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Abstract:
Plant growth responses to simulated grazing and supplemental water application influenced forage
yield and canopy structure. These observations were made in vegetation representing two important
grassland communities of the Northern Great Plains and were studied from 1979 to 1981 in eastern
Montana. One study site was dominated by western wheatgrass (Agropyron smithii), the other by blue
grama (Bouteloua gracilis). At each site, two grazing and two water treatments were applied in a 2x2
design. Repeated clipping at three-week intervals was compared with one terminal (season’s end)
clipping to a stubble height of 7.6 and 5.0 cm (western wheatgrass and blue grama sites, respectively).
Each simulated grazing treatment included plots receiving only natural precipitation, and others
receiving 2.5 cm per week of sprinkler irrigation water. Total yields of plots clipped at three-week
intervals were compared with total yields of plots clipped only at season’s end. Canopy structures were
compared with an inclined point-contact system to record the vertical distribution of foliar density,
leaf-stem ratios, and green surface area (photosynthetic surface). Grazable forage production (i.e. above
clipping height) of plots harvested at season’s end averaged 15% more than plots harvested
periodically throughout the season. Total above ground production was not significantly affected by
harvest method. Simulated grazing also reduced canopy height, leaf-stem ratios and photosynthetic
surface. Application of supplemental irrigation resulted in significant increases in total above ground
production, grazable forage production, foliar density, leaf-stem ratios, and photosynthetic surface.
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ABSTRACT

P l a n t  g r o w t h  r e s p o n s e s  t o  s i m u l a t e d  g r a z i n g  a n d  s u p p l e m e n t a l  
w a t e r  a p p l i c a t i o n  i n f l u e n c e d  f o r a g e  y i e l d  an d  c a n o p y  s t r u c t u r e . ,  
These o b s e r v a t i o n s  w e re  made i n  v e g e t a t i o n  r e p r e s e n t i n g  tw o  i m p o r t a n t  
g r a s s l a n d  c o m m u n i t ie s  o f  t h e  N o r th e r n  G re a t  P l a i n s  and  w ere  s t u d i e d  
f rom  1979 t o  1981 i n  e a s t e r n  M ontana. One s tu d y  s i t e  was d o m in a te d  by 
w e s t e r n  w h e a t g r a s s  ( A a r o o v r o n  s m i t h ! ! ) ,  t h e  o t h e r  by b l u e  g r a m a  
( B o u t e l o u a  g r a c i l i s ) .  At e a c h  s i t e ,  tw o  g r a z i n g  a n d  tw o  w a t e r  
t r e a t m e n t s  w ere  a p p l i e d  i n  a  2x2 d e s ig n .  R epea ted  c l i p p i n g  a t  t h r e e -  
week i n t e r v a l s  was com pared  w i t h  one t e r m i n a l  ( s e a s o n ’s  end) c l i p p i n g  
t o  a  s t u b b l e  h e i g h t  o f  7.6 a n d  5.0  cm ( w e s t e r n  w h e a t g r a s s  an d  b l u e  
g ram a  s i t e s ,  r e s p e c t i v e l y ) .  Each s im u l a t e d  g r a z i n g  t r e a t m e n t  i n c lu d e d  
p l o t s  r e c e i v i n g  o n ly  n a t u r a l  p r e c i p i t a t i o n ,  and o t h e r s  r e c e i v i n g  2.5 
cm p e r  w eek  o f  s p r i n k l e r  i r r i g a t i o n  w a t e r .  T o t a l  y i e l d s  o f  p l o t s  
c l i p p e d  a t  t h r e e - w e e k  i n t e r v a l s  w e r e  c o m p a r e d  w i t h  t o t a l  y i e l d s  o f  
p l o t s  c l i p p e d  o n ly  a t  s e a s o n ’s  end. Canopy s t r u c t u r e s  w e re  com pared 
w i t h  a n  i n c l i n e d  p o i n t - c o n t a c t  s y s t e m  t o  r e c o r d  t h e  v e r t i c a l  
d i s t r i b u t i o n  o f  f o l i a r  d e n s i t y ,  l e a f - s t e m  r a t i o s ,  and g r e e n  s u r f a c e  
a r e a  ( p h o t o s y n t h e t i c  s u r f a c e ) .  G r a z a b le  f o r a g e  p r o d u c t i o n  ( i . e .  above 
c l i p p i n g  h e i g h t )  o f  p l o t s  h a r v e s t e d  a t  s e a s o n ’s  end a v e ra g e d  15% more 
t h a n  p l o t s  h a r v e s t e d  p e r i o d i c a l l y  t h r o u g h o u t  t h e  s e a s o n .  T o ta l  above 
g r o u n d  p r o d u c t i o n  w a s  h o t  s i g n i f i c a n t l y  a f f e c t e d  by h a r v e s t  m ethod. 
S i m u l a t e d  g r a z i n g  a l s o  r e d u c e d  c a n o p y  h e i g h t ,  l e a f - s t e m  r a t i o s  a n d  
p h o t o s y n t h e t i c  s u r f a c e .  A p p l i c a t i o n  o f  s u p p l e m e n t a l  i r r i g a t i o n  
r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  t o t a l  a b o v e  g r o u n d  p r o d u c t i o n , z 
g r a z a b l e  f o r a g e  p r o d u c t i o n ,  f o l i a r  d e n s i t y ,  l e a f - s t e m  r a t i o s ,  a n d  
p h o t o s y n t h e t i c  s u r f a c e .

s
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INTRODUCTION

S e a s o n a l  p l a n t  com m unity  d e v e l o p m e n t  a n d  g r o w t h  a r e  i m p o r t a n t  

a s p e c t s  o f  w e s t e r n  r a n g e l a n d  f o r a g e  p r o d u c t io n .  Community d e v e lo p m en t  

and g ro w th  r e s p o n s e s  a r e  o f t e n  m easu red  by p l a n t  y i e l d s  a n d /o r  canopy 

s t r u c t u r e .

A l t h o u g h  many f a c t o r s  a f f e c t  y i e l d  a n d  c a n o p y  s t r u c t u r e ,  n o n e  

h a v e  m o re  i m p o r t a n t  i n f l u e n c e s  t h a n  w a t e r  an d  g r a z i n g  ( C l a r k  e t  a l .  

19^3, H u r t t  1951, Reed and P e t e r s o n  1961). P r e s e n t l y ,  t h e r e  a r e  many 

g e n e r a l i z e d  i d e a s  o f  w a t e r  a n d  g r a z i n g  i m p a c t s  oh  y i e l d  a n d  c a n o p y  

s t r u c t u r e  ( P e r r y  1976, Jam eson  1963). These a r e  d e r i v e d  from  s t u d i e s  

o f  g r a z i n g  and w a t e r  i m p a c t s  on y i e l d  and canopy s t r u c t u r e  t h a t  have  

a s s e s s e d  r e s p o n s e s  f rom  e i t h e r  a  g r a z i n g  o r  a  w a t e r  a s p e c t .  However, 

by d e t e r m i n in g  r e s p o n s e s  o f  y i e l d  and canopy s t r u c t u r e  a s  a f f e c t e d  by 

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

a n d /o r  s p e c i e s  r e l a t i o n s  t o  r a n g e  e c o sy s te m  dynam ics  can  be r e a l i z e d .
■ i

W hile  a s s e s s i n g  r a n g e  com m unity  r e s p o n s e s  t o  s u p p le m e n ta l  w a te r  

i n  e a s t e r n  M ontana, t h e  High P l a i n s  W eather  M o d i f i c a t i o n  E x p e r im en t  

( W e a v e r  a n d  H a g lu n d  1981) s o u g h t  i n f o r m a t i o n  on  t h e  i n t e r a c t i o n  o f  

g r a z i n g  a n d / w a t e r  m anagem ent p r a c t i c e s .  Two s i t e s  l o c a t e d  on t h e  USDA 

L i v e s t o c k  and Range R e se a rc h  S t a t i o n  w e re  s e l e c t e d  t o  r e p r e s e n t  tw o 

g r a s s l a n d  c o m m u n i t i e s  o f  t h e  N o r t h e r n  G r e a t  P l a i n s .  One s i t e  w as  

d o m in a te d  by w e s t e r n  w h e a t g r a s s  (A aroovron  s m i t h ! ! ) ,  t h e  o t h e r  by b lu e  

g ram a  (JBouteloua g r a c i l i s ) .



2

The s tu d y  had  two o b j e c t i v e s :
£t

1) D e t e r m i n e  how s i m u l a t e d  g r a z i n g  a n d  s u p p l e m e n t a l  su m m er  

i r r i g a t i o n  w ould  a l t e r  t h e  p r o d u c t i o n  o f  w e s t e r n  w h e a tg r a s s  

and b lu e  g ram a c o m m u n i t ie s .

2) D e t e r m i n e  how s i m u l a t e d  g r a z i n g  a n d  s u p p l e m e n t a l  sum m er  

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

a v a i l a b i l i t y .
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LITERATURE REVIEW

The s p e c i e s  o f  p r im a ry  c o n c e rn  i n  t h i s  s tu d y  were, w e s t e r n  w h e a t -  

g r a s s  and b lu e  g ram a , w hich  a r e  w id e ly  d i s t r i b u t e d  i n  t h e  G r e a t  P l a i n s  

( H i t c h c o c k  a n d  C h a s e  1 9 7 1 ) ,  a s s u m e  d o m in a n c e  o v e r  l a r g e  a r e a s  t h e r e  

( K u c h l e r  1 9 6 4 ) ,  an d  a r e  i m p o r t a n t  f o r a g e  p r o d u c e r s .  The s p e c i e s  

d i f f e r  i n  m o r p h o l o g y  ( H i t c h c o c k  a n d  C h a se  1 9 7 1 ) ,  p h o t o s y n t h e t i c  

pa thw ay  ( W a l le r  and L ew is  1979), and , a t  l e a s t  i n  t h e  c e n t r a l  p l a i n s ,  

i n  s e a s o n  o f  g ro w th  (Kemp and W i l l i a m s  1980).

T h is  p a p e r  w i l l  exam ine  r e s p o n s e s  o f  t h e s e  p l a n t s , t o  two l e v e l s  

o f  g r a z i n g  and tw o l e v e l s  o f  w a t e r  s t r e s s .

D e s p i t e  d i f f e r e n c e s  i n  m o r p h o l o g y ,  p h o t o s y n t h e t i c  pa th w ay , and 

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

a f f e c t e d '  by g r a z i n g  a n d  w a t e r  s u p p l e m e n t a t i o n .  G r a z i n g  a n d  w a t e r  

s u p p l e m e n t  c a n  a f f e c t  many p l a n t  c o m m u n i ty  r e s p o n s e s  i n c l u d i n g  

r i u t r i e n t  c o n t e n t ,  s p e c i e s  c o m p o s i t i o n ,  r e p r o d u c t i o n ,  canopy s t r u c t u r e ,  

b io m a ss  p r o d u c t i o n ,  and o t h e r s  (Jam eson  1963, McWaughton 1979, P e r ry  

1976). However, t h e  p r im a ry  r e s p o n s e s  o f  g r a z i n g  and w a t e r  su p p le m e n t  

a r e  a l t e r a t i o n s  i n :  I)  b io m a ss  p r o d u c t i o n ,  and 2) canopy s t r u c t u r e .

C l ip p in g  E f f e c t s  on P r o d u c t io n
) '

M o s t  s t u d i e s  o f  p l a n t  r e s p o n s e s  t o  g r a z i n g  a r e  b a s e d  u p o n  d a t a

f r o m  s i m u l a t e d  g r a z i n g  e x p e r i m e n t s .  The e f f e c t s  o f  g r a z i n g  a n d  

c l i p p i n g  a r e  s i m i l a r  b u t  n o t  i d e n t i c a l  (W h ite  1973). C om parisons, o f  

g r a z i n g  and c l i p p i n g  a r e  th o ro u g h ly  r e v ie w e d  by C u l le y  e t  a l .  (1933), 

J a m e s o n  ( 1 9 6 3 ) ,  W h i te  ( 1 9 7 3 ) ,  a n d  M cW aughton ( 1 9 7 9 ) .  A su m m ary  i s  

p r e s e n t e d  i n  T a b le  I .

x
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T ab le  I . E ig h t  C h a r a c t e r i s t i c s  I n  Which G ra z in g  and C l ip p in g  E f f e c t s  
D i f f e r  ( C u l l y  e t  a l .  1933 , J a m e s o n  1963 , W h i t e  1973 ,

, McWaughton 1979).

1. U t i l i z a t i o n  e f f e c t s G ra z in g  rem o v e s  h e rb a g e  a t  h e i g h t s  v a r y in g  
f ro m  p l a n t  t o  p l a n t  an d  e v e n  w i t h i n  t h e  
same p l a n t .  C l ip p in g  rem o v e s  a l l  h e rb a g e  
a b o v e  a  g i v e n  h e i g h t  f r o m  a l l  p l a n t s .

2 .  T ram p lin g  e f f e c t s G r a z i n g  p r o v i d e s  m o re  m e c h a n i c a l  d a m a g e  
and s o i l  c o m p a c tio n .

3 .  M ech an ica l  e f f e c t s S h re d d in g ,  r i p p i n g ,  p u l l i n g ,  s t r i p p i n g  and 
t e a r i n g  o f  t i s s u e  by a n im a l  a r e  c o n t r a s t e d  

. w i t h  t h e  c l e a n  c u t  by s c i s s o r s  o r  s h e a r s .

4 .  S a l i v a  e f f e c t s May s t i m u l a t e  r e g r o w t h  o f  p l a n t  p a r t s ;  
a b s e n t  i n  c l i p p i n g  s t u d i e s .

5 .  S e l e c t i o n  p r e f e r e n c e s The p l a n t s  we s e l e c t  f o r  s t u d y  ( s p e c i e s ,  
a g e ,  s i z e ,  m i c r o s i t e ,  e t c . ) ,  may n o t  be  
t h e  same p l a n t s  g r a z e d  and r e g r a z e d  by t h e  
h e r b i v o r e s .

6 . N u t r i e n t  t r a n s p o r t G r a z e r s  may f a c i l i t a t e  a  n e t  i n f l u x  o r  
e f f l u x  o f  n u t r i e n t s  f r o m  a  s i t e  a n d  
p o t e n t i a l l y  on  a  l a r g e  s c a l e ,  w h e r e a s  
c l i p p i n g  s t u d i e s  g e n e r a l l y  r e m o v e  
n u t r i e n t s  ( l e a v e s )  from  a  s i t e  on a  s m a l l  
s c a l e .

