40 1941-47
Location Kamloops, B.C. Dubois, ID Dubois, ID M issoula, MT
Cit a t i o n Quinton e t  a l . B la i s d e l l e t  a l . B la i s d e l l Daer and W illard

1982 1952 1958 1981
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C lim a tic  p a t t e r n s  m odified  th e  r a t e  of phenolo g ica l  p rog ress ion  

(Quinton e t  a l .  1982). Where low sp r in g  tem p e ra tu res  were l im i t in g ,  

e a r l y  pheno l o g i  c a l  s t a g e s  w ere  co m p re sse d  i n  t im e .  Where summer 

d ro u g h t  w as l i m i t i n g ,  l a t e r  p h o n o lo g ic a l  s t a g e s  w ere  s h o r t e r .  

B l a i s d e l l  and P echanec  (1949) r e p o r t e d  t h a t  c l i p p i n g  d u r i n g  s p r i n g  

g ro w th  d id  n o t  a f f e c t  th e  t im e  o r r a t e  o f  p h o n o lo g ic a l  d ev e lo p m en t.  

S p ik e  num bers w e re  n o t  w e l l  c o r r e l a t e d  w i th  t i l l e r  number or b a s a l  

a rea  of p la n ts .

S e v e r a l  s t u d i e s  a n a l y z i n g  b l u e b u n c h  wh e a t g r a s s  c h em ica l  

c o n s t i t u e n t s  have e s t a b l i s h e d  s e a s o n a l  v a r i a t i o n  i n  com ponen ts  

a s s o c ia te d  w ith  fo rage  q u a l i ty .  S to d d a rt  (1946) re p o r te d  t h a t  t o t a l  

c a r b o h y d r a t e s  i n c r e a s e d  a s  v e g e t a t i o n  m a t u r e d .  N o n s t r u c t u r a l  

carbohydra tes ,  presumably a v a i l a b le  fo r  p la n t  u t i l i z a t i o n  or s to rage , 

i n c r e a s e d  i n  th e  s p r i n g  (C a ld w e l l  e t  a l .  1981). Daer and W i l l a r d  

(1981) found t h a t  minimum t o t a l  n o n s t r u c t u r a l  c a r b o h y d r a t e s  (TNC) 

l e v e l s  corresponded to  i n i t i a l  growth and e a r ly  boot s ta g e s  and th a t  

t h e  maximum TNC o c c u r r e d  a t  t h e  l a t e  b o o t  s t a g e .  " O th e r  

c a r b o h y d r a t e s "  ( t o t a l  c a r b o h y d r a t e s  -  c e l l u l o s e )  r e a c h e d  maximum 

c o n c e n tra t io n s  i n  th e  f a l l  and minimum l e v e l s  i n  l a t e  w in te r  ( S toddart 

1946). C e l l u l o s e  c o n te n t  ra n g e d  f ro m  24% i n  e a r l y  s p r i n g  to  31% i n  

l a t e  s p r in g ,  33% i n  l a t e  summer and 43% i n  l a t e  w i n t e r .  L ig n in  

i n c r e a s e d  f ro m  4% i n  e a r l y  s p r i n g  g ro w th  to  14% i n  f a l l  and 18% i n  

l a t e  w in te r .  P ro te in  c o n ce n tra t io n  d ec lin ed  from 26% in  new sp rin g  

g ro w th  to  13% when h e a d s  w ere  e m erg in g  and 3% i n  th e  f a l l .  F a l l  

through sp r in g  n u t r i e n t  co n ten ts  a r e  re p o r te d  i n  t a b l e  3„



Table 3 . N u tr i t io n a l  p r o f i l e s  o f  bluebunch w heatgrass  from f a l l  dormancy 
through sp r in g  growth.

Total1 Crude Crude
Stage or CĤO Fiber NFE Cellulose Lignin Protein Ash
Season % % % % % .  % % Citation

mature 37.8 49.4 5.0 5.2 Knight et AL. 1908
FALL 35.1 46.7 3.2 12.5 McCreary 1927
Nov
Jan

31.2
29.5

46.4
44.2 f:6

7.9 
10.9 . McCreary 1931

Apr 28.5 43.7 4.2 13.4 it
Oct 30.7 48.4 3.0 , 8.2 "
POST
SEED

33.4 39.6 2.9 10.1 McCall 1940
SHATTER

NEW , 
GROWTH

20.6 36.6 25.5 Blaisdell et al. 1952
MATURE
FOLIAGE

30.2 44.1 " 7.8 "
Nbv 33.9 43.5 3.7 "
NEW

GROWTH(4/20)
62.5 • 24,2 4.0 26.2 8.6 Stoddart 1946

DRY
MATURE
(9/15)

86.6 32.9 12.9 2.9 7.5

OLD 88.6 43.2 17.7 2.5 6.5 Ii

GROWTH
(4/1)
NEW 63.8 24.8 5.6 23.4 9.0 ■I

GROWTH
(4/15)
DRY

MATURE
(9/15)

83.3 31.8 14.5 4.6- 8.9 .

1Total carbohydrates1
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Herbage removal a f f e c te d  bluebunch w heatgrass  n u t r i e n t  con ten t i n  

the same summer. S to d d a r t  (1946) re p o r te d  th a t  one m idspring  c l ip p in g  

r e s u l t e d  i n  t h e  b e s t  o v e r a l l  f o r a g e  q u a l i t y  a s  r e f l e c t e d  by h ig h e r  

p ro te in  and lo w er  l i g n i n  c o n te n t s .  S u b se q u en t  c l i p p i n g s  a t  one- or 

two-week i n t e r v a l s  r e s u l t e d  i n  s l i g h t  fo rage  value d e c l in e s ,  but a l l  

c l ip p in g  t r e a tm e n ts  had h ig h e r  f o r a g e  v a l u e s  than  u n d i p p e d  c o n t r o l  

p la n ts .  Caldwell e t  a l .  (1981) re p o r te d  t h a t  p ro te in  c o n cen tra t io n s  

i n  regrow th  le a v e s  were s im i l a r  to  those of u n d ip p e d  le a v e s  one month 

e a r l i e r .  B o l to n  and Brown (1980) a s s o c i a t e d  h ig h e r  n i t r o g e n  (N) 

c o n c e n tra t io n s  w ith  h igher p h o to sy n th e t ic  a c t i v i t y .  Caldwell e t  a l .  

( 1981) m easu red  h ig h e r  p h o t o s y n t h e t i c  a c t i v i t y  in  r e g r o w th  t i s s u e  

com pared to  unc l i p p e d  p h o t o s y n t h e t i c  t i s s u e .  N i t r o g e n  i n c o r p o r a t e d  

i n to  regrow th  was new a s s im i la t e ,  because ro o t  and crown N pools did 

not d e c l in e  (Caldwell e t  a l ,  1981).

T o ta l  n o n s t r u c t u r a l  c a rb o h y d ra te  poo ls  i n  blue bunch w heatgrass, 

which were co n cen tra ted  in  stems and sh ea th s  i n  i n t a c t  p la n ts ,  were 

d im in i s h e d  by c l i p p i n g  and re m a in e d  low i n  r e g r o w th  com pared to  

un c l ipped  p la n ts  (Caldwell e t  a l .  1981). "O ther c a r b o h y d r a t e s "  a l s o  

d ec lin ed  i n  c l ipped  p la n ts  (S toddart  1946). Carbohydrate pools  i n  th e  

r o o t s  d e c l i n e d  r a p i d l y  w i th  g ro w th  i n i t i a t i o n ,  i n c r e a s e d  s l i g h t l y  

d u r in g  t h e  a c t i v e  g ro w th  p e r io d ,  and w e re  c o m p le te ly  r e p l e n i s h e d  

fo l lo w in g  a c t i v e  v e g e ta t iv e  growth (Daer and W illa rd  1981, McCarty and 

P r i c e  1942 and M c I lv a in e  1942). Removal o f  p h o t o s y n t h e t i c  t i s s u e  

d is ru p te d  t h i s  p a t t e r n  of a l l o c a t io n  to  th e  ro o ts ,  red u c in g  re se rv e s  

a v a i l a b l e  f o r  g ro w th  i n i t i a t i o n  t h e  fo l lo w in g  sp r in g  (B la isd e l I  and 

Pechanec I 949).
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B luebunch  w h e a tg r a s s  f o l i a g e  rem o v a l by b u rn in g ,  g r a z i n g  o r  

c l i p p i n g  i n  any s e a s o n  re d u c e d  p r o d u c t io n  i n  a t  l e a s t  th e  f o l l o w i n g  

y ea r  (S toddart  1946, B la i s d e l l  and Pechanec 1949, Mueggler 1972, Sauer 

1978, W ilm s e t  a l .  1980 and McLean and Wikeem 1985a). The c l ip p e d  

t i l l e r s  r a r e l y  produced new t i l l e r s  (Caldwell e t  a l .  1981). Severest 

damage r e s u l t e d  from both sp r in g  and f a l l  c l ip p in g s  (S to d d ar t  1946).

A s in g le  c l ip p in g  t re a tm e n t  du ring  th e  most m e ta b o l ic a l ly  demanding 

g ro w th  p e r i o d s ,  a c t i v e  r e p r o d u c t i v e  s t a g e s  o r  c a r b o h y d r a t e  r e s e r v e  

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

(McCarty and P r ic e  1942, M cIlvaine 1942, B la i s d e l l  and Pechanec 1949 

and W ilso n  e t  a l  1966). I f  c l i p p i n g  k i l l e d  a t i l l e r  i t  u s u a l l y  d ie d  

im m edia te ly  o r  w ith  the onse t of drought (Caldwell e t  a l .  1981). When 

com p eti t io n  from surrounding  v e g e ta t io n  was reduced, extreme c l ip p in g  

d u r in g  c r i t i c a l  g ro w th  s t a g e s  w as much l e s s  d e t r i m e n t a l  ( M ueggler

1972).

The key f a c to r  m i t ig a t in g  d e f o l i a t i o n  damage appeared to  be the  

tim e and amount o f  l e a f  growth rem ain ing  fo l lo w in g  d e f o l i a t i o n  (McLean 

and Wikeem 1985a). P la n ts  d e f o l ia te d  e a r ly  in  th e  sp r in g  w ith  sev e ra l  

weeks o f  l e a f  growth fo l lo w in g  d e f o l i a t i o n  had h igher  s u r v iv a b i l i t y  

and v i g o r  th a n  p l a n t s  d e f o l i a t e d  n e a r  or p a s t  t h e  end o f  th e  l e a f  

growth period  (McLean and Wikeem 1985a, S to d d a rt  1946 and B la i s d e l l  

and Pechanec 1949).

The e f f e c t s  o f  c l i p p i n g  f a l l  r e g ro w th  w ere  more v a r i a b l e  and 

d i f f i c u l t  to  e x p l a i n .  B l a i s d e l l  and Pechanec  (1949) r e p o r t e d  t h a t  

f a l l  r e  grow th  was v e ry  im p o r t a n t  t o  p r o d u c t io n  i n  t h e  n e x t  y e a r .  

Clipped p la n ts  w ith  reg row th  y ie ld e d ,  i n  the next growing season, 270$
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o f  p l a n t s  w i th  no r e g r o w th .  P l a n t s  w i th  r e  grow th  a l s o  p roduced  2.5 

t im es  a s  many f low er s t a l k s  as  p la n ts  w ith o u t  re  growth. McLean and 

Wikeem (1985a) re p o r te d  t h a t  c l ip p in g  p la n ts  w ith  5.1 g /p l a n t  of f a l l  

r e g r o w th  r e s u l t e d  i n  s i g n i f i c a n t l y  h ig h e r  p e r c e n t  k i l l  i n  th e  

f o l l o w i n g  y e a r  th a n  c l i p p i n g  p l a n t s  w i th  2.7 o r  1.6 g o f  f a l l  

r e g r o w th ,  s u g g e s t i n g  t h a t  some t h r e s h o l d  l e v e l  o f  f a l l  r e g r o w th  

p roduction  was re q u ire d  to  have an impact.

C lipping  blue bun ch wheat g r a s s  s t a n d i n g  dead i n  J a n u a ry  re d u c ed  

p roduc tion  i n  th e  fo l lo w in g  sp r in g , l e a f  and culm y ie ld  dec lin ed  28%, 

l e a f  l e n g t h  d e c r e a s e d  25% and l o s s  o f  , s t a n d i n g  dead d e c r e a s e d  21%. 

F ac to rs  a s s o c ia te d  w ith  rep ro d u c tio n  were not s i g n i f i c a n t l y  a f fe c te d  

(S a u e r  1978).

The c a e s p i t o s e  g ro w th  form  p r o v id e s  m i c r o s i t e  m o d i f i c a t i o n s  

(Sauer 1978, Chapin e t  a l .  1979, Caldwell e t  a l .  1981 and Smith e t  aL 

1983). By removing s ta n d in g  dead m a te r ia l  some b e n e f i c i a l  e f f e c t s  of 

the c a e sp i to se  growth form were l o s t .  Sauer (1978) hypothesized th a t  

f r e e r  a i r  c i r c u l a t i o n  i n c r e a s e d  m o i s t u r e  s t r e s s ,  c a u s in g  s to m a te  

c lo su re ,  reduc ing  CO2 uptake and consequently  p roduction . Sauer (1978) 

a l s o  suggested  p h o to in h ib i t io n  of p ho tosyn thesis .  However, blue bunch 

w h e a tg r a s s  l e a f  d i s p l a y  p a t t e r n s  and culm d e n s i t i e s  ex p o sed  m ost 

l e a v e s  t o  d i r e c t  s o l a r  r a d i a t i o n  i n  i n t a c t  bunches  ( C a ld w e l l  e t  a l .  

1 9 8 1 ) .  B lu e b u n c h  w h e a t g r a s s  l e a v e s  had  a r e l a t i v e l y  h i g h  

p h o to sy n th e t ic  r a t e  per a re a  (Caldwell e t  a l .  1981). Com petition from 

surround ing  v e g e ta t io n  may have c o n t r i b u t e d  to  d e c r e a s e d  p r o d u c t io n  

(M ueggle r  1972). O ther r e s e a r c h e r s  (B la is d e l l  and Pechanec 1949 and
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W ilson  e t  a l .  I 966) have  r e p o r t e d  t h a t  o v e r w i n t e r i n g  f a l l  r e g ro w th  

b e cam e  t h e  f i r s t  c a r b o h y d r a t e  s o u r c e  i n  t h e  s p r i n g ,  b e c a u s e  

carbohydra te  r e s e rv e s  d ec lin ed  s h o r t ly  a f t e r  r a th e r  than concu rren tly  

w i th  g ro w th  i n i t i a t i o n  (C a ld w e l l  e t  a l .  1981). Absence o f  f a l l  

regrowth fo r  e a r l i e s t  sp r in g  p h o to sy n th e t ic  a c t i v i t y  may a lso  i n h i b i t  

s p r i n g  p r o d u c t io n .  F a l l  r e g ro w th  h a s  a l s o  been r e p o r t e d  a s  a m a jo r  

source of new t i l l e r s  (Daer-and W illa rd  1981).

All of these  s tu d ie s  used "treatm ents which removed a l l  t i l l e r s .  

B luebunch  w h e a tg ra .s s  r e s p o n s e s  t o  s e l e c t i v e  h e r b iv o r y  would be 

s im i la r ,  but l e s s  severe , than  those p resen ted  above.Some le a v e s  would 

rem ain  ungrazed and could continue  p h o to sy n th e t ic  a c t i v i t y .  Stems and 

shea ths  comprised major p o o ls  o f  n o n s t r u c t u r a l  c a r b o h y d r a t e s  w hich 

c o u ld  a p p a r e n t l y  c o n t r i b u t e  to  r e g r o w th  production  (Caldwell e t  a l .  

1981). B luebunch  w h e a tg r a s s  s tem  and s h e a th  p h o t o s y n t h e s i s  was a s  

p r o d u c t i v e  and e f f i c i e n t  a s  l e a f  p h o t o s y n t h e s i s  ( C a ld w e l l  e t  a l .  

1981). Therefore  s e le c t iv e  g raz ing  o f  le a v e s  would not e l im in a te  a l l  

p h o to s y n th e t ic a l ly  a c t i v e  t i s s u e .

FESTUCA SCABRELLA

Rough fescue  growth and phenolo g ica l  development were s tu d ied  a t  

two s i t e s  n e a r  Kamloops, B r i t i s h  Colum bia ( S to u t  e t  a l .  1981) and a t  

S tave ly  and L e thbridge , A lberta  (Johnston and McDonald 1967). Growth 

and pheno l o g i  c a l  d e v e lo p m e n t  v a r i e d  b e tw e e n  y e a r s  an d  s i t e s .  

E n v i ro n m e n ta l  f a c t o r s  seemed t o  c o n t r o l  i n i t i a t i o n  o f  g ro w th ,  bu t 

p h e n o ty p ic  a d a p t a t i o n  r e s u l t e d  i n  d i f f e r e n t  r a t e s  o f  p h o n o lo g ic a l  

p r o g r e s s  a t  d i f f e r e n t  s i t e s .  For th e  t h r e e  y e a r s  s t u d i e d  i n  B.C.



( S to u t  e t  a l .  I 981) t h e r e  w ere  no more th a n  t h r e e  w eeks v a r i a t i o n  i n  

the t im in g  of any p h o n o lo g ic a l . s tage .

S to u t  e t  a l .  (1981) c a l c u l a t e d  from  y i e l d  c u rv e s  t h a t  g row th  

i n i t i a t e d  i n  m id - A p r i l  w i t h  s o i l  t e m p e r a t u r e s  o f  2-3°C  a t  10 cm. 

