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E F F E C T S  OF NITROGEN F E R T IL IZ A T IO N  ON THE NU TRITION AL 
Q U A LITY  OF M ULE D EER W IN TER FO RAGES

A B S T R A C T  OF THESIS

W inter m o rta l ity  resu lting  f r o m  starvation  has been  a se r io u s  

p r o b le m  on m ule  d eer  (O d oco ileu s  h e m io n u s ) ranges  throughout m uch 

o f  the w e s te rn  United States, Such l o s s e s  have o c c u r r e d  in C o lora d o  

during recen t  y e a rs  a fter  snow con cen tra ted  an im als  on a re a s  having 

inadequate food  supplies .  A s s o c ia te d  with th e ir  in terest  in reducing  

starvation  lo s s e s ,  the C o lo ra d o  G am e, F is h  and Parks D iv is ion  

began testing  f e r t i l i z e r  and 2, 4 -D  treatm en ts  to im p ro v e  fo ra g e  

conditions on w in ter  feed ing  s ites  used by m ule  d eer  in M iddle  Park, 

C o lo r a d o .  This study undertook to d e term in e  how n itrogen  treatm en ts  

a f fe c ted  the nutritional quality o f  two fo ra g e  plants on w inter  range.

A m m o n iu m  nitrate f e r t i l i z e r  (33% N) treatm en ts  supplying 30, 

60, 90, and 120 pounds o f  e lem en ta l n itrogen  per  a c r e  w e re  applied  

to three  study s ites  during ea r ly  N ovem ber ,  1969. An untreated plot 

on  each  site  s e rv e d  as a con tro l .  B luebunch w h eatgrass  (A g r o p y r o n  

sp ica tu m  Pursh) and big  sagebru sh  (A r t e m is ia  tridentata  Nutt. ) 

cu rren t  annual grow th c o l le c te d  f r o m  the fe r t i l iz e d  p lots  during May, 

June, S eptem ber, and D e ce m b e r  o f  1970 and M arch , 1971 w e re  

ana lyzed  fo r  crude protein , c e l l -w a l l  constituents , ca lc iu m , and 

p h osp h oru s .  Separate ana lyses  w e re  p e r fo r m e d  on lea f  and tw ig
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p ortion s  o f  big sagebru sh . The in v itro  d ig e s t ib i l i t ie s  o f  a ll fo ra g e  

sa m p les  w e re  d e term in ed  in duplicate and big sagebru sh  leav es  w e re  

ana lyzed  fo r  v o la t i le - o i l  content.

N itrogen  fe r t i l iza t io n  fa iled  to in c r e a s e  s ign if ican tly  (P  >0 .05 ) 

the con cen tra t ion  o f  crude  prote in  in big sagebru sh  t is su e s  during M ay 

and S eptem ber  but in c r e a s e d  s ign if icantly  (P  < 0 .05 )  the con cen tra t ion  

o f  crude  p rote in  in b ig  sagebru sh  t is su e s  during June, D e ce m b e r ,  and 

M arch . N itrogen  fe r t i l iza t io n  in c r e a s e d  s ign if icantly  (P  <0 .05 )  the 

con cen tra t ion  o f  crude prote in  in bluebunch w h eatgrass  during June. 

This in c r e a s e  w as reta ined  throughout the n o n -g ro w in g  season . 

N itrogen  treatm en ts  fa iled  to in fluence s ign ificantly  (P  > 0 .0 5 )  the 

con cen tra t ion s  o f  c e l l -w a l l  constituents , ca lc iu m , phosphorus, o r  

vo la ti le  o i ls  in the t is s u e s  o r  the in v itro  d iges t ib il ity  o f  the fo r a g e s .  

C on cen trations  o f  a ll  m easured nutrients in the fo ra g e s  and the 

d ige s t ib i l i t ie s  o f  the fo ra g e s  va r ied  am ong study s ites  and am ong 

c o l le c t io n  dates.
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C o lo ra d o  State U n ivers ity  
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January, 1972

I V



AC K N O W LED G E M E N TS

B a s ic  funding fo r  this p r o je c t  was p rov id ed  by the C o lo ra d o  Game, 

F ish  aind P a rk s  D iv is io n  with additional f inancia l a ss is ta n ce  f r o m  

C o lo ra d o  F e d e r a l  A id  P r o je c t  W -3 8 -R .  Equipm ent and la b o ra to ry  

supplies  w ere  p rov id ed  by the C o lo r a d o  C o o p e ra t iv e  W ild life  R e s e a r c h  

Unit and its c o o p e r a to r s :  the C o lo ra d o  Game, F ish  and P a rk s  D iv is ion ; 

the B ureau  of Sport F is h e r ie s  and W ildlife , U. S. F is h  and W ild life  

S e rv ice ;  the W ild life  M anagem ent Institute; and C o lo ra d o  State U n iv e r -

sity .

D eep est  ap p rec ia t ion  is extended D r. F r e d  A .  G lover , L ea d er  

of the C o lo ra d o  C oop era t iv e  W ild life  R e s e a r c h  Unit and m a jo r  p r o -

f e s s o r ,  f o r  his  guidance and co n s tru c t iv e  c r i t i c i s m s  throughout all 

phases  o f  the p r o je c t .  D r. Jack  E. G ross ,  a ss istant Unit L eader , 

p ro v id e d  m any hours  o f  cou n se l  and gave invaluable insights  into the 

m e r i t s  o f  the r e s e a r c h .

S pec ia l gratitude is given Len H. C a rpenter , graduate student. 

D epartm ent of Range S c ien ce ,  who was p r im a r i ly  r e sp o n s ib le  fo r  

design ing  the f ie ld  plots and applying the n itrogen  trea tm en ts .

Gratitude is  extended the co m m itte e  m e m b e r s :  D r. O. C.

W allm o, R o ck y  Mountain F o r e s t  and Range E xperim ent Station, U. S. 

F o r e s t  S e rv ice ;  H arold  M. Swope, C o lo ra d o  Game, F is h  and Parks 

D iv is ion ;  D r .  Julius G. Nagy, D epartm ent o f  F is h e r y  and W ild life
V



B io logy : D r. Jam es  A .  B ailey , D epartm ent o f  F is h e r y  and W ild life  

B io logy ; and D r. Ph illip  N. Lehner, D epartm ent o f  Z o o lo g y  fo r  their  

c r i t i c i s m s  and suggestions  during variou s  asp e cts  o f  the r e s e a r c h .

D r. Donald N. Hyder, Plant S c ien ce  R e s e a r c h  D ivision , USDA, 

gave a ss is ta n ce  in data in terpretation . R. B ru ce  Gill, r e s e a r c h  

b io log is t ,  C o lo ra d o  G am e, F is h  and P ark s  D iv is ion  gave valuable 

a s s is ta n c e  in design ing  and im plem enting  the p r o je c t .  R o b e rt  K e iss  

and W ill iam  A drian , C o lo ra d o  Gam e, F is h  and P ark s  D iv is ion  

a s s is te d  g e n e ro u s ly  in the m in e ra l  a n a lyses .  D r. C h ar les  L.

S treeter ,  D epartm ent o f  A n im al S c ien ce , suggested  la b o ra to ry  

p r o c e d u r e s  and c h e m ic a l ly  analyzed  r e fe r e n c e  fo ra g e  sam ples  used in 

the p r o je c t .

A p p re c ia t io n  is due R . B ru ce  G rant and C a r r o l l  G randpre  who 

a s s is te d  in plant c o l le c t io n s  and la b o r a to r y  w o rk  r e s p e c t iv e ly .  G r a t i -

tude is extended a lso  to m y  fe l low  graduate students in the Unit and the 

D epartm ent o f  F is h e r y  and W ild life  B io lo g y  fo r  their  support and 

adv ice  when so l ic ite d .

F ina lly ,  I thank P h yllis  T urner, Unit s e c r e ta r y .  H er  e f fo r ts  in 

typing p re l im in a r y  drafts  o f  the th es is  exped ited  p repa ra t ion  o f  the 

final m an u scr ip t .

V I



T A B L E  OF CON TEN TS

I. INTRODUCTION . ........................................... ' ................................ 1

P r o b le m  A n a l y s i s .................................................................. 2
D e l i m i t a t i o n s ...........................................................................  3
D e f in i t i o n s ..................................................................................  4

II. STUDY A R E A .................    5

Study S i t e s ..................................................................................  7
Junction Butte Study S i t e ....................................................  7
F light Line Study S i t e ...........................................................  9
C o r r a l  C re e k  Study S i t e .........................................................  10

III. M ETHODS AND M A T E R I A L S ..................................................  11

Sam ple C o lle c t io n  D a t e s .........................................................  11
C o l le c t io n  o f  Sam ples  fo r  C h e m ica l  A n a lyses  . . .  11
C o l le c t io n  o f  S am ples  fo r  V o la t i le -O i l  A n a lyses  . 13
C h e m ica l  A n a lyses  o f  Sam ples  .........................................  14
Crude P ro te in  D e t e r m in a t io n s ............................................  14
C e ll -W a ll -C o n st itu e n t  D e te r m in a t io n s ............................  15
D igestion  o f  S am ples  fo r  M in era l  D eterm inations. 17
C a lc iu m  D e t e r m in a t i o n s .........................................................  17
P h osphorus D e t e r m in a t io n s ..................................................  18
V o la t i le -O i l  D e te r m in a t io n s ..................................................  19
D iges tib il ity  o f  Plant S a m p le s ...............................................  19
S tatistica l A n a lyses  o f  D a t a ................................................... 22

IV. R E S U L T S .............................................................................................  24

Crude P ro te in  C o n c e n t r a t i o n ........................................... 24
May, 1970 ...........................................................................  24
June, 1970 ................................................................................  28
S eptem ber, 1970 ...................................................................  29
D e ce m b e r ,  1970 ..............................................................  30
M arch , 1 9 7 1 ........................................................................  32

C e l l -W a l l  Constituents ( C W C ) .......................................  3̂ 3_
C a lc iu m  C o n c e n t r a t i o n ............................................................  38
Phosphorus  C o n c e n t r a t i o n . ..............................................  42

vii

C hapter Page



T A B L E  OF CO N TEN TS (Continued)

C hapter Page

VI.

C a lc iu m -P h o sp h o r u s  R a t i o .................................................. 46
D ry -M a tte r  D ig e s t ib i l i t y ..................................................... 48
V olatile  O i l s ............................................................................... 53

D ISC U SSIO N .....................................................................................  55

P ro te in  Consum ption  and A n im a l R ep rod u ct ion  . . 55
S ign ificance  o f  F indings fo r  the M iddle P ark

H e r d ............................................................................................ 56
Suggestions fo r  A dditional S tu d y ....................................  56

S U M M A R Y ......................................................................................... 58

L IT E R A T U R E  C I T E D .................................................................. 62

A P P E N D I C E S ..................................................................................  65

I. Nutrient con cen tra t ion  and in v itro
D igestib il ity  A c c o r d in g  to C o l le c t io n  Site, 
N itrogen  T reatm en t  and Date.

B luebunch W h eatgrass , May, 1970 . . .  66
Big  S agebrush  L ea ves ,  May, 1970 . . .  67
B ig  Sagebrush  Tw igs, May, 1970 . . . .  68
B luebunch W heatgrass , June, 1970 . . .  69
B ig  S agebrush  L eaves , June, 1970 . . .  70
Big S agebrush  T w igs , June, 1970 . . . .  71
B luebunch W heatgrass , Septem ber,

1970 .....................................................................  72
B ig  S agebrush  L ea ves ,  Septem ber,

1970 .....................................................................  73
B ig  S agebrush  Tw igs, Septem ber,

1970 .....................................................................  74
B luebunch W heatgrass , D e ce m b e r ,

1970 .....................................................................  75
B ig  S agebrush  L eaves , D e ce m b e r ,

1970 .....................................................................  76
B ig  S agebrush  Tw igs, D ece m b e r ,

1970 .....................................................................  77
Bluebiinch W heatgrass , M arch , 1971. . 78
Big  S agebrush  L eaves , M arch , 1971 . . 79
B ig  Sagebrush  Tw igs, M arch , 1971. . . 80

v i l i



T A B L E  OF CON TEN TS (C ontinued)

C hapter Page

II. F a c t o r ia l  A n a ly se s  o f  V ariance  fo r  Crude 
P ro te in  C on cen trat ion  o f  T es t  F o r a g e s .

May, 1970 ................................................................. 81
June, 1970 ..............................................................  82
Septem ber, 1970 .................................................  83
D e ce m b e r ,  1970 .................................................  84
M arch , 1 9 7 1 ...........................................................  85

IX



LIST OF TA B L E S

Table Page

1. Nutrient con cen tra t ion  (o v e n -d r y  b a s is )  o f  the ration  
fed  m ule  d eer  used as ru m e n -f lu id  d o n o r s ....................... 21

2. M onthly p rec ip ita t ion  (in in ches)  at K rem m ling , 
C o lo ra d o ,  1969-70  ........................................................................... 31

3. C a lc ix im -phosphorus  ra t ios  fo r  b luebunch w heat- 
g ra ss ,  sagebru sh  leaves ,  and sagebru sh  twigs 
a c c o r d in g  to c o l le c t io n  d a t e ........................................................ 47

4. V o la t i le - o i l  con cen tra t ion  ( fr e s h -w e ig h t  b a s is )  o f  
b ig  sagebru sh  leav es  during variou s  months o f  the 
y e a r ............................................................................................................ 54

X



LIST OF FIGURES

1 .

2 .

3.

4.

5.

F ig u re

6.

8 .

9.

1 0 .

11.

L o ca t io n  o f  study sites , M iddle Park, C o l o r a d o .....................   6

R a n d om ized  lo ca t ion  o f  the ten treatm en ts  on each
study a r e a ...............................................................................................  8

Crude p rote in  con cen tra t ion  ( a i r -d r y  b a s is )  o f  b lu e -  
bunch w h eatgrass  a c c o r d in g  to c o l le c t io n  date and 
n itrogen  t r e a t m e n t ............................................................................... 25

Crude protein con cen tra t ion  ( a i r -d r y  b a s is )  o f  b ig  
sagebru sh  lea v es  a c c o r d in g  to c o l le c t io n  date and 
n itrogen  t r e a t m e n t ...............................................................................  26

Crude prote in  con cen tra t ion  ( a i r - d r y  b a s is )  o f  big
sagebru sh  twigs a c c o r d in g  to c o l le c t io n  date and
n itrogen  t r e a t m e n t ............................................................................... 27

C e l l -w a l l  constituent con cen tra t ion  (o v e n -d r y  b a s is )  
o f  b luebunch w h eatgrass  a c c o r d in g  to c o l le c t io n  date 
and study s i t e ......................................................................................... 34

C e l l -w a l l  constituent con cen tra t ion  (o v e n -d r y  b a s is )  
o f  big sagebru sh  leaves  a c c o r d in g  to c o l le c t io n  date 
and study s i t e ......................................................................................... 35

C e l l -w a l l  constituent con cen tra t ion  (o v e n -d r y  b a s is )
o f  b ig  sa geb ru sh  twigs a c c o r d in g  to c o l le c t io n  date
and study s i t e ......................................................................................... 3 6

C a lc iu m  con cen tra t ion  (a i r -d r y  b a s is )  o f  bluebunch
w h eatgrass  a c c o r d in g  to c o l le c t io n  date and study
s i t e ................................................................................................................ 39

C a lc iu m  con cen tra t ion  ( a i r - d r y  b a s is )  o f  b ig  sagebru sh  
lea v es  a c c o r d in g  to c o l le c t io n  date and study site . . . .  40

C a lc iu m  con cen tra t ion  (a i r -d r y  b a s is )  o f  b ig  sagebru sh  
twigs a c c o r d in g  to c o l le c t io n  date and study s i t e ..............  4 1

Page

x i



12.