7 .  C o m p e t i t io n G r a z i n g  o f t e n  r e m o v e s  h e r b a g e  f ro m  on e  
p l a n t  a n d  n o t  f ro m  s u r r o u n d i n g  p l a n t s .  
U ngrazed p l a n t s  may th e n  o u tc o m p e te  g ra z e d  
p l a n t s  f o r  w a t e r  and n u t r i e n t s .  C l ip p in g  
i s  l e s s  s e l e c t i v e .

8 . T r a n s l o c a t i o n G r a z i n g  may be  l e s s  d e t r i m e n t a l  t h a n  
, c l i p p i n g  by l e a v i n g  so m e  t i l l e r s  i n  a  
t i l l e r  sy s te m  u n g raz e d .  C a r b o h y d ra te s  may 
be  t r a n s f e r r e d  f r o m  u n g r a z e d  t o  g r a z e d  
t i l l e r s .
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Most c l i p p i n g  s t u d i e s  com pare  y i e l d  r e s p o n s e s  o f  p l o t s  c l i p p e d  a t  

some s p e c i f i e d  h e i g h t ,  some f re q u e n c y  o f  r e m o v a l  a n d / o r  some s t a g e  o f  

d e v e lo p m e n t  w i t h  an  u n t r e a t e d  c o n t r o l .  Jam eson  (1963) s u g g e s t s  t h a t  

c l i p p i n g  when r e g r o w t h  r e a c h e s  a  p r e d e t e r m in e d  h e i g h t  o r  growth ' s t a g e  

may have s p e c i a l  m e r i t  when t h e  o b j e c t i v e  i s  t o  d e t e r m i n e  d e s i r a b l e  

p r a c t i c e s  o f  hay  h a r v e s t i n g .  C l ip p in g  a t  s p e c i f i e d  t im e  i n t e r v a l s  may 

be more u s e f u l  f o r  s t u d y i n g  g r a z i n g  s y s te m s .  v

The l i t e r a t u r e  shows t h a t  c l i p p i n g  e f f e c t s  v a ry  among s p e c i e s  and 

g r a s s l a n d  c o m m u n i t ie s .  C l ip p in g  s t u d i e s  o f  B i s w e l l  and Weaver (1933), 

Cook a n d  S t o d d a r t  ( 1 9 5 3 ) ,  B r a n s o n  ( 1 9 5 6 ) ,  H eady  ( 1 9 6 1 ) ,  Dw yer e t  a l .  

(1963), S m o lia k  (1965), D i t tm e r  (1973), B ea ty  and P o w e l l  (1976), Buwai 

a n d  T r l i c a  ( 1 9 7 6 ) ,  a n d  m any o t h e r s  c o m p a r e d  y i e l d  r e s p o n s e s  a n d  

c o n c l u d e d  t h a t  d e f o l i a t i o n  r e d u c e d  y i e l d  b e lo w  t h a t  o f  u n d i p p e d  

c o n t r o l s .  They a l s o  s h o w e d  t h a t  t h e  m o re  f r e q u e n t  a n d  s e v e r e  t h e  

c l i p p i n g ,  t h e  g r e a t e r  t h e  r e d u c t i o n  i n  y i e l d .  H d l s c h e r  (1 9 4 5 )  a n d  

E ve rson  (1966) d e m o n s t r a t e d  t h i s  s p e c i f i c a l l y  f o r  w e s t e r n  w h e a tg ra s s  

an d  b l u e  g r a m a .  On t h e  o t h e r  h a n d ,  c l i p p i n g  s o m e t i m e s  i n c r e a s e s  

y i e l d s ,  a s  s h o w n  by C a n f i e l d  ( 1 9 3 9 ) ,  L odge  ( I 9 6 0 ) ,  D raw e  e t  a l .  

( 1 9 7 2 ) ,  Eck e t  a L  ( 1 9 7 5 ) ,  a n d  o t h e r s .

D e l a y e d  r e s p o n s e s  t o  c l i p p i n g  w e r e  e v i d e n t  i n  lo w  g r o w i n g  

g r a s s e s ,  p a r t i c u l a r l y  b u f f a l o  g r a s s  and b lu e  gram a. A lb e r t s o n  e t  a l .  

(1 9 5 3 )  s h o w e d  p r o d u c t i o n  o f  b l u e  g r a m a  and  b u f f a l o  g r a s s  w as  

u n a f f e c t e d  i n  t h e  y e a r  o f  c l i p p i n g  b u t  w as  a f f e c t e d  i n  s u b s e q u e n t

y e a r s .
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G r a z i n g  a n d  c l i p p i n g  b o t h  d i s r u p t  n o r m a l  p l a n t  r e s o u r c e  

a l l o c a t i o n  by re m o v a l  o f  p h o t o s y n t h e t i o a l l y  a c t i v e  t i s s u e  (C a ld w e l l  e t  

a l .  1981) w hich  d i r e c t l y  r e d u c e s  a c q u i s i t i o n  o f  r e q u i r e d  m a t e r i a l s  and 

e n e r g y  ( C o n a n t  a n d  R i s s e r  1 9 7 4 ) .  P l a n t s  c o p i n g  w i t h  t h e  e f f e c t s  o f  

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

r e p l a c e m e n t  o f  p h o t o s y n t h e t i c  t i s s u e  ( C a l d w e l l  e t  a l  1981) u s i n g  

e i t h e r  s t o r e d  c a rb o n  r e s e r v e s  (Cook 1966» D o n ar t  and Cook 1970, P e r ry  

and Chapman 1974» Owensby e t  a l .  1974, Buwai and T r l i c a  1976), a n d /o r  

a p p r o p r i a t e  a l l o c a t i o n s  o f  new ly  f i x e d  c a rb o n  (W hite  1973). C a ld w e l l  

e t  a l .  ( 1981 ) s h o w e d  t h a t  l e a f -  a n d  s t e m - s o l u b l e  c a r b o n  p o o l s ,  

p r i m a r i l y  i n  t h e  fo rm  o f  c a r b o h y d r a t e s ,  a r e  a lm o s t  c o m p l e te l y  rem oved 

by c l i p p i n g .  L e a f  r e g r o w th  i s  s u p p o r t e d  p r i m a r i l y  by c row n  r e s e r v e s .  

C a r b o h y d r a t e  p o o l s  o f  d i f f u s e  r o o t  s y s t e m s  a r e  r e s e r v e d  f o r  r o o t  

s y s t e m  a c t i v i t i e s  w hen  t h e  s u p p l y  o f  p h o t o s y n t h a t e s  f r o m  t h e  s h o o t  

sy s te m  i s  c u r t a i l e d .  C u r t a i lm e n t  o f  r o o t  g ro w th  h a s  n e v e r t h e l e s s  been  

o b s e r v e d  a f t e r  c l i p p i n g  ( W e a v e r  1930» B i s w e l l  a n d  W e av e r  1933» 

S t o d d a r t  and S m ith  1955» B u r le s o n  and H e w i t t  1982). T h is  c o n s t i t u t e s  

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

e s t a b l i s h m e n t  o f  a  p r o p e r  r o o t - s h o o t  b a la n c e .

Canopy S t r u c t u r e  E f f e c t s  on P r o d u c t io n

K n i g h t  ( 1 9 6 9 ) ,  R i s s e r  ( 1 9 7 1 ) ,  a n d  C o n a n t  an d  R i s s e r  (1 9 7 4 )  show  

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

n u t r i e n t  a v a i l a b i l i t y  w i t h i n  t h e  e c o s y s t e m .  I n  p a r t i c u l a r ,  c a n o p y  

s t r u c t u r e  i s  an  i m p o r t a n t  d e t e r m i n a n t  o f  c ro p  and p a s t u r e  p r o d u c t io n  

( W a t s o n  1 9 5 2 )  b e c a u s e  i t  i n f l u e n c e s  l i g h t  i n t e r c e p t i o n ,  a n d  

c o n s e q u e n t ly ,  p h o t o s y n t h e s i s  (W a r re n -W ilso n  1965). P e r i o d i c  m ea su res
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o f  c a n o p y  s t r u c t u r e  d u r i n g  t h e  g r o w i n g  s e a s o n  t h e r e f o r e  i l l u s t r a t e  

g r a s s l a n d  c o m m u n i ty  r e s p o n s e s  t o  m a n i p u l a t i o n ,  s u c h  a s  g r a z i n g  a n d  

w a t e r  (C onan t and R i s s e r  1974). P r o d u c t i v i t y  o f  m ost  c r o p s  i n c r e a s e s  

a s  l e a f  a r e a  i n c r e a s e s  (Jam eson  1963) u n t i l  l i g h t ,  w a t e r ,  o r  n u t r i e n t s  

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

(W atson 1952, D onald  and B la c k  1958, C a ld w e l l  e t  a l .  1981).

I n  r e g i o n s  o r  s e a s o n s  w h e re  w a t e r  and n u t r i e n t s  a r e  n o t  l i m i t i n g  

p r o d u c t i o n ,  g r a s s l a n d  e c o s y s t e m s  a r e  d e p e n d e n t  on  t h e  q u a n t i t y  an d  

v e r t i c a l  d i s t r i b u t i o n  o f  f o l i a r  m a t e r i a l .  Donald (1951) s t a t e s  t h a t  

t h e  u l t i m a t e  c a p a c i t y  o f  a  s p e c i e s  f o r  b io m a s s  p r o d u c t i o n ,  when w a te r  

and n u t r i e n t s  a r e  i n  a d e q u a te  s u p p ly ,  depends  on  t h e  d e g r e e  t o  w hich  a  

c o m m u n i ty  c a n  e x p l o i t  t h e  l i g h t  f a l l i n g  on  i t .  T h i s  l e v e l  o f  

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

S p e c i e s  o f  p r o s t r a t e  h a b i t  a n d  d e n s e  h o r i z o n t a l l y  d i s p o s e d  l e a v e s  

a c h i e v e  a  f u l l  c a n o p y  a n d  f u l l  e x p l o i t a t i o n  o f  l i g h t  w h i l e  a t  

c o m p a r a t i v e l y  low s t a t u r e .  T a l l  s p e c i e s ,  w i t h  e r e c t  h a b i t ,  g r e a t e r  

h e i g h t ,  and l e a v e s  a t  v a r i o u s  l e v e l s  and a n g le s ,  do n o t  r e a d i l y  form  

a  c o n t i n u o u s  f o l i a g e  c o v e r ,  a n d  s o  do n o t  i n t e r c e p t  a l l  a v a i l a b l e  

l i g h t .  S t u d i e s  by W a ts o n  (1 9 5 2 )  a n d  D o n a ld  a n d  B l a c k  (1 9 5 8 )  show a n  

i n t e r r e l a t i o n s h i p  o f  l i g h t ,  l e a f  a r e a ,  and  p r o d u c t io n .  They co n c lu d e d  

t h a t  i f  l e a f  a r e a  i s  l e s s  t h a n  t h e  p o i n t  c o r r e s p o n d i n g  w i t h  o p t im u m  

y i e l d ,  p r o d u c t i o n  w i l l  be r e d u c e d  by d e f o l i a t i o n  s i n c e  p r o d u c t i v i t y  

d e p e n d s  o n  l e a f  s u r f a c e  t o  i n t e r c e p t  l i g h t .  I f  l e a f  a r e a  i s  g r e a t e r  

t h a n  t h e  p o i n t  o f  op tim um  y i e l d ,  d e f o l i a t i o n  w i l l  r e d u c e  l e a f  a r e a  and 

p r o d u c t i o n  may i n c r e a s e .
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fe tm L J^X ^ .fc . 8̂ jnL-CanQP.v. S t r u c t u r e  and P r o d u o t io n

I n  a r i d  r e g i o n s  o r  s e a s o n s ,  w a t e r  l i m i t s  g ro w th .  The m a jo r  r o l e  

o f  w a t e r  s u p p l e m e n t a t i o n  on n a t i v e  r a n g e  i s  t o  a l l o w (p h o t o s y n t h e s i s -  i n  

d ry  p e r i o d s .  The w a t e r  economy o f  an  a r e a  may be augm ented  by v a r i o u s  

t e c h n i q u e s  i n c l u d i n g  w e a t h e r  m o d i f i c a t i o n ,  i r r i g a t i o n ,  w a t e r  

s p r e a d i n g ,  c o n to u r  f u r r o w in g ,  p i t t i n g ,  o r  s c a l p i n g  ( V a l l e n t i n e  1971). 

S u p p l e m e n t a l  w a t e r  s t u d i e s  by B r a n s o n  ( 1 9 5 6 ) ,  K l a g e s  a n d  R y e r s o n  

( 1 9 6 5 ) ,  S m ik a  e t  a l .  ( 1 9 6 5 ) ,  J o h n s  a n d  L a z e n b y  (1 9 7 3 a , ,  1 9 7 3 b ) ,  a n d

L avenw orth  and Sim s (1973) showed i n c r e a s e s  i n  y i e l d  r a n g i n g  f rom  50
/  -

t o  330  p e r c e n t  o v e r  c o n t r o l s .  W eaver  (1 9 8 1 )  w o r k i n g  w i t h  w e s t e r n  

w h e a tg r a s s  and b lu e  g ram a, u n d e r  w eek ly  summer w a te r  s u p p le m e n ts  o f  6 , 

12 , a n d  25 m i l l i m e t e r s  p e r  g r o w i n g  s e a s o n - w e e k ,  s h o w e d  a v e r a g e  

i n c r e a s e s  o f  22%, 45%, 246% r e s p e c t i v e l y  f o r  b lu e  g ram a and 17%, 58%, 

338% r e s p e c t i v e l y  f o r  w e s t e r n  w h e a tg r a s s .