Johnston  and McDonald (1967) re p o r te d  new growth in  e a r ly  May w ith 20 

cm s o i l  tem p e ra tu res  o f  2°C and c a lc u la te d  th a t  l e a f  growth had been 

i n i t i a t e d  two weeks e a r l i e r .  Culm growth began s ix  weeks a f t e r  growth 

i n i t i a t i o n .  Growth i n i t i a t i o n  was c o r r e l a t e d  w i th  s o i l  t e m p e r a t u r e  

but not a i r  tem pera ture . Concurrent s o i l  m o is tu re  had been com pletely  

recharged  by snow m elt (Bailey  and Anderson 1978).

C essa tion  of v e g e ta t iv e  growth was keyed to  s o i l  m o is tu re  (Stout 

e t  a l .  1981) and m odified  by a i r  tem pera tu re  in f lu e n c e s  on p la n t  w ater  

r e l a t i o n s .  P la n t  w e ig h t  g a in  c o n t in u e d  f o l l o w i n g  l e a f  g row th

c e s s a t i o n ,  b ecau se  p h o t o s y n t h e s i s  c o u ld  c o n t in u e  a t  v a p o r  p r e s s u r e
\

l e v e l s  which in h ib i t e d  c e l l  expansion (Hsiao 1973). Concurrent s o i l  

t e m p e r a t u r e s  w ere  n o t  warm enough t o  i n h i b i t  g ro w th  ( S m o liak  and 

J o h n s to n  I 968). In  A lb e r t a  f o l i a g e  had e n t e r e d  w i n t e r  dormancy by 

e a r ly  October (Johnston  and McDonald 1967). P a t te rn s  of phenolog ies! 

development from B r i t i s h  Columbia and A lberta  a re  r e p o r te d  i n  t a b l e  4.

J o h n s t o n  and  M cD onald  (1 9 6 7 )  r e p o r t e d  t h a t  r o u g h  f e s c u e  

re p ro d u c t iv e  culm p roduc tion  ranged from 6.7 to 121.7 culms per p lan t.  

Seed p r o d u c t i o n  w as e r r a t i c  and d i f f i c u l t  to  r e l a t e  to  s p e c i f i c  

environm ental cues (Johnston and McDonald 1967 and S tou t e t  a l .  1981). 

A bundant f l o w e r  p r o d u c t io n  y e a r s  have  i n c lu d e d  1952, 1964, 1966 

( J o h n s to n  and McDonald 1967) and 1972 ( S to u t  e t  a l .  1981). F l o r a l  

p r i m o r d i a  w e re  i n i t i a t e d  i n  th e  f a l l  w i th  seed  p r o d u c t io n  i n  th e

14



Table 4 .  The p ro g ress io n  o f rough fescue  phenolo g ica l  development i n  A lberta  
and B r i t i s h  Columbia.

PHENOLOGICAL
STAGE DATE

boot Ma 27 Ma I Ma 12 Ma 10 Ap 30
e a r ly  head Jn  3 Ma 18 Ma 8 Ma 19 Ma 17 Ma 7 l a t e  Jn
f u l l  head Jn  10 Ma 25 Ma 30 Ma 22 Ma 24 Ma 14 mid J l
e a r ly  flower Jn  17 Jn  I Ma 30 Jn 2 Ma 31 Ma 28
f u l l  f low er Jn  24 Jn  15 Jn 6 Jn  9 Jn  7 Jn 5
end o f flow er J l  I Jn  22 Jn 13 Jn 23 Jn 14 Jn 12
seed i n  milk - - Jn  29 Jn  30 - Jn 19
seed i n  dough - . J l  11 -  ■ J l  7 J l  5 Jn 26 '
seed r ip e J l  22 - J l  5 J l  14 - J l 3 e a r ly  Au
seed s h a t t e r - J l  24 J l  5 - J l  17 J l 3
growth c e s s a t io n Jn  17 J l  7 -Jn  13 Jn  23 Jn  28 Ma 28
f a l l  growth Se 3 none Oc 16 Se 15 none Oc 3

Years 1971 1972 1973 1971 1972 1973 1964 -1966
Location
E leva tion

Hamilton, 
1158 m

B.C. East Mara, 
854 m

B.C. L e th b rig e , Al.

C i ta t io n s S tou t e t  a l . 1981 Stout e t  a l . 1981 Johnston and McDonald 
1967
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f o l l o w i n g  summer ( J o h n s to n  and McDonald 1967), a t r a i t  s h a r e d  w i th  

some o t h e r  n o r th e r n  g r a s s e s  i n c l u d i n g  Id a h o  f e s c u e  (Hodgson i n  

J o h n s to n  and McDonald 1967), W ith in  t h i s  t im e  span  a  v a r i e t y  o f  

p o te n t i a l ly  i n f l u e n t i a l  e n v iro n m e n ta l  e v e n t s  c o u ld  o c c u r .  I n i t i a t e d  

p r im o rd ia  were cold to le r a r i t  (Johnston and McDonald 1967). Of 3,780 

p rim ord ia  examined from 1963 through 1967, only one pe rcen t su ffe red  

f r o s t  k i l l i n g .  Minimum tem p era tu res  d u ring  t h i s  period  were -AO0C a i r  

tem pera tu re  and -11 and - 90C; s o i l  tem p e ra tu res  a t  10 and 20 cm depths, 

r e s p e c t i v e l y .  S t i l l  o n ly  ab o u t 35% o f  i n i t i a t e d  f l o r a l  p r im o r d i a  

s u c c e s s fu l ly  developed i n to  seedheads, and sp r in g  management did not

appear to  a f f e c t  seedhead production . Seed g e rm ina tion  ranged from 86
i

to  97$ (Johnston  and McDonald 1967),
i

Rough f e s c u e  had c h a r a c t e r i s t i c s  which were i n d i c a t i v e  of both 

g r a z i n g  t o l e r a n c e  and s u s c e p t i b i l i t y  ( J o h n s to n  and McDonald 1967). 

M e r is te m s  o f  v e g e t a t i v e  cUlms w e re  n o t  e l e v a t e d ,  and t h e  ra n g e  o f 

rep ro d u c tiv e ,  to  v e g e ta t iv e  dulm r a t i o s ,  0.299 to  0.001, was r e l a t i v e l y  

low even i n  y e a r s  o f  high seed production . Grazing s u s c e p t ib le  t r a i t s  

inc luded  the  e re c t  c a e sp i to se  growth form which made a high p ropor tion  

of p h o to sy n th e t ic  t i s s u e  a v a i l a b le  to  herb ivory . T i l l e r i n g  i n  rough 

fe scu e  was n e i th e r  v igorous  nor s t im u la te d  by the  removal o f  culms or 

e l e v a t e d  m e r i s t e m s .  Under g r a z in g  management, such as r e s t - r o t a t i o n  

and d e fe r re d  g raz in g  methods w ith  moderate u t i l i z a t i o n ,  rough fescue  

has  recovered  and m ain ta ined  i t s e l f  (Anderson and Franzen 1983).

Rough f e s c u e  was damaged by c o n s e c u t i v e  y e a r s  o f  heavy summer 

g raz in g  (Johnston and McDonald 1967), But p ro te c t io n  from even l i g h t  

g raz in g , 15$ to  25$ u t i l i z a t i o n  f o r  12 y e a r s ,  in c reased  the  presence

J
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o f  rough f e s c u e  i n  an e x c l o s u r e  ( J o h n s to n  1961). S p r in g  b u rn in g  

produced v a ry in g  r e s u l t s  (Bailey  and Anderson 1978). Burning w ith  10 

cm of new growth r e s u l t e d  i n  reduced, but re co v e r in g  canopy coverage 

f o r  a t  l e a s t  th re e  y e a rs  (39% of unburned i n  year  one, 69% i n  year two 

and 90% i n  y e a r  t h r e e ) .  When bu rned  w i th  4 cm o f new g ro w th ,  canopy 

co v e rag e  d e c l i n e d  l e s s  and p r o d u c t io n  was n o t  a f f e c t e d .  F l o r a l  

p r i m o r d i a  w e re  u n a ffec ted ^  by b u rn in g  u n t i l  th ey  had been e l e v a t e d  

above the  ro o t  crown i n  the sp r in g , when seedhead d e n s i ty  was g re a t ly  

re d u c e d  (3% o f  u nburned  one y e a r  p o s t  bu rn )  (B a i le y  and A nderson 

1978).

Based on a n e c d o ta l  e v id e n c e  some rough fescue  pop u la t io n s  have 

had a l o n g  h i s t o r y  o f  heavy w i n t e r  g r a z i n g  ( J o h n s to n  and McDonald 

1967). In  a re a s  o f  the  no rth e rn  G reat P la in s  where Fescue g rass lan d  

i s  th e  d o m in a n t  v e g e t a t i o n  ty p e ,  such  a s  th e  C y p re ss  H i l l s  i n  

so u th e a s te rn  A lberta ,  b u f fa lo  summered on th e  open p la in s  and w in te red  

i n  th e  h i l l s .  In  such  a r e a s  ro u g h  f e s c u e  was s u b j e c t e d  to  s e v e re  

w in te r  g raz in g  every  year ,  but r e s t e d  th e  rem ainder of the  year.

C h e m ic a l  a n a l y s e s  h a v e  f o u n d  t h a t ,  e x c e p t  f o r  p r o t e i n ,  

n u t r i t i o n a l  components o f  rough fescue  were r e l a t i v e l y  s t a b l e  through 

th e  y e a r  ( J o h n s t o n .and Bezeau 1962 and B ezeau and J o h n s to n  1962). 

P ro te in  decreased  from 13.7% in  e a r ly  v e g e ta t iv e  growth to  4.7% in  th e  

f a l l  and 4.2% by th e  end o f  w i n t e r .  . O v e rw in te r  p r o t e i n  d e c l i n e  was 

more v a r i a b l e  th a n  i n  o t h e r  s e a s o n s .  Crude f i b e r  and c e l l u l o s e  

i n c r e a s e d  th ro u g h  th e  g ro w in g  s e a s o n  f ro m  29.9 to  33.4% and 33«2 t0  

3 8.4%, r e s p e c t i v e l y .  O v e rw in te r  c ru d e  f i b e r  i n c r e a s e d  t o  34.8% and 

c e l l u l o s e  to  39.5%. I n  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  d ropped  from
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48.5? i n  e a r l y  s p r i n g  t o  32 . 1? by f a l l  and 24.0? a t  th e  end o f  w i n t e r .  

Rough f e s c u e  n u t r i e n t  c o n t e n t s  from  dorm ancy th ro u g h  s p r i n g  a r e  

re p o r te d  i n  t a b l e  5.

FESTUCA IDAHOENSIS

For Id ah o  f e s c u e  o n ly  th e  s e a s o n a l  p r o g r e s s i o n  o f  d i e t  q u a l i t y  

w i l l  be d iscussed . Growth and p h o n o lo g ic a l  d e v e lo p m en t  and g r a z in g  

e f f e c t s  a r e  n o t  p r e s e n t e d  b ecau se  t h i s  i n f o r m a t i o n  w as n o t  found . 

M cC all (1940) r e p o r t e d  t h a t  th e  t y p i c a l  f a l l  d e c l i n e  i n  g r a s s  

n u t r i t i o n a l  v a lu es  was l e s s  pronounced i n  Idaho fescue  than  i n  o th e r  

b u n c h g ra s s e s  s t u d i e d .  In  p a r t i c u l a r  c ru d e  p r o t e i n  (CP) d ropped  to  

4.6? i n  Id ah o  f e s c u e  and 2.9? in  b lu eb u n ch  w h e a tg r a s s  w h i l e  c rude  

f i b e r  i n c r e a s e d  to  27*2? i n  Id a h o  f e s c u e  and 33.4? i n  b luebunch  

w heatgrass . In  d ig e s t io n  t r i a l s  us ing  lambs on m ature fo rag e s ,  Idaho 

f e s c u e  had h ig h e r  t o t a l  d i g e s t i b l e  n u t r i e n t s  and p o s i t i v e  c rude  

p r o te in  d ig e s t io n  c o e f f i c i e n t s  (? d i e t a r y  CP -  ? f e c a l  CP). Bluebunch 

w h e a tg r a s s  had  lo w e r  t o t a l  d i g e s t i b l e  n u t r i e n t s  and n e g a t i v e  c ru d e  

p r o te in  d ig e s t io n  c o e f f i c i e n t s .  Idaho fe scu e  was more n u t r i t i o u s  than  

bluebunch w heatgrass .

McCall (1939) de te rm ined  biweekly chemical c o n s t i tu e n t s  o f  Idaho

fescue  over a fo u r  year  period  ( ta b le  6). Crude f i b e r  ro se  s l i g h t l y  as
(

Idaho fescue  matured from "new growth" to  "maturing" s ta g e s ,  changed 

l i t t l e  i n  th e  " f a l l "  and r o s e  a g a in  th ro u g h  th e  " w i n t e r . "  Only "new 

growth" and "w in ter"  crude f i b e r  l e v e l s  were s ig n i f i c a n t l y  d i f f e r e n t .  

N i t r o g e n  f r e e  e x t r a c t  (NFE) i n  " w in t e r "  and "new g ro w th "  w ere  

s i g n i f i c a n t l y  lo w e r  th a n  i n  " m a tu r in g "  and " f a l l "  s t a g e s .  Crude



Table 5 .  N u tr i t io n a l  p r o f i l e s  o f  rough fescue  from f a l l  dormancy through 
sp r in g  growth.

Stage or 
Season

T o ta l1
CH2O"

Crude
F ib e r

%
NFE

%
C ellu lo se

%

Crude
P ro te in

%
Ash

%
IVDMD

% C i ta t io n

l e a f 29.9 33.2 13.7 6.9 48.5 Johnston & Bezeau 1962
cured 33.4 38.4 4 .7 8 .5 32.1 and
weathered 34.8 39.5 4.2 8.6 24.0 Bezeau & Johnston  1962

seed shed 36.0 4 .2 10.2 McLean & T isda le  I960

(9/15)1
weathered 82.6 42.5 46.6 2.1 12.3

(11/25)

le a f 30.3 12.0 10.1 Clarke & T isd a le  1945
(6/16)
p a r t l y  cured 37.2 5.4 9.8

( 8/ 10)

^Total carbohydrates
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Table 6 . Four-year averages o f  semimonthly ana lyses  o f  Idaho fescue 
(dry m a tte r  b a s is )  (McCall 1939).

Period Ash
%

Crude
P ro te in

%

Carbohydrates 
Crude N-f r e e  
F iber  e x t r a c t  
% $

Mature:
F i r s t  p a r t  of J a 16.2 4.7 32.6 43.6
Last p a r t  o f  J a 16.4 4 .7 32.7 43.2
F i r s t  p a r t  of Fb 15.3 4.8 33.6 44.1
L ast p a r t  of Fb 16.6 4 .9 32.8 43.0
F i r s t  p a r t  o f Mr 18.8 5.1 31.1 42.3
Last p a r t  of Mr 18.5 5 .0 31.9 42.4
F i r s t  p a r t  o f Ap 18.6 5.1 30.8 42.5

New growth:
F i r s t  p a r t  o f Mr 10.0 17.4 26.0 42.4
L ast p a r t  o f  Mr 9 .9 19.0 24.1 43.0
F i r s t  p a r t  o f Ap 10.4 18.9 25.1 42.0
Middle p a r t  of Ap 11.1 16.2 24.0 44.8
L ast of Ap-f i r s t  of Ma 13.2 13.8 28.3 41.2
Middle p a r t  of Ma 12.9 11.1 28.2 44.3
L as t p a r t  o f Ma 12.1 9.2 30.2 45.2
F i r s t  p a r t  o f  Jn 13.1 7 .8 31.2 44.5
L as t p a r t  o f Jn 13.2 6.5 30.3 46.7
F i r s t  p a r t  o f  J l 14.0 5 .0 31.6 46.3
L as t p a r t  of J l 13.7 4.6 31.4 46.8
F i r s t  p a r t  of Au 13.7 4.1 31.2 47.7
L as t p a r t  of Au 14.3 4.1 30.9 47.1
F i r s t  of Sp 14.6 3 .9 29.0 48.7
Middle p a r t  of Sp 13.6 3 .7 30.5 48.9
L ast of S p - f i r s t  of Oc 15.4 4 .2 30.7 46.2
Middle p a r t  of Oc 17.0 4.6 29.0 45.9 .
Last p a r t  of Oc 16.4 4 .7 30.3 45.0
Middle p a r t  of Nv 16.3 4.4 31.6 44.4
L as t o f  N v - f i r s t  of Do 14.8 4 .2 32.9 45.2
Middle p a r t  o f  Dc 15.5 4.4 32.7 44.4
Last p a r t  of Do 17.8 4 .6 30.9 43.8
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p r o te in  d ec lin ed  from "new growth" to  "m aturing" s ta g e s  then  remained 

s t a b l e  th ro u g h  th e  " f a l l "  and " w in te r " .  "New g ro w th "  c ru d e  p r o t e i n  

was s i g n i f i c a n t l y  h igher than th e  o th e r  th re e  s tag e s  which were not 

s i g n i f i c a n t l y  d i f f e r e n t  from each o th e r .  Ash rose  s t e a d i ly  from "new 

g ro w th "  th ro u g h  th e  y e a r .  S e a so n a l  c h e m ic a l  c o n s t i t u e n t s  o f  Idaho  

fe scu e  from sev e ra l  s tu d ie s  a re  summarized i n  t a b le  7. .



Table 7 .  N u tr i t io n a l  p r o f i l e s  o f  Idaho fescue  from f a l l  dormancy through 
sp r in g  growth.