13.

14.

15.

F ig u re

16.

17.

LIST OF FIGU RES (Continued)

Ph osphorus  con cen tra t ion  (a i r -d r y  b a s is )  o f  b lu e -  
bunch w heatgrass  a c c o r d in g  to c o l le c t io n  date and 
study s i t e .....................................................................................

Ph osphorus  con cen tra t ion  (a i r -d r y  b a s is )  o f  big 
sagebru sh  leav es  a c c o r d in g  to c o l le c t io n  date and 
study s i t e .....................................................................................

Ph osphorus  con cen tra t ion  (a i r -d r y  b a s is )  o f  b ig  
sagebru sh  twigs a c c o r d in g  to c o l le c t io n  date and 
study s i t e .....................................................................................

D r y -m a t te r  d iges t ib il ity  o f  b luebunch w heatgrass  
a c c o r d in g  to c o l le c t io n  date and study s i t e .............

D ry -m a t te r  d iges t ib il ity  o f  b ig  sagebru sh  leaves  
a c c o r d in g  to c o l le c t io n  date and study s i t e .............

D ry -m a t te r  d iges t ib il ity  o f  b ig  sagebru sh  twigs 
a c c o r d in g  to c o l le c t io n  date and study s i t e .............

Page

43

44

45

49

51

52

X I 1



C H A P T E R  I

IN TRODUCTION

W inter  r e p re se n ts  the p e r io d  o f  g rea tes t  nutritional s tr e s s  fo r  

b ig  gam e anim als  in C o lo ra d o  b eca u se  (1) fo ra g e  nutritional quality 

and abundance a re  low est  and (2) snow depth and crusting  conditions 

often  l im it  the amount o f  range ava ilab le  to the an im als  (G ilb ert  et 

al. 1970), When these  conditions o c c u r  on m a rg in a l w in ter  range, 

s ta rvation  l o s s e s  can resu lt .  One such  incident o c c u r e d  in M iddle 

Park, C o lo ra d o  during the w in ter  o f  1964-65 when an est im ated  30 to 

50 p ercen t  o f  the M iddle P ark  m ule  d e e r  ( O doco ileu s  h e m io n u s ) herd  

w as lo s t  to starvation . L o s s e s  have a lso  o c c u r r e d  in M iddle  P ark  

during other  y e a r s .  T h ese  lo s s e s  m ight be red u ced  if techniques  w e re  

ava ilab le  fo r  im p rov in g  the quantity and quality o f  fo ra g e  on c r i t i c a l  

w in ter  feed ing  s ite s .  One p o ss ib le  solution  m ight be range f e r t i -

lization .

F e r t i l i z e r s  a lte r  the ch e m ica l  c o m p o s it io n  o f  p lants. Thom as 

et al. (1964) found n itrogen  fe r t i l iza t io n  in c r e a s e d  the p ercen ta ge  o f  

n itrogen, ca lc ium , and phosphorus  in g r a s s e s .  B a iley  (1968) re p o rte d  

fe r t i l iza t io n  p rod u ced  a 13 p ercen t  in c r e a s e  in the crude prote in  

con cen tra t ion  o f  w itchhobble  ( V iburnum  a ln i fo l iu m ) b r o w s e .  S im ila r  

r e p o r ts  showed fe r t i l iza t io n  in c r e a s e d  b ro w se  produ ct ion  (Gibbens and



P ie p e r  1962) and the palatability  o f  f o ra g e s  (Gibbens and P ie p e r  1962, 

Th om as et al, 1964). In fe re n ce s  o f  th ese  re p o r ts  plus the adaptability 

o f  the M iddle  P a rk  situation to range fe r t i l iza t io n  p rom p ted  this study.

This study w as one phase o f  a la r g e r  p r o je c t  conducted  c o o p e r -

a tive ly  in M iddle P a rk  by the C o lo ra d o  G am e, F is h  and Parks 

D iv is ion  and the R o c k y  Mountain F o r e s t  and Range E x p er im en t  

Station. The la r g e r  p r o je c t  was d es ig n ed  to m e a su re  the e f fe c ts  

n itrogen  and h e r b ic id e  treatm en ts  had upon fo ra g e  produ ct ion  and 

fo ra g e  p r e fe r e n c e s  o f  m ule  d eer .

P r o b le m  A n a lys is

The o b je c t iv e  f o r  this segm ent o f  the p r o je c t  w as to m e a su re  the 

e f fe c ts  n itrogen  treatm en ts  on ly  had upon the nutritional quality o f  

s e le c te d  fo ra g e  plants used by m ule  d e e r  in M iddle P ark . S p e c i f ic  

questions  to be an sw ered  w e re :

(1) What e ffec t  does  n itrogen  fe r t i l iza t io n  have upon the

con cen tra t ion  o f  the fo l low in g  com ponents  in se le c te d

w in ter  fo ra g e  plants:

(a) Crude p rote in

(b) C e l l -w a l l  constituents

(c )  C a lc iu m

(d) Phosphorus

(e) Volatile  o i l  in b ig  sagebru sh  (A r te m is ia  tridentata 

Nutt. ) leaves  ?



(2) How is the in v itro  d iges t ib il ity  o f  s e le c te d  w in ter  fo ra ge  

plants in fluenced  by n itrogen  fe r t i l iza t io n ?

(3) How are  e f fe c ts  re la ted  to the am ount o f  n itrogen  applied 

and se a so n  o f  the y e a r ?

D elim ita tions

Study A rea :

This study w as conducted  on native sagebru sh  w inter  

range in M iddle Park, w e s te r n  G rand county, C o lora d o  

near K re m m lin g  and Hot Sulphur S prings .

F o r a g e  S p ec ies  T ested :

Plants routinely  con su m ed  by m ule  d eer  w in tering  in 

M iddle P a rk  w e re  s e le c te d  fo r  study. T h ese  w e re :

(a) B ig  sagebru sh  cu rren t  annual grow th  including 

leav es  and te rm in a l  w oody  tw igs .

(b) Bluebunch w h eatgrass  (A g r o p y r o n  sp ica tu m  Pursh). 

D uration  o f  the study:

Septem ber, 1969 to D e ce m b e r ,  1971.

Sam ple c o l le c t io n  dates:

(a) M arch , 1970

(b) June, 1970

(c)  S eptem ber, 1970

(d) D e ce m b e r ,  1970

(e) M arch , 1971



D efin ition s

(a) In v itro  d iges t ib il ity  - the p ercen ta ge  o f  fo ra g e  dry  

m atter  p la ced  into solution  by rum en  m ic r o o r g a n is m s  

and the ir  en zym es  during a s p e c i f ie d  p e r io d  o f  tim e 

w hile  incubating in a test  tube.

(b) Nutrient - any food  com ponent consum ed  by an anim al 

supplying esse n t ia l  e lem ents  fo r  m e ta b o l ic  functioning.

(c )  N utritional quality - A  com bination  o f  the amounts o f  

ava ilab le  nutrients in a food  and the d ig e s t ib i l i t ie s  o f  

those  nutrients.

(d) Tw ig  - a te rm in a l w oody  grow th p ro d u ce d  during the 

cu rren t  grow ing  se a so n .

(e) W inter  fo ra g e  - any plant o r  plant part con su m ed  by 

m ule  d eer  on w in ter  range .



C H A P T E R  II

STUDY A R E A

F ie ld  w o rk  fo r  this study was conducted  on e x p er im en ta l  sites 

e s ta b lish ed  in M iddle P ark  during 1969 by the C o lo ra d o  Gam e, F is h  

and Parks D iv is ion  (F ig .  1). M iddle P ark  is a la rg e  (about 800 square 

m i le s )  top ograp h ic  d e p re s s io n  in n orth cen tra l  C o lo ra d o  within the 

drainage o f  the C o lo ra d o  R iv e r .  M ountain ranges  vary ing  in e levation  

f r o m  9, 000 to 13, 000 feet  e n c ir c le  the P a rk , The low est  e leva tion  o f  

the va lley  f lo o r  is ap p rox im a te ly  7, 000 fee t .  C on ife rou s  fo re s ts  

predom in ate  above  9, 000 feet  w h erea s  lo w e r  e levations  a re  dom inated 

by big  sagebru sh  plant c o m m u n it ie s .  M uch o f  M iddle P a rk  is un d er-

lain by alternating c o a r s e  sandstones and m udstones  o f  the M iddle 

P a rk  F o r m a t io n  w hich  w e re  thrusted  up fo rm in g  c l i f fs  and ledges  

sepa ra ted  by s lop es  (Izett 1968).

Izett (1968) r e p o r te d  a v era g e  annual p rec ip ita t ion  in M iddle P ark  

is  21 inches  with m o s t  fa lling  in A p r i l  and July. G ilbert  et al. (1970) 

stated snow depth in the P a rk  v a r ie s  with e levation , exp osu re ,  and 

gradient but s e ld o m  e x ce e d s  a ccum ulations  o f  2 feet on the va lley  

f l o o r .  They explained  sou ther ly  and w indsw ept s lopes  a re  s e ld o m  

s n o w -c o v e r e d  throughout the w inter  and r e c e iv e  co n s id e ra b le  use by 

feed ing  m ule  d e e r  w in tering  in the P ark .
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F ig .  1. L o ca t io n  o f  study s ites . M iddle  Park, C o lo ra d o .  
S ca le :  1 /3  inch  equals 1 m ile .



study Sites

T h ree  study s ites  w e r e  es ta b lish ed  in M iddle P ark  by  the C o l o -

rado G am e, F is h  and Parks (C G F P ) D ivision , one on public  land 

a d m in is te re d  by the D iv is ion  and two on lands a d m in is tered  by the 

B ureau  o f  Land M anagem ent. S e lec t ion  o f  individual s ites  was based  

on (1) a c c e s s ib i l i t y ,  (2) u n iform ity  o f  plant com m u n it ies  w ithin s ites  

and (3) site  quality fo r  m u le -d e e r  w in ter  range . Sites w e re  used as 

re p l ica te s  o f  the b ig  sagebru sh  vegetation  type.

At each  site, th ere  w e r e  10 treatm ent p lots, each  1 0 0 -b y -  100- 

fee t  (F ig .  2). A  1 0 - fo o t  s tr ip  separa ted  fe r t i l iz e d  plots f r o m  an 8 -  

foot  d e e r -p r o o f  w o y e n -w ir e  fence  con stru cted  around each  site to 

p roh ib it  use by m ule  d eer  and l iy e s to c k .  The fen ced  a rea  w as 5 2 0 -b y -  

220 - fe e t .

T rea tm en ts  applied  to the 10 plots a c c o r d in g  to a ran d om ized  

b lo c k  design  - ra n d om ized  at each  site  w e re :  30, 60, 90, and 120 lbs 

o f  N p e r  a c re ,  each  re p l ica te d  with 2 lbs 2, 4 -D  per  a c r e ,  one plot 

with 2, 4 - D  only and one plot as a c o n tro l  (C arp en ter  1969). F e r t i -

l i z e r  treatm en ts  w e re  applied  by Len H. C arpenter , C G F P  D iyision , 

during N ovem ber ,  1969 p r io r  to snow c o v e r  to m ake use o f  w inter 

m o is tu re  and the 2, 4 -D  was applied  in May, 1970.

Junction Butte Study Site

This study site, lo ca ted  a p p rox im a te ly  2 m ile s  southeast o f  

K rem m lin g , is situated on a sou th -fa c in g  h il ls id e  be low  steep  s lopes
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and prom inent r o c k  o u tc r o p s .  Soils  on the site a re  shallow  sandy- 

loam s and have an A  h o r iz o n  ranging f r o m  2 to 6 inches  in th ickness  

and an o r g a n ic -m a t te r  con cen tra t ion  o f  1 .3  p ercen t  in the top 6 inches 

H eil  (1969).

F le t c h e r  (1969) re p o r te d  p rec ip ita t ion  on the Junction Butte site 

a v e ra g e s  about 11 inches  annually o f  w hich  half fa lls  during the 

grow ing  se a so n .  Snow r a r e ly  accu m u lates  on the site ow ing to rapid  

snow m elt .

V egetation  on Junction Butte w as sp a rse  p r io r  to f e r t i l i z e r  

treatm en t. B ig  sagebru sh  plants grow ing  on the site w e r e  stunted, 

av era g in g  12 to 18 inches in height.

F ligh t  Line Study Site

The F light Line study s ite  is lo ca ted  on gently s lop ing  uplands 

a p p rox im a te ly  13 m ile s  northeast  o f  K re m m lin g .  Soils  on the site 

a re  deep sandy loa m s  having an A  h o r iz o n  up to 18 inches  th ick  and 

an a v era g e  con cen tra t ion  o f  o rg a n ic  m atter  o f  2 .5  p ercen t  in the top 

6 inches (H eil 1969).

F le t c h e r  (1969) r e p o r te d  p rec ip ita t ion  on the F light  Line site 

a v e ra g e s  about 18 inches annually with half fa ll ing  during the grow ing  

sea son . Snow accum ulations  o f  18 to 20 inches  o c c u r r e d  on the site 

and snow c o v e r  often  rem ain ed  in som e  p la ce s  until late A p r i l  o r  

e a r ly  M ay.
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P r o l i f i c  plant growth c h a r a c te r iz e d  the F light Line s ite .  B ig  

sagebru sh  plants ranged to 3 feet  in height.

C o r r a l  C r e e k  Study Site

This  study site, lo ca ted  ap p rox im a te ly  1 m ile  northeast o f  the 

F ligh t  Line site, s its on a w e s t - fa c in g  m ountain e xp osu re  having an 

a v era g e  s lope  o f  8 p ercen t  (F le t c h e r  1969). L oa m y so i ls  p o s s e s s in g  

an A  h o r iz o n  o f  6 to 10 inches  and an av era ge  o rg a n ic  m atter  c o n c e n -

tra tion  o f  2 .6  p e rce n t  in the top 6 inches o c c u r  on the site .