B e s i d e s  e f f e c t s  on  f o r a g e  y i e l d ,  t h e r e  a r e  o b v i o u s  e f f e c t s  o f  

w a t e r  a d d i t i o n s  on canopy s t r u c t u r e .  Donald and B la c k  (1958) w ork ing  

w i t h  p a s t u r e  c r o p s  showed i n c r e a s e s  i n  d e n s i t y  ( p l a n t s  p e r  u n i t  a r e a  

o f  g r o u n d  s u r f a c e ) .  W eaver  (1 9 8 1 )  w o r k i n g  i n  w e s t e r n  w h e a t g r a s s  

c o m m u n i t ie s  w i t h  w a t e r  a d d i t i o n s  o f  25 m i l l i m e t e r s  p e r  g ro w in g  s e a s o n -  

week, showed i n c r e a s e d  d e n s i t i e s  ( p l a n t s  o r  p a r t g  o f  p l a n t s  p e r  u n i t  

a r e a )  a t  g r o u n d  s u r f a c e  a n d  i n  v e r t i c a l  l a y e r s  a b o v e  t h e  s u r f a c e ,  a s  

w e l l  a s  t h e  u s u a l  i n c r e a s e  i n  canopy h e i g h t .
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METHODS

Study  D e s c r i p t i o n

L o o a t I p n . I n  1977s a n  i r r i g a t i o n  s t u d y  w as  i n i t i a t e d  a s  p a r t  o f  

t h e  High P l a i n s  W eather  M o d i f i c a t i o n  E x p e r im e n t  nHIPLEXn (Weaver and 

H aglund, 1981), t o  d e t e r m i n e  t h e  e f f e c t s  o f  i n c r e a s e d  m o i s t u r e  on t h e  

v e g e t a t i o n  o f  t h e  N o r t h e r n  G r e a t  P l a i n s .  The s i m u l a t e d  g r a z i n g  a n d  

s u p p l e m e n t a l  w a t e r  s t u d y  r e p o r t e d  h e r e  w as  c o n d u c t e d  d u r i n g  t h e  

sum m ers o f  1979 th ro u g h  1981 a t  t h e  DSDA L iv e s to c k  and Range R esea rch  

S t a t i o n ,  M i le s  C i ty ,  M ontana. Two g r a s s l a n d  e c o s y s te m s ,  one d o m in a te d  

by w e s t e r n  w h e a t g r a s s  and t h e  o t h e r  by b lu e  g ram a, w h ich  c o m p r ise  o v e r  

1.16 m i l l i o n  km^ ( K u o h l e r  1964) o f  t h e  N o r t h e r n  G r e a t  P l a i n s  w e r e  

r e p r e s e n t e d .

The w e s t e r n  w h e a t g r a s s  s i t e  was 4 km s o u th w e s t  o f  M i l e s  C i ty  on 

a n  a l l u v i a l  f l o o d  p l a i n  o f  t h e  Y e l l o w s t o n e  R i v e r .  The s i t e  w as  

a p p r o x i m a t e ly  150 m e t e r s  by 300 m e te r s .  The b lu e  g ram a  s i t e  was 6 km 

s o u t h e a s t  o f  M i l e s  C i t y  on  a  f l o o d  p l a i n  o f  t h e  T o n g u e  R i v e r .  The 

s i t e  was a p p r o x i m a t e ly  50 m e t e r s  by 150 m e te r s .

V e g e ta t io n .  Over 97% o f  t h e  p r o d u c t i o n  o f  t h e  w e s t e r n  w h e a tg r a s s  

a n d  b l u e  g r a m a  c o m m u n i t i e s  w a s  by p e r e n n i a l  g r a s s  s p e c i e s .  By 

c o m p o s i t i o n ,  i t  was s u b j e c t i v e l y  e s t i m a t e d  t h a t  w e s t e r n  w h e a tg r a s s  and 

b l u e  g r a m a  c o m p r i s e d  90% o f  t h e i r  r e s p e c t i v e  c o m m u n i t i e s .  O t h e r  

g r a s s e s  i n c l u d e d  n e e d l e a n d t h r e a d  ( S t i o a  o o m a t a ) .  g r e e n  n e e d l e g r a s s  

( S t i o a  v i r i d u l a ) .  b u f f a l o g r a s s  (B u c h lo e  d a c t v l o i d e s ) . J a p a n e s e  brome 

(Bromus . i a p o n ic u s ). c h e a t g r a s s  ( B ro m u s  t e o t o r u m ) .  a n d  s a n d  d r o p s e e d  

(S o o ro b o lu s  c r v o t a n d r u s ) . The p r i n c i p a l  f o r b s  w ere  y e l lo w  s w e e tc l o v e r
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(M-e_J.JLJ,-0_tu3 a n d  s c a r l e t  g l o b e m a l l o w  ( S p h a e r a l c e a  

o o c c l n e a ). The m o s t  c o n s p i c u o u s  h a l f - s h r u b  w as  c u d w e e d  s a g e w o r t  

( A r t e m i s i a  l u d o v i c i a n a ) .

V e g e t a t i o n  o f  t h e  M i le s  C i ty  a r e a  i s  d e s c r i b e d  i n  m ore  d e t a i l  by 

H o ls c h e r  (1945), H ouston  and Woodward (1966), and O lson (1982). These 

d e s c r i p t i o n s  a r e  p u t  i n  a  r e g i o n a l  c o n t e x t  by C o u p la n d  ( 1 9 6 1 ) ,  

N ic h o ls o n  and  H u l e t t  (1969), and K iich le r  (196-4).

G r a z i n g .H i s t o r y . Both s tu d y  s i t e s  had p r e v i o u s l y  r e c e i v e d  g r a z in g  

by d o m e s t i c  a n im a ls .  G ra z in g  a t  t h e  w e s t e r n  w h e a tg r a s s  s i t e  was by 

c o w - c a l f  p a i r s  d u r i n g  su m m e r  an d  w as  c o n s i d e r e d  l i g h t  (R. W h i te  

p e r s o n a l  c o m m u n ic a t io n ) .  G ra z in g  was d i s c o n t i n u e d  i n  1975. . G raz in g  

a t  t h e  b lu e  g ram a  s i t e  was by c o w - c a l f  p a i r s  d u r in g  t h e  l a t e  summer -  

e a r l y  a u tu m n ,  a n d  w as  c o n s i d e r e d  h e a v i e r ,  s i n c e  i t  w a s  w i t h i n  100 

m e t e r s  o f  a  s t o c k  w a t e r  t a n k  (R. W h i t e  p e r s o n a l  c o m m u n i c a t i o n ) .  

G ra z in g  was d i s c o n t i n u e d  i n  1976.

C l i m a t e . The c l i m a t e  o f  t h e  s t u d y  a r e a  i s  s e m i a r i d  w i t h  a  m ean 

a n n u a l  p r e c i p i t a t i o n  o f  35.5 cm., 76% o f  w h ich  f a l l s  d u r in g  t h e  A p r i l  

t o  S e p t e m b e r  g r o w i n g  s e a s o n  ( U n i t e d  S t a t e s  D e p a r t m e n t  o f  C om m erce. 

C l i m a t o l o g i c a l  D a ta  -  M o n ta n a  ( M i l e s  C i t y  FFA AP) 1 9 7 9 - 1 9 8 1 ) .  

C l i m a t o l o g i c a l  d a t a  a r e  sum m arized  i n  T a b le  2.

S o i l s .  S o i l s  o f  t h e  w e s t e r n  w h e a t g r a s s  and b lu e  g ram a s i t e s  w ere  

c l a s s i f i e d  by S o i l  C o n s e r v a t io n  S e r v i c e  p e r s o n n e l  (M. N ic h o ls ,  M ile s  

C i t y ,  M o n ta n a ) .  The s o i l  o f  t h e  w e s t e r n  w h e a t g r a s s  s i t e  i s  a  w e l l -  

d r a i n e d ,  f i n e ,  m o n t m o r i l I o n i t i c  B o r o l l i c  C a m b o r t h id  s p e c i f i c a l l y  

i d e n t i f i e d  a s  a, Kobar s i l t y  c l a y  loam , w i t h  c a lc iu m  c a r b o n a te  a t  20 

cm, an d  r o o t s  t o  150 cm. I t  d e v e l o p e d  o n  a l l u v i u m  l y i n g  i n  s i m p l e



T a b le  2 .  P r e c i p i t a t i o n  (cm) and Average T e m p era tu re  (D e g re e s  C e l s i u s )  a t  M ile s  C i ty ,  
Montana 1978-1981 .

J a n Feb Mar Apr May Jun J l y Aug Sep Oct Nov Dec Annual

P r e c i p i t a t i o n

Normal 1 .2 4 1 .3 0 1 .65 3.20 5 .2 3 8 .43 3 .9 4 3 .0 5 3 .02 1.80 1 .30 1.22 3 5 .3 8
1978 1 .30 3 .02 0 .30 1 .19 17.30 3 .5 3 6 .3 7 2 .0 5 8 .6 3 0.68 5.51 1.60 51.51
1979 0 .8 4 2.90 0.66 1.93 3 .4 5 1.96 7 .0 9 1.70 0 .0 8 0.81 0.51 0 .1 3 2 2 .0 5
1980 0 .8 4 0 .8 4 0 .71 1.68 0 .71 7 .7 2 1 .35 5 .1 8 1 .85 4 .0 9 0 .7 4 0 .8 4 2 6 .5 4
1981 0 .1 3 0 .1 5 0 .7 1 0 .51 7 .2 9 6 .5 3 0.91 2 .8 4 1.83 3 .53 1 .98 0 .58 27.00

T e m p era tu re A verage

Normal - 9 . 2 - 5 . 8 —1 .0 7 .4 13.5 18.3 23.6 2 2 .5 15 .5 9 .3 0.2 - 5 . 6 7 .3 9
1978 - 1 6 .3 - 1 1 .4 - 0 . 3 8 .2 13 .7 18.8 2 1 .9 2 1 .3 17 .2 9 .2 - 5 . 2 - 1 0 .7 5 .5
1979 - 1 7 .7 - 1 3 .3 —1 • 2 5 .2 12.1 19.8 2 3 .7 22.2 18 .7 10.4 — 1.2 —1.6 6 .4 2
1980 - 1 0 .3 - 4 . 4 —0 . 2 11 .7 16.8 20.0 2 4 .7 19 .7 16.0 9 .6 3 .6 - 4 . 2 8 .58
1981 —0 • 6 - 2 . 3 4 .8 10 .7 13.9 17 .7 23 .9 2 3 .7 17.7 7 .2 2.8 - 5 .6 9 .4 9
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r e l i e f  w i t h  a  2% n o r t h  s l o p e .  The s o i l  o f  t h e  b l u e  g r a m a  s i t e  i s  a 

w e l l - d r a i n e d ,  f i n e ,  l o a m y ,  f r i g i d  c a l c a r e o u s  U s t i c  T o r r i o r t h e n t  

s p e c i f i c a l l y  i d e n t i f i e d  a s  a  H a v r e  v a r i a n t  l o a m ,  w i t h  c a l c i u m  

c a r b o n a t e  a t  75 cm, a n d  r o o t s  t o  105 cm. I t  d e v e l o p e d  o n  a  h i g h  

a l l u v i a l  t e r r a c e  l y i n g  i n  s im p l e  r e l i e f  w i t h  a  e a s t  s lo p e .

E xperim enta l-  D es ign

The e x p e r i m e n t a l  d e s ig n  a t  each  s tu d y  s i t e  was a  2 x  2 s y s t e m a t i c  

b lo c k  w i t h  two s i m u l a t e d  g r a z i n g  and tw o w a t e r  t r e a t m e n t s  ( F ig u r e  I). 

D e p e n d in g  u p o n , s p a c e  a v a i l a b l e ,  e a c h  t r e a t m e n t  h a d  f i v e  t o  s e v e n  

r e p l i c a t e s ;  t h a t  i s ,  t h e  b lu e  gram a s i t e  had  an  u n b a la n c e d  d e s ig n  o f  5 

r e p l i c a t e s  o f  w e t  g r a z e d /u n g r a z e d  t r e a t m e n t s  and 7 r e p l i c a t e s  o f  d ry  

g r a z e d / u n g r a z e d  t r e a t m e n t s ,  w h i l e  t h e  w e s t e r n  w h e a t g r a s s  s i t e  h a d  

b a la n c e d  d e s ig n  o f  6 r e p l i c a t e s  p e r  t r e a t m e n t .  Each e x p e r i m e n t a l  p l o t  

was 2 x 6 m e t e r s .

The s i m u l a t e d  g r a z i n g  t r e a t m e n t s  w e re :  I)  G razed , c o n s i s t e d  o f

p l o t s  r e p e a t e d l y  c l i p p e d  e v e r y  21 d a y s  ( i . e . ,  4 t i m e s  i n  t h e  J u n e  -  

S e p tem b e r  g ro w in g  s e a s o n ) ,  2) U ngrazed , c o n s i s t i n g  o f  p l o t s  c l i p p e d  a t  

t h e  e n d  o f  t h e  g r o w i n g  s e a s o n  ( i n  S e p t e m b e r ,  c o r r e s p o n d i n g  w i t h  t h e

f o u r t h  " g ra z e d "  c l i p  d a t e ) .  "G raz ing"  was a c c o m p l i s h e d  w i t h  a  r e a r -
(

1b a g g in g  Toro la w n  mower. G ra z in g  h e i g h t s  w ere  a r b i t r a r i l y  c hosen  a t  

7.6 cm a n d  5.0 cm, a f t e r  s u r v e y i n g  s u r r o u n d i n g  p a s t u r e s  f o r  t h e  

w e s t e r n  w h e a t g r a s s  and b lu e  gram a s i t e s ,  r e s p e c t i v e l y .  U sing  m ethods  

d e s c r i b e d  by H o ls c h e r  and M ookfolk  (1953) a v e ra g e  p e r c e n t  u t i l i z a t i o n  

by w e ig h t  w i t h  su c h  g r a z i n g  h e i g h t s  w ere  e s t i m a t e d  t o  r e s u l t  i n  64%

‘M en tio n  o f  a  namemark does  n o t  im p ly  i t s  a p p ro v a l  t o  t h e  e x c lu s i o n  
o f  o t h e r  p r o d u c t s  t h a t  may a l s o  be s u i t a b l e .
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F i g u r e  I .  E x p e r im e n ta l  P l o t  D e s ig n  f o r  W e s t e r n  W h e a t g r a s s  and  
B lue  Grama, 1979-1981.

BLUE GRAMA SITE WESTERN WHEATGRASS SITE

DRY WET DRY WET
GRAZED GRAZED GRAZBD GRAZED

REPLICATE I REPLICATE I REPLICATE I REPLICATE I
UNGRAZED UNGRAZED UNGRAZED UNGRAZED

R EPU CA TE I REPLICATE I REPLICATE I REPLICATE I
GRAZED GRAZED GRAZED GRAZED

REPLICATE 2 REPLICATE 2 REPLICATE 2 REPLICATE 2
UNGRAZED UNGRAZED UNGRAZED UNGRAZED

REPLICATE 2 REPLICATE 2 REPU CA TE 2 REPLICATE 2

-  I —
DC “  I -

DC
- I "

L U LU
L U LU
L U LU

V D D
CO CO



n
u t i l i z a t i o n  o f  w e s t e r n  w h e a t g r a s s  a n d  30$ f o r  b l u e  g r a m a .  T h e s e  

a u t h o r s  s u g g e s t  a v e r a g e  ^ p r o p e r ” u t i l i z a t i o n  o f  45$ a n d  41$ f o r  

w e s t e r n  w h e a t g r a s s  a n d  b l u e  g r a m a  s u b t y p e s  r e s p e c t i v e l y ,  u n d e r  

c o n t in u o u s  summer g r a z i n g  (May t o  November) i n  e a s t e r n  M ontana.