Stage or 
Season

Crude
F ib e r

%
NFE

%
C ellu lo se

%

Crude
P ro te in

%
■ Ash 

%
IVDMD

% C ita t io n

new growth 26.0 42.4 17.4 10.0 McCall 1939
f a l l 30.9 45.3 4 .4 16.0 It.

w in te r 32.4 43.3 4.8 16.8 n

post seed 27.2 38.7 4.6 14.6 McCall 1940
s h a t t e r

seed r ip e 32.7 35.0 7.6 7.5 27.0 Johnston & Bezeau 1962
cured 31.9 35.9 4 .9 10.6 18.8 and
l a t e  w in te r 33.4 38.8 4 .5 9.0 14.6 Bezeau & Johnston 1962
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STUDY AREA

The f i e l d  work f o r  t h i s  p ro je c t  was conducted in  Muddy Lake and 

J e n k i n ’ s Gulch d r a i n a g e s ,  t r i b u t a r i e s  o f  Crow C reek l o c a t e d  on th e  

so u th e a s te rn  end of the  Elkhorn Mountains on the  Muddy Lake and Middle 

p a s t u r e s  o f  th e  South  Crow c a t t l e  a l l o t m e n t  on t h e  H e lena  N a t io n a l  

F o r e s t ,  Montana ( f i g .  I t o  3).

SITE DESCRIPTION

The c l i m a t e  i n  t h e  r e g i o n  i s  m o d i f i e d  c o n t i n e n t a l  w i th  l a r g e  

a n n u a l  and d a i l y  t e m p e r a t u r e  v a r i a t i o n s  (DeSimone e t  a l .  1984). 

E lev a tio n  and p r e c i p i t a t i o n  range from 1464 m to  2100 m and 51 cm to  

76 cm, re s p e c t iv e ly .  The g enera l  v e g e ta t io n  a sp ec t  on the  study a rea  

i s  a r o l l i n g  g ra ss lan d  w ith  s teep  c o n ife r  draws and broader cottonwood 

bottoms. Slopes and r id g e  tops  have s tony, loamy s o i l s .  The v e g e ta t io n  

on t h e  u p lan d  s i t e s  i s  d o m in a te d  by b u n c h g ra s s e s .  Id ah o  f e s c u e  i s  

u b i q u i t o u s .  Rough f e s c u e  o c c u r s  on th e  s l i g h t l y  m o i s t e r  s i t e s  and 

b lue bunch w heatg rass  on most o th e r  s i t e s .

Each t r a n s e c t  w as l o c a t e d  on a s i t e  w here  a l l  t h r e e  s p e c i e s  

o c c u r re d .  T here  w e re  f i v e  s i t e s  c a l l e d  South  Crow I  (SCI) and I I  

(S C II) ,  J e n k i n ' s  Gulch I  (JG I) and I I  ( J G I I )  and Muddy Lake (ML). The 

e l e v a t i o n ,  a s p e c t  and s lo p e  o f  each  s i t e  a r e  r e p o r t e d  i n  t a b l e  8. 

Based on o b se rv a t io n s  during  f ie ld w o rk , th e  Jenk in ’s Gulch s i t e s  were 

co o le r  and m o is te r  and th e  South Crow s i t e s  were warmer and d r i e r  than 

the o th e r s .

Approximately 200 e lk  have w in te re d  i n  th e  study a rea  s ince  the  

1960’s (DeSimone e t  a l .  1984). G e n e r a l ly  w i n t e r  ra n g e  i s  used  from
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MUDDY LAKE 
PASTURE

MIDDLE-PASTURE
SCII

S o u th

LEGEND
A l l o t m e n t  b o u n d r y  and d i v i s i o n  f e n c e s  / --------- £

S i t e  Names

ML Muddy Lake  
JGI J e n k i n 1 s  G u lc h  I  
J G I I  J e n k i n 1 s  G u l c h  I I  
SCI S o u t h  Crow I  
S C I I  S o u t h  Crow I I

Figure  3. Drawing o f the  Muddy Lake and Middle p a s tu re s  o f  the  South 
Crow a llo tm en t showing the study s i t e  lo c a t io n s .
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Table 8. Sampling s i t e  d e s c r ip t io n s  on the  South Crow w in te r  range .

SITE TRANSECTS
number

ELEVATION
meters

ASPECT SLOPE
$

Muddy Lake 5 2048 . SSW 5

J e n k in ’ s Gulch I 6 2073 W 6

J e n k in 1s Gulch I I 3 1987 s w . 18

South Crow I 5 1926 SSE 24

South Crow I I 5 1939 SW 12

th e  c lo s e  o f  h u n t in g  sea so n  u n t i l  th e  summer r a n g e s  a r e  s n o w - f r e e ,  

u su a l ly  December to  June. The South Crow w in te r  range i s  not a ty p ic a l  

e lk  w i n t e r  r a n g e  f o r  s e v e r a l  r e a s o n s .  The e lk  p o p u l a t i o n  i s  one o f  

t h e  d e n s e s t  and m ost p r o d u c t i v e  i n  Montana (DeSimone p e r s o n a l  

c o m m u n ic a t io n ) .  D u rin g  a l l  s e a s o n s  95$ o f  th e  e l k  a r e  on F o r e s t  

S e r v i c e  la n d ,  th u s  a v o id in g  c o n f l i c t s  w i th  surrounding  land  owners. 

T y p i c a l l y  80$ o f th e  e l k  i n  th e  w e s t e r n  U.S. w i n t e r  on p r i v a t e  la n d  

(DeSimone e t  a l .  I 984). Also t h e  South  Crow w i n t e r  ra n g e  i s  n o t  i n  

the F o re s t  S e rv ice  t im b er base. So during  the  w in te r  e lk  w in te r  range 

i s  th e  prim ary use of the  area.

South  Crow a l l o t m e n t  h a s  had a t h r e e  p a s t u r e  d e f e r r e d  r o t a t i o n  

g raz in g  system s in ce  1970. There a re  2517 AU M’s a l lo c a te d  to  604 cows 

w ith  ca lv e s  (USDA 1970). In  1983 the  g raz in g  season ran  from June 10 

t o  O c to b e r  15. The M iddle  p a s t u r e  was g ra z e d  from  J u n e  10 i n t o  

O c to b e r  and t h e  Muddy Lake p a s t u r e  from  August 10 i n t o  O c to b er .  The 

c o m b in a t io n  o f  h ig h  q u a l i t y  r a n g e ,  w e l l  managed l i v e s t o c k  and a
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h ea lth y  e lk  p o p u la t io n  made t h i s  s tudy s i t e  an example of a d e s i r a b le  

s i t u a t i o n .

SITE SELECTION

The Crow Creek d r a in a g e  was s e l e c t e d  because  tw o p r e v io u s  MSU 

m a s t e r ’s p r o j e c t s  (S te v e n s  1-965-and Gordon 1968) have s t u d i e d  e l k -  

l i v e s to c k  i n t e r a c t i o n s  i n  t h i s  a re a  and r e p o r te d  h a b i t a t  d e s c r ip t io n s ,
i

seasonal h a b i t a t  use and d i e t a r y  i n f o r m a t i o n .  A d d i t i o n a l l y  c u r r e n t  

e lk  w in te r  lo c a t io n  d a ta  were made a v a i l a b le  by the  Elkhorn Mountains 

W ild l i f e  M onitoring Program (EMWMP). The Middle and Muddy Lake pas­

tu r e s  were s e le c te d ,  p a r t i a l l y ,  to  f a c i l i t a t e  c o o rd in a tio n  w ith  EMWMP 

s tu d ie s  on the same area.
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TRANSECTS

When s e t t i n g  up t h e  f i e l d w o r k  a p r im a ry  c o n s i d e r a t i o n  was th e  

im p le m e n ta t i o n  o f  p r o c e d u r e s  w h ich  w ou ld  m in im iz e  th e  p r o j e c t ’ s 

e f f e c t s  on th e  p la n ts ,  an im als  and s i t e s  involved. A s tudy of c re s te d  

w h e a tg r a s s  d e f o l i a t i o n  p a t t e r n s  (N o rto n  and Jo h n so n  1981) r e p o r t e d  

t h a t  v e ry  l i t t l e  r e g r a z i n g  o f  i n d i v i d u a l  p l a n t s  o c c u r r e d  i n  an 

e x t e n s i v e  p a s t u r e  s i t u a t i o n .  Based on t h i s  and s u p p o r t i n g  e v id en c e  

w i t h i n  t h i s  a r t i c l e ,  i t  was d e c id e d  t h a t  p r o t e c t i o n  o f  i n d i v i d u a l  

p la n ts  from ex cess iv e  u t i l i z a t i o n  would not be a problem and permanent 

t r a n s e c t s  were s e le c te d .  Gammon and Roberts  (1978) used t r a n s e c t s  to  

study d e f o l i a t i o n  p a t te r n s  of i n d i v i d u a l  p l a n t s  on s o u t h e r n  A f r ic a n  

ve ld ,  and re p o r te d  t h a t  two weeks between t r a n s e c t  re ad in g s  a llowed 

i d e n t i f i c a t i o n  of g ra z in g  e f f e c t s  and phenolog ical development and so 

two weeks b e tw een  t r a n s e c t  r e a d i n g s  w as a d o p te d  i n  t h e  c u r r e n t  

p r o j e c t .  The f i r s t  s e t  o f  p l a n t  h e i g h t  r e a d i n g s  was s u b j e c t e d  to  

S t e i n ' s  t w o - s t a g e  t e s t  f o r  sam ple  s i z e  adequacy  ( S t e e l  and T o r r i e  

1960), and i t  was determ ined  th a t  15 t r a n s e c t s  adequa te ly  sampled the 

v a r i a t i o n  i n  l e a f  len g th  f o r  each sp ec ie s .  Twenty-five t r a n s e c t s  were 

e s ta b l i s h e d  to  allow f o r  unforeseen problems.

The 25 t r a n s e c t s  w e re  i n  f i v e  g ro u p s  w i th  f i v e  t r a n s e c t s  pe r  

g roup . Each t r a n s e c t  was s u b j e c t i v e l y  l o c a t e d  t o  i n c l u d e  rough  

fe scu e ,  Idaho fescue  and bluebunch w heatg rass  p la n ts  and evidence of 

w in te r  e lk  use and summer c a t t l e  use. A t r a n s e c t  was a permanent 10 m 

l i n e  m arked  by f i x e d  end p o i n t s .  When a t r a n s e c t  w as r e a d  a m e te r

METHODS
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ta p e  was s t r e c h e d  t i g h t l y  be tw een  t h e  s t a k e s  a lw a y s  i n  t h e  same 

d i r e c t io n .  Canopy l i n e  i n t e r c e p t  f o r  each bunch of each key sp ec ie s  

was recorded . Each bunch was assumed to  be an in d iv id u a l  p lan t .  This 

procedure allow ed i d e n t i f i c a t i o n  o f  i n d i v i d u a l  p l a n t s  th ro u g h  t im e  

w ith o u t  d i s tu rb in g  p la n t s  o r  m odifying s i t e  c h a r a c t e r i s t i c s .

T r a n s e c t s  w e re  re a d  b iw e e k ly  from  A p r i l  th ro u g h  O c to b e r ,  1983. 

H e ig h t  o f  th e  l o n g e s t  v e g e t a t i v e  l e a f ,  p h e n o lo g i c a l  s t a g e  and 

u t i l i z a t i o n  w e re  r e c o r d e d .  F escu e  l e a f  l e n g t h s  w e re  m easured  by 

h o ld ing  th e  le av e s  s t r a i g h t  up and m easuring th e  lo n g e s t .  Bluebunch 

w h e a tg r a s s  had e lo n g a t e d  v e g e t a t i v e  cu lm s , so l e a f  l e n g t h  was th e  

h e i g h t  o f  th e  h i g h e s t  p o i n t  o f  th e  h i g h e s t  l e a f  on t h e  culm. E ig h t  

p h e n o lo g i c a l  s t a g e s  w e re  i d e n t i f i e d ,  ( I )  v e g e t a t i v e ,  (2) boo t 

( s w e l l i n g  v i s i b l e  i n  s h e a th  to  see d h e ad  50$ o u t o f  th e  s h e a t h ) , (3) 

e m erg in g  see d h e a d s  ( s e e d h e a d s  g r e a t e r  th a n  50$ o u t  o f  th e  s h e a th  to  

f u l l y  em erged , bu t n o t  f i l l i n g ) ,  (4) a n t h e s i s  (any v i s i b l e  a n t h e r s  

r e g a rd le s s  of c o n d i t io n ) ,  (5) mature f lo w ers  (from seedheads f i l l i n g  

t o  f u l l y  d e v e l o p e d ) ,  (6 ) s e e d  s h a t t e r  (a n y  i n d i c a t i o n  o f  

d i s a r t i c u l a t i o n ) ,  (7) m ature  fo l i a g e  (seedheads com ple tely  empty and 

l e a v e s  d u l l e r  g re e n  th ro u g h  brown) and (8) f a l l  r e g r o w th  (any 

r e g r e e n i h g  o f  l e a v e s ) .  M ature  f o l i a g e  w as th e  o v e r w i n t e r i n g  s ta g e .  

At t h e  o u t s e t  i t  was hoped t h a t  some a c c e p t a b l e  key to  a n d /o r  

d e f i n i t i o n s  o f  pheno l o g i  c a l  s t a g e s  w ould  be fo u n d ;  none w ere . The 

s ta g e s  i d e n t i f i e d  i n  t h i s  p ro je c t  were s e le c te d  out of ease of f i e l d  

i d e n t i f i c a t i o n .

F ie ld w o r k  was c o n t in u e d  from  J a n u a r y  th ro u g h  e a r l y  J u l y ,  I 984. 

During t h i s  w in te r ,  p r im a r i ly  i n  March, p la n ts  w ith  known u t i l i z a t i o n
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h i s t o r i e s  from  th e  p r e v io u s  summer w e re  c o l l e c t e d  f o r  c h em ica l  

a n a ly s is .  These sam ples were s to red  a t  ~50°C and low hum idity  u n t i l  

a n a ly z e d .  C l ip p in g r e m o v e d  a p l a n t  f rom  th e  sam ple  p o p u la t io n .  Also 

d u r in g  March th e  t r a n s e c t s  w e re  r e a d  to  d e t e r m in e  w i n t e r  l e a f  l o s s  

w h ich  was m e asu red  i n  tw o w ays, w i n t e r  g r a z i n g  and t h e  p re s e n c e  o f  

s tan d in g  dead a t  the beginning of new sp r in g  growth. On some or a l l  

o f  th e  f o l l o w i n g  d a t e s ,  d e p e n d in g  on snow c o v e r ,  t h e  t r a n s e c t s  w ere  

re a d :  A p r i l  19, May 10, May 18, J u n e  10, J u n e  18 and J u n e  25. H e ig h t

o f  th e  l o n g e s t  v e g e t a t i v e  l e a f  and ph en o lo g ica l  s tag e  were recorded  

us ing  the same techn iques  and d e l in i a t i o n s  p rev ious ly  described .

CHEMICAL ANALYSIS

Twenty percen t of the  c o l le c te d  sam ples were analyzed u s in g  th e  

fo l lo w in g  procedures: m acro-K jeldahl p ro te in  (PRO), dry m a t te r  (DM)

and a sh  (ASH) f o l l o w i n g  AOAC (1 9 7 0 ) , n e u t r a l  d e t e r g e n t  f i b e r  (NDF), 

a c id  d e te rg e n t  f i b e r  (ADF) and a c id  d e te rg e n t  l ig n in  (ADL) fo l lo w in g  

Goering and VanSoest (1970) and i n  v i t r o  o rgan ic  m a t te r  d isappearance  

(IVOMD) ( H a r r i s  1 9 7 0 ) .  A d d i t i o n a l l y  c e l l u l o s e  (CELL) and  

h em ice llu lo se  (HG) were c a lc u la te d  (CELL = ADF -  ADL, HG = NDF -  ADF) 

(Goering and VanSoest 1970). Twelve rough fe scu e ,  10 Idaho fescue  and 

7 bluebunch w heatg rass  v a lu e s  fo r  each c o n s t i tu e n t  were, determ ined.

NEAR-INFRARED SPECTROSCOPY

The chemical a n a ly s i s  da ta  were used to  c a l i b r a t e  a TECHNICOR 400 

INFRALYSER, a n e a r - i n f r a r e d  (NIR) s p e c t r o p h o t o m e t e r ,  t h a t  th e n  

p r e d i c t e d  t h e  c h e m ic a l  c o n s t i t u e n t s  f o r  th e  r e m a in in g  80% o f  th e
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samples. This NIR spec tropho tom ete r  had 19 f i l t e r s  w ith  wavelengths 

from 1445 to  2348 nm, in c lu s iv e .

I t  was d e c id e d ,  d u r in g  t h e  c o u rs e  o f  th e  p r o j e c t ,  to  use NIR 

p re d ic t io n  of chemical c o n s t i tu e n t s  f o r  th re e  reasons: I) to  save on 

t h e  t im e  and ex p en se  in v o lv e d  i n  l a b o r a t o r y  a n a l y s i s ,  2) to  b e g in  a 

NIR d a ta  base f o r  range land  fo rag e s  and 3) because sam ples were w in te r  

c o l l e c t i o n s  o f  u s u a l l y  g ra z e d  p l a n t s ,  th e  amount o f  m a t e r i a l  pe r  

sample was too sm all to  pe rm it complete chemical a n a ly s is .  Also f o r  

t h e s e  t h r e e  r e a s o n s  some o f  th e  u s u a l  NIR p r o c e d u r e s  (AACC 1962, 

N o rr is  e t  a l .  1976 and Shenk e t  a l .  1981) were m odified .