Vegetative  grow th on C o r r a l  C r e e k  w as judged in term ed ia te  

betw een  that on Junction Butte and F light Line (R . B ru ce  Gill, 

p e rso n a l  com m u n cation ).  B ig  sagebru sh  plants showed v ig orou s  

grow th on C o r r a l  C r e e k  p r io r  to f e r t i l i z e r  treatm ent but the quantity 

o f  vegetation  p resen t  w as n o t icea b ly  le s s  than that at F light  Line. 

Snow depths on C o r r a l  C r e e k  w e re  judged in term ed ia te  betw een 

Junction Butte and Flight Line (O. C. W allm o, p e rso n a l  c o m m u n ic a -

tion).



C H A P T E R  III

M ETHODS AND M A T E R IA L S

This  chapter d is c u s s e s  sam ple  co l le c t io n ,  sam ple  preparation , 

and la b o ra to ry  p r o ce d u r e s  and rea gen ts .  Included a lso  a re  d is cu s s io n s  

on  s ta t is t ica l  tests  em p loyed  and s ta t is t ica l  design  o f  the exp er im en t .

Sam ple C o l le c t io n  Dates

Plant sam p les  w e r e  sch edu led  o r ig in a l ly  to be c o l le c te d  during 

M arch , June, S ep tem b er  and D e ce m b e r  o f  1970 and M arch , 1971 but 

this schedu le  w as la ter  m o d if ie d .  Snow conditions on the F light Line 

and C o r r a l  C r e e k  s ites  during M arch , 1970 proh ib ited  the co l le c t io n  

o f  plant sam ples ,  m aking it n e c e s s a r y  to de lay  sam pling these s ites  

until the snow m elted  in e a r ly  May, 1970. Consequently , on ly  data 

f r o m  sam p les  c o l le c te d  on the F light Line and C o r r a l  C re e k  s ites  are  

p re se n te d  fo r  May, 1970.

C o l le c t io n  o f  Sam ples  fo r  C h e m ica l  A n a lyses

Plant sam ples  used fo r  c h e m ic a l  ana lyses  w e re  c o l le c te d  f r o m  

treatm en t plots a c c o r d in g  to a p re p a re d  plan: (1) a 10 - fo o t  bu ffer  

zone w as es ta b lish ed  on the in te r io r  b o r d e r s  o f  the plot being sam pled  

to red u ce  bias resu ltin g  f r o m  f e r t i l i z e r  leach ing  betw een  plots; (2) 

the rem ain ing  8 0 -  x  -1 0 0 - fo o t  a re a  w as partitioned  into two
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4 0 - b y - 1 0 0 - f o o t  units, and; (3) one sam ple  (a p p ro x im a te ly  100 g f r e s h -  

w eight b a s is )  o f  b ig  sagebru sh  and bluebunch w h eatgrass  was c lipped  

f r o m  each  unit. A  100 -foo t  s tee l  tape was used to delineate  p lots .  

Only sagebru sh  plants having a height o f  12 - to -18  inches  w e re  

sam pled  by  c lipping 10 te rm in a l  shoots  ( 3 - t o - 4  inches long) f r o m  15 to 

20 plants p er  sa m p le .  Plant s ize  w as standardized  b e ca u se  m o st  

sagebru sh  plants grow ing  on the Junction Butte site w e re  within the 

12- to -18  inch range but m any plants grow ing  on F light Line and 

C o r r a l  C r e e k  w e r e  ta l le r  and m ay  have had d ifferent p h y s io lo g ica l  

r e sp o n s e s  to f e r t i l i z e r  trea tm en ts .  Shoots ( le a v e s  and tw igs) w e re  

c lipped  equally  f r o m  the tops, bottom s, and s ides  o f  sagebru sh  plant 

c r o w n s .  No sy s tem a tic  plan was used to lo ca te  donor plants. B lu e -  

bunch w h eatgrass  (cu lm s , leav es  and in f lo r e s e n c e s )  w as sam pled  by 

c lipp ing  the plants im m e d ia te ly  above  ground le v e l .  Once clipped, 

t is su e s  w e re  p la ced  into paper sacks  labe lled  a c c o r d in g  to plant type, 

study site, n itrogen  treatm ent, and c o l le c t io n  date and w e r e  t r a n s -

ported  to C o lo ra d o  State U nivers ity  fo r  p r o c e s s in g  and c h e m ica l  

a n a ly s is .

On cam pus, plant t is s u e s  in paper  sacks , w e re  a i r - d r i e d  fo r  

a p p ro x im a te ly  2 w e e k s .  Once a ir -d r ie d ,  sacks  containing sagebru sh  

clippings  w e re  shaken v ig o r o u s ly  to separate  the leaves  f r o m  w oody  

tw ig s .  C u rren t-an n u a l grow th was r e m o v e d  next f r o m  w ood y  tw igs at 

the node. L ea ves  and cu rre n t -g ro w th  tw igs w e re  ground and analyzed



13

sep a ra te ly .  A i r - d r i e d  t is su e s  w e re  ground in a W iley  m i l l  with a 

0 .5 0  m m  scre e n ,  p la ced  into la b e l le d  g la ss  con ta iners , and s to re d  in 

a coo l,  d ry  p la ce  until ana lyzed .

Plant sam p les  w e r e  c o l le c te d  during May, June and S eptem ber 

o f  1970 on ly  f r o m  the 1 0 - fo o t  b o r d e r  surrounding each  study site  by 

em p loy in g  the sam plin g  s ch e m e  d e s c r ib e d  above . Sam ples  w e re  

c o l le c te d  f r o m  these  b o r d e r s  so as not to in te r fe re  w ith a b r o w s e -  

produ ct ion  study being  conducted  s im u ltan eou s ly  on the three s ite s .  

H ow ever, plant m a te r ia ls  in these  b o r d e r s  b e c a m e  exhausted  m aking 

it n e c e s s a r y  to c o l le c t  sam ples  f r o m  the 1 0 0 -b y - 1 0 0 - f o o t  treatm ent 

p lots  during D e ce m b e r ,  1970 and M arch , 1971.

C o l le c t io n  o f  Sam ples  fo r  V o la t i le -O i l  A n a lyses

T e rm in a l  shoots ( leaves  and tw igs) used fo r  v o la t i le - o i l  d e t e r -

m inations w e re  c lipped  f r o m  big  sagebru sh  plants a c c o r d in g  to the 

sam pling s ch e m e  d e s c r ib e d  abov e .  Again, on ly  sagebru sh  plants 12- 

t o -1 8 - in ch e s  in height w e re  sam pled . Standardization o f  plant s ize  was 

n e c e s s a r y  b e ca u se  P ow e ll  (1968) found v o la t i l e - o i l  p rodu ct ion  by  big 

sa geb ru sh  plants to be re la ted  to plant s ize  and plant v ig o r .  A fte r  

clipping, sam ples  w e re  p la ced  into paper bags and tran sp orted  

im m e d ia te ly  to K re m m lin g  and s to re d  in a f r e e z e r .  E la psed  t im e 

betw een  c lipp ing  in the f ie ld  and s torag e  in the f r e e z e r  va r ied  to 

l|- h o u rs .  Sam ples  w e re  c l ip ped  at a p p rox im a te ly  the sam e tim e each  

day to c o n tro l  p o ss ib le  h ou rly  varia tion s  in v o la t i l e - o i l  content.
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F r o z e n  sam ples  w e r e  packed  in d ry  ice ,  tra n sp or ted  to C o lo ra d o  

State U niversity , and s tored  in a f r e e z e r  until ana lyzed  fo r  v o la t i le -  

o i l  content.

C h e m ica l  A n a lyses  o f  Sam ples

Separate portion s  o f  ground plant t issu e  w e r e  used fo r  each  

ch e m ic a l  ana lys is  with the excep tion  o f  c a lc iu m  and phosph oru s. 

G round t is su e s  w e r e  m ix ed  thorough ly  p r io r  to r e m o v in g  them  f r o m  

storag e  co n ta in e rs .

Crude P ro te in  D eterm inations

C rude p rote in  con cen tra t ion  (N con cen tra t ion  t im e s  6 .2 5 )  was 

d e te rm in e d  by the m ic r o -K je ld a h l  p r o ce d u r e  (S tree ter  1969). Two 

hundred m i l l ig r a m s  o f  ground plant t issu e  w e r e  p la ced  into 100 m l 

K jeldahl d igest ion  flasks  containing 3m l o f  con cen tra ted  su lfu ric  

ac id  and a p p rox im a te ly  2 g o f  p o ta ss iu m  sulfate. Two se len ized  

H engar granules w e re  added next to ca ta lyze  the d igest ion  p r o c e s s .  

M e r c u r i c  oxide, another catalyst, w as tested  during p re l im in a ry  

t r ia ls  but gave con s is ten t ly  lo w e r  values fo r  tota l n itrogen  content 

than did the se le n ize d  H engar gran u les .

S am ples  w e r e  d igested  fo r  a p p ro x im a te ly  two hours  (at least 

30 m inutes a fter  the sam ple  turned c le a r ) .  F la sk s  w e re  rotated  

e v e r y  15 to 20 m inutes to insure  com p le te  d igest ion  o f  a ll  plant t issu es ,  

A fte r  d igesting, sam p les  w e re  re m o v e d  f r o m  the d ig e s to r  and a llow ed 

to c o o l .



A  50 m l  E r le n m e y e r  f la sk  contain ing 10 m l o f  2 p ercen t  b o r ic  

a c id  so lution  was p la ce d  beneath the co n d e n se r  tip o f  the d ist il la t ion  

apparatus to  trap  am m on ia  d is t i l led  f r o m  the d igested  plant t is s u e s .  

The b o r i c  a c id  conta ined  s to c k  in d ica tor  solution, p re p a re d  by 

d is s o lv in g  1 .2 5  g o f  m ethyl red  and 0 .8 2 5  g of m ethylene  blue in 

one l i te r  o f  90 p e rce n t  ethanol. Seven m i l l i l i t e r s  of s to ck  ind ica tor  

solution  w ere  added to e a ch  l i te r  o f  b o r i c  a c id  solution.

Sam ples  w e re  t itrated  to  a b lu e -g r a y  c o lo r  with 0 .0 9 8  N 

su lfu r ic  a c id  and n itrogen  con centra tion  (a i r -d r y  bas is )  ca lcu la ted  

with the fo rm u la :

15

(w -  A c id  N o rm a lity  X M l. A c id  X 1400 
M g t is su e  d igested

C e ll -W a ll -C o n s t itu e n t  D eterm inations

F ib e r  content of the plant sam ples  was d e term in ed  using the 

p r o ce d u r e  fo r  c e l l -w a l l - c o n s t itu e n t  an a lyses  p r o p o s e d  by Van Soest 

(1967). This p ro ce d u re  fra ct ion a ted  plant t is su e s  into c e l lu la r  

contents (n e u tra l-d e te rg e n t  so lu b les )  and c e l l -w a l l  constituents  (CW C). 

C e llu la r  contents conta ined  p rote in s ,  ca rboh y d ra tes ,  lip ids  and 

m in e r a ls .  Short and R e a g o r  (1970) stated CWC div ides  plant t issu es  

into p ortion s  d igest ib le  and n o n -d ig e s t ib le  by rum inants.

F iv e  hundred m i l l ig r a m s  of ground plant t issu e  w ere  p la ce d  into 

500 m l E r le n m e y e r  f la sk s .  Then, added in sequence  w e re  100 m l



16

o f  r o o m -t e m p e r a t u r e  n e u tra l-d e te rg e n t  solution, 2 m l o f  decalin , 

and 0 .5  g o f  sod iu m  su lfite .  D eca lin  was added to c o n tro l  foam ing 

by  the m ixtu re  during bo il in g .  Next, the f lasks  w e re  p la ce d  on a 

heating m antle  and th e ir  contents bo i le d  gently fo r  one hour and then 

co o le d .

A fte r  coo ling , the solutions w e re  f i l te r e d  through fr it ted  g lass  

c r u c ib le s  using a low  vacuum . The re s id u e s  w e re  w ash ed  tw ice  each  

w ith acetone  and hot w ater  to r e m o v e  any res id u a l c e l lu la r  contents. 

F i l t e r e d  sam ples  w e re  then p la ced  into an e le c t r i c  d ry ing  oven  and 

d r ied  overn ight at 100 C.

O v e n -d r ie d  c r u c ib le s  plus res id u e  w e re  w eighed  next and then 

ashed  in a m uffle  fu rnace  fo r  4 hours  at 550 C and co o le d .  C ru c ib le s  

plus ash  w e r e  w eighed  and the p ercen t  CWC (d r y -m a t te r  b a s is )  

ca lcu la ted  with the form u la :

We  - Wt% CWC = ^  X  100Wa - W m

W here :

Wg = g r o s s  d ry  w eight o f  the c r u c ib le  plus neutral- 
d etergent re s id u e .

Wt = g r o s s  dry  weight o f  the c r u c ib le  plus ash.

Wa = a i r - d r y  w eight o f  plant t issu e  tested .

W m  = m o is tu re  content o f  plant t issu e  tested .
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D iges tion  o f  Sam ples  fo r  M in era l  D eterm inations

C a lc iu m  and phosphorus determ ination s  w e re  m ade on two 

aliquots  o f  plant t is su e  d igested  in p e r c h lo r i c  and su lfu ric  a c id s .

O n e -g r a m  p ortion s  o f  ground plant t issu e  w e r e  p la ced  into 125 

m l  polyethy lene  b o tt le s .  Two m l  o f  con cen tra ted  p e r c h lo r i c  ac id  

and 3 m l  o f  con cen tra ted  su lfu ric  a c id  w e re  then added to each  

bott le .  Bottle  caps w e re  not tightened to a llow  gas to e s c a p e .  Sam ples 

w e r e  s to re d  next in a fume hood  and left to p r e -d ig e s t  f o r  24 h ou rs .

A fte r  p re -d ig e s t in g ,  bottle  caps w e re  tightened and the bottles  

p la ced  into a tray  beneath a hot w ater  tap. Hot water (about 70 C) was eihowed 

to flow  s low ly  o v e r  the bottles  fo r  4 to 6 hours  th ereb y  com plet in g  the 

d igest ion  p r o c e s s .  B ott les  w e re  p la ced  next in a fum e hood  to c o o l  

and the bottle  caps lo o se n e d  to p e rm it  gas to e s ca p e .  A fte r  cooling, 

sa m p les  w e r e  p ou red  through f i l te r  paper  into 50 m l. v o lu m e tr ic  

f lask s  and diluted to vo lum e with d is t i l le d  w a te r .  A  25 m l  aliquot o f  

the solution  w as then tested  fo r  calciixm  con cen tra t ion  and the r e -

m ain ing  25 m l  tested  fo r  phosphorus con cen tra t ion .