The w a t e r  t r e a t m e n t s  w e r e :  1) D r v f r e c e i v e d  o n l y  n a t u r a l  

p r e c i p i t a t i o n .  P r e c i p i t a t i o n  was below  a v e ra g e  f o r  t h e  s tu d y  p e r io d  

1979 -  1982 ( T a b l e  2 ) ,  2) W e tf r e c e i v e d  s u p p l e m e n t a l  s p r i n k l e r  

i r r i g a t i o n  w a t e r  o f  2.5 cm p e r  week d u r in g  t h e  g ro w in g  se a s o n .  These 

p l o t s  w e re  i n t e n d e d  t o  r e p r e s e n t  w e t  y e a r s  o r  i r r i g a t e d  c o m m u n it ie s .  

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

p o s s i b l e  d r o u g h t  c o n d i t i o n s  o f t e n  f o u n d  i n  e a s t e r n  M o n ta n a .  

S u p p le m e n ta l  w a t e r  a p p l i c a t i o n s  w ere  a p p l i e d  i n  e a r l y  m orn ing  u n d e r  

w i n d l e s s  c o n d i t i o n s .  Wedge g a u g e s  w e re  used  t o  r e c o r d  a v e ra g e  w a te r  

r e c e i v e d  by t r e a t m e n t s .  W ater  a p p l i c a t i o n s  a r e  f u r t h e r  d e s c r i b e d  by 

Weaver (1981). S p e c i f i c  am oun ts  o f  w a t e r  r e c e i v e d  by t r e a t m e n t  p l o t s  

a r e  su m m a riz ed  i n  T a b le  3.

Canopy S t r u c t u r e  A n a ly s i s

Canopy s t r u c t u r e  w i l l  be d e f in e d  a s  t h e  v e r t i c a l  d i s t r i b u t i o n  o f .  

f o l i a r  m a t e r i a l  d i f f e r e n t i a t e d  a s  t o  l e a f ,  s te m ,  o r  i n f l o r e s c e n c e .

P o i n t  c o n t a c t  d a t a  w e r e  r e c o r d e d  d u r i n g  1981 , j u s t  b e f o r e  e a c h  

g r a z i n g  s a m p l e  c o l l e c t i o n  d a t e ,  f o r  a l l  t r e a t m e n t s  a n d  b o t h  s i t e s .  

S a m p le s  w e r e  t a k e n  w i t h  a  m o t o r i z e d  i n c l i n e d  p o i n t - c o n t a c t  s y s t e m  

d e s c r i b e d  by K n ig h t  (1973). The p i n ' s  a n g le  o f  i n c l i n a t i o n  was 32 .5°  

f rom  t h e  h o r i z o n t a l .  T h ree  s a m p l in g  p o s i t i o n s  w ere  r an d o m ly  p la c e d  

a t  t h e  2 m e t e r  e d g e  i n  e a c h  t r e a t m e n t .  T h i s  p l a c e m e n t  a l l o w e d  d a t a  

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



T a b le  3* Summer N a tu r a l  and S u p p le m e n ta l  M o is tu re  (cm) R ece ived  By 
W este rn  W h e a tg ra s s  (AGSM) and B lue  Grama (BOGR) S i t e s ,  
1979-1981.

Mav Jun J l v Aue T o ta l

1979
N a tu ra l* 3 .4 5 1.96 7 .0 9 1 .70 14.20

1980

N a tu r a l 0 .7 1 7 .7 2 1 .35 5.18 14.96

AGSM I r r i g a t i o n 2.31 10.90 10.52 7 .9 2 3 1 .6 5
AGSM T o ta l 3 .02 18.62 11.87 13.10 46.61

BOGR I r r i g a t i o n 2 .6 4 7 .2 9 14.17 10 .4 4 3 4 .5 4
BOGR T o ta l 3 .3 5 15.01 15 .52 15.62 49.50

1981

N a tu ra l 7 .2 9 6 .5 3 0.91 2 .8 4 17.57

AGSM I r r i g a t i o n #* 2 .5 7 10.87 11.66 2 5 .1 0
AGSM T o ta l 7 .2 9 9.10 11.78 14.50 42 .67

BOGR I r r i g a t i o n 2 .3 4 2 .1 3 10.16 10 .4 9 2 5 .1 2
BOGR T o ta l 9 .3 6 8.66 11.06 13.33 42 .69

•  Though a s i m i l a r  i r r i g a t i o n  reg im e  was a p p l i e d  i n 1979-1980- 1981 ,
1979 r e c o r d s  a r e  n o t  a v a i l a b l e .  

• • I r r i g a t i o n  M o is tu re  Not A p p l ie d .



16

S am p lin g  p o s i t i o n s  w e re  m arked  w i t h  i r o n  n a i l s  d r i v e n  i n t o  t h e  g round  

f o r  e a s e  o f  f r a m e  r e l o c a t i o n .  E x a c t  r e p o s i t i o n i n g  o f  t h e  f r a m e  on  

s u c c e s s i v e  s a m p le  d a t e s  e l i m i n a t e d  p l o t  t o  p l o t  v a r i a t i o n  a s  a  s o u rc e  

o f  e r r o r .  E ach  s a m p l e  c o n s i s t e d  o f  15 p i n s  l o c a t e d  5 cm a p a r t  f o r  a 

t o t a l  o f  45 p i n s  p e r  t r e a t m e n t .  A l l  p i n  c o n t a c t s  w e re  r e c o r d e d  a s  t o  

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

c o n d i t i o n ,  d e f i n e d  a s  l i v e  o r  dead  p l a n t  t i s s u e .

Biom ass P r o d u c t i o n  A n a ly s i s

G r a z a b l e  f o r a g e  h e r e  i s  d e f i n e d  a s  b i o m a s s  p r o d u c e d  a b o v e  t h e  

c l i p p i n g  h e i g h t s  o f  f .6 cm f o r  t h e  w e s t e r n  w h e a t g r a s s  a n d  5.0  cm f o r  

t h e  b l u e  g r a m a  s i t e .  T o t a l  a b o v e - g r o u n d  b i o m a s s  i s  d e f i n e d  a s  

p r o d u c t i o n  b o th  above and below  c l i p p i n g  l e v e l s .

G r a z a b l e  f o r a g e  s a m p l e s  w e r e  h a r v e s t e d  f r o m  a l l  t r e a t m e n t s  a t  

b o th  s i t e s  d u r in g  t h e  summer m on ths  o f  1979 -  1981. The " g ra z e d "  p l o t  

s a m p l e s  w e r e  c o l l e c t e d  f o u r  t i m e s ,  e v e r y  21 d a y s ,  e x c e p t  i n  197 9 ,  

w h i c h  h a d  t h r e e  s a m p l i n g  p e r i o d s .  The " u n g r a z e d "  p l o t  s a m p l e s  w e r e  

c o l l e c t e d  a t  s e a s o n ’s  e n d  w h ic h  c o r r e s p o n d e d  w i t h  t h e  l a s t  g r a z i n g  

sa m p le  c o l l e c t i o n .  S am p les  w ere  s e p a r a t e d  i n t o  g r a s s ,  f o r b ,  and s h ru b  

c a t e g o r i e s  i n  a l l  y e a r s  e x c e p t  1979» w here  t o t a l s  w e re  u sed . Sam ples  

w ere  bagged  and d r i e d  t o  c o n s t a n t  w e ig h t  a t  50° C e l s iu s .  The sa m p le s  

w e re  s i f t e d  i n  a  35 mesh s c r e e n  t o  rem ove  s o i l  m a t e r i a l ,  t h e n  w eighed  

t o  t h e  n e a r e s t  0.1 gram.

Tc e s t i m a t e  t o t a l  a b o v e -g ro u n d  b io m a s s ,  s a m p le s  w e re  c o l l e c t e d  

f r o m  a l l  t r e a t m e n t s  a t  b o t h  s i t e s  i n  O c t o b e r  o f  1981 f o r  b i o m a s s  

p r o d u c e d  b e lo w  t h e  g r a z i n g  h e i g h t .  S a m p le s  w e r e  t a k e n  f ro m  8 

r e g u l a r l y  p l a c e d  f r a m e s  (2 x 5 dm., 2 p e r  p l o t )  p e r  t r e a t m e n t .  T o ta l
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p l a n t  m a t e r i a l  w as  c l i p p e d  t o  g r o u n d  l e v e l  by h a n d ,  a n d  d r i e d  a n d  

w e ighed  j u s t  a s  was t h e  g r a z a b l e  f o r a g e  m a t e r i a l .

S t a t i s t i c a l  A n a ly s i s

Mean b io m a s s  p r o d u c t i o n  v a l u e s  w e re  c a l c u l a t e d  f o r  e ach  t r e a t m e n t  

a n d  a n a l y z e d  f o r  s i g n i f i c a n t  d i f f e r e n c e s  a t  t h e  99% l e v e l  o f  

c o n f i d e n c e  u s i n g  a n  A n a l y s i s  o f  V a r i a n c e  M u l t i - F a c t o r  an d  LSD m ean  

s e p a r a t i o n  t e s t s .  Means and s t a n d a r d  e r r o r s  w ere  c a l c u l a t e d  from  th e  

canopy s t r u c t u r e  f r e q u e n c y  d a t a  f o r  each  t r e a t m e n t .  R e g r e s s io n s  w ere  

f o r m u l a t e d  u s i n g  b i o m a s s  p r o d u c t i o n  v a l u e s  a n d  c a n o p y  s t r u c t u r e  

f r e q u e n c y  d a ta .

(

/
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RESULTS AND DISCUSSION

A 2x2 f a c t o r i a l  e x p e r im e n t  was c a r r i e d  o u t  t o  d e t e r m i n e  e f f e c t s  

o f  g r a z i n g  on  tw o  m a jo r  g r a s s l a n d  c o m m u n i t ie s  unde r  d ry  and w e t  y e a r
i

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

a v e r a g e  p r e c i p i t a t i o n  ( T a b l e  2) d u r i n g  t h e  s t u d y  p e r i o d .  The 

i r r i g a t e d  p l o t s  r e c e i v e d  w a t e r  e q u i v a l e n t  t o  t h e  w e t t e s t  y e a r s  i n  t h e  

r e g i o n .  G r a z i n g  p l o t s  i n  e a c h  t r e a t m e n t  w e r e  C l i p p e d  a t  t h r e e  w eek  

i n t e r v a l s  t o  a  h e i g h t  o f  5 .0  cm ( b l u e  g r a m a  s i t e )  o r  7 .6  cm ( w e s t e r n  

w h e a t g r a s s  s i t e ) .

Community r e s p o n s e s  w e re  m easu red  i n  t e r m s  o f  t o t a l  above g round 

p r o d u c t i o n ,  g r a z a b l e  p r o d u c t i o n  ( i . e .  t h a t  above c l i p p i n g  h e i g h t ) ,  and 

c a n o p y  s t r u c t u r e  ( i . e .  v e r t i c a l  d i s t r i b u t i o n  o f  b i o m a s s  a n d  t o t a l  

p l a n t  a r e a ) .  S t r u c t u r a l  com ponen ts  w ere  s u b d iv id e d  a c c o r d in g  t o  l e a f -  

s t e m - f r u i t  and l i v e - d e a d .  These p a r a m e t e r s  a r e  t r e a t e d  s e p a r a t e l y  i n  

t h e  f o l l o w i n g  s e c t i o n s .

Canopy S t r u c t u r e

D i s t r i b u t i o n  o f  L e a f  Stem S u r f a c e  and Biomass

The v e r t i c a l  d i s t r i b u t i o n  o f  p l a n t  l e a f  and s te m  s u r f a c e  ( p o in t  

c o n t a c t s )  a t  maximum s t a n d i n g  c ro p  i s  shown i n  f i g u r e  2. S in c e  p o i n t  

c o n t a c t s  a r e  u s u a l l y  w e l l - c o r r e l a t e d  w i t h  b i o m a s s  ( G r e i g  -  S m i th  

1964, Conant and R i s s e r  1974), i t  i s  d e s i r a b l e  t o  r e g r e s s  t h e  number 

o f  p o i n t  c o n t a c t s  i n  15 p r o b e s  ( o r  p e r c e n t  p i n  c o n t a c t )  a g a i n s t  

b i o m a s s e s  r e c o r d e d  t o  a l l o w  s i m u l t a n e o u s  d i s c u s s i o n  o f  s u r f a c e  an d  

b i o m a s s  s t r u c t u r e .  R e s u l t a n t  c o n v e r s i o n  s c a l e s  ( F i g u r e  2) w i l l  be  

a v e r a g e  s c a l e s  f o r  l e a f  s t e m  s u r f a c e  v e r s u s  b i o m a s s  t h r o u g h o u t  t h e
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FiS'Jf'® 2 . V e r t i c a l  S t r a t i f i c a t i o n  o f  Canopy Cover From t h e  W estern  
W h e a tg ra ss  and B lue  Grama S i t e s ,  P e r c e n t  P in  C o n ta c ts  (% 
P in  C o n ta c t s  P lu s  S ta n d a r d  E r r o r ) , L eaf-S tem  R a t io s  ( x ) ,  
and T o ta l  Above Ground Y ie ld  (gram s/m ^) a t  Maximum 
S ta n d in g  C rop, 1981. Y ie ld s  a r e  P r e d i c t e d  From R e g re s s io n  
A n a l y s i s .  ( F ig u r e  I ) .

DRY UNGRAZED DRY GRAZED

WET GRAZED

PERCENT PIN HITS

28.0 76.9 125.8 28.0 76.9

YIELD ( G / M 1)
125.8

DRY UNGRAZED

■  LEAF 

□  STEM

WET UNGRAZED

3 0  50 70

DRY GRAZED

WET GRAZED

C
PERCENT PIN HITS

57.2 90.5 123.8 157.1 21.9 40.5 59.1 77.7

YIELD (G/Ml)
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canopy b e c a u s e  no e f f o r t  was made t o  d e v e lo p  s e p a r a t e  r e g r e s s i o n s  f o r  

e ach  canopy l a y e r .

D a ta  from  l e a f  s te m  s u r f a c e  c o n t a c t s  a g a i n s t  b io m a s s  ( F ig u r e  3) 

f i t  l i n e a r  r e g r e s s i o n s  b e t t e r  th a n  c u r v i l i n e a r  r e g r e s s i o n s  a t t e m p t e d .  