All samples were analyzed  by NIR and th e  lo g  v a lu e s  recorded  i n  a 

f i l e .  The l a r g e s t  s a m p le s  w ere  ch o se n  f o r  th e  c h e m ic a l  a n a l y s i s  

d e sc r ib ed  above. Some samples were too sm all  to  a llow  a n a ly s i s  o f  a l l  

the chemical c o n s t i tu e n ts .  As a r e s u l t ,  some sam ples were analyzed 

f o r  on ly  p a r t  o f  th e  c o n s t i t u e n t s ,  some w ere  a n a ly z e d  f o r  a l l  

c o n s t i t u e n t s  bu t n o t  r e r e a d  by NIR, and some w ere  a n a ly z e d  f o r  a l l  

c o n s t i t u e n t s  p lu s  r e r e a d  by NIR. T h is  means t h a t  s o u r c e s  o f  e r r o r  

a s s o c ia te d  s iz e  of samples and in t r a s a m p l e  c o n s t i t u e n t  c o r r e l a t i o n s  

were not adequa te ly  d e a l t  w ith .

D e term ination  o f  f i l t e r  c o e f f i c i e n t s  and an i n t e r c e p t  value fo r  

each c o n s t i tu e n t  was done us ing  the "All P o ss ib le  S ubse ts  Regression" 

program (Dixon 1981). The re g re s s io n  eq u a tio n s  fo r  each c o n s t i tu e n t  

a r e  i n  A ppendix  A. A ll  s a m p le s  w h ich  w ere  s t i l l  l a r g e  enough w ere  

r e r u n  on th e  c a l i b r a t e d  NIR m ach ine  to  p r e d i c t  c o n s t i t u e n t  v a lu e s .  

Also the  lo g  v a lu e s  from th e  i n i t i a l  NIR read in g s  f o r  a l l  sam ples were 

e n t e r e d  i n t o  a r e g r e s s i o n  model a lo n g  w i th  th e  c o e f f i c i e n t s  and
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STATISTICAL ANALYSIS

BMDP (Dixon I 981) and MSUSTAT (Lund 1983) s t a t i s t i c a l  p ackages  

w ere  u sed  to  a n a ly z e  th e  d a t a .  The s p e c i f i c  p ro g ram s  used  a re  

r e f e r r e d  to  i n  con tex t. For the  rem ainder of t h i s  t h e s i s  s ig n if ic a n c e  

means th a t  p<,05.

For th e  s t a t i s t i c a l  a n a l y s i s  t h i s  p r o j e c t  was b ro k en  i n t o  a 

s e r i e s  of su b p ro je c ts .  This was necessary  f o r  two reasons : I) No two 

f a c t o r  / t r e a t m e n t  c o m b i n a t i o n s  h a d  e q u a l  sam p le  s i z e .  2) A ll  

t re a tm e n ts  excep t those  a s s o c ia te d  w i th  l a b  r e s u l t s  inc luded  unequal 

num bers o f  m i s s i n g  d a t a .  U sing  s u b p r o j e c t s  a l lo w e d  t h e  use o f  

s t a t i s t i c a l  packages f o r  the  a n a ly s is .

CHEMICAL CONSTITUENT DATA

For o b j e c t i v e  one, a random d e s ig n  w i th  one f a c t o r  and n in e  

t r e a t m e n t s  was used . The f a c t o r  was s p e c i e s  w i th  t h r e e  l e v e l s .  

Treatm ents  were the  phenolo g ica l  s ta g e s  when g raz in g  had occurred  i n  

the p rev ious summer, in c lu d in g  no g r a z in g .  The d e p e n d e n t  v a r i a b l e s  

w e re  th e  n in e  c h e m ic a l  c o n s t i t u e n t s .  T here  w ere  u n e q u a l  t r e a t m e n t  

num bers. The c h e m ic a l  c o n s t i t u e n t  d a t a  was a n a ly z e d  i n  f o u r  s t e p s .  

The chemical c o n s t i tu e n t  d a ta  fo r  each sp ec ie s  was d e sc r ib ed  us ing  th e  

" C l u s t e r  A n a ly s i s  o f  V a r i a b l e s "  p rogram  (Dixon 1981). "S te p w ise  

D isc r im in an t  A nalysis"  (Dixon 1981) was then  performed on th e  chemical 

c o n s t i t u e n t  r e s u l t s  to  d e t e r m in e  i f  th e  p h e n o lo g ic a l  s t a g e  when

in te r c e p ts  from the  c a l ib r a t io n  procedure. The ou tput was p re d ic ted

chem ical c o n s t i tu e n t  v a lu e s  f o r  a l l  of the  o r ig in a l  sam ples, in c lu d in g

th o se  too sm all to  re ru n  by MIR.
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g ra z in g  had occurred  was r e f l e c t e d  i n  w in te r  n u t r i t i o n a l  va lues. The 

c a lc u la t io n s  w i th in  t h i s  program were such th a t  f o r  a v a r i a b le  to  be 

removed a s  a d i s c r im in a t in g  v a r i a b le  r e q u ire d  an F-value of 4.0 which 

was a b o u t  e q u a l  to  p=.05. The v a l u e s  f o r  each c o n s t i t u e n t  w ere  

compared among sp e c ie s  us ing  " M u l t i - f a c to r  Analysis o f  Variance" (Lund 

1983). For c o n s t i tu e n t s  w ith  s i g n i f i c a n t  F - v a l u e s  th e  s p e c i e s  means 

were sep a ra ted  u s in g  th e  L east S ig n i f i c a n t  D ifference  technique.

TRANSECT DATA

The experim en ta l  design  fo r  the  second o b je c t iv e  was randomized 

block having one f a c t o r  w ith  th re e  l e v e l s  and two t r e a tm e n ts  i n  f iv e  

b lo c k s .  S i t e s ,  s p e c i e s  g r a z i n g  and s t a n d i n g  dead  w e re  t h e  b lo c k s ,  

f a c t o r  and two t re a tm e n ts ,  re s p e c t iv e ly .  The dependent v a r i a b le s  were 

p l a n t  h e i g h t  and p h e n o lo g ic a l  s t a g e  on s i x  s a m p l in g  d a t e s .  I n i t i a l  

a n a ly s i s  of p la n t  h e ig h t  us ing  a n a ly s i s  o f  va rian ce ,  program 2V (Dixon 

1981), found t h a t  on each  d a te  s i t e s  and s p e c i e s  w e r e  a lw a y s  

s ig n i f i c a n t l y  d i f f e r e n t .  Each s i t e / s p e c i e s  case was a l s o  analyzed on 

each  d a te  u s in g  a n a l y s i s  o f  v a r i a n c e ,  program  2 V (Dixon 1981). T h is  

e l i m i n a t e d  much o f  th e  m i s s i n g  d a t a  by c a u s in g  th e  p rogram  to  no t 

re co g n ize  i t .  Grazing and s tan d in g  dead were the  t re a tm e n ts .

The phenolog ica l s tage  d a ta  was determ ined to  be u n s u i ta b le  f o r  

s t a t i s t i c a l  a n a ly s is  because two of the  index ing  keys predom inated and 

th e  d i s t r i b u t i o n  o f  key v a lu e s  d id  n o t  a p p e a r  to  be n o rm a l.  The 

frequency of phenolog ica l s tag e s  f o r  each s i t e / s p e c i e s  case and each 

t re a tm e n t  were graphed (Appendix B.)



RESULTS AND DISCUSSION

CHEMICAL CONSTITUENTS

The NIR p r e d i c t e d  v a l u e s  o f  th e  c h e m ic a l  c o n s t i t u e n t s  a r e  

p r e s e n t e d  i n  t a b l e s  9 th ro u g h  11. A ll  v a l u e s  i n  t h i s  p r o j e c t  w ere  

p e r c e n t  o f  t o t a l  sam p le  w e ig h t  e x p r e s s e d  on a d ry  m a t t e r  b a s i s .  A 

l a r g e  p o r t i o n  o f  w h a t  f o l l o w s  w i l l  be based  on t h e s e  a n a ly s e s .  The 

chemical c o n s t i tu e n t  v a lu es  were s u i t a b l e  f o r  w i th in - p r o je c t  a n a ly s is  

but must be used more c au t io u s ly  in  comparisons w ith  o th e r  s tu d ie s .

The use o f  NIR f o r  p r e d i c t i n g  c h e m ic a l  c o n s t i t u e n t s  and f o r a g e  

q u a l i t y  p a r a m e te r s  i s  i n c r e a s i n g l y  a c c e p te d ,  so t h e r e  i s  a g ro w in g  

body o f  l i t e r a t u r e  (e .g . Brooks e t  a l .  1984 and P a rk  e t  a l .  1 983). 

G en e ra l  c o n c lu s io n s  s u p p o r te d  by t h i s  l i t e r a t u r e  in c lu d e d  th e  

f o l l o w i n g :  NIR p r e d i c t i o n s  o f  c o n s t i t u e n t s  t h a t  could be a s so c ia te d  

w i t h  some l i m i t e d  number o f  s p e c i f i c  c h e m ic a l  bonds ( i . e .  PRO) w ere  

more a cc u ra te  than  o f c o n s t i tu e n ts  which inc luded  b ehav io ra l  f a c to r s  

p lu s  a w id e  ra n g e  o f  c h e m ic a l  bonds ( i . e .  IVOMD). NIR p r e d i c t e d  

v a lu e s  tended to  be h ig h e r  than wet chem istry  values. The l a r g e r  the  

sample s iz e  the  more a c c u ra te  was the p re d ic t io n .  I f  the e n t i r e  range 

o f  c o n s t i tu e n t  v a lu es  was inc luded  i n  th e  c a l i b r a t io n ,  sample r e s u l t s  

w e re  more a c c u r a t e  th a n  i f  o u t l y i n g  c o n s t i t u e n t  v a l u e s  had to  be 

p r e d i c t e d .  Ash h a s  been p o o r ly  p r e d i c t e d  by th e  I n f r A l y s e r  400 , 

because i t  does not recogn ize  phosphorus. All of th ese  problems and 

c o n s t r a in t s  more or l e s s  a f f e c t e d  th e  NIR p re d ic ted  c o n s t i tu e n t  v a lu es  

i n  t h i s  p ro je c t .
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Table 9 . A ll NIR p re d ic te d  w in te r  chem ical c o n s t i tu e n t  v a lu es  fo r
bluebunch w heatg rass and the p heno log ica l s ta g e  when
g ra z in g  had o ccu rred  d u rin g  th e  p rev ious summer.

CHEMICAL CONSTITUENTS* 1

NDF ADF ADL CELL HC PRO DM ASH IVOMD
STAGE2 $ % % % % % % % %

I 81.43 51.7 4 .8 39.3
I 80.5 48.6 3.7 38.1
I 76.2 50.6 4 .4 42.0
2 79.7 51.7 4.3 41.8
2 77.8 54.8 6.0 45.3
3 79.2 54.4 4.9 42.7
3 89.0 63.3 6 .9 49.3
3 82.0 54.3 6.1 43.2
4 74.8 55.1 5 .8 42.1
6 87.8 54.9 7.0 45.5
6 75.6 52.6 4.6 39.6
7 80.1 57.4 5.5 45.1
7 85.4 52.8 5.6 44.7
7 78.3 52.8 5.9 43.1
7 82.2 52.5 5.1 41.9
8 82.0 54.8 6.4 45.6
9 80.2 51.9 4 .8 43.5
9 84.5 56.9 6.2 46.7

27.9 5 .9 96.8 8:5 19.0
27.5 5.1 96.3 8.9 31.6
26.7 4 .4 97.2 7.5 58.1
25.7 4.1 95.9 8.0 69.5
24.8 3.0 98.3 6.0 41.2
24.6 4.9 95.8 8.0 59.5
26.8 2.3 95.3 7 .0 105.5
28.3 3.6 98.5 7.2 27.9
24.9 4 .3 97.1 7 .4 19.1
32.9 1.9 ■ 99.9 6.7 43.8
24.4 6.1 96.2 8.3 16.0
24.0 4.4 95.4 7.8 69.0
31.5 1.7 98.0 7 .3 70.7
28.4 3.5 98.7 7.0 38.4
31.8 4.1 97.2 7 .9 59.3
29.5 2.5 98.9 6.5 50.5
26.9 2.4 97.0 7 .2 67.5
30.3 3.0 97.2 7.4 75.7

1The chemical c o n s t i tu e n ts  a re  n e u tra l  d e te rg en t  f i b e r  (NDF)t acid
1 d e te rg e n t  f i b e r  (ADF)t a c id  d e te rg e n t  l i g n i n  (ADL)„ c e l lu lo s e  (CELL), 

hemic e l lu lo s e  (HG), p r o te in  (PRO), dry m atte r  (DM), ash (ASH) and 
i n  v i t r o  o rgan ic  m a tte r  d isappearance  ( IVOMD).

^The phenolo g ica l  s tag e s  when g raz in g  occurred  were v e g e ta t iv e  ( I ) ,  
boot (2 ) ,  seedheads emerging (3 ) ,  a n th e s i s  (4 ) ,  seed s h a t t e r  (6 ) ,  
mature f o l i a g e  (8) and ungrazed (9 ) .

^Values a re  % of t o t a l  sample weight on a dry m a tte r  b a s i s .
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Table 10. A ll NIR p re d ic te d  w in te r  chem ical c o n s t i tu e n t  v a lu e s  fo r
rough fe scu e  and the p heno log ica l s tag e  when g raz in g  had
occu rred  du rin g  th e  p rev ious summer.

STAGE2
NDF
%

ADF
%

CHEMICAL

ADL CELL 
% %

CONSTITUENTS1

HC PRO DM
% % %

ASH 
% ■

IVOMD
%

I 79.43 49.4 1.6 41.7 38.3 3 .2 96.6 6.7 60.6
I 71.9 46.2 3.0 34.5 18.6 6.5 95.9 8.1 44.8
I 74.1 48.2 3 .3 37.5 24.1 6.6 95.3 10.4 47.1
2 84.0 49.4 4 .8 49.0 23.5 3 .0 97.5 6.9 59.6
2 80.6 47.5 2 .8 44.5 34.1 2 .4 96.5 4 .3 60.8
2 72.8 43.6 3.2 35.8 19.0 6.6 95.7 7 .3 45.2
3 79.5 49.1 3 .2 41.5 31.6 4 .8 95.9 7.3 56.0
3 82.2 48.9 2 .7 45.8 30.5 3.1 96.5 5.3 59.0
3 79.4 50.4 2 .9 43.9 31.0 3.4 96.5 7 .4 58.1
3 76.4 50.3 4 .2 39.3 21.6 5.9 96.2 11.6 52.7
3 82.3 51.3 4 .2 46.3 26.7 4.1 96.5 7.5 55.0
3 80.6 47.8 3 .8 46.6 19.3 2.1 98.5 2 .7 60.8
4 76.3 49.0 3 .2 41.7 24.0 5 .2 96.3 9.1 49.9
5 79.1 50.6 3.4 43.5 29.5 3.3 96.7 7 .0 58.3
6 77.8 50.8 3.3 41.6 26.0 3 .9 97.0 11.2 57.2
6 79.1 48.3 3.9 41.5 20.5 . 6 .7 95.9 10.7 48.6
6 79.4 50.0 3.1 41.7 29.4 4 .3 96.2 8.0 53.8
7 78.4 46.3 3.2 38.9 30.2 5.1 95.8 8.5 55.8
7 79.4 51.3 4.1 42.7 29.7 4 .9 95.7 8.0 52.5
7 82.9 49.6 3.8 47.5 28.2 3 .3 96.9 7.0 59.2
7 76.8 50.5 4 .2 39.7 22.3 5 .9 96.2 11.3 52.5
7 79.9 52.4 3.9 40.5 29.2 6.1 95.8 9.8 50.5
7 80.2 49.2 3 .4 46.4 23.2 .3 .8 96.8 8.4 53.5
7 77.6 47.9 2.6 40.9 28.3 4.8 95.9 8.4 52.7
8 78.4 48.8 3 .7 40.1 30.1 5.5 95.5 8.7 52.6

.. 8 85.7 49.9 4.1 50.2 25.0 2.5 98.1 6.1 62.6
9 77.5 48.7 2 .7 41.6 26.8 5.0 95.9 8 .2 50.8

^The chemical c o n s t i tu e n ts  a re  n e u tra l  d e te rg e n t  f i b e r  (NDF), ac id  
d e te rg e n t  f i b e r  (ADF), ac id  d e te rg en t  l i g n i n  (ADL), c e l l u lo s e  (CELL), 
h em ice llu lo se  (HG), p ro te in  (PRO), dry m a t te r  (DM), ash  (ASH) and 
i n v i t r o  o rgan ic  m a tte r  d isappearance  (IVOMD).

^The pheno log ica l  s tag e s  when g raz ing  occurred  were v e g e ta t iv e  ( I ) ,  
boot (2 ) ,  seedheads emerging (3 ) ,  a n th e s i s  (4 ) ,  mature f lo w ers  (5 ) ,  
seed s h a t t e r  (6 ) ,  mature f o l i a g e  (7 ) ,  f a l l  regrow th (8) and ungrazed (9 ) .

^Values a r e  % o f  t o t a l  sample weight on a dry m atte r  b a s is .
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Table 11, A ll NIR p re d ic te d  w in te r  chem ical c o n s t i tu e n t  v a lu e s  fo r
Idaho fe scu e  and the phen o lo g ica l s tag e  when g raz in g
occu rred  d u rin g  th e  p rev ious summer.