C a lc i i im  D eterm inations

C a lc iu m  w as m e a s u re d  in the sam p les  with a P e r k in -E lm e r  

m o d e l  303 a to m ic -a b s o r p t io n  s p e c tro p h o to m e te r  equipped with a 

h o l lo w -ca th o d e  lam p.

T w e n ty - f iv e  m l aliquots o f  the sam ples  w e re  p la ced  into 50 m l 

v o lu m e tr ic  f lask s  and diluted to vo lum e with a solution  containing



2 p ercen t  lanthanum and 10 p e rce n t  h y d r o c h lo r ic  a c id .  Lanthanum and 

h y d r o c h lo r i c  a c id  w e re  added to p roh ib it  phosphorus in the sam ples  

f r o m  in te r fe r r in g  with ca lc iu m  m e a su re m e n ts .

F i v e -m l  p ortion s  o f  the dilutions w e re  p ipetted next into 50 m l 

v o lu m e tr ic  f lask s , diluted to vo lum e with d is t i l le d  water, and p ortion s  

(3 to 5 m l) of the dilution w ere  tested  fo r  c a lc iu m  con cen tra tion .
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P h osp h oru s  D eterm inations

P h osp h oru s  was m e a su re d  in the plant t is su e s  with the m o ly b d o -  

vanadate p r o ce d u r e  d e s c r ib e d  by the A ssoc ia tion  o f  O ff ic ia l  A g r i -

cu ltura l C h em ists  (1955). With this m ethod, phosphorus was c o n -

v e r te d  to p h osph o-m olyb d ovan a da te  and then queintitated with a 

s p e c tro p h o to m e te r .  Slight m o d if ica t io n s  w e re  m ade in the re co m m e n d e d  

p r o ce d u r e  during the p re se n t  investigation .

T w e n ty - f iv e  m l  a liquots of the d igested  plant sam ples  w ere  

p ou red  into 50 m l v o lu m e tr ic  f lask s  and diluted to vo lu m e with 

d is t i l le d  w ater .  Next, f ive  m l p ortion s  o f  the solutions w ere  pipetted 

into 50 m l v o lu m e tr ic  flasks , 20 m l o f  m olybdovanadate  reagent w ere  

added, and the m ix tu re  diluted to vo lu m e with d is t i l led  w ater.

A fte r  standing fo r  30 m inutes, each  sam ple  was read  tw ice  fo r  

p ercen t  a b so rb a n ce  (i. e. op t ica l density) on a B eckm an s p e c tro p h o to -

m e te r  set at a w avelength  of 400 m i l l im ic r o n s .  Standard solutions 

contain ing 0 ppm  phosphorus and 2 ppm  phosphorus  w ere  u sed  to 

ca l ib ra te  the s p e c tro p h o to m e te r .  P e r c e n t  a b so rb a n ce  fo r  each  sam ple
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w as next con v e r te d  to phosphorus con cen tra t ion  ( a i r - d r y  b a s is )  using 

standard cu rves  p r e p a re d  with sodiiim  phosphate.

V o la t i le -O i l  D eterm inations

V o la t i l e - o i l  determ ination s  w e re  m ade using the s te a m - 

d ist i l la t ion  p r o ce d u r e  r e p o r te d  by Nagy (1966).

One hxindred g o f  sagebru sh  leav es  w e r e  taken f r o m  the f r e e z e r  

and p la ced  into a 5 - l i t e r ,  ro u n d -b o tto m  d ist il la t ion  f la sk  equipped 

w ith a 24 c m  co n d e n se r  and an o i l  trap .  Next, the d ist il la t ion  f la sk  

w as h a l f - f i l le d  with w ater  and the contents b o i le d  v ig o r o u s ly  fo r  6 

hours  w ith heat supplied  by an e le c t r i c  heating m antle .

A fte r  d istillation , the o i l  was dra ined  f r o m  the trap  into a 

s e p a ra to ry  funnel, separa ted  into g lass  via ls  and w eighed . Volatile  

o i l  con cen tra t ion  ( fr e s h -w e ig h t  b a s is )  w as obtained f r o m  the o i l  

w eight p er  100 g o f  le a v e s .

D iges tib il ity  o f  Plant Sam ples

The p r o ce d u r e  fo r  d eterm in in g  in v itro  d iges t ib il ity  o f  fo ra g e s  

d e s c r ib e d  by P e a rs o n  (1970) w as used  in this in vestiga tion . F iv e  

d igest ion  tr ia ls  w e re  com p le ted  with the plant sam ples  c o l le c te d  

during any given c o l le c t io n  p e r io d  c o m p r is in g  a d igest ion  t r ia l .  

Individual plant sam ples  w e re  d igested  in duplicate . Sam ples  o f  

a lfa lfa  hay w e r e  d igested  in ea ch  t r ia l  to te s t  f o r  v a r ia b il ity  in rum en 

flu id  am ong d igest ion  t r ia ls .
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R u m en  fluid  used fo r  d igest ion  tr ia ls  w as obtained by  s tom ach  

pum ping captive  m ule  d eer  housed  on the C o lo ra d o  State U n ivers ity  

cam p u s. E x p er im en ta l  an im als  w e re  fed  a ration  (T ab le  1) o f  

co tton seed  hulls (70%) and prote in  supplem ent (30%). The prote in  

supplem ent contained 32 p ercen t  p ro te in .  A  vitam in  A, D, and E 

co m p le x  w as added a lso  to the ration  (200, 000 I. U. p er  ton o f  ration ). 

A n im a ls  w e r e  p la ced  on the ration  2 w eeks  p r io r  to the f i r s t  d igestion  

t r ia l  and rem ain ed  on the ration  until a ll  d igest ion  tr ia ls  w e re  

com p le te d ,

Stom ach  pum ping w as a c c o m p l is h e d  by  in sertin g  o n e - in c h
A

polyethy lene  tubing down the a n im a l ’ s esophagus and into the rum en.

A  vacuum  pump w as used next to induce siphoning o f  rum en  contents 

(ru m en  fluid  plus food  p a r t ic le s )  into a p r e -w a r m e d  th e r m o s .  A n im als  

w e r e  taken o f f  feed  24 hours p r io r  to pum ping to red u ce  the quantity 

o f  undigested  food  in the rum en  at the t im e o f  pum ping. Once 

co l le c te d ,  rum en  contents w e r e  tra n sp or ted  im m e d ia te ly  to the 

la b o r a to r y  fo r  p r o c e s s in g .

In the la b ora tory ,  rum en  contents w e re  stra ined  tw ice  through 

two la y e rs  o f  ch e e s e c lo th  to re m o v e  the la r g e r  p articu la te  m atter .

The resu lt in g  flu id  w as then m ix ed  with bu ffer  solution . C arbon  

d iox ide  w as bubbled  next through the m ixtu re  fo r  15 to 20 m inutes to 

lo w e r  the solution  pH be low  7 . 0 .  The solution  w as then a llow ed  to 

stand until m o st  particu late  m atter  in the so lution  had settled  to the 

bottom  o f  the con ta iner  (about 20 m inutes ).
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Next, 50 m l  o f  the rum en  f lu id -b u ffe r  m ixtu re  w e re  pipetted 

into 100 m l  d igest ion  tubes containing 0 .5  g o f  o v e n -d r ie d  fo ra g e .

The d igest ion  tubes w e re  then f lo o d e d  with ca rb o n  d ioxide to crea te  

a n a e ro b ic  conditions, s toppered , and incubated in a w ater  bath at 39 C 

f o r  48 h o u r s .  E m pty  d igestion  tubes w e re  included  in each  tr ia l  to 

d e term in e  the amount o f  fo re ig n  particu late  m a tter  rem ain in g  in the 

rum en f lu id -b u ffe r  m ix tu re .

A fte r  48 hours , m ic r o b ia l  d igest ion  was term in ated  and e n z y -

m a t ic  d igest ion  initiated by adding h y d r o c h lo r ic  a c id  and pepsin . 

H y d r o c h lo r ic  a c id  lo w e re d  the pH o f  the d igest ion  m ed iu m  to about 2 .0 ,  

k illing  a ll m ic r o o r g a n is m s  and activating the pepsin . The d igestion  

tubes w e re  then s top p ered  and p la ced  back  into the w ater  bath at 39 C 

f o r  an additional 48 h ou rs .

T able  1. Nutrient con cen tra t ion  (o v e n -d r y  b a s is )  o f  the ration  fed 
m ule  d e e r  used as ru m e n -f lu id  d onors  (a fter  S choonveld  
1971).

Pe r c ent Nutrient Content*

C P EE M A sh CWC AD F Lignin

12.1 2 .5  8 .8 6. 1 73 .1 4 6 .7 15

* C P  C rude prote in
EE E ther  ex tract
M M oistu re  
CWC C e l l -w a l l  constituents 
A D F  A c id -d e te r g e n t  f ib e r



F o llo w in g  enzym atic  d igestion , 12 m l o f  0 .6 5  M sod iu m  c a r b o n -

ate w e re  added to each  d igestion  tube to term in ate  pepsin  a ct iv ity .

The sa m p les  w ere  then v a cu u m -f i l te re d ,  o v e n -d r ie d ,  and weighed.

P e r c e n t  in v itro  d iges t ib il ity  (o v e n -d r y  bas is )  o f  each  fo ra ge  

sam ple  was ca lcu la ted  with the fo rm u la :

2 2

Wf - W r - C% D iges tib il ity  = -------- nr::---------  x  100Wf

W h ere :

W f = O v e n -d ry  weight of fo ra g e  sam ple  tested

W r = O v e n -d ry  weight o f  ixndigested res id u e

C = C o r r e c t io n  fa c to r  b a sed  upon the am ount of sed im ent 
in the d iges t ion -tu b e  b lanks.

S tatistica l A n a lyses  of Data

S tatistica l ana lyses  of data w e re  p e r fo r m e d  with a 5x3x5 

fa c to r ia l  an a lys is  o f  va r ia n ce  des ign  to test  fo r  s ta t is t ica l ly  s ig n i f i -

cant (P  < 0 .0 5 )  d i f fe r e n c e s  in nutrient con cen tra t ion  and in v itro  

d ig es t ib i l i ty  o f  fo ra g e s  resu lting  f r o m  n itrogen  treatm en t (5 t r e a t -

m ents includ ing  con tro l)  study site (3 s ites) ,  and s a m p le - c o l le c t io n  

date (5 dates) .  The three m ain  v a r ia b le s  w e re  trea ted  as f ixed  

(sy s te m a t ic )  e f fe c ts .

S ou rces  of v a r ia b i l i ty  in s ign ificant (P  < 0 .0 5 )  ana lyses  of 

v a r ia n ce s  w e re  lo ca te d  with the L e a st  Significant Range (LSR) test . 

B a rt le t t 's  test  f o r  h om ogen ity  o f  v a r ia n ce  was com puted  p r io r  to 

c o m p a r in g  treatm en t m eans (Sokal and R oh lf  1969)*
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Data ana lyses  w e r e  p e r fo r m e d  on a C D C -6400  com pu ter  at the 

C o lo ra d o  State U n ivers ity  C om p u ter  C enter and on an O livett i -  

U nderwood P r o g ra m m a  101 desk  ca lcu la to r .



C H A P T E R  IV

RESULTS

This chapter d is c u s s e s  the resu lts  of s ta tis t ica l an a lyses  o f  

data. The nutrient con cen tra tion  and d iges t ib il ity  o f  the fo ra g e s  

v a r ie d  c o n s id e r a b ly  am ong c o l le c t io n  s ites  and am ong c o l le c t io n  

p e r io d s .  The nature o f  th ese  va ria tion s  and the p h y s io lo g ica l  a n d /o r  

env iron m en ta l cond itions  w hich m ight have p rod u ced  them  are  a lso  

d is c u s s e d .

C rude P ro te in  C on cen tration

The crude prote in  con cen tra t ion s  o f  bluebunch w heatgrass, s a g e -

brush  le a v e s ,  and sagebru sh  twigs a r e  p re se n te d  in A ppend ix  I a c c o r d -

ing to n itrogen  treatm ent, study site, and c o l le c t io n  date. Crude 

p ro te in  con cen tra t ion s  resu lting  f r o m  n itrogen  treatm en t d i f fe re d  

c o n s id e r a b ly  am ong c o l le c t io n  p e r io d s  (F ig s .  3, 4 and 5). T h e re fo re ,  

resu lts  obtained during c o l le c t io n  p e r io d s  w e re  d is c u s s e d  individually .

M ay 1970

The crude p rote in  con cen tra t ion  o f  bluebunch w h eatgrass , s a g e -

brush  lea v es ,  and sagebru sh  twigs show ed no s ign ificant ( P >  0 .05 )
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L B S  N P E R  A C R E

F ig .  3. C rude p ro te in  con cen tra t ion  ( a i r - d r y  bas is )  of 
b luebunch w h eatgrass  a c c o r d in g  to c o l le c t io n  
date and n itrogen  treatm en t  (m ean  o f  a l l  s ites)
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F ig .  4. C rude  p ro te in  con cen tra t ion  ( a i r - d r y  b a s is )  o f  big 
sa g e b ru sh  le a v e s  a c c o r d in g  to c o l le c t io n  date and 
n itro g e n  treatm en t (m ean  of a ll s ite s ) .
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L BS  N PE  R A C R E

F ig .  5. C rude p ro te in  con cen tra t ion  ( a i r - d r y  bas is )  o f  big 
sa g e b ru sh  twigs a c c o r d in g  to c o l le c t io n  date and 
n itro g e n  treatm en t  (m ean o f  a ll s i te s ) .
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va r ia tion  during M ay am ong n itrogen  tre a tm e n ts .  Sagebrush  leaves  

and twigs h a rv e ste d  on \infertilized plots during M ay a v e ra g e d  11 .7  

and 8 .7  p ercen t  crude p ro te in  ( a i r - d r y  b a s is )  r e s p e c t iv e ly  w hile  

s im ila r  t is s u e s  f r o m  fe r t i l iz e d  plots (a ll  le v e ls  o f  n itrogen  com bined) 

a v e ra g e d  12. 1 and 9. 1 p ercen t  crude p ro te in  r e s p e c t iv e ly .  Bluebunch 

wheatgrass c l ipped  on u n fert i l ized  plots contained 4 .0  p ercen t  crude 

p rote in  c o m p a re d  to 4 .9  p ercen t  crude p rote in  fo r  that h a rv ested  f r o m  

fe r t i l iz e d  plots during M ay (a ll  le v e ls  o f  n itrogen  com bin ed ).