C o r r e l a t i o n  c o e f f i c i e n t s  f o r  w e s t e r n  w h e a t g r a s s  and b lu e  g ram a  ran g ed  

f r o m  0 .8 7  t o  0 .9 0 .  W e s t e r n  w h e a t g r a s s  r e g r e s s i o n s  h a d  t h e  h i g h e s t  

c o r r e l a t i o n  c o e f f i c i e n t s  when d a t a  f rom  w a t e r  and g r a z i n g  t r e a t m e n t s  

w ere  com bined , w h i l e  b lu e  g ram a v a l u e s  w ere  h i g h e s t  when t h e  d a t a  w ere  

s e p a r a t e d  by g r a z i n g  t r e a t m e n t .

W hile  i t  was n o t  d i r e c t l y  p e r t i n e n t  t o  t h e  im m e d ia te  s tu d y  g o a l ,  

one c a n n o t  h e lp  a s k in g  why t h e  r e g r e s s i o n  l i n e s  d i f f e r .  D i f f e r e n c e s  

b e tw e e n  t h e  s p e c i e s  a r e  p ro b a b ly  due t o  g ro w th  fo rm  d i f f e r e n c e s ,  w i th  

w e s t e r n  w h e a t g r a s s  h a v i n g  a  g r e a t e r  w e i g h t  ( g r a m / p i n  c o n t a c t )  t h a n  

b l u e  g ra m  a . F i e l d  o b s e r v a t i o n s  s u g g e s t  t h a t  w e s t e r n  w h e a tg r a s s  h a s  

l o n g e r ,  c o a r s e r  s t e m s  t h a n  b l u e  g r a m a  a n d  i f  s o ,  t h e s e  m i g h t  

c o n t r i b u t e  t o  t h e  h ig h  w e i g h t s  o b s e rv e d .  S i m i l a r l y ,  t h e  low w e ig h t  

( g r a m s /p in  c o n t a c t )  o f  g r a z e d  b lu e  g ram a may be due t o  t h e  r a r i t y  o f  

s te m s  r e l a t i v e  t o  p r o p o r t i o n s  p r e s e n t  i n  u n g raz e d  p l a n t s .

F a c t o r s  A f f e c t i n g  Canopy S t r u c t u r e

T h is  s tu d y  exam ined  ch an g es  i n  canopy s t r u c t u r e  w i t h  r e s p e c t  t o  

s p e c i e s ,  w a t e r  l e v e l ,  g r a z i n g  l e v e l ,  and se a so n .  L a t e r  d i s c u s s i o n  i s  

s i m p l i f i e d  i f  s e a s o n a l  e f f e c t s  a r e  c o n s id e r e d  f i r s t .

Season . L a t e r a l  b a r s  i n  f i g u r e  4 i n d i c a t e  t h e  am ount o f  m a t e r i a l  

p r e s e n t  i n  e a c h  5 cm l a y e r  o f  e a c h  s p e c i e s  -  t r e a t m e n t  c o m m u n i ty  a t  

f o u r  d a t e s .  The s i m i l a r i t y  o f  m ost  s e t s  o f  b a r  l e n g t h s  b e tw e en  e a r l y  

J u l y  and e a r l y  S e p te m b e r  show t h a t  b a s i c  canopy s t r u c t u r e s  had e v o lv e d
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F ig u r e  3 .  R e g r e s s io n s  and C o r r e l a t i o n s  From W este rn  W h e a tg ra ss  and 
B lue  Grama S i t e s ,  1981. ( P in  C o n t a c t s / P l o t  Above G raz in g  
H e ig h t  w i th  G ra z a b le  F o rage  Y i e l d / P l o t ) .

AGSM S I TE BOGR SITE

Y= 16.3 X + 3.6
0 . 8 7 UNGRAZED 

Y = I I . IX + 4 0 . 6
R2=O.90

GRAZED 
Y= 6.2 X + 12.6 
R2= 0 87

+ -  UNGRAZED 
• -  GRAZED

5 IO 
P I N  H I T SPIN HITS
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F i g u r e  4. Growing Season  V e r t i c a l  S t r a t i f i c a t i o n  o f  W estern  
W h e a tg ra ss  and B lue  Grama Canopy Cover. T o ta l  P in  
C o n ta c t s  f o r  Each T re a tm e n t  P l o t  and Sam pling  D a te .
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by J u l y  4 and r e m a in e d  l i t t l e  changed  f o r  t h e  r e s t  o f  t h e  summer. The 

p r i n c i p a l  e x c e p t i o n  t o  t h i s  s t a t e m e n t  i s  s e e n  i n  b l a c k  b a r s  ( e a r l y  

J u l y )  o n  g r a z e d  p l o t s ;  t h e s e  show t h e  p r e s e n c e  o f  p l a n t  m a t e r i a l  i n  

u p p e r  l a y e r s  w h ic h  w a s  t o  be c u t  i n  t h e  f i r s t  g r a z i n g  a n d  n e v e r  

r e a p p e a r e d  t h e r e  d u e  t o  r e p e a t e d  c l i p p i n g  o f  t h e s e  p l o t s .  R e s u l t s  

s h o w e d  no c h a n g e s  o c c u r r e d  i n  t h e  s e a s o n  s t u d i e d ;  h o w e v e r ,  i t  i s  

o b v io u s  t h a t  c h a n g es  o c c u r  o v e r  a  l o n g e r  te rm  (H a rp e r  1977).

S p e c ie s .  The f a c t  t h a t  w e s t e r n  w h e a t g r a s s  and b lu e  g ram a d i f f e r  i n  

t h e i r  m o r p h o l o g i c a l  g r o w t h  c h a r a c t e r i s t i c s  i s  w e l l -k n o w n  (H itc h c o ck  

and  Chase 1971), and h a s  b e e n . f u r t h e r  d e m o n s t r a t e d  w i t h  s tu d y  r e s u l t s  

( F i g u r e  4 ) .

W a t e r . A p p l i c a t i o n  o f  s u p p l e m e n t a l  w a t e r  t o  u n g r a z e d  w e s t e r n  

w h e a tg r a s s  and b lu e  g ram a c o m m u n it ie s  d id  n o t  s i g n i f i c a n t l y  i n c r e a s e  

c a n o p y  h e i g h t  o f  e i t h e r  c o m m u n i ty  ( F i g u r e  4 ) .  S u p p l e m e n t a l  w a t e r  

i n c r e a s e d  canopy h e i g h t s  o f  g r a z e d  c o m m u n i t ie s  s l i g h t l y  by s u p p o r t i n g  

g r o w t h  i n t o  t h e  g r a z e d  l a y e r  ( F i g u r e  4 ) .  T o t a l  l e a f  s t e m  s u r f a c e  and  

b io m a ss  i n c r e a s e d  i n  b o th  s p e c i e s  ( F ig u r e  4) a s  a  r e s u l t  o f  i n c r e a s e d  

f o l i a r  d e n s i t y  i n  a l l  canopy l a y e r s .

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

c a n o p y  h e i g h t  a n d  v e r t i c a l  d i s t r i b u t i o n  o f  b i o m a s s  i n  w e s t e r n  

w h e a t g r a s s  and b lu e  g ram a c o m m u n it ie s  i s  i n  c o n t r a s t  w i t h  t h e  r e s u l t s  

o f  W eave r  e t  a l .  ( 1 9 8 1 ) .

G r a z i n g . W h i le  p r e g r a z i n g  m e a s u r e s  ( F i g u r e  4 , e a r l y  J u l y )  show 

t h a t  p l a n t s  o f  g r a z e d  p l o t s  a r e  c a p a b le  o f  r e a c h in g  i n t o  h i g h e r  canopy 

l a y e r s ,  l a t e r  m e a s u re s  show t h a t  g r a z i n g  e s s e n t i a l l y  e l i m i n a t e s  g ro w th

23 -
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a b o v e  t h e  g r a z i n g  h e i g h t  (5 cm i n  b l u e  g r a m a ,  a n d  7.6 cm i n  w e s t e r n  

w h e a tg r a s s )  i n  d ry  p l o t s  and g r e a t l y  r e d u c e s  i t  i n  i r r i g a t e d  p l o t s .

As a  r e s u l t  o f  g r a z i n g ,  p l a n t s  become m ore p r o s t r a t e  by r e d u c in g  

p l a n t  s i z e ,  t h e r e b y  a p p e a r in g  t o  c o n c e n t r a t e  m a t e r i a l  i n  t h e  u n c l ip p e d  

c a n o p y  l a y e r  ( F i g u r e  4 ) .  Such  c o n c e n t r a t i o n s  o f  l e a f  s u r f a c e  i n  t h e  

u n c l ip p e d  l a y e r  would  m ax im ize  p h o t o s y n t h e s i s  i n  a g r a z i n g - s t r e s s e d  

s y s te m .  T o ta l  q u a n t i t i e s  o f  l e a f  s u r f a c e  i n  t h e  f i r s t  l a y e r  o f  g r a z e d  

p l o t s  a r e  n o t ,  how ever ,  i n c r e a s e d  o v e r  u n g raz e d  c o n t r o l s  (F ig u r e  2). 

T h e r e  a p p e a r s  t o  be l i t t l e  t r u e  c o m p e n s a t i o n  i n  t h e s e  w e s t e r n  

w h e a t g r a s s  and b lu e  g ram a c o m m u n it ie s .

L e a f-S tem  Canoov S t r u c t u r e

W a te r  an d  g r a z i n g  m i g h t  a f f e c t  l e a f - s t e m  r a t i o s  ( a l l o c a t i o n  o f  

c a rb o n )  a s  w e l l  a s  com m unity  h e i g h t  and b io m a ss .  L e a f - s te m  r a t i o s  a r e  

i m p o r t a n t  b o th  b e c a u s e  o f  t h e  r e l a t i v e l y  h ig h  n u t r i t i o n a l  q u a l i t y  o f  

t h e  l e a v e s  a n d  b e c a u s e  g r a z i n g  a n i m a l s  p r e f e r  l e a v e s  t o  s t e m s  (Cook 

and H a r r i s  1950, A rno ld  1964).

G r a z i n g  h a d  l i t t l e  e f f e c t  on  s e a s o n a l  d e c l i n e s  o f  l e a f - s t e m  

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

g r a z i n g  m a i n t a i n e d  h ig h  l e a f - s t e m  r a t i o s  t h r o u g h o u t  t h e  s e a s o n  (T ab le  

4). A p p a r e n t ly ,  u n d e r  d ry  c o n d i t i o n s  s e n e s c e n c e  o f  l e a v e s  o c c u r r e d  a t  

a  h i g h e r  r a t e  t h a n  u n d e r  m o is t  c o n d i t i o n s .  S u p p le m e n ta l  w a t e r  f u r t h e r  

s u p p o r t e d  g ro w th  o f  new l e a v e s  on s h o r t e n e d  s te m s .

L e a f - s t e m  r a t i o s  t e n d  t o  be lo w  i n  t h e  l o w e s t  c a n o p y  l a y e r s  

( T a b l e s  5 ,  6 ) .  T h e s e  lo w  r a t i o s  a r e  a  n e c e s s a r y  c o r r e l a t e  o f  t h e  

s u p p o r t  f u n c t i o n s  o f  s te m s  i n  any com m unity . However, t h i s  t r e n d  may 

be c o u n t e r a c t e d  t o  some e x t e n t  i n  some g r a s s l a n d  c o m m u n it ie s  by t h e

I
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T ab le  4. T o ta l  L ea f-S tem R a t io s  o f  t h e  W este rn  W hea tg ra ss and
B lue  Grama S i t e s i, 1981.

W este rn  W h ea tg ra ss

D ate J u ly  4 J u ly  25 August 14 Septem ber 5

T re a tm e n t

Dry Grazed 4 .3  . v 1.2 0.1 0.0
Dry Ungrazed 2 .5 4 .5 1.0 0 .8
Wet Grazed 2.8 1.6 2.2 2 .4
Wet Ungrazed 1.8 1 .3 1.8 1.3

D ate Ju n e  30

B lue  Grama 

J u ly  22 August 12 Sep tem ber 2

T re a tm e n t

Dry Grazed 1.8 14 .0 3 .0 1.4
Dry Ungrazed 1 .9 0 .8 0 .8 0 .9
Wet Grazed 1.9 12 .5 4.1 5 .8
Wet Ungrazed 1 .9 2 .2 1.2 1.8
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T a b le  5 .  S t r a t i f i e d  L e a f  -  Stem R a t io s  From t h e  W este rn  W heatg rass  
S i t e ,  1981.

D ate J u l y 4 J u l y  25 August 14 S e p tem b e r  5

T re a tm e n t H e ig h t L eaf Stem L eaf  Stem L eaf  Stem L eaf Stem

Dry 5 cm 3 5 5 4 I 5 0 4
Grazed 10 cm 8 0 I I 0 5 0 3

15 cm 9 I
20 cm 3 0
25 cm 7 I

Dry 5 cm 6 5 I 5 2 4 5 4
Ungrazed 10 cm 9 2 6 2 7 2 4 5

15 cm 5 I 3 2 3 I 4 3
20 cm 3 I 2 I I I I 2
25 cm 0 0 4 I I 4 I 0
30 cm 2 0 I 0 I 2
35 cm 0 I I 0 0 3
40 cm 0 4

Wet 5 cm 6 5 8 8 12 9 19 7
Grazed 10 cm 17 3 9 3 9 I 5 4

15 cm 10 I I 0 I 0 2 0
20 cm I I
25 cm I I
30 cm I I
35 cm 0 I

Wet 5 cm 9 8 2 9 3 7 7 9
Ungrazed 10 cm 10 5 15 5 13 6 8 3

15 cm 15 3 9 4 10 I 7 7
20 cm 8 4 7 0 7 2 9 2
25 cm I 3 3 2 I 2 2 I
30 cm I 0 0 I 4 2 0 0
35 cm 0 I 0 5 0 I 0 3
40 cm 0 I
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T ab le  6 . S t r a t i f i e d  L e a f  -  Stem R a t io s  o f  B lue  Grama, 1981. 
R a t io s  C a l c u l a t e d  from  P in  C o n ta c t s .

D ate June 30 J u ly  22 August 12 S ep tem ber  2

T re a tm e n t H e ig h t L ea f Stem L e a f  Stem L eaf  Stem L eaf  Stem

Dry 5 cm 19 3 14 I 21 7 10 7
Grazed 10 cm I 3

15 cm 0 2
20 cm 0 I
25 cm 0 I
30 cm 0 I

Dry 5 cm 18 5 12 3 19 5 12 9
Ungrazed 10 cm I I 0 I I 6 0 I

15 cm 0 2 0 3 0 7 0 2
20 cm 0 I 0 3 0 4 I I
25 cm 0 0 0 2 0 4 0 2
30 cm 0 0 0 2
35 cm 0 I 0 2

Wet 5 cm 20 3 23 2 27 7 29 3
Grazed 10 cm 11 6 2 0 2 0 0 2

15 cm 4 2
20 cm 0 I
25 cm 0 4
30 cm 0 2

Wet 5 cm 24 2 20 4 23 14 24 10
Ungrazed 10 cm 10 4 14 0 14 4 8 2

15 cm 3 2 3 4 2 4 3 6
20 cm I 3 0 I I 4 I 0
25 cm 0 6 0 2 0 2 0 I
30 cm 0 2 0 2 0 4 0 I
35 cm 0 3 , 0 I
40 cm 0 I
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a p p e a r a n c e  o f  s t e m s  w h ic h  l i f t  r e p r o d u c t i v e  s t r u c t u r e s  a b o v e  t h e  

canopy f o r  b e t t e r  w ind  p o l l i n a t i o n  a n d / o r  s e e d  d i s p e r s a l .  