STAGE2
NDF
%

ADF
%

CHEMICAL

ADL CELL 
% %

CONSTITUENTS1

. HC PRO DM
% % %

ASH
%

IVOMD
%

I 7 1 .33 46.2 4 .7 35.9 25.3 6.6 93.1 15.4 70.1
I 86.7 49.9 3.0 40.9 27.6 5.1 90.3 10.6 53.6
I 82.1 45.2 3 .7 40.2 31.7 6 .0 91.1 10.7 55.2
I 82.4 47.3 3.6 39.8 31.7 6.2 90.9 12.3 55.4
I 71.7 46.2 3 .8 37.2 25.9 6.1 94.1 5.3 52.7
I 72.9 46.3 3.5 36.3 24.3 6.1 93.7 6.8 51 .3
2 77.0 50.2 3 .2 40.0 28.7 4 .9 95.6 5 .4 43.3
2 71.8 46.0 4.2 37.5 28.6 5.8 96.7 3.9 50.9
2 80.8 47.9 2 .8 41.8 29.5 4 .9 95.6 7 .2 42.5
2 75.8 48.1 3.5 39.3 27.4 5 .2 95.9 7.4 44.1
2 74.9 45.2 4 .2 31.8 25.7 6 .3 97.0 8 .8 64.0
3 74.4 42.3 3.6 35.1 30.8 6.1 96.8 8.9 57.5
3 75.6 42.8 3 .8 35.7 31.5 6.1 96.9 10.8 59.7
3 74.1 52.8 3.7 41.9 27.8 5 .7 96.4 6.5 42.3
3 68.1 46.6 3 .7 36.3 26.7 5.5 96.2 7.6 53.8
3 67.0 45.3 3.5 36.0 25.6 5.6 97.2 7 .3 52.8
6 72.5 42.0 4 .5 37.6 26.4 5 .9 96.6 9.4 56.0
6 61.0 39.2 6.1 25.7 26.6 6.2 99.6 5.8 80.2
6 65.4 33.9 6.6 26.6 27.7 6.6 97.3 8.5 81.4
7 67.9 41.6 4.3 35.1 29.1 6.5 96.8 8,0 60.8
7 81.1 52.9 5.6 35.2 29.0 9.4 94.4 9.5 44.5
7 69.4 43.4 4 .2 35.6 28.4 5 .2 97.3 5.1 59.0
7 74.6 48.8 4 .3 37.0 26.5 5.0 96.0 7 .8 61.1
8 71.7 40.5 3 .8 33.5 29.3 5.9 95.5 8.1 60.1
8 73.0 45.8 3 .7 36.2 27.9 6 .0 96.7 7 .9 53.8
9 76.4 44.3 4.6 36.2 30.8 5.5 96.2 9.6 64.0
9 77.1 48.0 4 .2 36.7 . 25.0 4 .9 95.6 7.6 55.8

1The chemical c o n s t i tu e n ts  a re  n e u t ra l  d e te rg e n t  f i b e r  (NDF), a c id  
d e te rg e n t  f i b e r  (ADF), ac id  d e te rg e n t  l i g n i n  (ADL), c e l l u lo s e  (CELL), 
hem ice llu lo se  (HG), p ro te in  (PRO), dry m a t te r  (DM), a sh  (ASH) and 
i n v i t r o  o rgan ic  m a tte r  d isappearance  (IVOMD),

2The pheno log ica l s tag e s  when g raz in g  occurred  were v e g e ta t iv e  ( I ) ,  
boot (2 ) ,  seedheads emerging (3 ) ,  seed s h a t t e r  (6 ) ,  mature fo l ia g e  (7 ) ,  
f a l l  regrow th (8) and ungrazed (9 ) .

^Values a r e  $ o f  t o t a l  sample weight on a .d ry  m atte r  b a s is .
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Bluebunch w heatg rass  IVOMD r e s u l t s  were very  poor and ranged from 

11% to  105%, two u n l ik e ly  extrem es. The blue bunch w heatg rass  IVOMD 

mean was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  o f  e i t h e r  f e s c u e .  

However, IVOMD1 s f o r  a l l  s p e c i e s  w e re  h i g h e r  (50% -  60%) th a n  

expected (20% -  40%). Due to  th ese  f a c to r s ,  IVOMD w i l l  not be fu r th e r  

d iscu ssed .

The ASH c o n s t i tu e n t  was r e ta in e d  because the  v a lu e s  corresponded 

w e l l  w i t h  th e  c a l i b r a t i o n  s a m p le s .  T h is  may have been due to  low 

phosphorus con ten t i n  th e  g ra s se s ,  a t r a d i t i o n a l  w es te rn  w in te r  range 

d e f ic ie n c y .

CHEMICAL CONSTITUENT RELATIONS

C lu s te r  a n a ly s i s  by sp ec ie s  seg reg a ted  w in te r  c o n s t i tu e n ts  in to  

f i b e r  and p ro te in  c lu s t e r s .  Bluebunch w heatg rass  c o n s t i tu e n t s  ( ta b le

12) fo rm ed  tw o  l a r g e  c l u s t e r s .  A c e l l u l o s e  c l u s t e r  o f  ADF, CELL and 

ADL and a h e m i c e l l u l o s e  c l u s t e r  w i t h  NDF, HG and DM fo rm ed  and com­

b in e d  i n t o  a f i b e r  c l u s t e r .  A p r o t e i n  c l u s t e r  w i th  PRO and ASH was 

a l s o  i d e n t i f i e d .  The f i b e r  and p r o t e i n  c l u s t e r s  w ere  n e g a t i v e l y  

c o r re la te d .  Winter bluebunch w heatg rass  re p re se n te d  a " ty p ic a l"  dor­

m ant w i n t e r  g r a s s  w i t h  low PRO and h ig h  ADL and ADF c o n c e n t r a t i o n s ,  

and t h e  c o n s t i t u e n t s  c l u s t e r e d  a s  e x p e c te d  f o r  s e v e r a l  r e a s o n s :  I ) 

Caldwell e t  a l .  (1981) showed th a t  d u ring  the  growing season bluebunch 

w heatg rass  d id  no t respond to  d e f o l i a t io n ,  and th e r e  was no in d ic a t io n  

t h a t  t h i s  s i t u a t i o n  changed d u r in g  th e  w i n t e r .  2) B luebunch  w h e a t-  

g r a s s  a p p e a re d ,  do rm an t i n  A ugust, e a r l i e r  th a n  e i t h e r  f e s c u e .  T h is  

im p lied  th a t  once bluebunch w heatgrass  began growth i n  the sp r in g , i t s
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Table 12. C lu s te r  a n a ly s is  o f w in te r  bluebunch w heatg rass chemical
c o n s t i tu e n ts .

30 - .4 0

- . 2 0

S 50
I
M
I
L
A 60
R
I
T
Y

70

.00

.20

.40

100,

.60

.80

1.00
NDF HC DM ADF CELL ADL IVOMD PRO ASH

C
0
R
R
E
L
A
T
I
0
N

CHEMICAL CONSTITUENTS



41

g ro w th ,  d ev e lo p m en t  and s e n e s c e n c e  w e re  m a in ly  f i x e d  and l i t t l e  

in f lu en ced  by e x te rn a l  f a c to r s  such as graz ing . A fter the c e s s a t io n  of 

a c t i v e  g ro w th  d i f f e r e n t i a t i o n  o f  th e  c e l l u l o s e ,  h e m i c e l l u l o s e  and 

p ro te in  c l u s t e r s  continued due to  le a c h in g  and r e s p i r a t io n . .  By March, 

when th e  p la n ts  were c o l le c te d ,  th e re  were i d e n t i f i a b l e  d i f f e r e n c e s  

between the th ree  c lu s t e r s .

For rough fescue  ( ta b le  13) th e r e  was a loose  f i b e r  c l u s t e r  which 

com bined  a NDF and CELL c l u s t e r  w i th  DM, HG, ADF and ADL c l u s t e r s .  

PRO and ASH formed th e  p ro te in  c lu s t e r .  In  Idaho fescue  ( ta b le  14) a 

f i b e r  c l u s t e r  c o n t a i n i n g  ADF, CELL, NDF, HC an d  ASH an d  a 

d i g e s t i b i l i t y  c l u s t e r  c o n t a i n i n g  ADL, PRO and DM w ere  i d e n t i f i e d .

SUMMER GRAZING EFFECTS

No rough fescue  or bluebunch w heatg rass  w in te r  chemical c o n s t i ­

t u e n t  v a l u e s  c o u ld  p r e d i c t  any o f th e  s t a g e s  d u r in g  w hich  th e  p l a n t  

had been  g ra z e d  i n  t h e  p re v io u s  summer. Also g ra z e d  and u n g ra z ed  

p l a n t s  c o u ld  no t be d i s t i n g u i s h e d .  I t  was co n c lu d e d  t h a t  the  

phenolo g ica l  s tage  when rough fescue  and bluebunch w heatg rass  had been 

g ra z e d  d id  n o t  s i g n i f i c a n t l y  a f f e c t  w i n t e r  c h e m ic a l  c o n s t i t u e n t  

v a lu e s .

The f o l l o w i n g  was b ased  on d i s c r i m i n a n t  a n a l y s i s  o f  c h em ica l  

c o n s t i t u e n t s  from  p o o led  w i n t e r  and summer s a m p le s .  In  p a r t  th e  

d isc r im in a n t  a n a l y s i s  r e i n f o r c e d  t h e  c l u s t e r  a n a l y s i s  i n  t h a t  i t  

tended to  p ick prim ary c l u s t e r  members a s  d i s c r i m i n a t i n g  v a r i a b l e s .  

For rough fescue  NDF was th e  d i s c r im in a t in g  v a r ia b le ,  and i t  was a lso  

th e  i n i t i a l  c o n s t i t u e n t  s e l e c t e d  i n  th e  f i b e r  c l u s t e r .  I n  Idaho
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Table 13. C lu s te r  a n a ly s is  o f w in te r  rough fescue  chemical
c o n s t i tu e n ts .
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Table 14. C lu s te r  a n a ly s is  o f w in te r  Idaho fescue  chemical
c o n s t i tu e n ts .
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f e s c u e  ADL, PRO, NDF and DM w ere  th e  d i s c r i m i n a t i n g  v a r i a b l e s .  ADL 

and PRO w ere  th e  two e x t r e m e  members o f  th e  d i g e s t i b i l i t y  c l u s t e r .  

NDF was i n  th e  f i b e r  c lu s t e r .  DM formed an independent c lu s t e r .

For rough fe scu e  the  a n th e s is ,  mature f lo w ers  and ungrazed pheno- 

l o g i c a l  s ta g e s  o f  g raz in g  were s u c c e s s fu l ly  p red ic ted  by th e  chemical 

c o n s t i t u e n t s .  For Id a h o  f e s c u e  v e g e t a t i v e ,  bo o t and u n g ra z ed  p l a n t s  

w e r e  t h e  s t a g e s  p r e d i c t e d .  The s e e d  s h a t t e r  s t a g e  w as  a l s o  

s u c c e s s fu l ly  p re d ic te d  66.7% of the  tim e.

D iscrim inan t a n a l y s i s  was p e r fo rm e d  on th e  p o o le d  c h e m ic a l  

c o n s t i t u e n t s  o f  b o t h  f e s c u e s .  T h e r e  w e r e  i n d i v i d u a l  s p e c i e s  

d i f f e r e n c e s  i n  t h e  c h e m ic a l  c o n s t i t u e n t s ,  so l i t h e  s a m p le s  poo led  

a c ro s s  sp ec ie s ,  p rev io u s ly  d i s c r im in a t in g  c o n s t i tu e n t s  were averaged 

i n t o  in s ig n i f ic a n c e .

For w i n t e r  c o l l e c t i o n s  o f  Idaho  f e s c u e  (no t t h e  p o o le d  sam p le )  

DM, NDF and ADL were the  d i s c r im in a t in g  v a r i a b le s ;  however, only the 

p la n ts  grazed during  th e  v e g e ta t iv e  s tag e  were 100% p r e d ic ta b l e  by the  

w i n t e r  c o n s t i t u e n t s .  The seed  s h a t t e r  and u n g razed  s t a g e s  w ere  

p r e d i c t e d  c o r r e c t l y  66.7% and 50.0% o f  th e  t im e ,  r e s p e c t i v e l y .  

D is c r i m i n a n t  a n a l y s i s  i n d i c a t e d  t h a t  th e  pheno l o g i c a l  s t a g e  d u r in g  v 

which g raz in g  occurred  and g raz in g  i t s e l f  did not have a s ig n i f i c a n t   ̂

e f f e c t  on ro u g h  f e s c u e  o r  b lu eb u n ch  w h e a tg r a s s  w i n t e r  n u t r i t i o n a l  

va lues . By March any d i f f e r e n c e s  i n  chemical c o n s t i tu e n ts  t h a t  may 

have  r e s u l t e d  from  th e  p h e n o lo g ic a l  s t a g e  a t  g r a z i n g  had been  

o b l i t e r a t e d  by more i n f l u e n t i a l  p ro c e s s e s ,  such as t r a n s lo c a t io n  of 

n u t r i e n t s  an d /o r  w eathering . For Idaho fescue  g raz in g  a t  some s tag e s  

o f  growth d id  have an a f f e c t  on subsequent w in te r  n u t r i t i o n a l  values.
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T here  w as, how ever, no p a t t e r n  o f  im provem ent o r  damage r e l a t e d  to  

g raz in g  a t  any phonologica l s tag e ,  in c lu d in g  ungrazed,

That g ra s se s  have sp ec ie s  s p e c i f i c  responses  to  g raz in g  has been 

w e l l  docum ented  (W hite  1973, Cook 1966 and C a ld w e l l  e t  a l .  1981). 

T hat th e s e  d i f f e r e n c e s  i n  g r a z i n g  r e s p o n s e  a r e  p a r t  o f  an a r r a y  o f  

i n d i c a t o r s  o f  s p e c i e s  s p e c i f i c  p h y s io lo g y  i s  a t o p i c  o f  c u r r e n t  

d is c u s s io n  and re se a rc h  (Caldwell e t  a l .  1981, Robertson and Woolhouse 

1984a, b and McLean and Wikeem 19 8 5 a ,b). I n  t h i s  p r o j e c t  b luebunch  

w heatgrass  r e p re se n te d  one d i s t i n c t  p h y s io lo g ic a l  type and th e  fe scu es  

ano ther type*

C l im a te  i s  one i m p o r t a n t  g r a s s  p h y s io lo g y  s e l e c t i o n  f a c t o r .  

B luebunchf h e a t  g r a s s , a  G re a t  B as in  s p e c i e s ,  h a s  a d a p te d  to  th e  c o ld  

d e s e r t  c l im a te  (Caldwell e t  a l .  1981). Conversely the  Festuch  genus i s  

b e l i e v e d  to  be o f  n o r t h e r n  o r i g i n s .  Rough f e s c u e  d i s t r i b u t i o n  i s  

c u r r e n t ly  c en te red  i n  th e  n o r th e rn  G reat P la in s  and Aspen parklands in  

th e  n o r t h e r n  U n i te d  S t a t e s  and Canada. Id ah o  f e s c u e  i s  l o c a t e d  i n  

mountains and f o o t h i l l s  from the  C en tra l Rockies i n to  sou thern  Canada. 

Rough and Id a h o  f e s c u e  a r e  l o c a t e d  i n  g e n e r a l l y  m o i s t e r  and c o o l e r  

h a b i t a t s  than  bluebunch w heatgrass.

Due to  t h e i r  g eog raphy  and e l e v a t i o n ,  th e  E lk h o rn s  c o n t a i n  

f l o r i s t i c  e l e m e n t s  o f  G re a t  B a s in ,  N o r th e rn  P l a i n s  and b o r e a l  

h a b i t a t s .  . By l o c a t i n g  t r a n s e c t s  t o  i n c l u d e  a l l  t h r e e  key g r a s s  

sp ec ie s  unique m ic ro h a b i ta ts  were sampled which allowed the  mixing of 

th re e  sp ec ie s  from d i f f e r e n t  geographic  reg io n s .  Rough fescue  was on 

th e  warm and d ry  end of_l_t s  p o t e n t i a l  d i s t r i b u t i o n  Djo,t_e.ntl-al—w_h i l e 

b lu eb u n ch  w h e a tg r a s s  was i n  t h e  c o o l e r  and w e t t e r  p a r t  o f  i t s
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p o t e n t i a l  ra n g e .  Id ah o  f e s c u e  was i n  t y p i c a l  h a b i t a t .  As a 

consequence, as  any of the  sam pling s i t e s  improve i n  range cond ition , 

im ply ing  b e t t e r  m o is tu re  r e l a t i o n s ,  rough fescue  would be expected to  

have a c o m p e t i t i v e  a d v a n ta g e  o v e r  b lu e b u n ch  w heat g r a s s .  T h is  was 

observed i n  p lace s  w ith  conserved m o is tu re ,  d ep ress io n s ,  snow d r i f t s ,  

shaded a re a s  and ap p a ren t ly  ungrazed a reas .

S tu d ies  o f  herb ivory  responses have suggested t h a t  none of these  

th ree  g ra s se s  a re  very  g raz in g  t o l e r a n t ,  but th a t  Idaho fescue  tends 

to  be the  more g raz in g  t o l e r a n t  and rough fescue  the  l e a s t  (McLean and 

T isd a le  1966, Mueggler 1975 and McLean and Wikeem 1985a ,b).

R e s u l t s  from  t h i s  p r o j e c t  s u p p o r te d  th e  concept t h a t  bluebunch 

w heatg rass  and the  f e s c u e s  r e p r e s e n t e d  two d i f f e r e n t  p h y s i o l o g i c a l  

types. The independence of fescue  chemical c o n s t i tu e n t  v a lu e s  was due 

i n  p a r t  t o  a l l  p l a n t s  o f  bo th  s p e c i e s  h a v in g  g re e n  o v e r w i n t e r i n g  

l e a v e s  s u g g e s t i n g  some l e v e l  o f  w i n t e r  p h o t o s y n t h e s i s .  W in te r  

p h o t o s y n t h e s i s  by g r a m in o id s  i n  h a r s h  w i n t e r  e n v i r o n m e n ts  has been 

r e p o r t e d  (R o b e r ts  and W oolhouse 1 9 8 4 a ,b and C hapin  e t  a l .  1980). 