The M ay plant c o l le c t io n  w as m ade im m e d ia te ly  a fter  a 2 - fo o t  

snow c o v e r  m e lte d  f r o m  the ex p er im en ta l  p lots  and b e fo r e  new growth 

by  the plants was v is ib ly  evident. Som e treatm en t e f fe c t  w as indicated  

by the resu lts  but, b eca u se  m o s t  o f  the t is su e s  c o l le c te d  w e r e  fo rm e d  

during the 1969 grow ing  sea son  b e fo r e  n itrogen  was applied, data 

obtained  f r o m  the sam ple  w e re  deleted  f r o m  d is cu s s io n s  and f igu res  

d e s c r ib in g  annual trends in nutrient con cen tra tion .

Jime 1970

N itrogen  treatm en t  in c r e a s e d  s ign if icantly  (P  < 0 .0 1 )  the crude 

p ro te in  con cen tra t ion  o f  a ll test  fo ra g e s  during June. This p e r io d  was 

c h a r a c te r iz e d  by e a r ly  plant growth and abundant s o i l  m o is tu re  f r o m  

snow m e lt .  G en era lly ,  in c re a s e d  crude p rote in  con cen tra tion  

resu ltin g  f r o m  n itrogen  treatm en t was s im ila r  at the th ree  study s ites  

f o r  a ll  f o r a g e s .  B ig  sagebru sh  leav es  and bluebunch w heatgrass  

in c r e a s e d  m o r e  in crude p rote in  con cen tra t ion  than sagebru sh  twigs



as a resu lt  of n itrogen  treatm ent. M axim um  in c r e a s e s  in crude  p r o -

te in  con cen tra t ion  f o r  bluebunch w h eatgrass , sagebru sh  leav es ,  and 

sa g e b ru sh  twigs during June w ere  50 percen t, 30 percen t, and 18 

p e rce n t  ( a i r -d r y  b a s is ) ,  r e sp e c t iv e ly ,  g re a te r  than the p rote in  c o n -

centration  of s im ila r  t is su e s  h a rv ested  f r o m  u n fe r t i l ize d  p lots .  A l l  

le v e ls  o f  n itro g e n  app lica tion  in c r e a s e d  significaintly (P  < 0 .0 5 )  the 

cru d e  p ro te in  con cen tra t ion  o v e r  the c o n tr o ls .

The findings w e re  explained b e s t  by m e ta b o l ic  p r o c e s s e s  o p e r a -

ting within plant t is s u e s .  Plants a b s o rb  n itrogen  f r o m  the s o i l  as 

n itra tes  auid then red u ce  n itrates  to n itr ites  p r io r  to synthes iz ing  

am ino  a c id s  and p ro te in s .  P lant lea v es  are  im portant s ites  of n itrate  

red u ction  and p rote in  synthesis  (M e y e r  et a l.  1965). Thus, bluebunch 

w heatgrass  and sa geb ru sh  le a v e s  p o s s ib ly  in c r e a s e d  m o r e  in crude 

p rote in  con cen tra t ion  than sagebru sh  twigs during June b eca u se  of 

g re a te r  rates of n itrate  red u ction  and p ro te in  synthes is .

29

S ep tem b er  1970

A ll  le v e ls  o f  n itrogen  treatm en t did not in c r e a s e  s ign if ican tly  

( P >  0 .0 5 )  the crude p rote in  con cen tra t ion  o f  the fo ra g e s  during 

S ep tem b er.  Only the two heav iest  app lications  (i. e. 90 and 120 pounds 

N p e r  a c r e )  in c r e a s e d  the p ercen ta ge  o f  crude  p rote in  in sagebru sh  

lea v es  and tw igs. The red u ced  p ro te in  con cen tra t ion  in sagebru sh  

le a v e s  and twigs between June and S eptem ber was perhaps the resu lt  

o f  (1) leach in g  of n itrogen  f r o m  the t is su e s  by rain a-nd/or (2) a
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red u ction  in m e ta b o l ic  act iv ity  by sagebru sh  plants during the fa ll .  

L a y c o c k  and P r ic e  (1970) r e p o r te d  ex p o su re  to rain  d e c r e a s e d  the 

p ro te in  con cen tra t ion  o f  m ature  plant t is s u e s .  T h e re fo r e ,  leach ing  

w as su sp ected  s in ce  August and S eptem ber  w e re  the months o f  1970 

r e c e iv in g  the h eav iest  amounts o f  p re c ip ita t io n  in K re m m lin g  (T able  

2 ) .  H ow ever ,  D ietz et al. (1962) r e p o r te d  s im ila r  d e c r e a s e s  in the 

crude p ro te in  con cen tra t ion  o f  u n fert i l ized  big sagebru sh  plants f r o m  

s u m m e r  to m id  w inter, w h ich  suggested  m e ta b o l ic  phenom ena a lso  

m a y  have been  involved .

C rude p rote in  con cen tra t ion  o f  b luebunch w h eatgrass  during 

S ep tem b er  show ed a s ign if icant (P  < 0 .0 1 ) ,  l in ea r  re la t ion sh ip  with 

n itrogen  trea tm en t.  H ow ever , wheatgrass in Idaho was b e l ie v e d  to 

have te rm in ated  a ct ive  grow th by July (B la isd e l l  et a l.  1952). Perhaps 

the p ro te in  p re se n t  in w h eatgrass  t issu e s  during S eptem ber  was 

s to re d  f r o m  the grow ing  se a so n  (Ju n e-Ju ly ).  The on ly  sea son a l 

changes in crude p rote in  con cen tra t ion  o f  bluebunch w h eatgrass  w e re  

u n ifo rm  d e c r e a s e s  at each  le v e l  o f  n itrogen  treatm en t. The la rg e s t  

season a l d e c r e a s e  in p ro te in  con cen tra t ion  o c c u r r e d  betw een  June and 

S ep tem b er  when the w h eatgrass  p re su m a b ly  b e c a m e  dorm ant and 

leach ing  o f  n itrogen  by  ra in  m ight have o c c u r r e d .

D e c e m b e r  1970

N itrogen  treatm en t in c r e a s e d  s ign if ican tly  (P  < 0 .0 1 )  the crude 

p ro te in  con cen tra t ion  o f  sagebru sh  lea v es  and twigs c o l le c te d  during



31

Table  2. M onthly p rec ip ita t ion  (in in ch es )  at K rem m lin g , C o lorad o ,  
1969-70  (taken f r o m  USDC W eather S e r v ic e ) .

Month 1969

Y ear

1970

January 1 .8 4 0. 55

F e b r u a r y 0 .3 1 0. 15

M a rch 0 .0 6 0 .8 0

A p r i l 0 .7 6 0 .9 4

M ay 0 .4 4 0. 03

June 4 .3 2 1 .50

July 0 .9 2 0 .7 1

August 1. 18 2 .8 4

S eptem ber 1. 18 1 .64

O cto b e r 3 .7 7 1 .3 4

N o v e m b e r 0 .3 2 1 .08

D e ce m b e r 0 .9 0 0. 55

Tota l 16. 00 12. 13
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D e c e m b e r .  L ea ves  f r o m  sagebru sh  plants grow ing  on plots fe r t i l iz e d  

with 120 pounds N p er  a c r e  in c r e a s e d  15 p ercen t  in crude prote in  

con cen tra t ion  o v e r  leav es  f r o m  sagebru sh  plants grow ing  on u n fe r t i -

l iz e d  p lo ts .  Additionally , sagebru sh  twigs c lipped  on f e r t i l iz e d  plots 

in c r e a s e d  p ro te in  con cen tra t ion  by  as m uch  as 3 0 p e rce n t  o v e r  twigs 

taken f r o m  u n fert i l ized  p lo ts .  A l l  le v e ls  o f  n itrogen  ap p lica tion  in -

c r e a s e d  s ign if icantly  (P < 0 .0 5 )  the con cen tra t ion  o f  crude  p rote in  

o v e r  the c o n tr o ls .

M a rch  1971

The crude prote in  con cen tra t ion  o f  sagebru sh  lea v es  in M arch  

w as in c r e a s e d  by  f e r t i l i z e r  by as m u ch  as 32 p e rce n t  o v e r  leav es  f r o m  

plants on u n fert i l ized  p lots, w hile  tw igs f r o m  sagebru sh  plants on 

f e r t i l iz e d  plots in c r e a s e d  to  50 p ercen t  in crude p rote in  con cen tra t ion  

o v e r  tw igs  h a rv e ste d  f r o m  sagebru sh  plants on u n fert i l ized  p lo ts .

In cr e a s e d  crude  p ro te in  con cen tra t ion  o f  sagebru sh  t is su e s  

during D e ce m b e r  and M a rch  resu lt in g  f r o m  n itrogen  treatm en t was 

unexplained. D ietz et a l.  (1962) r e p o r te d  h igher  crude p ro te in  c o n -

centration  in u n fert i l ized  sagebru sh  annual grow th during e a r ly  A p r i l  

o v e r  e a r ly  January. S im ilar  findings in the two studies suggested  

b ig  sagebru sh  plants m aintained  a low  le v e l  o f  m e ta b o l ic  a ct iv ity  

(e .  g. p ro te in  synthes is )  throughout fa ll  and e a r ly  w in ter  but in c r e a s e d  

m e ta b o l ic  act iv ity  and growth during late w in ter .  Interm ittent snow 

c o v e r  on the s ites  p rov id ed  s o i l  m o is tu re  during late w in ter  but I
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found no in fo rm a tion  on the plant's ab ility  to use so i l  m o is tu re  at that 

t im e .  Thus, the fa ilu re  o f  n itrogen  treatm en ts  to in c r e a s e  crude 

p rote in  le v e ls  in b ig  sagebru sh  t is s u e s  during May, 1970 p o s s ib ly  

ind ica ted  applied  n itrogen  had not penetrated  to the ro o t  depth o f  the 

plants by that t im e .

C e l l -W a l l  Constituents (C W C )

C e l l -w a l l -c o n s t i tu e n t  con cen tra t ion  o f  the fo ra g e s  show ed no 

s ign if icant (P  > 0 .0 5 )  varia tion s  am ong n itrogen  treatm en ts  but va r ie d  

s ign if ican tly  (P  < 0 .0 1 )  am ong  c o l le c t io n  p e r io d s  and am ong c o l le c t io n  

s ites  (F ig s .  6, 7, and 8).

The CWC con cen tra t ion  o f  bluebunch w h eatgrass  was s ign ificantly  

(P  < 0 .0 5 )  lo w e r  during June and S ep tem b er  than during D e ce m b e r  and 

M a rch .  B luebunch w h eatgrass  a v e ra g e d  57. 1 and 5 6 .4  p ercen t  CWC 

(o v e n -d r y  b a s is )  during June and S eptem ber, r e sp e c t iv e ly ,  but 

in c r e a s e d  to 6 2 .4  and 6 1 .7  p ercen t  CWC (o v e n -d r y  b a s is )  during 

D e ce m b e r  and M arch , r e s p e c t iv e ly .

B ig  sagebru sh  t issu e s  v a r ie d  a lso  in CWC con cen tra t ion  am ong 

c o l le c t io n  p e r io d s .  Sagebrush  leaves  and tw igs w e re  h ighest in CWC 

con cen tra t ion  during S eptem ber, d e c r e a s e d  s ign if ican tly  (P  < 0 .0 1 )  

by  D e ce m b e r ,  but in c r e a s e d  s ign if ican tly  (P  < 0 .0 5 )  by M a rch .

S easonal trends  in CWC con cen tra t ion  w e r e  thought to be due 

p artly  to annual grow th patterns and p artly  to m o is tu re  conditions 

during the t im e p e r io d s  co n ce rn e d .  L a y c o c k  and P r ic e  (1970) l is ted
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15 e lem en ts  and in orga n ic  compovinds, 8 ca rboh y d ra tes ,  23 am ino 

ac id s ,  and 15 o rg a n ic  ac id s  often  lea ch ed  f r o m  plant t is s u e s  by  rain . 

They a lso  stated young plant t is s u e s  a re  le s s  su scep tib le  to leach ing  

than m ature  t i s s u e s .  C e l lu lo se ,  he m i  ce l lu lo se ,  and lign in  ( c o m p o -

nents o f  CW C) a re  not leach ed  f r o m  plants by  rain  (G u ilbert  et al. 

1931). Perhaps during S ep tem b er  the plants m atu red  and rain  leach ed  

m any  o f  the p r o to p la s m ic  com ponents  ( i . e .  n e u tra l-d e te rg e n t  so lu b les )  

f r o m  the t is s u e s  m aking it appear the plants in c r e a s e d  in CWC 

con cen tra t ion .

D e ce m b e r ,  1970 was a d ry  m onth in M iddle  P ark . M o v e o v e r ,  

the e f fe c t  o f  snow fa ll on leaching , w hile  unknown, p rob a b ly  is 

n eg lig ib le .  H ow ever, b ig  sagebru sh  t is s u e s  d e c r e a s e d  sharp ly  in 

CWC con cen tra t ion  by D e c e m b e r .  T h ese  findings p o s s ib ly  resu lted  

f r o m  (1) the sagebru sh  plants b e c o m in g  m e ta b o l ica l ly  act ive  and 

p rodu cin g  new grow th and, (2) leach in g  o f  nutrients be ing  m in im a l.  

B luebunch w h eatgrass  rem ain ed  constant in CWC con cen tra t ion  during 

D e c e m b e r  and M a rch .  A ssu m in g  no new growth by  bluebunch w h eat-  

g ra ss  a fter  July (B la is d e l l  et al. 1952),these  findings p o s s ib ly  in d i-

cated  m o s t  nutrients in the w h eatgrass  su scep tib le  to leach in g  w e re  

r e m o v e d  by D e c e m b e r .

V aria tion s  in the CWC con cen tra t ion  o f  plants grow ing  on 

d ifferen t  s ites  w e r e  not expla ined  e c o lo g i c a l ly  but m ight have resu lted  

f r o m  varia tion s  in s o i l -m o is tu r e  conditions on  the s ite s .  M e y e r  et al.



(1965) r e p o r te d  plants grow ing  in m o is t u r e -d e f i c ie n t  a re a s  grow  

s low ly , have p o o r  c e l l  d iv is ion , and deve lop  th ick  c e l l  w a lls .
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C a lc iu m  C on cen tration

The av era ge  c a lc iu m  con cen tra t ion  in bluebunch w h eatgrass , 

sagebru sh  leav es ,  and sagebru sh  tw igs is shown in F ig s .  9, 10, and 

11 r e s p e c t iv e ly  and A ppendix  I. N itrogen  treatm en ts  fa i le d  to a lter  

s ign if ican tly  (P  > 0 .0 5 )  the ca lc i i im  con cen tra t ion  o f  any fo ra g e .  