P h o t o s v n t h e t i c  Canopy S t r u c t u r e

B e c a u s e  p h o t o s y n t h e s i s  d e p e n d s  m o re  on  g r e e n  s u r f a c e  t h a n  

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

( p h o t o s y n t h e t i c  s u r f a c e )  i n  t h e  v a r i o u s  c a n o p ie s  (T a b le  7) a s  a f f e c t e d  

by w a t e r  a v a i l a b i l i t y ,  g r a z i n g ,  and  s e a s o n ,  may be i m p o r t a n t .  L a t e r  

d i s c u s s i o n  i s  s i m p l i f i e d  i f  w a t e r  and s e a s o n  e f f e c t s  a r e  c o n s id e r e d  

f i r s t .

.a M  _S_e.aaon. W ith  a d e q u a t e  w a t e r ,  p h o t o s y n t h e t i c  s u r f a c e  

( l i v e - d e a d  r a t i o s )  i n c r e a s e d  a s  s e a s o n  p r o g r e s s e d  ( T a b l e  7 ) ,  a s  a 

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

( T a b l e s  8 , 9 ) .  H o w e v e r ,  i f  w a t e r  b e c o m e s  l i m i t i n g ,  l e a v e s  d i e  a n d  

p h o t o s y n t h e t i c  s u r f a c e  d e c l i n e s  (T ab le  7).

S i m i l a r l y ,  B o k h a r i  (1976) showed t h a t  t h e  c h l o r o p h y l l  c o n te n t  o f  

w e s t e r n  w h e a t g r a s s  w a s  m a i n t a i n e d  t h r o u g h o u t  t h e  s e a s o n  by 

s u p p l e m e n t a l  m o i s t u r e ,  w h i l e  R a u z i  a n d  D o b re n z  (1 9 7 0 )  sh o w e d  

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

b lu e  g ram a w i t h o u t  a d d i t i o n a l  w a te r .  ,

G r a z i n g . P h o t o s y n t h e t i c  s u r f a c e  i n  u n g r a z e d  p l o t s  d e c r e a s e d  

e x p o n e n t i a l l y  a s  h e i g h t  d e c r e a s e d  i n  b l u e  g ra m a  w h i l e  i n  w e s t e r n  

w h e a t g r a s s  i t  t e n d e d  t o  d e c l i n e  b o t h  a b o v e  and  b e lo w  t h e  l e v e l  o f  

m a x im u m  c a n o p y  d e n s i t y  ( F i g u r e  5 ) .  G r a z i n g  c o n v e r t s  t h e  

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

d e c l i n i n g  one , s i m i l a r  t o  t h a t  o b s e rv e d  i n  b lu e  gram a ( F ig u r e  5).
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T a b le  7» T o ta l  P h o t o s y n t h e t i c  S u r f a c e  (L iv e /D e a d  P in  C o n ta c t
R a t io )  o f  t h e  W este rn  W h e a tg ra ss  and B lue  Grama S i t e s ,
1981.

W este rn  W h ea tg ra ss

Sample Date J u l y  4 J u l y  25 August 14 Sep tem ber 2

Dry Grazed 36.0 0.1 0.1 0 .2
Dry Ungrazed 16 .5 1 .3 0 .8 0 .3
Wet Grazed 6.0 6 .3 7 .0 11.3
Wet Ungrazed 10.3 4 .3 6 .3 11 .5

B lue  Greuna

Sample D ate Ju n e  30 J u ly  22 August 12 Septem ber 2

Dry Grazed 31 / 0* 2 .8 0.1 0.0
Dry Ungrazed 13.5 0 .9 0 .4 0 .2
Wet Grazed 16.7 12 .5 8.0 16.0
Wet Ungrazed 59 .0 6 .4 4 .6 4.3

*31 L ive  P in C o n t a c t s /0  Dead P in  C o n ta c t s
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T ab le  8 . S t r a t i f i e d  Phot o s y n t h e t i c  S u r f a c e  (L ive -D ead  R a t io )  o f  t h e  
W este rn  W h e a tg ra s s  S i t e ,  1981.

D ate J u ly 4 J u ly 25 August 14 Septem ber 5

T re a tm e n t H e ig h t L ive Dead L ive Dead L ive Dead L ive Dead

Dry 5 cm 7 I I 8 0 6 I 3
Grazed 10 cm 8 0 0 2 0 5 0 3

15 cm 10 0
20 cm 3 0
25 cm 8 0

Dry 5 cm 9 2 2 4 2 4 0 9
Ungrazed 10 cm 11 0 4 4 3 6 I 8

15 cm 6 0 3 2 I 3 I 6
20 cm 4 0 2 I 2 0 2 I
25 cm 0 0 4 I 3 2 0 I
30 cm 2 0 I 0 2 I
35 cm I 0 I 0 2 I
40 cm I 3

Wet 5 cm 5 6 15 I 19 2 24 2
Grazed 10 cm 19 I 9 3 8 2 8 I

15 cm 11 0 I 0 I 0 2 0
20 cm 2 0
25 cm 2 0
30 cm 2 0
35 cm I 0

Wet 5 cm 11 6 8 3 7 3 11 5
Ungrazed 10 cm 15 0 15 5 18 I 10 I

15 cm 18 0 10 3 10 I 14 0
20 cm 12 0 7 0 8 I 11 0
25 cm 4 0 4 I 3 0 3 0
30 cm I 0 I 0 6 0 0 0
35 cm I 0 5 0 I 0 3 0
40 cm I 0
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T ab le  9 . S t r a t i f i e d  P h o t o s y n t h e t i c  S u r f a c e  (L ive-D ead  R a t io s )  o f  
t h e  B lu e  Grama S i t e ,  1981.

D ate June 30 J u ly 22 August 12 Septem ber 2

T re a tm e n t H e ig h t L ive Dead L ive Dead L ive Dead L ive Dead

Dry 5 cm 22 0 11 4 2 26 0 17
Grazed 10 cm 4 0

15 cm 2 0
20 cm I 0
25 cm I 0
30 cm I 0

Dry 5 cm 21 2 4 11 3 21 I 19
Ungrazed 10 cm 2 0 0 I 0 7 I I

15 cm 2 0 I 2 2 5 0 2
20 cm I 0 3 0 4 0 I I
25 cm 0 0 2 0 4 0 0 0
30 cm 0 0 I I 0 0
35 cm I 0 2 0 2 0

Wet 5 cm 21 2 23 2 30 4 30 2
Grazed 10 cm 16 I 2 0 2 0 0 0

15 cm 6 0 2 0
20 cm I 0
25 cm 4 0
30 cm 2 0

Wet 5 cm 25 I 23 I 34 3 28 8
Ungrazed 10 cm 14 0 14 0 15 3 10 0

15 cm 5 0 5 2 4 2 7 2
20 cm 4 0 I 0 3 2 I 0
25 cm 6 0 0 2 I I I 0
30 cm 2 0 2 0 3 I 0 I
35 cm 3 0 0 I 0 0
40 cm 0 I 0 I



C
A

N
O

PY
 

H
E

IG
H

T
 

(C
M

)
32

F i g u r e  5 .  S t r a t i f i e d  C u m u l a t i v e  P h o t o s y n t h e t i c  S u r f a c e  P in  C o n ta c ts  
F o r  W e s te rn  W h e a tg ra s s  and B lue  Grama S i t e s ,  1981. Cumula­
t i v e  P i n  C o n t a c t s  a r e  C a l c u l a t e d  by Summed T o t a l  P i n  
C o n ta c t s  o f  L a y e rs  Below, E x c lu d in g  Those Above.

15
10
5En.

DRY GRAZED

DRY UNGRAZED

20
15
10

5
WET GRAZED

5  3 0  
CO 25  
O  20  
<  15

’2

WET UNGRAZED

10 2 0  3 0  4 0  5 0  6 0  7 0

CUMULATIVE PIN HITS

5
o  10

5

DRY GRAZED

I_______________

CUMULATIVE PIN HITS
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T o ta l  Above-Ground P r o d u c t io n

T o t a l  a b o v e - g r o u n d  p r o d u c t i o n  w a s  m e a s u r e d  i n  1981 a t  s e a s o n ' s  

e n d .  S u p p l e m e n t a l  w a t e r  s i g n i f i c a n t l y  i n c r e a s e d  y i e l d s  i n  b o th  

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

u n g r a z e d  ( T a b l e  10 ) .  T o t a l  y i e l d s  f r o m  g r a z e d  p l o t s  w e r e  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  th o s e  i n  u n g ra z e d  p l o t s  (T a b le  10).

T ab le 10. T o ta l  Above Ground P r o d u c t io n  (g/m ^) 
W h e a tg ra s s  and B lue  Grama S i t e s ,  1981

f o r  t h e W este rn

W este rn  W hea tg ra ss

Grazed
Dry

Ungrazed Grazed
Wet

Ungrazed

T o ta l Y ie ld
152.2** 148.5* 3 2 9 . I b 335. 3b

B lue  Grama

T o ta l Y ie ld
100 . 6* 107 .9* 306 . Ob 2 9 9 .4b

"Means w i t h i n  rows which s h a r e  t h e  same s u p e r s c r i p t s  do n o t  d i f f e r  
s i g n i f i c a n t l y  LSD (P ^  . 0 1 ) .

O r a z a h le  F o rag e  P r o d u c t io n

I t  seem s o b v io u s  t h a t  f o r a g e  w e l l  above g round l e v e l  w i l l  be used 

f i r s t  a n d  t h a t  f o r a g e  a t  g r o u n d  l e v e l  w i l l  be  l e s s  u s e d .  A f t e r  

s u r v e y in g  g r a z i n g  h e i g h t s  i n  s u r r o u n d in g  p a s t u r e s ,  g r a z i n g  h e i g h t  was 

a r b i t r a r i l y  d e f i n e d  a s  5 cm f o r  b l u e  g r a m a  and  7.6 cm f o r  w e s t e r n  

w h e a t g r a s s .  U s in g  t h e  m e th o d  d i s c r i b e d  by H o l s c h e r  an d  W o o l f o lk  

( I 9 53 )  s u c h  g r a z i n g  h e i g h t s  w e r e  e s t i m a t e d  t o  r e s u l t  i n  3 0 $ an d  64$
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F ig u r e  6 . T o ta l  G ra z a b le  F o rage  Y ie ld s  From B lue  Grama and 
W este rn  W h e a tg ra ss  S i t e s ,  1979-1981 . Means o f  
Growth Form C a t e g o r i e s  and S ta n d a r d  E r r o r s  o f  
T o ta l  Y ie ld s  P r e s e n t e d .

BOGR
n GRASS 
■  FORB 
M  SHRUB

G -  GRAZED 
U -  UNGRAZED

AGSM

DRY WET DRY WET DRY WET

1979 1980 1981
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T a b le  11. G ra z a b le  F o rag e  P r o d u c t io n  (g /m 2 ) o f  t h e  W este rn  
W h e a tg ra s s  and B lue  Grama S i t e s ,  1979-1981 .

W este rn  W h e a ts ra s s  

Dry Wet

Grazed Ungrazed Grazed Ungrazed

G ra ss  1980 4 .9 * " 3 .8 * 102 . 8b 137 .4°
G ra ss  1981 111 . 6* 120 . 1* 127.1® 2 0 1 .4 °

Forb  1980 0 . 0a 0 . 0* 2 . 0* 1 7 .2b
Forb  1981 4 . 3 a 0 .7 * 4 5 . 6b 3 4 . 5b

Shrub  1980 0 .7 * 0 . 0* 0 . 0* 0 . 0*
Shrub 1981 8 . 1* 7 .9 * 0 . 0* 0 . 0*

T o ta l  1979 114 .2* 1 4 6 .Ob 1 5 0 .2b 187 .9°
T o ta l  1980 5 .6 * 3 .8 * 1 0 4 .8b 1 54 .5°
T o ta l  1981 124 .0* 128 .7* 1 7 2 .7b 2 3 5 .5 °

B lu e  Grama

G ra ss  1980 4 .6 * 3 .7 * 4 1 .6b 5 4 .3 °
G rass  1981 6 2 . 8* 7 0 .5 * 15 0 . 2b 164 .9°

Forb  1980 0 . 0* 0 . 0* 0 . 0* 0 . 0*
Forb  1981 0 . 0* 0 . 0* 0 . 0* 0 . 0*

Shrub  1980 0 . 0* 0 . 0* 0 . 0* 0 . 0*
Shrub 0 . 0* 0 . 0* 0 . 0* 0 . 0*

T o ta l  1979 4 0 .2 * 5 2 . 3b 6 5 .3 ° 71 . 2°
T o t a l  1980 4 .6 * 3 .7 * 4 1 .6b 5 4 .3 °
T o ta l  1981 6 2 .8 * 7 0 .5 * 1 5 0 .2b 164 .9°

•Means w i t h i n  rows w hich s h a r e  t h e  same s u p e r s c r i p t s  do n o t  d i f f e r  
s i g n i f i c a n t l y  LSD ( P i  . 0 1 ) .
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u t i l i z a t i o n  by  w e i g h t  f o r  b l u e  g r a m a  an d  w e s t e r n  w h e a t g r a s s  

r e s p e c t i v e l y .  A c tu a l  u t i l i z a t i o n ,  d e f i n e d  a s  t h e  am ount o f  m a t e r i a l  

by w e ig h t  rem oved  a t  t im e  o f  s a m p l in g  was m easu red  i n  1981 u s in g  t h e  

' g r a z e d /u n g r a z e d  h e i g h t - w e i g h t  m ethod d e s c r i b e d  by Lommasson and J e n s e n  

( 1 9 4 3 ) .  The a s s u m p t i o n s  a r e  t h a t  o b s e r v a t i o n s  be m ade a t  maximum 

h e i g h t  i n  g r o w t h  w h ic h  c o r r e s p o n d s  t o  m axim um  w e i g h t .  T h i s  

m eth o d o lo g y  d o e s  n o t  a c c o u n t  f o r  g ro w th  fo rm  d i f f e r e n c e s ,  ch an g es  i n  

b a s a l  c o v e r ,  q u i e s c e n c e ,  s e n e s c e n c e ,  Or t i m e  o f  p e a k  s t a n d i n g  c r o p ,  

a l l  o f  w h ic h  may be  a f f e c t e d  by g r a z i n g  a n d / o r  w a t e r  s u p p l e m e n t .  