W inter p h o to sy n th e t ic  a c t i v i t y  re p re se n te d  a s i g n i f i c a n t  p h y s io lo g ic a l  

d i f f e r e n c e  between th e  fe scu e s  and bluebunch w heatgrass . D iffe ren ces  

b e tw ee n  rpugh  and Id a h o  f e s c u e  r e p r e s e n t e d  d i f f e r e n c e s  i n  w i n t e r  

p h y s i o l o g i c a l  a c t i v i t y  r a t h e r  th a n  i t s  p re s e n c e  or a b se n c e .  The 

genera l  e x p la n a t io n  f o r  in c re a se d  s t r u c t u r a l  carbohydra tes  during  the  

w i n t e r ,  e s p e c i a l l y  c e l l u l o s e  and l i g n i n ,  i s  t h a t  more e a s i l y  

m etabolized  carbohydra tes  a re  used i n  maintenance l e v e l  r e s p i r a t io n .  

W in te r  p h o t o s y n t h e t i c  a c t i v i t y  p ro v id e d  some h i g h l y  a v a i l a b l e
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c a r b o h y d r a t e s ,  r e d u c in g  t i s s u e  c a t a b o l i s m  and p rev en tin g  in c reased  

c o n c e n tra t io n s  of c e l l u lo s e  and l i g n i n  i n  the  w in te r  f i b e r  component.

Idaho fescue  had h ig h e r  w in te r  PRO l e v e l s  than  th e  o th e r  spec ies  

w i th  l i t t l e  d e c l i n e  i n  PRO from  summer i n t o  w i n t e r  ( t a b l e  15). 

S im ila r  f in d in g s  have been r e p o r te d  by o th e r s  (McCall 1939 and 1940). 

Since p ro te in  con ten t was measured i n  pe rcen t ,  no d i s t i n c t i o n  was made 

between e i t h e r  more p ro te in ,  l e s s  d i l u t i o n  by s t r u c t u r a l  carbohydrates  

o r  b o t h .  I n  any  c a s e ,  i t  m u s t  i n d i c a t e  a l e v e l  o f  w i n t e r  

p h y s i o l o g i c a l  a c t i v i t y  p r e s e n t  i n  few o t h e r  g r a s s e s .  In  " t y p i c a l "  

g r a s s e s ,  p r o t e i n  c o n c e n t r a t i o n s  d e c l i n e  by f a l l  and te n d  to  be 

co n s tan t  through w in te r  (McCall 1939 and 1940). In  Idaho fescue , the  

l a t e  growing season draw down of p r o te in  was l e s s  than  f o r  most o th e r  

g ra sse s .  This could be due to  reduced f a l l  t r a n s lo c a t io n  o f  p ro te in  

i n t o  th e  crow n o r r o o t s  a s  has  been  r e p o r t e d  f o r  e v e r g r e e n  s h ru b s  

(C hap in  e t  a l .  1980).

SPECIES COMPOSITION

The sp ec ie s  com position  on th e  f i v e  s i t e s  s tu d ie d  a r e  p resen ted  

i n  t a b l e  16. The J e n k i n ' s  G ulch I I  s i t e  was th e  m ost d i s s i m i l a r ,  

b ecau se  one t r a n s e c t  was d e s t r o y e d  by c a t t l e  t r a m p l i n g  e a r l y  i n  t h e  

f a l l ,  and th e  s i t e  had snow c o v er  on m ost o f  th e  s p r i n g  s a m p l in g  

d a tes .  The o th e r  s i t e s  were very s im i la r .  One hundred f i f t y - f o u r  rough 

f e s c u e ,  158 b lu e b u n ch  w h e a tg r a s s  and 575 Id ah o  f e s c u e  p l a n t s  w ere

sampled.
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Table 15. Comparisons of NIR p re d ic te d  chem ical c o n s t i tu e n t  mean
v a lu e s 2 f o r  rough fescue  (P eso ), Idaho fescu e  (F eid ) and
bluebunch w heatg rass (A gsp).

CHEMICAL
CONSTITUENT

AQSp
Winter

I

SPECIES

FESQ
Winter Summer 

% ■ %

FEID
Winter Summer 

% %

NDF 81b 79be 67 d 74af 71 f

ADF 54 c 49be 45 d 46 a f 46 f

ADL 6c 3 ad 3 d 4bg 2 f

CELL 44 c 42be 34 d 36 a f 38 f

HC 28a 27 ae 23 d 28ag 21 f

PRO 4a 5bd 7 e 6ef 6 f

DM 97b 96 ad 96 d 96af 96 f

ASH 7a Bad 11 e 8 a f 9 f  .

IVOMD 53 a 54 ae 43 d 57 ag 51 f

I
Means w i th in  th e  same row followed by the  same l e t t e r a re  not
s i g n i f i c a n t l y  d i f f e r e n t  (p^.,05). Three comparisons were made fo r  
each chemical c o n s t i tu e n t :  I) Agsp, Fesc and Feid w in te r  means, 2)
w in te r  and summer Fesc means and 3) w in te r  and summer Feid means. 

2Values a r e  % o f  t o t a l  sample weight on a dry m atte r  b a s is .
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Table 16. Number o f rough fescue  (F e sc ) l Idaho fescu e  (F eld ) and
bluebunch w heatgrass (Agsp) on each sam pling s i t e  in
th e  sp rin g , 1984.

SJTE n
Fesc

SPECIES
Feid

n
Agsp

n
Total

n

South Crow I 36 (15.32)1 150 (63.62) 50 (21.22) 236d

South Crow I I 28 (15.02) 118 (63.12) 41 (21.92) I87d

J e n k i n ' s Gulch I 33 (14.22) 168 (72.42) 31 (13.42) 23 2d

J e n k i n ' s  Gulch I I 29 (41.42) 29 (41 .42) 12 (17.12) 70c

Muddy Lake 28 (17.32) 110 (67.92) 24 (14.82) I62d

Total 154 (17.42) 575 (64.82) 158 (17.82) 887
Average 30.,8a1 115.0b 1 31.6a

^  of key sp e c ie s  t o t a l  on s i t e  (o r row t o t a l s ) .
2Values fo llow ed by the  same l e t t e r  a re  not s i g n i f i c a n t ly  

d i f f e r e n t .  There were two comparisons: I )  among sp e c ie s
(column averages)  and 2) among s i t e s  (row t o t a l s ) .
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WINTER GRAZING EFFECTS

Rough f e s c u e  u t i l i z a t i o n  (86%) was g r e a t e r  th a n  e i t h e r  Idaho  

f e s c u e  (49%) o r  b lu eb u n ch  w h e a tg r a s s  (47%) w h ich  w ere  n o t  d i f f e r e n t  

( t a b l e  17). The number o f  p l a n t s  g ra z e d  p e r  s p e c i e s  a r e  r e p o r t e d  i n  

t a b l e  17. On t h i s  w i n t e r  r a n g e  e lk  s e l e c t e d  ro u g h  f e s c u e  > Idaho  

fescue  > bluebunch w heatgrass .

When h e ig h t  d a ta  were pooled a c ro ss  s i t e s  and /o r sp ec ie s  th e re  was 

no d a te  when w in te r  g raz in g  had a s i g n i f i c a n t  e f f e c t  on sp r in g  p lan t  

h e i g h t s .  For a l l  s p e c i e s  t h e r e  w e re  52 t o t a l  i n d i v i d u a l  d a t e / s i t e  

c a s e s .  One o f  17 b lu e b u n ch  w h e a tg r a s s  and s i x  o f  19 Id a h o  f e s c u e  

c a s e s  had  s i g n i f i c a n t l y  t a l l e r  p l a n t s  a s s o c i a t e d  w i t h  no w i n t e r
I

grazing , No in d iv id u a l  case s  f o r  rough fe scu e  had s ig n i f i c a n t  g raz ing  

e f f e c t s .  F iv e  o f  th e  i n d i v i d u a l  c a s e s  o f  Idaho  f e s c u e  w i th  s h o r t e r  

le a v e s  were on the  l a s t  th ree  sam pling d a tes .

STANDING DEAD EFFECTS

More bluebunch w heatg rass  (63%) and Idaho fescue  (60%) p la n ts  had 

s t a n d i n g  dead  r e m a in in g  a t  th e  end o f  w i n t e r  th a n  d id  ro u g h  f e s c u e  

(20%). When h e i g h t  d a t a  w ere  p o o led  a c r o s s  s i t e  a n d / o r  s p e c i e s  

s t a n d i n g  dead  was a s s o c i a t e d  w i th  t a l l e r  p l a n t s  on 5 /1 0 ,  6 /1 2 ,  6 /18  

and 6/24. In d iv id u a l  s i t e / d a t e  cases per sp ec ie s  a r e  shown i n  ta b le s  

18 t o  20 . On t h e  S o u th  Crow I I  s i t e  a l l  t h r e e  s p e c i e s  had  

s i g n i f i c a n t l y  t a l l e r  p la n ts  a s s o c ia te d  w ith  s tand ing  dead. For rough 

fe scu e  and bluebunch w heatg rass  t h i s  was the  only s i t e  where s tand ing  

dead  a p p e a re d  i m p o r t a n t .  T here  w ere  tw o a d d i t i o n a l  c a s e s  f o r  each 

sp ec ie s  when p la n ts  w ith  s tan d in g  dead were s i g n i f i c a n t l y  t a l l e r .  For
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Table 17. Frequencies  and number of p la n ts  grazed (G) and w ith  s tand ­
in g  dead p re sen t  (SD) f o r  rough fescue  (F esc )9 Idaho fescue  
(F e id )  and bluebunch w heatgrass  (Agsp) p la n t s  on each s i t e .

SPECIES SCI

s m -

SCII JGI JG II ML Total Mean 
SG SSD

FESC G %2 81 89 91 69 100 86b3
n 29 25 30 20 28 132

SD % 36 25 30 10 0 20c
n 13 7 10 3 0 33

FEID G % 62 43 44 28 69 49a
n 93 51 74 8 76 302

SD % 65 80 63 66 26 6 Od
n 98 94 106 19 29 346

AGSP G % 58 51 45 67 13 47a -
n 29 21 14 8 3 75

SD % 72 73 68 50 54 63d
n 36 30 21 6 13 106

Mean G % 67e 6 le 60e 55e 6 le
SD % 58 f 59 f 54 f 42 f 27 f

IS i t e s  a re  South Crow I  (SCI) and I I  (S C II) , J e n k i n ' s Gulch I  
(JGI) and I I  (JG II) and Muddy Lake (ML).

^Values a re  % o f s p e c ie s '  t o t a l  on s i t e .
^Means fo llow ed by the  same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  

(p£ .05 ) .  Four comparisons were made: I )  g raz in g  among sp ec ie s  (Mean
%G column), 2) s tan d in g  dead among sp e c ie s  (Mean J&SD column), 3) 
g raz in g  among s i t e s  (Mean G % row) and 4) s tand ing  dead among s i t e s  
(Mean SD % row ).



Table 18. Average rough fescue  h e ig h ts  (cm) on s i x  sampling d a te s  f o r  p la n ts  
w ithou t (no SD) and w ith  (SD) s tan d in g  dead a t  the beginning of 
new growth i n  1984.

srrE1
SAMPLING SCI SCII JGI JGII ML

DATES no SD2 SD no SD SD no SD SD no SD SD no SD SD

4/18 10.43 11.1
(n s )4

NA5 NA NA NA NA NA v 5.5 6

5/10 11.0 12.4
(ns)

NA NA 8.2  7 .7
(ns)

6 .5  5.0
(ns)

NA NA

5/19 18.9 21.7
(O)

NA NA NA NA NA NA NA NA

6/12 27.3 27.0
(ns)

NA NA 21.1 22.5
(ns)

NA NA 22.7 6

6/18 NA NA 27.5 33.8
(BO)

22.7  24.8
(ns)

23.4 30.5
(ns)

NA NA

6/24 29.2  31.5
(ns)

31.4 37.7
(B)

25.2 25.5
(ns)

26.8 35.7
(B)

26.3 6

1

2

3
4

5
6

S i t e s  a re  South Crow I  (SCI) and I I  (S C II) , J e n k in 1s Gulch I  (JGI) and 
I I  (JG II) and Muddy Lake (ML).
Absent = 10% o f  overw in te ring  t i l l e r s  w ith  r e s id u a l  le a v e s .  Present > 10% of 
t i l l e r s  w ith  r e s id u a l  le a v e s .
Mean h e ig h t  (cm) o f  lo n g es t  le av e s .
AOV of p la n t  h e ig h ts  comparing no SD to  SD, (ns)  = p>.05, ( Q) = R l.0 5 ,
(BO) = P i .  0 1 .
D a te / s i t e  cases w ith  more than 50% m issing  d a ta  were not analysed .
No p la n ts  on the ML s i t e  had s tand ing  dead.

Vlro



Table 19» Average bluebunch w heatgrass h e ig h ts  (cm) on s ix  sampling d a te s  f o r  
p la n ts  w ithou t (no Sb) and w ith  (Sb) s tand ing  dead a t  the begin-
n ing  o f new growth i n  1984 •

SAMPLING
DATE

SCI
no SD2 SD

SCII
no SD SD

SITE1
JGI

no SD SD
JGII

no SD SD
ML

no SD SD

4/18 NA3 NA NA NA NA NA NA NA 2 . 04 2.5
(n s )5

5/10 7.8  8 .2  
(ns)

NA NA 5.5  5 .9
(ns)

6 .3  6 .4
(ns)

3.7 4 .3
(ns)

5/19 14.4 1.4.7
(ns)

8 .9  8.4
(ns)

NA NA NA NA NA NA

. 6/12 19.8 21.7
(ns)

19.1 21.3
(ns)

17.0 21.1 
(0)

NA NA 16.9 19.5
(ns)

6/18 NA NA 19.5 26.4
(OO)

19;8 23.4
(ns)

25 .2  25.4
(ns)

NA NA

6/24 23.8 24.6
(ns)

23.7 27.9
(oo)

20.8 27.4
(O)

31.0 32.5
(ns)

23.4 23.4
(ns)

^ S i te s  a re  South Crow I  (SCI) and I I (S C II), J e n k in 1s Gulch I  (JGI) and

2

3
4
5

I I  (JGII) and Muddy Lake (ML).
Absent = 10% o f  overw in te r ing  t i l l e r s  w ith  re s id u a l  le a v e s .  P resen t >10% of 
t i l l e r s  w ith  r e s id u a l  le a v e s .
D a te / s i t e  cases w ith  more than 50% m issing d a ta  were not analysed .
Mean he ig h t  (cm) o f  lo n g e s t  le av e s .
AOV of p lan t  h e ig h ts  comparing no SD to  Sb, (ns)  = p>.05, ( e ) = P.1.05,

(OO) = pi* 01.



Table 20. Average Idaho fescue  h e ig h ts  (cm) on s ix  sampling d a te s  fo r  p la n ts  
w ithout (no SD) and w ith  (SD) s tan d in g  dead a t  the beginning of 
new growth i n  1984.

SAMPLING
DATE B g r0

W O
g

H SCII
no SD SD

SITE1
JGI

no SD SD
JGII

no SD SD no SD
ML

SD

4/18 NA3 NA NA NA NA NA NA NA NA NA

5/10 6.9* 8.5 5 .7  9 .2 5 .0  6.3 4 .5  5.1 3 .8 4.3
( ° o p (oo) (oo) (ns) (O)

5/19 10.1 12.9 NA NA NA NA NA NA NA NA
(OO)

6/12 11.0 15.8 10.1 14.5 9.4 12.2 NA NA 10.4 10.9
(oo) (oo) (oo) (ns)

6/18 NA NA 9.7  14.8 9 .7  12.7 10.0 11.6 NA NA
(oo) (oo) (ns)

6/24 11.4 15.8 11.0 16.8 10.2 13.2 11.4 12.7 11.0 12.0
(oo) (oo) (oo) (ns) (ns)

^ S i te s  a re  South Crow I: (SCI) and I I (SCII), J e n k i n ' s Gulch I  (JGI) and
I I  (JG II) and Muddy Lake (ML).

^Absent = 10% of overw in tering  t i l l e r s  w ith  re s id u a l le av e s .  P resent >10% of
t i l l e r s  w ith  r e s id u a l  le a v e s .

^ D a te / s i t e  cases w ith  more than  50% m issing  d a ta  were not analysed . 
llMean h e ig h t  (cm) o f  lo n g e s t  le a v e s .
^AOV of p la n t  h e ig h ts  comparing no SD to  SD, (ns)  = p>.05, ( ° )  = PJ&.05,

(oo) = p<.01.
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3 o f 4 rough  fe s c u e  c a s e s  and 3 o f 4 b lu eb u n ch  w h e a tg r a s s  th e  c a s e s  

w ith  t a l l e r  p la n ts  were on the  l a s t  two sam pling d a te s .

For Id ah o  fe s c u e  i n  13 o f 18 in d iv id u a l  c a s e s  p l a n t s  w ith  

s tan d in g  dead had s ig n i f ic a n t ly  lo n g e r  le av e s . The Jen k in ’s Gulch I I  

s i t e  was th e  only one w ith o u t a s tan d in g  dead a f f e c t .

WINTER LEAF LOSS

B luebunch w h e a tg r a s s  i s  c o n s id e re d  one o f th e  m ore d e s i r a b l e  

f o r a g e  p l a n t s  on w e s te r n  r a n g e la n d s .  In  th e  E lk h o rn s  th e  s i t u a t i o n  

w as d i f f e r e n t .  In  b o th  summer (DeSimone e t  a l .  1984) and w in te r ,  

bluebunch w h eatg rass  u t i l i z a t i o n  was l e s s  than  th a t  of. e i th e r  fescue . 

In  a l l  seasons, bluebunch w h eatg rass  had e lo n g a ted  v e g e ta t iv e  culms. 