T h e re fo r e ,  the 10 c a lc iu m  d eterm ination s  m ade on each  fo ra g e  f r o m  

each  site  w e r e  a v e ra g e d  and the m eans c o m p a re d  s ta t is t ica lly  am ong 

c o l le c t io n  p e r io d s  and am on g  study s ite s .

Bluebunch w h eatgrass  and sa geb ru sh  lea v es  w e re  h ighest in 

c a lc iu m  con cen tra t ion  during Septem ber, when the t is su e s  

p re su m a b ly  m atured, but d e c r e a s e d  in c a lc iu m  con cen tra t ion  by 

D e ce m b e r  and M a rch .  B ig  sagebru sh  tw igs w e re  low est  in ca lc iu m  

con cen tra t ion  during June but in c r e a s e d  in ca lc iu m  con cen tra t ion  by 

S ep tem b er .  Unlike bluebunch w h eatgrass  and sagebru sh  leaves , 

h ow ever ,  ca lc iu m  le v e ls  in sagebru sh  tw igs rem ain ed  constant 

S ep tem b er  through M a rch . Th ese  findings a g re e d  with Dietz (1965) 

who r e p o r te d  the s tem s  o f  four  deciduous shrubs contained h ighest 

p e rce n ta g e s  o f  nutrients during late w in ter .

Seasonal trends in the ca lc iu m  con cen tra t ion  o f  the fo ra g e s  w e re  

expla ined  b es t  by  the r o le  o f  ca lc iu m  in plant c e l l  p h ys io logy .  M e y e r  

et al. (1965) r e p o r te d  70 p e rce n t  o f  the ca lc iu m  in plant t is su e s  is
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f ix e d  as ca lc iu m  pectate  in the m idd le  la m e lla  o f  plant c e l ls  w alls  

and that the rem ain in g  c a lc iu m  is  a s s o c ia te d  with ce l lu la r  protop la sts  

in m e r is t e m a t ic  t is s u e s .  C a lc iu m  in the f o r m  o f  c a lc iu m  pectate  is 

im m o b ile  w ithin plant t is su e s  w h erea s  io n ic  ca lc iu m  a s s o c ia te d  with 

ce l lu la r  p ro top la sts  is transien t . C a lc iu m  le v e ls  in the th ree  fo ra g e s  

then, m a y  have been  low est  during June b e ca u se  o f  low  quantities o f  

c e l l -w a l l  m a te r ia l  in young growth.

A s the t is s u e s  m atured, and d eve lop ed  m o r e  c e l l -w a l l  m ater ia l ,  

th e ir  ca lc iu m  con cen tra t ion  w ould  be exp ected  to in c r e a s e .  D e cr e a s e d  

c a lc iu m  con cen tra t ion  in sagebru sh  leaves  by  D e ce m b e r  and M arch  

m ight be the resu lt  o f  (1) io n ic  ca lc iu m  tra n s fe r r in g  f r o m  leaves  to 

tw igs  a n d /o r  (2) the fo rm a tio n  o f  new sagebru sh  leaves  inherently  low  

in c a lc iu m  con cen tra t ion .  Leach ing  resu ltin g  f r o m  snow m elt  m ight 

have re d u ce d  the c a lc iu m  con cen tra t ion  in b luebunch w h eatgrass  by 

D e ce m b e r  and M a rch .

Phosphorus  C on cen tration

Phosphorus  con cen tra t ion  o f  the fo ra g e s  did not v a ry  s ign if icantly  

(P  > 0 .0 5 )  am on g  n itrogen  treatm en ts  on any c o l le c t io n  date but va r ied  

s ign if ican tly  (P  < 0 .0 1 )  am ong study s ites  and am ong c o l le c t io n  dates 

(F ig s .  12, 13, and 14). B ig sagebru sh  leav es  w e re  low est  in 

phosphorus con cen tra t ion  during June but in c r e a s e d  s ign if ican tly  

(P  < 0 .0 1 )  in phosphorus con cen tra t ion  during S ep tem b er .  P h osphorus 

le v e ls  in sagebru sh  leav es  did not v a ry  s ign if icantly  (P  > 0 .0 5 )
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betw een  S ep tem b er  and D e ce m b e r  but d e c r e a s e d  s ign ificantly  

(P  < 0 .0 1 )  betw een  D e ce m b e r  and M a rch .  A ls o  sagebru sh  tw igs  w e re  

low est  in phosphorus con cen tra t ion  during June but, phosphorus 

con cen tra t ion  in c r e a s e d  p r o g r e s s iv e ly  f r o m  S ep tem b er  to M arch .

With r e s p e c t  to phosphorus concentration , bluebunch w heatgrass  

exh ib ited  a se a so n a l  trend  s im ila r  to sagebru sh  leav es  excep t  that 

bluebunch w h eatgrass  in c r e a s e d  s ign if icantly  (P  < 0 .0 1 )  betw een  

S ep tem b er  and D e c e m b e r .  This im p lied  phosphorus uptake by  w heat-  

g ra ss  betw een  S ep tem b er  and D e ce m b e r .  H ow ever, B la isd e l l  et al. 

(1952) re p o rte d  bluebxinch w h eatgrass  in Idaho te rm in ated  grow th by 

July. P o s s ib ly  the phosphorus le v e ls  o f  b luebunch w h eatgrass  during 

S ep tem b er  w e r e  a b n orm a lly  low  as a resu lt  o f  leach ing . Leach ing  

resu ltin g  f r o m  snow m elt  m ight a lso  have acco\mted f o r  the red u ced  

phosphorus  con cen tra t ion  in blueb\mch w h eatgrass  during M arch .

V aria tion s  in the phosphorus con cen tra t ion  o f  plants grow ing  on 

d ifferen t  s ites  w e r e  not exp la ined  by  m in e ra l  con cen tra t ion s  o f  the 

s o i l s .  Ph osphorus  le v e ls  f o r  so i ls  on Junction Butte, F light Line, 

and C o r r a l  C r e e k  w e r e  19, 23, and 27 pounds P _ 0  p e r  a c r e  

r e s p e c t iv e ly  (H eil 1969). Thus, o ther  unexplained fa c to r s  w e re  

invo lved .

C a lc iu m -P h o sp h o ru s  Ratio

G ilb ert  (1957) r e p o r te d  p r o p e r  ca lc iu m -p h o s p h o ru s  nutrition  

fo r  an im als  to be a function  o f  (1) the p ercen ta ge  o f  c a lc iu m  and
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phosphorus in the diet, (2) the ratio  betw een  ca lc iirm  and phosphorus 

in the diet, and (3) the p r e s e n c e  o f  v itam in  D in the diet. A c c o r d in g  

to G ilbert ,  d e s ira b le  c a lc iu m -p h o s p h o ru s  ra t ios  fo r  an im al nutrition 

lie  s o m e w h e re  betw een  2:1 and 1:2 if su ff ic ien t  vitam in  D is ava ilab le .

The fo ra g e s  tes ted  w e r e  within the d e s ir e d  range (T ab le  3).

Only b luebunch w h eatgrass  during M arch , 1971 had a c a lc iu m -  

phosphorus ratio  outs ide  the d e s ir e d  range (2 .5 3 :1 ) .

Table  3 . C a lc iu m -p h o sp h o ru s  ra t ios  f o r  bluebunch w h eatgrass , s a g e -
b ru sh  leav es ,  and sagebru sh  te rm in a l  twigs a c c o r d in g  to 
c o l le c t io n  date (a ll  study s ites  com bin ed ).

C o l le c t io n % % Ca: P
F o r a g e Date Ca* P'K Ratio

M ay . 12 .23 1 1 .92

Bluebunch June . 15 .28 1 1 .87

W heatgrass S ep tem b er
D e ce m b e r

. 67 

.58
.38
. 56

1 .76
1.03

1
1

M a rch .48 . 19 2 .5 3 1

May .2 6 .38 1 1 .4 6

S agebrush
L eaves

June .32 .39 1 1 .22
S eptem ber .81 .51 1 .59 1
D e ce m b e r . 66 .49 1 .35 1
M a rch .47 . 2 6 1 .35 1

M ay . 15 . 28 1 1 .87

Sagebrush
Tw igs

June
S ep tem b er

. 18 

.43
.31
.37

1
1 .1 6

1 .72
1

D e ce m b e r .48 .38 1 .2 6 1
M a rch .49 .49 1 1

* A i r - d r y  b a s is
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The m in e ra l  req u irem en ts  o f  m o st  w ild  ungulates a r e  unknown 

but M e Ew en et a l.  (1957) found w h ite -ta i le d  d e e r  ( O doco ileu s  

v irg in ia n u s ) fawns m aintained on a diet containing 0 .3  0 p ercen t  each  

o f  ca lc iu m  and phosphorus show ed no signs o f  nutritional s tr e s s  

during the w in ter  p rov id in g  they en tered  the w in ter  in good  p h ys ica l  

cond ition . H ow ever, fawns m aintained on diets o f  0 .0 9  p ercen t  

phosphorus fa iled  to su rv ive  the w in te r .  A ssu m in g  s im i la r  m in e ra l  

req u irem en ts  f o r  m ule  d eer ,  the fo ra g e s  tested  here  contained a d e -

quate quantities o f  c a lc iu m  and phosphorus  during the w in ter .

D ry -M a tte r  D iges tib il ity

D r y -m a t te r  d ig e s t ib i l i ty  o f  the plant t issu e s  show ed no s ig n i f i -

cant (P  > 0 .  05) va ria tion  am ong  n itrogen  treatm ents  (Appendix I) but 

v a r ie d  s ign if ican tly  (P  < 0 .0 5 )  am ong c o l le c t io n  dates.

B luebunch w h eatgrass  d e c r e a s e d  stead ily  in  d r y -m a t te r  

d iges t ib il ity  during the c o l le c t io n  p e r io d s  (F ig .  15). The d igest ib il ity  

o f  b luebunch w h eatgrass  did not v a ry  s ign if ican tly  (P  > 0 ,0 5 )  am ong 

study s ites  during June and S eptem ber  but va r ie d  s ign if icantly  

(P  < 0 .0 5 )  am ong  c o l le c t io n  s ites  during D e ce m b e r  and M a rch .  During 

D e ce m b e r  and M arch , b luebunch w h eatgrass  f r o m  the F light Line site 

w as m o r e  d iges t ib le  than that f r o m  the C o r r a l  C r e e k  o r  Junction 

Butte s ite s .  This m ight be expla ined  by the lo w e r  CWC con cen tra tion  

o f  bluebunch w h eatgrass  f r o m  the F light  Line site in D e ce m b e r  and 

M a rch .
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Big  sagebru sh  leav es  d e c r e a s e d  a lso  in d r y -m a t te r  d igestib ility  

during s u c c e s s iv e  c o l le c t io n  p e r io d s  (F ig .  16) but the sam p les  did not 

v a ry  s ign if ican tly  (P  > 0 .0 5 )  am ong study s ite s .

The pattern  w as som ew hat d ifferen t  w ith sagebru sh  twigs in that 

d ig e s t ib i l i ty  o f  the D e ce m b e r  sam ple  w as h igher  than that o f  S eptem ber  

o r  M a rch  sam p les  (F ig .  17).

R esu lts  o f  in v itro  d igest ion  tr ia ls  on b ig  sagebru sh  t is su e s  

m ight have been  in e r r o r  b eca u se  (1) the d iges t ib il ity  o f  sagebrush  

tw igs was n e a r ly  that o f  sagebru sh  lea v es  and (2) the d iges t ib il ity  o f  

sa geb ru sh  lea v es  and twigs w e re  not c o r r e la te d  with the CWC c o n c e n -

tra tion  o f  the r e s p e c t iv e  t i s s u e s .  The d r y -m a t te r  d iges t ib il ity  o f  b lu e -  

b\inch w h eatgrass  w as s ign if icantly  (P  < 0 .0 5 )  c o r r e la te d  with CWC 

con cen tra t ion  (r  = -0 .9 0 ) .

In the fo ra g e -g r in d in g  p r o c e s s ,  sagebru sh  leaves  and twigs 

fo r m e d  sm all,  com p a ct  c lum ps w hich  m ight have d e c r e a s e d  m ic r o b ia l  

d igest ion  by red u cin g  the fo ra g e  su r fa ce  e x p o s e d  to the m i c r o -

o r g a n is m s .  V olatile  o i ls  in the sagebru sh  t is s u e s  w e re  not thought to 

have in te r fe r r e d  with m ic r o b ia l  d igest ion  b eca u se  o v e n -d r ie d  s a g e -

bru sh  t is s u e s  conta ined  on ly  t ra c e  quantities o f  vo la tile  o i l s .

V aria tions  in d r y -m a t te r  d iges t ib il ity  o f  the fo ra g e s  am ong 

c o l le c t io n  dates ( i . e .  am ong d iges t ion  t r i a l s ) cou ld  not be attributed 

to varia tion s  in rum en  fluid  used  in the r e s p e c t iv e  t r ia ls .  Sam ples o f  

a lfa lfa  included in ea ch  d igest ion  t r ia l  w e r e  4 5 .1 ,  4 7 .4 ,  5 2 .6 ,  4 5 .6
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and 4 7 .9  p e rce n t  d igest ib le  ( o v e n - d r y  b as is )  w hich  w e r e  consistent  

with M o r r i s o n ' s  (1950) f igure  o f  50 .3  p ercen t  f o r  al fal fa  d iges ted  by 

cattle and sheep .  The variations  in alfalfa d igest ib i l i ty  w e r e  not 

suff ic ient  to explain the variat ions  in sam ple  d iges t ib i l i t ie s .

Vola tile  Oils

The v o l a t i l e - o i l  concentrat ion  o f  b ig  sagebrush  leaves  fa i led  to 

v a r y  s igni f icant ly  ( P  > 0 . 0 5 )  am ong  n itrogen  treatments  but va r ied  

s ign i f icant ly  (P  < 0 .0 1 )  am ong study s i tes  and among c o l l e c t i o n  dates 

(Tab le  4).

Nagy (1966) r e p o r te d  d e c r e a s e d  v o l a t i l e - o i l  concentrat ion  in b ig  

sagebrush  annual growth f r o m  fal l  to spr ing .  In the p resen t  study, 

vo lati le  o i l  concentra t ion  was highest  during S ep tem ber  and d e c r e a s e d  

s igni f icant ly  (P  < 0 . 0 5 )  f r o m  Sep tem b er  to D e c e m b e r .  It did not 

d e c r e a s e  f r o m  D e c e m b e r  to M a r c h .  Since volati le  o i l  concentrat ion  

was m e a s u r e d  on a f r e s h -w e ig h t  bas is ,  variations  in lea f  m o is tu r e  

content m ay  have p ro d u ce d  e r r o r s  in season a l  c o m p a r i s o n s .  This 

would  not be a p r o b l e m  within s e a so n s .