W ith o u t  c o n s i d e r a t i o n  o f  t h e s e  f a c t o r s ,  ,u n d e r e s t im a t e s  o f  u t i l i z a t i o n  

w i l l  o c c u r .  x

T r e a t m e n t  u t i l i z a t i o n  m e a s u r e s  t a k e  a t  s e a s o n ' s  e n d  ( e a r l y  

S e p t e m b e r )  f o r  b l u e  g r a m a  s h o w e d  2k% a n d  26% f o r  d r y  a n d  w e t  p l o t s  

r e s p e c t i v e l y .  W este rn  w h e a t g r a s s  m e a s u re s  w e re  51% and 48% f o r  d ry  

and  w e t  r e s p e c t i v e l y .  Dry p l o t s  may u n d e r e s t i m a t e  u t i l i z a t i o n  i f  peak 

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

s e n e s c e n c e  ( l e a f  f a l l ,  s e e d  s h a t t e r )  o r  t r a n s p o r t  o f  m a t e r i a l  below 

g r o u n d  p r i o r  t o  c o l l e c t i o n  d a t e .  R e g r o w th  a f t e r  c o l l e c t i o n  w o u ld  

f u r t h e r  r e s u l t  i n  u n d e r e s t i m a t e s  o f  t o t a l  s e a s o n a l  u t i l i z a t i o n .  Wet 

p l o t s  may u n d e r e s t i m a t e  u t i l i z a t i o n  i f  w a t e r  p r o lo n g s  g ro w th  beyond 

sa m p le  c o l l e c t i o n  d a t e .  G ra z in g  may a l s o  a f f e c t  u t i l i z a t i o n  m ea su res  

i f  m a t e r i a l  i s  c o n c e n t r a t e d  below g r a z i n g  h e i g h t  t h e r e b y  a l t e r i n g  t h e  

h e i g h t - w e i g h t  c u r v e .  C h a n g e s  may a l s o  o c c u r  i f  g r a z i n g  i n c r e a s e d  

t i l l e r s  ( b a s a l  c o v e r )  a s  s e a s o n  p r o g r e s s e d .

H o l s c h e r  a n d  W o o l f o l k  ( 1 9 5 3 )  r e c o m m e n d e d  u s e  o f  w e s t e r n  

w h e a tg r a s s  a s  45% and 41% f o r  b lu e  g ram a . P ro p e r  u s e  i s  t h e  maximum
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d e g r e e  a n d  t i m e  o f  u s e  o f  c u r r e n t  y e a r ’s  g r o w t h  w h ic h  w i l l  e i t h e r  

m a i n t a i n  o r  i m p r o v e  r a n g e  c o n d i t i o n .  A c t u a l  u t i l i z a t i o n  f i g u r e s  

s u g g e s t  o y e r - u s e  f o r  w e s t e r n  w h e a t g r a s s  and u n d e r - u s e  f o r  b lu e  gram a 

c o n s i d e r i n g  t h e  r e c o m m e n d a t i o n s  o f  H o l s c h e r  a n d  W o o l f o l k  ( 1 9 5 3 ) .  

S t u d y  r e s u l t s  show t h a t  g r a z i n g  d i d  r e d u c e  t h e  p r o d u c t i v i t y  on  w e t  

p l o t s  b u t  d i d  n o t  a f f e c t  i t  on  d r y  p l o t s  ( F i g u r e  6 ). H o w e v e r ,  b a s a l  

c o v e r  (T a b le  13) i n c r e a s e d  on a l l  p l o t s .  T h is  i m p l i e s  t h a t  w e s t e r n  

w h e a t g r a s s  may have  been  u n d e r - u s e d  r e g a r d l e s s  o f  w a t e r  t r e a t m e n t .  A 

c a r e f u l  c o n s i d e r a t i o n  o f  m ethodo logy  and t h e  i n t e r p r e t a t i o n  o f  r e s u l t s  

m ust  f o l l o w  any m ea su re  o f  u se .

U s i n g  t h e s e  d e f i n i t i o n s ,  c o m p a r i s o n s  o f  g r a z a b l e  f o r a g e  

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

t h r e e  y e a r s ,  1979 -  1981 w e re  made.

Under d r y - y e a r  c o n d i t i o n s ,  g r a z a b l e  f o r a g e  p r o d u c t i o n  i n  u n g razed  

p l o t s  e x c ee d e d  p r o d u c t i o n  o f  g r a z e d  p l o t s  f o r  b o th  w e s t e r n  w h e a tg ra s s  

and b lu e  g ram a  c o m m u n i t ie s  i n  tw o o f  t h r e e  y e a r s  ( F ig u r e  6 ; T ab le  11). 

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

i n s i g n i f i c a n t  am o u n ts  o f  f o r b s  and s h r u b s .  No s i n g l e  com ponent o f  t h e  

t o t a l  f o r a g e  p r o d u c t i o n  ( F i g u r e  6 ; T a b l e  11) d i f f e r e d  s i g n i f i c a n t l y  

b e tw e e n  g r a z i n g  t r e a t m e n t s .

U n d e r  w e t - y e a r * " j o n d i t i o n s  ( i . e .  w i t h  s u p p l e m e n t a l  w a t e r )  t o t a l  

p r o d u c t i o n  f rom  b lu e  g ram a ( e x c e p t  1979) and w e s t e r n  w h e a tg r a s s  g ra z e d  

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

y e a r s  ( F i g u r e  6 , T a b l e  11 ) .

One may s p e c u l a t e  t h a t  c l i p p i n g  rem oved  so  much l e a f  s u r f a c e  t h a t  

p l a n t s  c o u l d  n o t  m a x i m i z e  u s e  o f  a v a i l a b l e  w a t e r  a n d  n u t r i e n t
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T ab le  12. T o ta l  P r o d u c t io n  (g /m 2 ) Below G ra z in g  H e ig h t  f o r  t h e  
W este rn  W h e a tg ra ss  and B lue  Grama S i t e s ,  1981.

W este rn  W h e a tg ra ss

Dry Wet
Grazed Ongrazed Grazed Ungrazed

T o ta l 28 . 3a * 19.8* 156 .4^ 9 9 .3 °

T o ta l 3 7 .8 *

B lue  Grama 

3 7 .4 * 1 5 5 .8b 134.5^

•Means W ith in  Rows Which S h a re  t h e  Same S u p e r s c r i p t s  Do Not D i f f e r  
S i g n i f i c a n t l y  ( P i  0 . 0 1 ) ,  S tu d e n t  t - t e s t .

T a b le  13. B a s a l  Area M easures  ( P e r c e n t )  f o r  t h e  W este rn  W hea tg ra ss  
and B lue  Grama S i t e s ,  1981. M easures  Taken a t  S e a s o n 's  
End C o rre s p o n d in g  t o  L a s t  G ra z in g  Sample C o l l e c t i o n  D ata .

W e ste rn  W h e a tg ra ss

Dry Wet
Grazed Ungrazed Grazed Ungrazed

W este rn  W h e a tg ra ss 4 .0 1.2 8 .5 3-7
O th e r  P l a n t s 0 .4 0 .0 1.6 2 .0
L i t t e r 15 .5 14 .6 14.6 17.9
B a re  Ground 80.0 8 4 .2 7 5 .2 7 6 .4

Blue Grama

B lue  Grama 15.3 8 .0 2 3 .4 12.2
O th e r  P l a n t s 0.0 0 .0 1.0 0 .5
L i t t e r 3 3 .5 32 .1 20.0 20.0
B a re  Ground 5 1 .2 59 .6 55 .6 67 .3
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r e s o u r c e s .  C o n s i s t e n t  w i t h  t h i s  h y p o t h e s i s ,  H o ls c h e r  ( 1945) ,  B ranson  

( 1 9 5 6 ) ,  D w yer e t  a l .  ( 1 9 6 3 ) ,  S m o l i a k  ( 1 9 6 5 ) ,  E v e r s o n  ( 1 9 6 6 ) ,  D i t t m e r  

( 1 9 7 3 ) ,  O w ensby e t  a l .  ( 1 9 7 4 ) ,  B e a t y  a n d  P o w e l l  ( 1 9 7 6 ) ,  a n d  o t h e r s  

h a v e  o b s e r v e d  l o w e r  p r o d u c t i o n  d u e  t o  c l i p p i n g  in ,  t h i n  s t a n d s  o f  

v e g e t a t i o n .  I n  d e n s e  o r  t a l l e r  g r a s s  r e g i o n s  c l i p p i n g  may i n c r e a s e  

p r o d u c t i o n  a s  sh o w n  by C a n f i e l d  ( 1 9 3 9 ) ,  L odge  ( I 9 6 0 ) ,  D raw e  e t  a l .  

( 1 9 7 2 ) ,  Eck e t  a l .  ( 1 9 7 5 ) ,  an d  S i n g h  an d  M a l l  ( 1 976 ) .  T h e s e  r e s u l t s  

a r e  p r o b a b l y  d u e  t o  r e d u c t i o n s  i n  i n t e r n a l  s h a d i n g  a n d / o r  i n c r e a s e d  

r e s p i r a t i o n  w i t h i n  t h e  canopy.

I f  we assum e t h a t  1981 d a t a  f o r  t o t a l  ab o v e -g ro u n d  s t a n d i n g  c ro p  

a r e  t y p i c a l ,  we m ust c o n c lu d e  t h a t  w h i l e  g r a z a b l e  f o r a g e  p r o d u c t i o n  i s  

r e d u c e d  by g r a z i n g  ( b u t  s i g n i f i c a n t l y  s o  o n l y  w i t h  s u p p l e m e n t a l  

w a t e r ) ,  t o t a l  a b o v e - g r o u n d  p r o d u c t i o n  i s  u n a f f e c t e d .  F o r  t h i s  t o  

o c c u r ,  p r o d u c t i o n  b e lo w  t h e  g r a z i n g  h e i g h t  o f  g r a z e d  p l o t s  h ad  t o  

e q u a l  o r  e x c e e d  t h a t  o f  u n g r a z e d  p l o t s  ( T a b l e  12 ) .  T h i s  may b e  

e x p l a i n e d  i f  g r a z e d  p l o t s  h a d  a  c o m p e t i t i v e  a d v a n t a g e  f o r  g r o w t h  

a n d / o r  b i o m a s s  p r o d u c t i o n .  G r a z e d  p l o t s  do i n  f a c t  show  a t  l e a s t  

t w i c e  t h e  b a s a l  a r e a  ( T a b l e  13) a n d  h i g h e r  l e a f - s t e m  r a t i o s  ( T a b l e s  

5 ,6 ,  l a s t  s a m p le  d a t e )  t h a n  u n g ra z e d  p l o t s .

One may s p e c u l a t e  on  t h e  a p p a r e n t  u n d e r - u t i l i z a t i o n  o f  b o t h  

w e s t e r n  w h e a t g r a s s  and b lu e  gram a w i t h  r e s p e c t  t o  i n t e r p r e t a t i o n  o f  

p r o d u c t i o n  r e s u l t s .  I n c r e a s e s  i n  u t i l i z a t i o n  w o u ld  r e s u l t  i n  t h e  

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

u n g r a z e d  p l o t s  d u e  t o  l o w e r  c l i p p i n g  l e v e l s .  B e c a u s e  o f  s p e c i e s '  

m o r p h o l o g i c a l  d i f f e r e n c e s ,  o n e  m i g h t  e x p e c t  b l u e  g r a m a  t o  be l e s s  

a f f e c t e d  by r e p e a t e d  c l i p p i n g  s i n c e  g ro w in g  p o i n t s  a r e  n e a r e r  t h e  s o i l
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s u r f a c e .  Both  s p e c i e s  have  shown a  r e s i s t a n c e  t o  g r a z i n g  by a l t e r e d  

g r o w t h  f o r m .  One m i g h t  e x p e c t  t h i s  p r o s t r a t e  f o rm  t o  c o n t i n u e  a s  

c l i p p i n g  l e v e l s  a r e  l o w e r e d  u n t i l  s p e c i e s  v i g o r  i s  r e d u c e d .  S tu d y  

r e s u l t s  i n d i c a t e  t h a t  c l i p p i n g  p roduced  b o th  a  n e g a t i v e  and p o s i t i v e  

r e s p o n s e  i n  p r o d u c t i o n .  A n e g a t i v e  r e s p o n s e  o c c u r r e d  a b o v e  t h e  

g r a z i n g  h e i g h t  by d e c r e a s i n g  p r o d u c t i v i t y ,  a n d  a  p o s i t i v e  r e s p o n s e  

o c c u r r e d  below  by i n c r e a s i n g  p r o d u c t i o n  th ro u g h  i n c r e a s e d  b a s a l  a r e a .  

I f  w e s t e r n  w h e a t g r a s s  a n d  b l u e  g r a m a  a r e  l i m i t e d  t o  a m in im um  

p r o s t r a t e  g r o w t h  f o r m ,  t h e n  r e p e a t e d  c l i p p i n g  a t .  l o w e r  l e v e l s  may 

i n c r e a s e  p r o d u c t i o n .  S t u d y  r e s u l t s  o f  w a t e r e d  p l o t s  s u g g e s t  

u t i l i z a t i o n  w a s  n o t  e n o u g h  t o  r e d u c e  l e a f  a r ^ a  b e lo w  t h e  o p t im u m  

l e v e l s  f o r  g ro w th .  I f  u t i l i z a t i o n  w as  i n c r e a s e d ,  r e p e a t e d  c l i p p i n g  

may i n c r e a s e  p r o d u c t io n .
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CONCLUSIONS

D a ta  p r e s e n t e d  show  t h a t  g r a z i n g  l o w e r e d  g r a z a b l e  f o r a g e  

p r o d u c t i o n .  The l o s s  o f  p r o d u c t i o n  m i g h t  be  du e  t o  I )  r e d u c t i o n  o f  

p h o to  s y n t h e t i c  s u r f a c e  t o  l i m i t i n g  v a l u e s  a n d / o r  2) l o w e r i n g  o f  t h e  

canopy t o  s u b - g r a z i n g  l e v e l s .  On t h e  o t h e r  hand, g r a z i n g  p roduced  no 

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

a p p a r e n t l y  due t o  r e l a t i v e l y  h ig h  p r o d u c t i o n  below t h e  g r a z i n g  h e i g h t ,  

w here  g r a z e d  p l o t  p r o d u c t i o n  e q u a l l e d  o r  ex ceeded  u n g ra z e d  p l o t s .  I f  

s o ,  g r a z e d  p l o t s  may h a v e  h a d  a  c o m p e t i t i v e  a d v a n t a g e  f o r  g r o w t h  

a n d /o r  p r o d u c t i o n  by i n c r e a s e d  b a s a l  a r e a  a n d /o r  g r e a t e r  l e a f  s u r f a c e .