N e ith e r fe scu e  e x h ib ite d  t h i s  response . During the  w in te r  bluebunch 

w h e a tg r a s s  had th e  h ig h e s t  v a lu e s  f o r  f i b e r  c o n s t i t u e n t s  and d ry  

m a t t e r  (ADF, ADL and DM w ere  s i g n i f i c a n t  maximum v a lu e s  among th e  

th re e  sp ec ie s)  and th e  lo w est p ro te in  v a lu es . I t  was a p p a ren tly  le s s  

p a l a t a b l e .  The c o m b in a tio n  o f c o a r s e  e r e c t  cu lm s and c h em ica l 

c o n s t i t u e n t s  a s s o c i a t e d  w ith  lo w e r  p a l a t a b i l i t y  combined to  reduce 

g raz in g  p re ssu re  on bluebunch w h eatg rass  through the e n t i r e  year.

S a u e r ’ s (1 9 7 8 ) h y p o t h e s i z e d  m e c h a n ism s  f o r  s ta n d in g  dead  

in f l u e n c e  in c lu d e d  im p ro v ed  m id r o s i t e  m o is tu re  c o n d i t io n s .  The 

r e s u l t s  from t h i s  study supported  such an h y p o th esis .

The s tan d in g  dead and g raz in g  p aram ete rs  appeared to  be p o s i t iv e  

and n e g a t iv e  i n d i c a t o r s  o f  l i t t e r ,  r e s p e c t i v e l y .  The p r im a ry  s i t e  

im p a c t o f  l i t t e r  i s  sh a d in g , c o o l in g  th e  s o i l  s u r f a c e  and r e d u c in g  

ev ap o ra tio n . On th e  f i r s t  sam pling d a te  th e re  w ere in d iv id u a l cases



of p la n ts  t h a t  had been grazed and had no s tan d in g  dead having  lo n g e r 

l e a v e s ,  b u t th e  d i f f e r e n c e s  w ere  n o t s i g n i f i c a n t  (NS). P la n t s  w ith  

l e s s  r e s id u a l  m a te r ia l  began growth e a r l i e r ,  presum ably because they 

c o u ld  warm up so o n e r . On a l l  o th e r  d a te s  f o r  a l l  c a s e s ,  p l a n t s  w i th  

s ta n d in g  d ead  a n d /o r  no g r a z in g  w ere  t a l l e r ,  though  n o t a lw a y s  

s ig n i f ic a n t ly .  The presence of s tan d in g  dead was more im p o rtan t than 

th e  method o f i t s  rem oval.

The amount o f l i t t e r  in  one y e a r 's  s tan d in g  dead was not adequate 

to  in d e p e n d e n t ly  i n f l u e n c e  g ro w th  o f  ro u g h  fe s c u e  o r b lu eb u n ch  

w h eatg rass , but on th e  South Crow I I  s i t e  s tan d in g  dead was augmented 

by l i t t e r .  S o u th  Crow I I  w as th e  o n ly  s i t e  w ith  an  o b s e rv a b le  

abundance o f l i t t e r ,  e sp e c ia l ly  Idaho fescue  (c a su a lly  measured a t  6 -  

10 cm deep). The p e rcen t s tan d in g  dead f o r  Idaho fe scu e  and bluebunch 

w h e a tg ra s s  w as h ig h e r  on South  Crow I I  th a n  any o th e r  s i t e  (NS) 

i n d i c a t i n g  t h a t  th e  y e a r  o f  th e  s tu d y  w ould  a ls o  be c o n t r ib u t in g  

l i t t e r .  The. l i t t e r  l a y e r  m a in ta in e d  m o is tu r e  and te m p e r a tu r e  

c o n d itio n s  adequate  f o r  l e a f  expansion  lo n g e r  in to  the  a c t iv e  growth 

p e r io d  a l lo w in g  lo n g e r  le a v e s .  On th e  o th e r  s i t e s ,  w hich  had much 

l e s s  l i t t e r ,  s o i l  m o is tu re  d e p le tio n  d id  n o t allow  the  e x p re ss io n  of 

s ta n d in g .d e a d  e f f e c t s .  The s t r o n g  a s s o c i a t i o n  b e tw een  Id ah o  fe s c u e  

l e a f  g ro w th  and s ta n d in g  dead  w as a f u n c t io n  o f i t s  much d e n se r  

s tan d in g  dead c re a t in g  a co o le r m o is te r  m ic ro s ite . In  a d d itio n , Idaho 

f e s c u e  may e x p e r ie n c e  optim um  p h o to s y n th e s is  a t  r a d i a t i o n  l e v e l s  

r e s u l t in g  from l e s s  th an  d i r e c t  s u n lig h t (C aldw ell e t  a l .  1981).

There w ere some g e n e ra l iz a t io n s  a p p lic a b le  to  a l l  th re e  sp ec ie s . 

The in f lu e n c e  of o v e rw in te r le av e s  was im p o rtan t l a t e r  in  th e  sp rin g ,

56
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fo llo w in g  i n i t i a l  new le a f  p roduction . The d a te s  when s tan d in g  dead 

was im p o rtan t corresponded to  p la n t phono log ica l s ta g e s  w ith  h igher 

m etab o lic  demands, such as seedhead emergence and developm ent. That 

a l l  s p e c ie s  had s i g n i f i c a n t  s ta n d in g  dead  a f f e c t s  on S o u th  Crow I I  

suggested  th a t  m o is tu re  a v a i l a b i l i t y  was th e  more im p o rtan t f a c to r ,  

perhaps ex acerb ated  by the s tag e  of developm ent.

Rough fescu e  and bluebunch w h eatg rass  sp r in g  p la n t h e ig h ts  w ere 

n o t a f f e c t e d  by th e  p re s e n c e  o f s p r in g  s ta n d in g  dead  o r  w in te r  

g ra z in g .  Id ah o  fe s c u e  p l a n t s  w ith  s ta n d in g  dead  w ere  t a l l e r ,  bu t 

w in te r  grazed p la n ts  were only  o c c a s io n a l ly  s h o r t e r .  These r e s u l t s  

helped c o rro b o ra te  th e  f in d in g s  from th e  chem ical c o n s t i tu e n t  a n a ly s is  

and f u r th e r  d i f f e r e n t i a t e  p h y s io lo g ic a l d if f e re n c e s  betw een the sp ec ie s .

B luebunch  w h e a tg r a s s  p l a n t s  w ere  e n t i r e l y  do rm an t ov_er___t_he 

w in te r . They had th e  h ig h e s t f ib e r  and lo w est p ro te in  c o n ce n tra tio n s . 

The lo s s  o f  o v e rw in te rin g  le av e s  im p lie d  no fu r th e r  consequences to  

the p la n t. I t  was the  l e a s t  p a la ta b le  of the  th ree  sp e c ie s  s tu d ied .

Rough fescu e  was th e  in te rm e d ia te  sp ec ie s . Although i t  was not 

m e a su ra b ly  a s  p a l a t a b l e  a s  Id a h o  f e s c u e ,  i t  was c e r t a i n l y  th e  m ost 

p r e f e r r e d  g r a s s  on th e  S ou th  Crow w in te r  ra n g e . I t  d id  have th e  

lo w e s t l ig n in  v a lu e s  o f the  th ree  sp e c ie s . Rough fe s c u e 's  lo w er l ig n in  

l e v e l s ,  i n t e r m e d ia t e  l e v e l s  o f  p r o t e i n  and f i b e r  c o n s t i t u e n t s  and 

g r e e n i s h  w i n t e r  l e a v e s  a l l  i n d i c a t e d  som e l e v e l  o f  w i n t e r  

p h o to s y n th e t i c  a c t i v i t y .  F a l l  f l o r a l  p r im o rd ia  i n i t i a t i o n  and slow  

w in te r  developm ent have been r e p o r te d  i n  ro u g h  fe s c u e  (J o h n s to n  and 

McDonald 1967) fu r th e r in g  th e  demand fo r  a w in te r  r e s p ir a to r y  energy

supply,
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Id a h o  fe s c u e  w as th e  m ost p h y s io lo g ic a l ly  a c t iv e  p la n t through 

th e  w in te r .  P la n t s  had many g r e e n is h  w i n t e r  l e a v e s .  The w in te r  

c o n s t i tu e n t  v a lu e s , o th e r than  l ig n in  and h e m ic e llu lo se , were s im ila r  

to  midsummer v a lu es . Loss o f m ost w in te r  le av e s  depressed  l e a f  growth 

i n  th e  f o l l o w in g  s p r in g .  More i n d i v i d u a l  Id ah o  fe s c u e  p l a n t s  w ere  

g razed than  e i th e r  of the  o th e r  two sp e c ie s  in  s p i te  of p e rio d s  of ic e  

c ru s tin g . F a l l  i n i t i a t i o n  o f f l o r a l  p rim o rd ia  has a lso  been re p o rte d  

in  Idaho fe scu e  (Hodgson in  Johnston  and McDonald 1967). A ll of these  

c o n s id e ra tio n s  suggested  r e l a t i v e ly  high w in te r  m etab o lic  demands, too 

high to  be met by s to re d  n u t r i e n t s  alone.

WINTER NUTRIENT ALLOCATION PATTERNS

The w in te r  c h e m ic a l c o n s t i t u e n t  and l e a f  l o s s  d a ta  p lu s  th e  

l i t e r a t u r e  rev iew ed suggested  f a l l - w in t e r  n u tr ie n t  s t r a t e g i e s  fo r  each 

sp ec ie s . Bluebunch w h eatg rass  i s  one o f the  most e x te n s iv e ly  s tu d ied  

ra n g e  g r a s s e s .  The f o l lo w in g  i s  g e n e r a l ly  s u p p o r te d  by t h a t  body of 

l i t e r a t u r e  (p r e v io u s ly  c i t e d ) .  A f te r  seed h ead  f i l l i n g  o r  l e a f  

expansion  in  nonrep ro d u c tiv e  p la n ts , new ph o to sy n th a te  i s  d ire c te d  to  

ro o t  crown n u tr ie n t  s to ra g e  pools. As summer w a te r s t r e s s  deepens, 

more a v a ila b le  n u t r ie n ts ,  c e l l  so lu b le s , p ro te in s  and some m in e ra ls , 

a r e  t r a n s l o c a t e d  from  a e r i a l  t i s s u e  to  th e  r o o t  c ro w n s. When f a l l  

m o is tu re  occu rs  a d d it io n a l  p h o to sy n th a te  i s  produced and tr a n s lo c a tio n  

may be r e v e r s e d .  Upon c e s s a t io n  o f  f a l l  g ro w th  and o f t e n  c o in c id e n t  

w ith  th e  f i r s t  f r o s t ,  e a s i ly  m e tab o lizab le  components from th e  le a v e s  

a r e  r a p i d l y  t r a n s l o c a t e d  i n t o  r o o t  crow n s to r a g e  p o o ls . These 

n u t r i e n t  p o o ls ' s u p p o r t  a  v e ry  low  m a in te n a n c e  l e v e l  o f  w in te r



r e s p i r a t io n  and fu e l  th e  p roduction  o f the  i n i t i a l  new sp rin g  leav es . 

So by the th re e  l e a f  s tag e  carbohydrate  re s e rv e s  are . n ea rly  dep le ted .

From midsummer through March, Idaho fescue  chem ical c o n s ti tu e n t 

l e v e l s  were co n stan t. L ign in  and h e m ic e l lu lo s e  w ere  th e  e x c e p t io n s ,  

both being  h ig h e r i n  w in te r  p la n ts  ( ta b le  15). There appeared to  be no 

s i g n i f i c a n t  summer o r  f a l l  t r a n s l o c a t i o n  from  th e  l e a v e s  a n d /o r  

con tinued  p h o to sy n th e tic  n u tr ie n t  f ix a t io n .

E v e rg ree n  s h ru b s  have been shown to  have  lo w e r  r a t e s  o f  c a rb o n  

f i x a t i o n  d u r i n g  t h e  g r o w in g  s e a s o n ,  l e s s  t r a n s l o c a t i o n  o f  

p h o to s y n th a te  o u t o f  th e  l e a v e s  and low  r a t e s  o f p h o to s y n th e t ic  

a c t i v i t y  on fa v o ra b le  w in te r  days. Idaho fescu e  ap p ears  to  employ a
i

s im ila r  s tra te g y . Evergreen p la n ts  a lso  have th ic k  l e a f  c u t ic le s  th a t  

reduce l e a f  m o is tu re  lo s s .  The analogous a d a p ta tio n  in  Idaho fescue  i s  

i t s  very  dense ly  tu f te d  grow th form . Chapin e t  a l .  (1979) have sAown 

t h a t  th e  c a e s p i to s e  g ro w th  form  c r e a t e s  an  i n t e r i o r  th e rm a l re g im e  

s e v e r a l  d e g re e s  w arm er th a n  a m b ie n t te m p e r a tu r e s .  A d e n s e ly  t u f t e d  

bunch a ls o  re d u c e s  w ind  and s o l a r  e v a p o r a t io n  and in c r e a s e s  th e  

i n t e r n a l  r e l a t i v e  h u m id ity . Id a h o  f e s c u e ,  f o l l o w in g  r a p id  and 

m e ta b o l i c a l l y  dem and ing  g ro w th  s t a g e s ,  s e t t l e s  i n t o  a c o n d i t io n  o f  

s t a s i s  d u ring  which the p la n t m a in ta in s  i t s e l f  through submaxima l and 

o p p o r tu n is t ic  p h o to sy n th e s is  from summer through f a l l  and w in te r .

Rough fe scu e  had an in te rm e d ia te  s tr a te g y  sh a rin g  c h a r a c te r i s t i c s  

w ith  b o th  o th e r  s p e c ie s .  Rough fe s c u e  had many g r e e n is h  w in te r  

le a v e s , but th e re  was a change in  chem ical c o n s t i tu e n t  v a lu es  between 

summer and w in te r  ( t a b l e  15). L ig n in  w as th e  o n ly  e x c e p t io n .  Rough 

f e s c u e  a p p e a re d  to  re sp o n d  to  w in t e r  i n  a m anner s i m i l a r  to  t h a t
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r e p o r te d  f o r  E riophorum  v a g in a tu m . W ith th e  c o m p le tio n  o f l e a f  

e lo n g a tio n  and rep ro d u c tio n , photosy n th a te  and some t is s u e  components 

a re  tra n s lo c a te d  to  ro o t crown s to ra g e  pools. Fo llow ing  f a l l  regrow th 

th e  r a te  of t r a n s lo c a t io n  in c re a s e s  (Chapin e t  a l .  1979, Chapin e t  aL  

I 980 and R oberts and Woolhouse 1984a,b). Some p h o to sy n th e tic  p igm ents 

do rem ain  i n t a c t  a l l  w in te r  as  in d ic a te d  by the g reen ish  co lo r. That 

l i g n i n  d id  n o t i n c r e a s e  b e tw een  summer and w in te r  w h i le  a l l  o th e r  

f ib e r  c o n s t i tu e n ts  d id , in d ic a te d  some le v e l  o f  w in te r  p roduction  but 

not enough to  preven t th e  ca tab o lism  of some s t r u c tu r a l  carbohydrates  

f o r  r e s p ir a to r y  energy. Wew sp rin g  grow th i s  fu e led

and c u rre n t p h o to sy n th a te  from o v e rw in te rin g  leav es .
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SUMMARY AND CONCLUSIONS

METHODS

1) The tr a n s e c t  approach used in  t h i s  p ro je c t was an am algam ation 

o f  l i t t l e  u sed  m ethods. The t r a d i t i o n a l  a p p ro ach  to  v e g e t a t i o n  in  

range management has been on a per a c re , per p a s tu re  or per v e g e ta tio n  

ty p e  b a s i s .  A sa r e s u l t  th e r e  a re  no s ta n d a rd  in d i v i d u a l  p la n t  

sam pling  methods. F o r tu n a te ly  the  s i tu a t io n  i s  changing tow ards more 

em phasis on in d iv id u a l p la n ts . The method used in  th i s  p ro je c t  would 

be s u i t a b l e  f o r  m e a su r in g  o b s e r v a b le  p la n t  c h a r a c t e r i s t i c s  and 

id e n t i f i c a t i o n  o f in d iv id u a l p la n ts . S pec ies  w ith  obvious in d iv id u a ls  

a r e  e a s i e r  to  d e a l  w i th  th a n  s m a l l e r  p la n t s  w i th  i n d i s t i n c t  

in d iv id u a ls . This method would be d i f f i c u l t  to  ad ap t to  rh izom atous 

sp e c ie s .

2) NIR p r e d i c t i o n  o f  c h e m ic a l c o n s t i t u e n t  v a lu e s  w as o n ly

m odera tely  su c c e s s fu l, which in  p a r t dem onstrated  th e  r e s i l i e n c e  o f 

th e  procedure. Many recogn ized  c a u tio n s  and safeg u a rd s  w ere v io la te d  

and s t i l l  th e  r e s u l t s  f o r  th e  tw o f e s c u e s  w ere  a c c e p ta b le  based  on 

v a lu e s  from th e  w et chem istry  and th e  l i t e r a t u r e .  Most o f the  v a lu es  

f o r  b lu e b u n ch  w h e a tg r a s s  w ere  a l s o  a c c e p ta b le .  The m ain  p ro b lem s 

encountered  i n  t h i s  p ro je c t w ere sam ple s iz e  fo r  c a l ib r a t io n  and th e  

sm all volume o f in d iv id u a l sam ples f o r  m u ltip le  re a d in g s  on the  NIR 

sp ec tro p h o to m ete r. The r e s u l t s  o f  t h i s  p ro je c t should no t be taken  as  

an  a rg u m en t a g a in s t  u s in g  NIR, b u t r a t h e r  a f i r s t  e x p e r ie n c e  w hich  

e lu c i d a t e d  som e s p e c i a l  p ro b le m s  a s s o c i a t e d  w ith  a d a p t in g  t h i s  

tech n iq u e  fo r  use i n  range re sea rc h . ^
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SUMMER GRAZING EFFECTS

3) Bluebunch w h eatg rass  w in te r  chem ical c o n s t i tu e n ts  form ed th re e  

d i s t i n c t  c lu s te r s  re p re se n tin g  c e l lu lo s e ,  h em ic e l l u l o s e  and p r o te in .  