V o l a t i l e - o i l  concentra t ion  o f  sagebrush  leaves  v a r ie d  m o s t  

betw een  study s i tes  in June and S eptem ber  when leaves  f r o m  the 

Junction Butte site w e r e  h igher  in v o l a t i l e - o i l  concentra t ion  than 

leaves  f r o m  the F l ight  Line o r  C o r r a l  C r e e k  s i tes .  B e ca u se  o f  its 

southern e xp o su re  and l o w e r  annua l -prec ip i ta t ion  pro f i le ,  the Junction 

Butte site p ro bab ly  has a l o w e r  m o is tu r e  e c o n o m y .  P o w e l l  (1968)
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suggested  m o is t u r e  s t r e s s  during m i d - s u m m e r  might  cause  i n c r e a s e d  

o i l  p rodu ct ion  in v ig o r o u s ly  grow ing  sagebrush  plants.

P o w e l l  a lso  r e p o r te d  a highly s ignif icant  ( P  < 0 . 0 1 )  c o r r e la t i o n  

betw een  v o l a t i l e - o i l  p roduct ion  by b ig  sagebrush  and p e rce n t  n itrogen  

in the 6 to  12 - in c h  so i l  la y e r .  Findings o f  the present  study did not 

appear  to support P o w e l l ' s  c o n c lu s io n s .

Table  4.  Vo la t i le^o i l  concentra t ion  ( f r e s h -w e ig h t  b a s is )  o f  b ig  s a g e -
bru sh  leaves  during var ious  months  o f  the year ,  all  
n i t rogen  l eve ls  com bined .

Month
Junction

Butte

Study Site

F li ght 
Line

C o r r a l
C r e e k

Mean 
±S. D.

June 1.8 1.3 1,2 1.43 i  .32

Sep tem b er 1.9 1.7 1 .8 1 .80 i  . 10

D e c e m b e r 1 .7 1 ,7 1.7 1 .70 ± .00

M a r c h 1.8 1.7 1.5 1.73 + . 12



C H A P T E R  V 

DISCUSSION

R e s e a r c h  should supply the needs o f  m anagem ent .  This  study 

was  p ro m p te d  by a m anagem ent  p r o b l e m  and the resu lts  should be 

d i s c u s s e d  in t e r m s  o f  that p r o b l e m .  T h e r e fo r e ,  this chapter  

d i s c u s s e s  se le c te d  resu lts  o f  this r e s e a r c h  in t e r m s  o f  m ule  d eer  

nutrit ion and their  p o ss ib le  m anagem ent  s ign i f i cance  f o r  the Middle  

Park  mule  d e e r  herd .

P ro te in  Consum ption  and A n im a l  R e p rod uct ion

P r o te in  consum ption  has been  linked c l o s e l y  with animal  r e p r o -

duction. M aynard  and L o o s l i  (1965) r e p o r te d  rations containing 

quantities of  p ro te in  adequate f o r  animal  maintenance  and growth 

should be adequate a lso  during the p e r io d s  o f  concept ion  and ear ly  

feta l  deve lopm ent .  They  addit ionally  r e p o r te d  the p rote in  r e q u i r e -

m ents  o f  pregnant f e m a le s  i n c r e a s e d  during the last hal f  o f  gestat ion  

when feta l  deve lopm ent  a c c e l e r a t e s .

Murphy and Coates  (1966) conducted  exper im ents  on white -

tailed  d e e r  in M i s s o u r i  during the w inter  and found m ature  does  fed 

rations  containing 7 and 10 p e rce n t  c rude  pro te in  p rodu ced  a h igher  

pe rce n ta ge  o f  sti l lb irths  than does  fed  rat ions containing 13 p ercen t  

crude prote in .  They s u m m a r iz e d  their  f indings by  stating
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” -----pro te in  content o f  f o ra ge  m ay  be the c r i t i c a l  nutrient on so m e

ranges  and m ay  account  f o r  the low product iv i ty  and p o o r  phys ica l  

deve lopm ent  w hich  has been o b s e r v e d .  "

S ign i f icance  o f  F indings  f o r  the M iddle  P a rk  H erd

Gil l  (1971) r e p o r te d  that concept ion  o f  the Middle  P ark  mule  

d e e r  he rd  o c c u r s  m o s t ly  during N o v e m b e r  and D e c e m b e r  with 

partur it ion  o c c u r r i n g  m o s t ly  during m id -J u n e .  T h e r e f o r e ,  if fawn 

product ion  is be low  n o r m a l  in the Middle  Park  herd  it might  be 

d e s i r a b le  to p rov id e  additional prote in  in the diets o f  pregnant does  

f r o m  m id -J a n u a r y  until parturit ion .  N itrogen  fe r t i l i za t ion  o f  w inter  

range appears  to be  an e f fe c t ive  method  o f  a c c o m p l i s h in g  that goal.

It should be pointed  out, however ,  that f a c to r s  such as d isease ,  

populat ion density,  and b e h a v io ra l  patterns m ay  a lso  exer t  inf luences  

on rep rod uct ion .

Findings  o f  this study should be c o n s id e r e d  p r e l im in a r y  in 

so lv ing  the nutr it ional p r o b le m s  operat ing  on the Middle  P a rk  herd .  

The m e r i t  o f  the study in so lv ing  the p r o b l e m  o f  w inter  s tarvation 

l o s s e s  can be judged only after  c o n s id e r in g  a lso  in form ation  bn 

i n c r e a s e d  fo ra g e  product ion  resu lt ing  f r o m  n itrogen  fer t i l iza t ion .

Suggestions  f o r  Addit ional  Study

Limitat ions  on m a n - p o w e r  and t im e  re q u ire d  this study to 

answ er  a few quest ions  re lat ing  to the fe r t i l i za t ion  of  w inter  range.
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S e v e ra l  other  interest ing  quest ions  ex ist  and d e s e r v e  c o n s id e ra t io n  in 

p resen t  o r  future r e s e a r c h  e n d e a v o rs .  T h ese  might  include but not 

be  l im ited  to:

(1) How long do treatment  e f fe c ts  las t?

(2) How do fo ra g e  plants o ther  than b ig  sagebrush  and 

b luebunch w heatgrass  resp on d  to f e r t i l i z e r ?

(3) How would spr ing  o r  s u m m e r  appl icat ion  o f  f e r t i l i z e r  

inf luence the r e s p o n s e s  o c c u r r i n g  in plants?

(4) Could  the concentrat ion  o f  crude prote in  be in c r e a s e d  

m o r e  by a second  n i trogen  appl icat ion?

(5) How do s o i l - m o i s t u r e  condit ions inf luence plant r e sp o n s e s  

to f e r t i l i z e r ?



C H A P T E R  VI

SUM M ARY

The e f fec t  o f  n i t rogen  f e r t i l i z e r  on cer ta in  nutr it ional components  

o f  two f o ra ge  sp e c ie s  used  by mule  d eer  on w inter  range in w e s t e r n  

C o lo r a d o  was  tes ted .  A m m o n iu m  nitrate f e r t i l i z e r  (33% N) was  

applied  by Len H. Carpenter ,  C o lo r a d o  Game,  F ish  and Parks  

Divis ion ,  to three  study sites in Middle  Park, C o lo r a d o  during e a r ly  

N ovem ber ,  1969. F e r t i l i z e r  t reatm ents  prov id ing  30, 60, 90, and 

120 pounds o f  e lem enta l  n i t rogen  p e r  a c r e  w e r e  applied rand om ly  to 

100-  X 100 - foo t  treatm ent  plots on each  study s i te .  One plot on each  

site was  not f e r t i l i z e d  and s e r v e d  as a con tro l .

B ig  sagebrush  (A r t e m i s i a  t r identata) current  annual growth and 

bluebunch w heatgrass  (A g r o p y r o n  s p i c a tu m ) h a rv e s te d  f r o m  fe r t i l i z e d  

plots  during May, June, September ,  and D e c e m b e r  o f  1970 and March,  

1971 w e r e  analyzed f o r  crude protein , c e l l - w a l l  constituents,  ca lc ium ,  

phosphorus  and in v i t ro  d igest ib i l i ty .  L ea ves  and t e r m in a l  twigs o f  

b ig  sagebrush  cu rren t  annual growth w e r e  anlyzed  separa te ly .  The 

v o l a t i l e - o i l  concentrat ion  o f  sagebrush  leaves  was determ ined  a lso  by 

s tea m  dist i l lat ion.  Resu lts  o f  ana lyses  w e r e  c o m p a r e d  s ta t is t ica l ly  

with analys is  o f  va r ia n ce  p r o c e d u r e s  a c c o r d in g  to n itrogen  treatment,  

study site,  and co l l e c t i o n  date.
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The p ercen ta ge  o f  c rude  prote in  in fo ra ge  sam ples  c o l l e c te d  

during June in c r e a s e d  s igni f icant ly  ( P  < 0 . 0 5 )  as a resu lt  o f  n itrogen  

treatm ent .  G enera l ly ,  each  l eve l  o f  n itrogen  applicat ion in c r e a s e d  the 

pe rce n ta ge  o f  c rude  pro te in  in the f o ra g e s  o v e r  that o f  l e s s e r  n itrogen 

app l icat ions .  Bluebianch w heatgrass  and big  sagebrush  leaves  in -

c r e a s e d  m o r e  in crude  prote in  concentrat ion  during June as a resu lt  

o f  n i trogen  treatment  than sagebrush  tw igs .  M a x im u m  i n c r e a s e s  in 

crude pro te in  concentra t ion  resu lt ing f r o m  n itrogen treatment  fo r  

b luebunch w heatgrass ,  sagebrush  leaves ,  and sagebrush  twigs during 

June w e r e  50 percent ,  30 percent ,  and 18 p ercen t  ( a i r - d r y  bas is ) ,  

r e sp e c t iv e ly ,  g r e a te r  than the prote in  concentrat ion  o f  s im i la r  

t i s s u e s  h arv es ted  f r o m  u n fer t i l ized  p lots .

N itrogen  treatm ents  fa i led  to i n c r e a s e  s igni f icant ly  (P  > 0 . 0 5 )  

the p ercen tage  o f  crude  prote in  in sagebru sh  leaves  o r  twigs during 

Sep tem b er  but in c r e a s e d  s igni f icantly  ( P  < 0 . 0 5 )  the p ercen ta ge  o f  

c rude  p rote in  in both t i ssues  during D e c e m b e r  and M arch .  The p e r -

centage o f  crude  prote in  in b luebunch w heatgras  s showed a l inear  

re la t ionship  with n i trogen  appl icat ion  during all  c o l l e c t i o n  per iods  

except  May, 1970. The i n c r e a s e d  p ercen ta ge  o f  crude  pro te in  in 

b luebunch w heatgrass  during the n o n -g r o w in g  season  (Septem ber  

through M arch )  might  have been  the resu lt  o f  pro te in  s torage  within 

the w heatgrass  t i s s u e s  during the growing  season  (June-July ) .

N itrogen  fer t i l i za t ion  fa i led  to a lter  s igni f icant ly  ( P  > 0 . 0 5 )  the 

concentra t ion  o f  CWC in the f o r a g e s  during any c o l l e c t i o n  per iod .
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H ow ever ,  the CWC concentra t ion  o f  the f o ra g e s  var ied  s ignif icantly  

(P <0 .01 )  among c o l l e c t i o n  dates and am ong  study s i tes .  The 

p ercen ta ge  o f  CWC in b luebunch w heatgras  s was lo w e r  during June 

and Septem ber  than during D e c e m b e r  and M arch .  Sagebrush leaves  

and twigs w e r e  low est  in CWC during June, contained their  highest  

p ercen ta ge  o f  CWC during September,  and d e c r e a s e d  in CWC by 

D e c e m b e r  and M a r c h .  Other studies indicate leaching o f  c e l l  contents 

by rain  might  account  f o r  i n c r e a s e d  CWC in the plant t i s su e s  during 

S ep tem b er .

The c a l c iu m  and phosphorus  concentra t ion  o f  the f o ra g e s  did not 

va ry  s igni f icant ly  ( P  > 0 . 0 5 )  am ong  n itrogen  treatments  but var ied  

s ign i f i cant ly  ( P  < 0 . 0 5 )  am ong  c o l l e c t i o n  p e r io d s  and am ong  study 

s i tes .  The f o ra g e s  w e r e  low in c a l c iu m  and phosphorus  concentrat ion  

during June but i n c r e a s e d  in c a l c iu m  and phosphorus  concentra t ion  by 

S ep tem b er .  Bluebunch w heatgrass  and sagebrush  leaves  d e c r e a s e d  in 

c a l c iu m  and phosphorus  concentra t ion  by D e c e m b e r  and M a r c h  but 

sagebrush  twigs w e r e  cons istent  in c a l c iu m  and phosphorus  c o n c e n t r a -

tion during D e c e m b e r  and M arch .  C a l c iu m -p h o s p h o r  us rat ios  f o r  the 

f o r a g e s  w e r e  within l imits  r e c o m m e n d e d  f o r  p r o p e r  animal  nutrition 

except  f o r  bluebunch w heatgrass  in M arch .  Addit ionally ,  the f o ra g e s  

contained adequate quantities o f  c a l c iu m  and phosphorus  during the 

w inter  f o r  p r o p e r  m ule  d e e r  nutrit ion.

The v o la t i l e - o i l  c oncentra t ion  o f  sagebrush  leaves  did not vary  

s igni f icantly  (P  > 0 . 0 5 )  am ong n i trogen  treatments  but var ied
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s ign i f icant ly  (P  < 0 .0 1 )  am ong  study sites  and am ong  co l l e c t i o n  

dates.

The in -v i t r o  d igest ib i l i ty  o f  the plant t i ssues  showed no s ig n i f i -

cant (P  > 0 .0 5 )  variat ion  am ong n itrogen  treatments  but var ied  

s ign i f icant ly  (P  < 0 .0 1 )  am ong  c o l l e c t i o n  dates.  The d igest ib i l i ty  o f  

bluebunch w heatgrass  was c o r r e l a t e d  ( r  = - 0 .9 0 )  with the CWC 

concentra t ion  o f  the w heatgrass  but the d igest ib i l i t ies  o f  sagebrush  

leaves  and twigs  w e r e  not c o r r e la t e d  with their  concentra t ion  o f  CWC. 

This  was specu la t ive ly  attr ibuted to the c lumping  o f  sagebrush  t i ssues  

a f ter  grinding so  that their  p hys ica l  f o r m  in the d igest ion  m e d iu m  was 

not com patab le  to that o f  b luebunch w h e a tg ra s s .