Community d e v e lo p m e n t  a s  m easu red  by canopy s t r u c t u r e  showed t h e  

b a s i c  s t r u c t u r e  had  e v o lv e d  by e a r l y  J u l y  and r e m a in e d  l i t t l e  changed 

a s  t h e  s e a s o n  p r o g r e s s e d .  G raz in g  p ro d u ce d  t h e  e x p e c te d  lo w e r i n g  o f  

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

c h a r a c t e r i s t i c s .  D a ta  f u r t h e r  show  t h a t  g r a z i n g  was i n e f f e c t i v e  i n
/

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

s u r f a c e .

One a l s o  e x p e c t s  s u p p l e m e n t a l  m o i s t u r e  t o  i n c r e a s e  b i o m a s s  

p r o d u c t i o n  a n d  a u g m e n t  c a n o p y  s t r u c t u r e .  D a ta  p r e s e n t e d  show 

s i g n i f i c a n t  i n c r e a s e s  i n  g r a z a b l e  f o r a g e  and  t o t a l  a b o v e - g r o u n d  

p r o d u c t i o n .  Added w a t e r  d i d  n o t  i n c r e a s e  c a n o p y  h e i g h t ,  b u t  d i d  

i n c r e a s e  canopy d e n s i t y .  D a ta  f u r t h e r  show t h a t  w a t e r  p ro lo n g e d ,  e a r l y  

s e a s o n  l e v e l s  o f  l e a f - s t e m  r a t i o s  and p h o t o ^ y n t h e t i c  s u r f a c e .
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These r e s u l t s  s u p p o r t  no c o n c r e t e  c o n c lu s i o n s  a b o u t  below ground  

p r o d u c t i o n .  I t  i s  c o n c e i v a b l e  t h a t  g r a z i n g  i n d u c e d  a  n e t  d o w n w a rd  

t r a n s p o r t  o f  p h o t o s y n t h a t e s  a s  a g r a z i n g - r e s i s t a n c e  s t r a t e g y  o r  t h a t  

n e t  movement was upw ard  t o  r e b u i l d  t h e  p h o t o s y n t h e t i c  canopy.

D a ta  p r e s e n t e d  h e r e  s u g g e s t  t h a t  i n  y e a r s  o f  a v e r a g e  o r  b e lo w  

a v e ra g e  p r e c i p i t a t i o n ,  p e r i o d i c  g r a z i n g  w i l l  l o w e r  f o r a g e  p r o d u c t io n  

w i t h o u t  i n c r e a s e s  i n  f o r a g e  q u a l i t y .  W ith w a t e r  s u p p le m e n t  a n d /o r  i n  

y e a r s  o f  h i g h  p r e c i p i t a t i o n  f o r a g e  q u a l i t y  ( l e a f i n e s s )  a n d  q u a n t i t y
i '

r

w i l l  i n c r e a s e ,  t h o u g h  p e r i o d i c  g r a z i n g  r e d u c e s  t h e  l a t t e r .  W e lk e r
1 1 j

( 1982) showed t h a t  f o r a g e 1 d i g e s t i b i l i t y  d i d  n o t  i n c r e a s e  w i t h  w a t e r
1 '

s u p p le m e n ts  o f  6 , 12, o r  25 mm p e r  g ro w in g  s e a s o n -w e e k .  Most r a n c h in g  

o p e r a t i o n s  w o u ld  c o n s i d e r  w a t e r  ' a p p l i c a t i o n  i m p r a c t i c a l ,  d u e  t o  

u n a v a i l a b i l i t y  o f  w a t e r  ap d  e c o n o m i c  c o s t s  o f  i r r i g a t i o n  eq u ip m en t.  

W eather  m o d i f i c a t i o n  p ro g ra m s  may p r o v id e  t h e  r e s o u r c e .

G r a z i n g  a n d  w a t e r  s u p p l e m e n t s  may h a v e  n e g a t i v e  e f f e c t s  on  

w e s t e r n  w h e a t g r a s s  and b lu e  gram a c o m m u n it ie s .  C o n tinued  g r a z i n g  i n  

s u c c e s s i v e  y e a r s  o f  low p r e c i p i t a t i o n  may r e d u c e  p l a n t  v i g o r ,  c a u s in g  

c h a p g e s  i n  c o m m u n i ty  c o m p o s i t i o n  t o  l e s s  d e s i r a b l e  s p e c i e s .  Added 

w a t e r  o v e r  t h e  l o n g  t e r m  w i l l  m o s t  c e r t a i n l y  a l l o w  c h a n g e s  i n  

c o m m u n i ty  c o m p o s i t i o n  t o  m o re  m e s i c  a n d / o r  o p p o r t u n i s t i c  s p e c i e s .  

Yellow s w e e t c l o v e r  and s c a r l e t  g lo b e m a llo w  w ere  tw o s p e c i e s  w hich  w ere  

o b s e r v e d  t o  i n c r e a s e  w i t h  a d d e d  w a t e r  d u r i n g  t h e  s t u d y  p e r i o d .  The 

e x a c t  e x t e n t  o f  com m unity  ch an g es  w i l l  depend upon t i m i n g  and amount 

o f  w a t e r  r e c e i v e d .  W a te r  a d d i t i o n s  may a l s o  r e s u l t  i n  c o m m u n i t i e s  

t h a t  a r e  l e s s  a b l e  t o  w i t h s t a n d  e x t r e m e  f l u c t u a t i o n s  i n  p r e c i p i t a t i o n

( i . e .  d r o u g h t )
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T h e  w e s t e r n  w h e a t g r a s s  a n d  b l u e  g r a m a  c o m m u n i t i e s  w e r e  

r e p r e s e n t a t i v e  o f  a r e a s  o f t e n  found  i n  t h e  N o r th e r n  G re a t  P l a in s .  The 

r e s p o n s e s  o f  t h e s e  tw o  c o m m u n i t ie s  t o  s u p p le m e n ta l  w a t e r  and s i m u l a t e d  

g r a z i n g  have  a l l o w e d  a  more c o n c i s e  u n d e r s t a n d in g  o f  com m unity  a n d /o r  

s p e c i e s  r e l a t i o n s  t o  r a n g e  e c o sy s te m  d y n a m ic s .  T h is  u n d e r s t a n d in g  may 

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

c o m m u n it ie s .
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T ab le  14. Mean P in  C o n ta c ts  (From T re a tm e n t  P l o t s )  o f  W este rn  
W heatgra s s ,  1981.

Appendix I

T re a tm e n t J u l y 4 J u ly 25 August 14 Sep tem ber 5

H e i g h t  (cm) X S.E. X S.E. X S.E. X S.E.

Dry 5 2 .7 1 .8 3 .0 1 .7 2 .0 1 .2 1 .3 0 .3
Grazed 10

15 
20 
25

2 .7  
3 .3  
1 .0
2 .7

0 .9
1 .2
1 .0
0 .7

0 .7 0 .3 1 .7 0 .9 1 .0 0 .6

Dry 5 3 .7 0 .3 2 .0 0 .6 2 .0 1 .2 3 .0 1 .2
Ungrazed 10 3 .7 1 .3 2 .7 0 .3 3 .0 2 .1 3 .0 0 .6

15 2 .0 1 .0 1 .7 0 .9 1 .3 0 .3 2 .3 0 .7
20 1.3 0 .7 1 .0 1 .0 0 .7 0 .3 1 .0 0 .6
25 0 .0 0 .0 1 .7 0 .9 1 .7 0 .9 0 .3 0 .3
30 0 .7 0 .7 0 .3 0 .3 1 .0 0 .6
35 0 .3 0 .3 0 .3 0 .3 1 .0 0 .0
40 1.3 0 .9

Wet 5 3 .7 1 .2 5 .3 0 .9 7 .0 1 .5 8 .7 2 .0
Grazed 10 6 .7 2 .4 4 .0 0 .6 3 .3 0 .9 3 .0 0 .6

15 3 .7 1.5 0 .3 0 .3 0 .3 0 .3 0 .7 0 .3
20 0 .7 0 .3
25 0 .7 0 .6
30 0 .7 0 .6
35 0 .3 0 .3

Wet 5 5 .7 2 .3 3 .7 0 .7 3 .3 1 .5 5 .3 2 .0
Ungrazed 10 5 .0 1 .0 6 .7 1 .3 6 .3 1 .9 3 .7 1 .2

15 6 .0 1 .5 4 .3 1 .7 3 .7 0 .7 4 .7 1.8
20 4 .0 1 .7 2 .3 0 .7 3 .0 1 .2 3 .7 0 .3
25 1.3 0 .3 1 .7 0 .9 1.0 0 .0 1 .0 0 .6
30 0 .3 0 .3 0 .3 0 .3 2 .0 1 .0 0 .0 0 .0
35 0 .3 0 .3 1 .7 0 .9 0 .3 0 .3 1.0 0 .6
40 0 .3 0 .3
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T a b le  15. Mean P in  C o n ta c t s  (From T re a tm e n t  P l o t s )  o f  B lu e  Grama, 
1981

Appendix 2

T re a tm e n t Ju n e 30 J u ly 22 August 12 Septem ber 2

H e i g h t  (cm ) X S.E. X S.E. X S.E. X S.E.

Dry 5 7 .3 0 .9 5 .0 0 .6 9 .3 1 .9 5 .7 0 .9
Grazed 10 1.3 0 .9

15 0 .7 0 .3
20 0 .3 0 .3
25 0 .3 0 .3
30 0 .3 0 .3

Dry 5 7 .7 0 .7 5 .0 0 .0 8 .0 1 .7 7 .0 1 .5
Ungrazed 10 0 .7 0 .3 0 .3 0 .3 2 .3 0 .9 0 .3 0 .3

15 0 .7 0 .3 1 .0 0 .6 2 .3 0 .9 0 .7 0 .7
20 0 .3 0 .3 1 .0 1 .0 1.3 1 .3 0 .7 0 .7
25 0 .0 0 .0 0 .7 0 .7 1.3 0 .9 0 .0 0 .0
30 0 .0 0 .0 0 .7 0 .7 0 .0 0 .0
35 0 .3 0 .3 0 .7 0 .7 0 .7 0 .7

Wet 5 7 .7 2 .0 8 .3 0 .3 11 .3 0 .9 10 .7 0 .9
Grazed 10 5 .7 2 .6 0 .7 0 .7 0 .7 0 .7 0 .7 0 .3

15 2 .0 1 .0
20 0 .3 0 .3
25 1.3 0 .3
30 0 .7 0 .3

Wet 5 8 .7 1 .2 8 .0 1 .7 12.3 2 .3 11.3 1 .2
Ungrazed 10 4 .7 1 .5 4 .7 0 .7 6 .0 4 .0 3 .3 1 .2

15 1 .7 0 .9 2 .3 0 .9 2 .0 0 .0 3 .0 2.1
20 1.3 0 .3 0 .3 0 .3 1 .7 1 .2 0 .3 0 .3
25 2 .0 1.0 0 .7 0 .7 0 .7 0 .3 0 .3 0 .3
30 0 .7 0 .7 0 .7 0 .7 1.3 0 .9 0 .3 0 .3
35 1.0 1 .0 0 .3 0 .3 0 .0 0 .0
40 0 .3 0 .3 0 .3 0 .3
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T a b le  16. S t r a t i f i e d  C u m u la t iv e  P h o t o s y n t h e t i c  S u r f a c e  ( L i v e  -  
Dead R a t i o s )  o f  t h e  W este rn  W h e a tg ra ss  S i t e ,  1981.

Appendix 3

D a te s J u ly 4 J u ly 25 August 14 Septem ber 5
T re a tm e n t H e ig h t  (cm)

L ive Dead L iv e Dead L ive Dead L ive  Dead

Dry 5 36 I I 10 I 11 I 6
Grazed 10 29 0 0 2 0 5 0 3

15 21 0
20 11 0
25 8 0

Dry 5 33 2 15 12 14 18 8 27
Ungrazed 10 24 0 13 8 12 14 8 18

15 13 0 9 4 9 8 7 10
20 7 0 6 2 8 5 6 4
25 3 0 4 I 6 5 4 3
30 3 0 3 3 4 2
35 I 0 2 3 2 I
40 I 3

Wet 5 42 7 25 4 28 4 34 3
Grazed 10 37 I 10 3 9 2 10 I

15 18 0 I 0 I 0 2 0
20 7 0
25 5 0
30 3 0
35 I 0

Wet 5 62 6 51 12 53 6 52 6
Ungrazed 10 51 0 42 9 46 3 41 I

15 36 0 28 4 28 2 31 0
20 18 0 18 I 18 I 17 0
25 6 0 11 I 10 0 6 0
30 2 0 7 0 7 0 3 0
35 I 0 6 0 I 0 3 0
40 I 0
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T ab le  17. S t r a t i f i e d  C u m u la t iv e  P h o t o s y n t h e t i c  S u r f a c e  ( L i v e  -

Appendix 4

Dead R a t io s ) o f  t h e B lue Grama S i t e , 1981.

D a te s June 30 J u ly 22 August 12 Septem ber 2
T re a tm e n t H e ig h t  (cm)

L ive  Dead L ive Dead Live Dead L ive Dead

Dry 5 31 0 11 4 2 26 0 17
Grazed 10 9 0

15 5 0
20 3 0
25 2 o
30 I 0

Dry 5 27 13 15 13 33 5 23
Ungrazed 10 6 0 9 4 10 12 4 4

15 4 0 9 3 10 5 3 3
20 2 0 8 I 8 0 3 I
25 I 0 5 I 4 0 2 0
30 I 0 3 I 2 0
35 I 0 2 0

Wet 5 50 3 25 2 32 4 32 2
Grazed 10 29 I 2 0 2 0 2 0

15 13 0
20 7 0
25 6 0
30 2 0

Wet 5 59 I 45 7 60 13 47 11
Ungrazed 10 34 0 22 6 26 10 19 3

15 20 0 8 6 11 7 9 3
20 15 0 3 4 7 5 2 I
25 11 0 2 4 4 3 I I
30 5 0 2 2 3 2 0 I
35 3 0 0 2 0 I
40 0 I 0 I
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