The p r o t e i n  c l u s t e r  w as i n v e r s e l y  c o r r e l a t e d w i t h  th e  f i r s t  tw o 

c lu s te r s .  Rough fe scu e  w in te r  chem ical c o n s t i tu e n ts  form ed a lo o se ly  

c o r re la te d  f i b e r  c lu s te r  and a p ro te in  c lu s te r .  Idaho fescu e  w in te r  

chem ical c o n s t i tu e n ts  formed f ib e r  and d i g e s t i b i l i t y  c lu s t e r s .

4) D isc rim in an t a n a ly s is  o f  the  w in te r  chem ical c o n s t i tu e n t  da ta  

showed th a t  g r a z in g  Id a h o  f e s c u e  a t  some p h e n o lo g ic a l  s ta g e s  d id  

a f f e c t  subsequent w in te r  n u t r i t io n a l  v a lu es . But th e re  d id  no t appear 

to  be a management im p lic a t io n  a s so c ia te d  w ith  th ese  r e s u l t s .

WINTER GRAZING EFFECTS

5) W in te r  g r a z in g  had no a p p a r e n t  e f f e c t  on ro u g h  fe s c u e  and 

b lu eb u n ch  w h e a tg r a s s  p l a n t  h e ig h t s  i n  th e  n ex t s p r in g ’s new g row th  

p erio d . In  some cases ungrazed Idaho fescu e  p la n ts  w ere t a l l e r  than  

grazed p la n t s .

6) The presence o f s tan d in g  dead r e s u l te d  in  t a l l e r  Idaho fescue 

p l a n t s  on m ost s i t e s  and i n  t a l l e r  ro u g h  fe s c u e  and b lu eb u n ch  

w h eatg rass  p la n ts  on th e  South Crow I I  s i t e .

7) I t  was co n c lu d ed  th a t  g r a z in g  and s ta n d in g  dead  w ere  i n  f a c t  

tw o m e a su re s  o f  l i t t e r  a c c r u a l  to  th e  s i t e ,  and t h a t  th e  im p a c t o f 

s ta n d in g  dead  was due to  s h a d in g  w h ich  im proved  p l a n t  m o is tu r e

r e la t io n s h ip s
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8) Bluebunch w h eatg rass  was dormant du ring  th e  w in te r . P ro te in  

l e v e l s  w ere  lo w e r  and f i b e r  l e v e l s  w ere  h ig h e r  th a n  i n  th e  two 

f e s c u e s .  Removal o f  s ta n d in g  d ead  i n  th e  w in te r  d id  n o t im p a c t th e  

next s p r in g 's  l e a f  growth.

9) Id ah o  fe s c u e  had th e  h ig h e s t  l e v e l  o f  w in te r  p h y s io lo g ic a l  

a c t i v i t y  o f  th e  th r e e  s p e c ie s .  W in te r  c h e m ic a l c o n s t i t u e n t  v a lu e s  

w ere not d i f f e r e n t  than  summer v a lu e s , and w in te r  p ro te in  le v e l s  w ere 

h ig h er than  f o r  the  o th e r two sp e c ie s . The lo s s  of o v e rw in te rin g  l e a f  

m a t e r i a l  re d u c e d  l e a f  g ro w th  i n  th e  n e x t s p r in g .  L eaves re m a in ed  

l i g h t  green d u rin g  the  w in te r .

10) Rough f e s c u e  h a d  a n  i n t e r m e d i a t e  l e v e l  o f  w i n t e r  

p h y s io lo g ic a l a c t i v i t y .  W inter chem ical c o n s t i tu e n t  v a lu e s  tended to  

l i e  b e tw een  th e  o th e r  tw o s p e c ie s .  G e n e ra lly  f i b e r  in c r e a s e d  from  

sum m er t o  w i n t e r ,  b u t  l i g n i n  d id  n o t  i n c r e a s e .  The l o s s  o f  

o v e r w in te r in g  l e a v e s  d id  n o t a f f e c t  l e a f  g row th  i n  th e  n e x t s p r in g .  

Rough fescu e  d id  have l i g h t  g reen  w in te r  leav es .

MANAGEMENT IMPLICATIONS

11) The p r im a ry  w in te r  fo r a g e  m anagem ent c o n s id e r a t io n  on th e  

South Crow w in te r  range i s  the  amount o f fo rag e  a v a ila b le , because no 

summer g raz in g  tre a tm e n t s u b s ta n t ia l ly  improved w in te r  fo rag e  q u a li ty .

12) Some g ra s se s  a re  not dormant d u rin g  the  w in te r .

13) A key to  g r a z in g  t o l e r a n c e  may be a p l a n t 's  a b i l i t y  to  

p h o to  s y n th e s iz e  d u r in g  th e  w in te r .  P la n ts  such  a s  ro u g h  and Id ah o  

f e s c u e  may b e t t e r  t o l e r a t e  p e r e n n ia l  g ro w in g  s e a s o n  u t i l i z a t i o n
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14) C o n c lu s io n s  12) and 13) (ab o v e) im p ly  t h a t  i f  such  s p e c ie s  

a re  grazed a l l  y e a r  lo n g  they w i l l  be damaged.

15) P e r e n n ia l  g r a s s e s  o f  g e n e ra  w ith  n o r th e r n  o r i g i n s ,  such  as  

F e s tu c a  and F o a . may be h ig h e r  q u a l i t y  w in t e r  f o r a g e s  th a n  o th e r

b e c a u se  o f w in te r  p h o to s y n th e t ic  p ro d u c tio n , Idaho fescue  more than

rough fe s c u e .

g ra s se s .
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APPENDIX A

R egression  'Equations f o r  NIR P red ic ted  
Chemical C o n stitu en t Values



Table 21. R egression  e q u a tio n s 1 used fo r  the  NIR p re d ic t io n  o f rough fescue  chemical c o n s ti tu e n t
v a lu e s .

NDF .3622(1818)1 - 8281(1759) + 4953(1722) + 363.8(1445) - 625(1680) + 60.391 2 
ADF1101(2348) - 1227(2139) - 227.7(1982) + 3251(1759) - 4758(1722) + 1786(1680) + 53.13 
ADL-301.9(2348) + 130.3(2310) + 421.5(2270) + 286.4(2139) - 198.1(1778) - 523.1(2100) + 178.6(1445) - .3584 
CELL2724(2348) - 2582(2310) - 189.1(2230) - 165.8(1982) + 69.94 
HC1996(2139) + 5895(1818) - 2387(2100) - 475.6(1940) + 1694(1445) - 6204(1680) - 59.86 
PRO89.07(2190) - 1945(1778) + 77.64(1940) + 1054(1734) - 314.7(1445) + 1074(1680) + .2152 
DM179.3(2336) - 261.7(2180) +725(1778) - 592.2(1734) - 65.78(1445) + 95.13 
ASH1035(2208) - 1111(2180) + 2618(1734) - 2416(1722) - 185(1445) + 48.01 
IVOMD2195(2230) - 2178(2180) + 4030(1818) - 353.3(1940) + 1427(1445) - 4887(1680) - 39.24
1I n each pair  of numbers the first  is the coefficient and the second is the filter  WAVELENGTH (NM).
2The last number in each equation is the y- intercept.



Table 22. R egression equations^ used fo r  th e  NIR p re d ic tio n  o f Idaho fescue  chemical c o n s ti tu e n t
v a lu e s .

NDF ,-1910(2270)1 + 2962(2230) - 3960(2208) + 2596(2139) + 3442(1778) - 3047(1722) + 1361 2 
ADF2341(2336) + 595.9(2348) - 2667(2310) + 389.1(2230) - 503.7(2100) - 321.7(1940) + 351.4(1445) - 6.59 
ADL487.3(2348) + 211.6(2230) - 789.7(2139) + 24.07(1982) - .3831 
CELL2555(2348) - 3478(2310) + 2505(1982) + 1082(2100) - 2107(1940) + 496.4(1445) - 829.5(1680) + 35.08 
HC-4149(2336) + 6162(2348) - 1991(2310) - 269.5(1445) + 64.76 
PRO160.6(2310) + 517(2190) - 517.2(1982) - 638.9(2100) + 440.7(1940) + 5.547 
DM742.6(2270) + 748.8(2190) - 2088(2139) + 282.6(1818) + 533.6(2100) + 52.54(1940) - 251.2(1734) + 79.16 
ASH '347.8(1982) - 4999(1818) + 1370(1778) + 4013(1759) - 876.6(1734) - 8.11
IVOMD0.0001(2208) - .0001(2180) + 824.2(1940) + 8933(1722) - 8350(1680) + 99.26
1IN EACH PAIR OF NUMBERS THE FIRST IS THE COEFFICIENT AND THE SECOND IS THE FILTER WAVELENGTH (NM).
2The last number in each equation is the y- intercept.
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Table 23. R egression  equations^  used f o r  the  NIR p re d ic t io n  o f
bluebunch w h eatg rass  chem ical c o n s t i tu e n t  v a lu e s .

2096(2310)1- 1030(2270) -s- 1776(2230) -  3613(2208) + 201A I 2 

ADF
-1682(1734) + 1330(1680) + 145.4 

ADL
-114 .6(1734) -  43.95(1680) + 39.87 

CELL
-904(1734) + 424.4(1445) + 137.5 

HC
1628(2310) -  1668(2270) + 307.6(1445) -  788.3(1680) +107.1 

PRO
-94 .71(1982) + 535.3(1778) -  23.64(2100) -  176.1(1445) -  35.62 

DM
889.3(1722) -  1062(1680) + 121.9 

ASH
-157 .1 (2230) + 580.1(1778) -  310.9(1680) -  3.886 

IVOMD
-3090(2230) -  .0001(1818) + .0001(1778) -  834.7(1445) + 4 7 2 .6

I In  each p a i r  of numbers th e  f i r s t  i s  th e  c o e f f ic ie n t  and th e  second 
i s  the  f i l t e r ,  w avelength  (nm).

2The l a s t  number in  each eq uation  i s  th e  y - in te r c e p t .



Table 24. NIR p re d ic te d  rough fescue  summer chem ical c o n s t i tu e n t  
v a lu es  and tre a tm e n ts .

77 .

CHEMICAL CONSTITUENTS1

TREATMENT2
NDF

%
ADF
%

ADL
%

CELL
%

HC
%

PRO
%

DM
%

ASH
%

IVOMD
%

10 66.3 45.1 3 .3 32.6 27.2 5.7 96.6 10.7 48.4
10 65.7 45.3 3 .3 33.9 24.7 5 .3 96.6 10.8 48.7
10 67.2 44.8 3 .0 34.8 22.7 6.3 96.1 10.8 42.1
10 66.6 45.0 3 .2 31.8 23.0 6 .9 96.1 11.8 41.8
10 67.5 44.8 2 .8 34.9 22.2 6 .0 96.1 10.9 42.1
10. 70.6 47.2 3 .6 37.9 21.8 5.7 96.2 10.3 44.9
10 65.9 46.4 3 .6 30.5 27.0 7.1 96.1 11.7 45.1
10 69.0 47.0 3 .9 32.7 26.9 6 .0 96.0 9 .9 48.1
10 69.9 45.4 3 .5 34.4 24.9 6 .3 96.1 10.0 45.8
10 69.1 47.1 3.1 36.7 22.3 6 .2 96.1 11.7 44.6
11 67.3 44.2 4 .3 33.3 22.8 6.6 96.1 10.3 42.5
11 68.7 46.9 4.1 36.2 18.2 7.5 96.4 13.1 40.7
11 67.4 45.4 4 .2 34.6 20.9 6 .3 96.5 11.4 42.2
11 70.5 47.0 4 .3 37.6 21.5 6.1 96.8 11.9 45.7
11 65.4 45.0 3.1 34.7 21.0 9.1 95.7 12.3 31.9
11 65.1 45.6 2 .7 35.4 20.9 7 .8 96.0 12.7 35.6
11 67.1 45.2 3 .3 33.9 23.4 6 .8 96.4 11.8 42.6-
11 69.5 44 .4 3 .7 34.9 23.0 6 .8 96,5 10.3 43.5
11 66.4 44.6 3.0 33.3 24.8 6.0 96.2 10.5 44.9
11 65.5 43.8 2 .9 31.6 28.3 6.6 96.0 10.1 44.2
11 64.9 45.1 2.4 34.9 22.5 6 .7 96.1 12.2 37.6
11 62.4 43.6 2 .3 33.3 20.6 8 .3 95.7 12.6 32.4

1 The chem ical c o n s t i tu e n ts  a re  n e u tra l  d e te rg e n t f i b e r  (NDF), ac id  
d e te rg e n t f ib e r  (ADF), ac id  d e te rg e n t l ig n in  (ADL), c e l lu lo s e  (CELL), 
h em ice llu lo se  (HC), p ro te in  (PRO), dry m a tte r  (DM), ash  (ASH), and 
in v i t r o  o rg an ic  m a tte r  d isappearance  (IVOMD).
I  The tre a tm e n ts  a re  c o n tro l (10) and burn (1 1 ).
^ Values a re  % o f  t o t a l  sample w eight on a dry m atte r b a s is .
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Table 25. NIR p re d ic te d  Idaho fescu e  summer chem ical c o n s t i tu e n t  
v a lu es  and tre a tm e n ts .

NDF
TREATMENT2 <

ADF
%

CHEMICAL CONSTITUENTS1

ADL CELL HG PRO DM 
% % % % %

' ASH 
%

IVOMD 
' %

10 68.7 45.2 3.1 36.5 22.0 6 .0 95.9 10.8 59.4
10 67.0 46.2 3 .3 35.4 19.6 5 .8 96.7 9 .8 55.8
10 74.1 47.0 1.8 38.9 18.7 4.9 95.6 7 .4 47.7
10 74.4 47.6 1.9 39.8 20.6 4 .9 94.8 9 .3 48.4
10 81.2 52.6 1.1 46.3 19.6 3.4 94.1 6.1 34.2
10 75 .8 48 .8 2.1 41.2 21.6 4.6 94.5 8 .5 44.4
10 73.4 46.7 2.7 39.1 22.9 4 .9 95.2 9.6 50.5
10 71.9 45.2 2 .7 37.0 21.4 5 .3 95.4 10.4 55.3
10 73.1 48.4 2.1 41.3 21.4 5 .2 95.6 7 .5 43.0
10 69.6 48.1 2 .3 36.8 20.6 6.1 95.6 10.0 49.2
11 61.7 46.3 1.7 36.7 15.0 5.7 97.5 10.4 53.2
11 66.6 42.1 2 .2 34.7 21.1 6.5 96.5 10.0 52.6
11 72.1 45.8 2.1 38.1 21.3 5.5 95.6 6.6 49.8
11 70.1 37.8 2.6 32 .2 23.9 6 .5 95.8 9 .9 65.4
11 69.4 41.8 2 .9 34.6 23.1 6.6 96.6 9.2 63.0
11 68.9 50.9 1.9 42.6 21.6 5 .4 95.8 9 .3 41.6
11 68.6 46.5 2 .3 39.8 22.9 6 .3 96.0 8.9 46.9

I The chem ical c o n s t i tu e n ts  a re  n e u tra l  d e te rg e n t f ib e r  (NDF), acid  
d e te rg e n t f i b e r  (ADF)» a c id  d e te rg e n t l ig n in  (ADL), c e l lu lo s e  (CELL), 
hemic e llu lo s e  (HG), p ro te in  (PRO), dry m a tte r (DM), ash (ASH), and 
in v i t r o  o rg an ic  m a tte r  d isappearance  (IVOMD),
^ The tre a tm e n ts  a re  c o n tro l (10) and burn (1 1 ).
3 V alues a re  % of t o t a l  sample w eight on a dry m a tte r b a s is .



79

APPENDIX B

Frequency of P heno log ica l S tages
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F igure  4 . Frequency of Agsp phenolo g lca l s tag e s  a f t e r  two tre a tm e n ts  on th e  JGI s i t e ,  sp rin g  1984
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F igure  5. Frequency of Agsp phenolo g ical s tag e s  a f t e r  two tre a tm e n ts  on th e  JG II s i t e ,  sp rin g  1984
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F igure 6 . Frequency of Agsp phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  ML s i t e ,  sp rin g  1984
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Figure 7 . Frequency of Agsp phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  SCI s i t e ,  sp rin g  1984.
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F igure 9 . Frequency of Feid phenolo g ical s tag e s  a f t e r  two trea tm en ts  on th e  JGI s i t e ,  sp rin g  1984
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F igure  10. Frequency of Feid phenolo g ical s tag e s  a f t e r  two trea tm en ts  on th e  JG II s i t e ,  sp rin g  1984
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F igure 11. Frequency of Feid phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  ML s i t e ,  sp rin g  1984
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F igure 12. Frequency of Feid phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  SCI s i t e ,  sp rin g  1984
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Figure 13 Frequency of Feid phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  SCII s i t e ,  sp rin g  1984
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Figure 14. Frequency of Fesc phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  JGI s i t e ,  sp rin g  1984.
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Figure 15. Frequency of Fesc phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  JG II s i t e ,  sp rin g  1984
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F igure  16 Frequency of Fesc phenolo g ica l s tag e s  a f t e r  two trea tm en ts  on th e  ML s i t e ,  sp rin g  1984
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F igure  17 Frequency of Fesc phenolo g ical s tag e s  a f t e r  two trea tm en ts  on th e  SCI s i t e ,  sp rin g  1984
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