P r e v io u s  w o r k e r s  have pointed out the im p o rta n ce  o f  adequate 

pro te in  consum pt ion  by pregnant does  f o r  fawn product ion  and fawn 

surv iva l .  N itrogen  f e r t i l i za t ion  o f  b ig  sagebrush  w inter  range appears  

to be  an e f fe c t ive  method  o f  in c r e a s in g  prote in  available  to does  during 

gestat ion  which  m a y  inf luence in d i r e c t ly  rep rod u c t ion  o c c u r r i n g  

within the herd .  Hopefully,  a s s o c ia t e d  studies w i l l  shed so m e  light 

on the feas ib i l i ty  o f  the p r a c t i c e .



L IT E R A T U R E  CITED

A s s o c i a t i o n  o f  O f f i ca l  A g r i cu l tu ra l  C h e m is t s .  1955. O f f i c ia l  methods  
o f  ana lys is .  8th ed. Washington,  D. C. 1008 p.

Bailey,  J. A .  1968. E f fe c ts  o f  s o i l  fe r t i l i za t ion  on the concentrat ion  
o f  c rude  pro te in  in w itchhobble  b r o w s e .  New Y o r k  F i s h  and 
G am e  J. 15(2): 155 -164 ,

Bla isde l l ,  J. P . , A .  C. W iese ,  and C. W. H odgson .  1952. V a r i a -
t ions in c h e m ic a l  c o m p o s i t i o n  o f  bluebunch w heatgrass ,  a r r o w -  
l e a f  b a l s a m - r o o t ,  and as soc ia ted  range p lants . J. Range 
M gm t.  5 (5 ) :346 -353 .

Carpenter ,  L.  A .  1969. The e f fec t  o f  n i trogen  and 2, 4 - D  treatment  
on s age bru sh  rangeland and the c o r re s p o n d in g  re ac t io n  o f  mule  
d e e r .  Study Plan, Big G am e  Section,  C o lo r a d o  Game,  F i s h  and 
Parks  Divis ion,  F o r t  C o l l in s .  15 p. ( typewritten).

Dietz, D. R . , R.  H. Udall, and L. E .  Y e a g e r .  1962. C h e m ica l  
c o m p o s i t i o n  and d igest ib i l i ty  by  mule  d e e r  o f  s e le c te d  forage  
s p e c i e s .  Cache  La Poudre  range,  C o lo r a d o .  C o lo r a d o  G am e 
and F i s h  Dept.  T ech .  Publ.  No. 14. 89 p.

Dietz,  D. R.  1965. D eer  nutr it ion r e s e a r c h  in range management.  
North A m .  Wild .  C o n f . ,  T r a n s .  13 :274 -285 .

F le t c h e r ,  L.  A .  1969. Unpublished m a n u s cr ip t .  Soi l  C on serva t ion  
S e rv i ce ,  Walden, C o l o r a d o .  5 p.

Gibbens,  R .  P. and R. D. P ie p e r .  1962. The r e sp o n s e  o f  b r o w s e  
plants to fe r t i l i za t ion .  Ca l i f .  F i s h  and G am e 48 (4 ) :2 6 8 -281 .

Gilbert ,  F .  A .  1957. M in e ra l  nutrit ion and the balance  o f  l i fe .  
U nivers i ty  o f  Oklahoma P r e s s ,  N orm an .  3 50 p.

Gi lbert ,  P.  F . ,  O. C.  Wal lm o,  and R.  B. G i l l . ,  1970. E f fe c t  o f  
snow depth on mule  d e e r  in Middle  Park, C o lo r a d o .  J, Wildl .  
M gm t.  3 4 ( l ) : 1 5 - 2 3 .

Gill ,  R .  B. 1971. Middle  P a rk  d eer  study -  product iv i ty  and
m o r a l i t y .  C o lo r a d o  Game,  F i s h  and Parks  D iv is ion  P r o g r e s s  
R e p o r t .  P r o j e c t  No. W - 3 8 - R - 2 5 .  18 p.



63

Guilbert ,  H. R . , S. W. Mead, and H. C. Jack son .  1931. The 
e f fe c t  of  leach ing  on the nutr it ive  value of f o r a g e  plants.
Hilgardia  6 (1 ) :1 -12 .

Heil , R.  D. 1 9 6 9 . Unpublished m an u scr ip t .  Cooperat ive  Extension  
S erv ice ,  U. S. Dept,  o f  A g r i cu l tu re .  C o lo r a d o  State U n iv e r -
sity,  F o r t  Col l ins .  2 p.

Izett, G. A .  1 9 6 8 . G eo logy  of the Hot Sulphur Springs Quadrangle,  
Grant County, C o lo r a d o .  G e o lo g ica l  Survey P r o f e s s i o n a l  
P a p e r  586. 78 p.

L a y c o c k ,  W. A. and D. A .  P r i c e .  1970. Environm enta l  inf luences  
on nutrit ional  value of  f o ra ge  plants ,  p. 37 -47 .  In; U. S.
F o r e s t  S e rv i ce .  Range and wildl i fe  habitat evaluation.  A  
r e s e a r c h  sy m p o s iu m .  U. S. Dept.  A g r i c .  M is c .  Publ.  No.
1147. 220 p.

Maynard,  L .  A .  and J. K. L o o s l i .  1962. A n im a l  nutrit ion.  M cG raw -  
Hill  B ook  Co. New York .  533 p.

M cEwen,  L .  C . ,  C. E. French ,  N. D. M agruder ,  R.  W. Swift, and 
R. H. Ingram .  1957. Nutrient re qu ire m e n ts  of  the white -
ta i led  de e r .  No. Am .  Wildl .  C o n f . ,  T ra n s .  22 :119 -132 .

M eyer ,  B. S. , D. B. An derson ,  and R. H. Bohning. 1965. In tro -
duction to plant p hys io logy .  D. Van Nostrand C o . ,  New Y ork .
541 p.

M o r r i s o n ,  F. B. 1950. Feeds  and feeding .  The M o r r i s o n  P u b-
l ish ing  Co. Ithaca, New Y ork .  1207 p.

Murphy, D. A .  and J. A. Coates .  I 9 6 6 . E f fe c ts  of  d ie tary  prote in  
on d e e r .  No. Am. Wildl.  Conf .  T ra n s .  31 :129-139-

Nagy, J. G. 1966. Vo la t i le  o i ls  and ant ib ios is  o f  A r t e m is ia ,  
thes is ,  C o lo r a d o  State U nivers ity .  155 p.

Ph. D.

P e a rs o n ,  H. A, 
p. 85 -9 2 .

1 9 7 0 . D iges t ib i l i ty  t r ia l s :  In v i t ro  techniques .
In : U. S. F o r e s t  S erv ice .  Range and Wildl i fe  habitat 

evaluation.  A  r e s e a r c h  s y m p o s iu m .  U. S. Dept.  A g r i c .
M ise .  Publ .  No. 1147. 220 p.

Powel l ,  J. 1 9 6 8 . Site fa c to r  re lat ionships  with vo la t i le  o i ls  in b ig  
sagebrush .  Ph. D. th e s is .  C o lo r a d o  State U nivers i ty .  82 p.



64

Schoonveld ,  G. G. 1971. F e e d in g  m ule  d eer  h ig h - f ib e r  d iets .  M .S .  
thes is ,  C o lo r a d o  St. Univ. 96 p.

Short,  H. L. and J. C. R e a g o r .  1970. C e l l  w a l l  d igest ib i l i ty  a f fects  
f o ra g e  value o f  w o o d y  tw igs .  J. Wild l .  M gm t.  3 4 ( 4 ) :9 6 4 - 9 6 7 .

Sokal, R. R. and F .  J. Rohlf .  1969. B io m e t r y .  W. H. F r e e m a n  
and Co .  San F r a n c i s c o .  776 p.

Streeter ,  C .  L. 19 69. M i c r o - K j e l d a h l  n i t rogen  determ ination .
Unpublished m anuscr ipt .  Dept.  A n im a l  Sci .  C o lo r a d o  State 
U nivers i ty .  5 p.

Th om as ,  J. R.  , H. R.  C o s p e r ,  and W. B e v e r .  1964. E f fe c ts  of  
f e r t i l i z e r s  on the growth o f  g r a s s e s  and its use by  d e e r  in the 
B la ck  Hil ls  o f  South Dakota. A g r o n o m y  J. 56(3 ) :223 -226 .

U. S. Dept.  C o m m e r c e .  
74 (13 ) :219 -223 .

U. S. Dept.  C o m m e r c e ,  
75 (13 ) :219 -221 .

1969. C l im a t o lo g i c a l  data f o r  C o lo r a d o .

1970. C l im a t o lo g i c a l  data f o r  C o lo r a d o .

Van Soest,  P.  J. 1067. Deve lopm ent  o f  a c o m p r e h e n s iv e  s y s te m  of  
feed  analys is  and its appl icat ion  to f o r a g e s .  J. A n im a l  Sci .  
26 (1 ) :1 19 -128 .



66

Appendix  Table  I - A

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b luebim ch
w h eatgrass  a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, May, 1970.

Study
Site

L b s .  N 
P e r  A c r e C P

Nutrient
M CWC Ca DIG

Junction
Butte

0

30

60

90

120

Data not available

0 5 .1 5 .9 6 0 .0 . 16 .2 4 17 .0

30 6 .7 6. 6 56 .2 . 14 . 21 20 .9

Flight  Line 60 5 .7 6 .2 6 0 .4 . 18 .22 18.8

90 5 .1 5. 1 60 .8 . 14 .2 6 16.8

120 5 .9 5 .6 61.3 . 11 .23 15.3

0 2 .9 6. 5 63 .2 . 12 . 22 13 .8

30 4 . 5 6 .2 6 4 .6 .09 .23 8 .8

C o r r a l  C r e e k 60 3 . 6 6 . 4 62 .8 . 07 .25 11 .6

90 3 . 8 6 .2 62 .8 . 10 .27 11 .6

120 4 . 2 5 .6 62 .5 .09 . 19 10.3

C P  - Crude P rote in
M - M o is ture
CWC - C e l l - W a l l  Constituents
P  -  Phosphorus
DIG - D r y -M a t t e r  D igest ib i l i ty
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A ppendix  Table  I -B

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b ig  sagebru sh
lea v es  a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, May, 1970.

Study L b s .  N Nutrient
Site P e r  A c r e C P M CWC VO Ca P DiG

0

30
Junction
Butte Data not available

90

120

0 10.8 5 . 4 2 7 .8 1 .4 .2 4 .45 32.  1

30 13.2 9 .9 2 8 .6 1.1 .27 .37 3 1 .9

Flight  Line 60 11.3 6.3 3 0 .3 1.2 .2 4 .38 3 2 .2

90 11 .6 5 .2 31 .3 1.2 .25 .35 2 8 .9

120 11 .6 5 .2 28.  1 1 .2 . 17 .40 3 2 .8

0 12 .6 5 .2 2 6 .6 1 .0 . 32 .3 4 3 7 .6

30 11 .4 4 .9 30.  1 1. 1 .29 .36 34. 5

C o r r a l  C r e e k  60 13.3 9 .9 27. 1 1. 1 .28 .36 29. 1

90 11.7 5.3 3 0 .9 1.1 .27 .39 3 5 . 4

120 12.5 5 .8 28 .7 1 .2 .30 .39 36 .5

C P  - Crude  P rote in
M - M o is tu re
CWC - C e l l - W a l l  Constituents
Ca -  C a l c iu m
P - Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
VO -  Volati le  Oil
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Appendix  Table I -C

Nutrient con cen tra tion  and in v itro  d iges t ib il ity  o f  b ig  sagebru sh
twigs a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, May, 1970.

Study L b s . N Nutrient
Site P e r  A c r e C P M CWC Ca P DiG

0

Junction 30

Butte 60 Data not available

90

120

0 7 . 4 8 .5 4 2 . 6 . 14 .31 2 6 .7

30 8 .8 8 .2 45 .3 . 15 .29 27 .8

Fl ight  Line 60 8 .2 9. 1 4 3 .5 . 15 .27 2 5 .7

90 9 . 6 9 .2 4 1 .9 . 14 .28 2 2 .6

120 8 .3 8 .9 4 3 .2 . 13 .30 3 1 .8

0 10. 1 4 . 9 4 2 .9 . 12 .27 28. 1

30 8. 1 9 . 8 4 3 .2 . 19 .25 2 8 ,2

C o r r a l  C r e e k 60 10, 6 5. 1 4 3 .2 .11 .29 3 2 .8

90 9 . 6 9 .3 4 1 . 6 . 16 .28 3 3 .8

120 9 .9 9 . 4 4 1 .7 . 16 .2 6 3 2 . 6

C P  - Crude  P ro te in
M -  M o is ture
CWC - C e l l - W a l l  Constituents
P -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
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A ppendix  Table  I -D

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  bluebunch
w h eatgrass  a c c o r d in g  to study site and n itrogen

treatm ent, June, 1970.

Study
Site

L b s .  N 
P e r  A c r e C P M

Nutrient
CWC Ca P DiG

0 8 .3 10. 8 58 .9 . 12 .27 4 2 .9

Junction 30 8. 6 10. 6 60 .5 . 13 .27 4 2 . 6

Butte 60 10.1 10. 8 5 9 .4 . 15 .30 4 8 .3

90 9 .9 10. 0 59 .9 . 10 .23 4 2 .9

120 10 .9 10. 6 57 .5 . 12 .28 42 .3

0 9 .2 7 .2 60. 7 . 12 .31 4 7 . 2

30 10. 0 7 .3 58. 5 .11 .28 4 3 .0

Flight  Line 60 11 .7 7 . 4 5 4 .0 . 14 .3 4 4 5 .3

90 15.3 7. 6 53.1 . 13 .29 48.  0

120 1 4 .4 7 .2 55 .5 . 12 .30 4 5 .3

0 9 . 4 8 . 4 5 6 .2 . 14 .2 6 4 0 .5

30 12.9 9 . 4 5 6 .6 . 13 . 24 4 5 .8

C o r r a l  C r e e k 60 13 .0 10. 6 5 6 .8 .11 .29 4 1 .6

90 14. 6 9 .5 55. 1 . 15 .29 4 6 . 4

120 16.3 9 . 0 5 4 .4 . 13 .29 4 3 .8

C P  - Crude  P ro te in
M - M o is ture
CWC - C e l l - W a l l  Constituents
P -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
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A ppendix  Table  I -E

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b ig  sagebrush
leaves  a c co rd in g  to c o l le c t io n  site  and n itrogen

treatm ent, June, 1970.

Study L b s .  N Nutrient
Site P e r  A c r e C P M CWC VO Ca P DiG

0 12 .0 8 .2 2 9 .6 1 .6 .29 .34 52 .9

30 15 .6 8 .3 26. 1 1 .8 .32 .32 4 9 .8
Junction
Butte 60 16. 2 9 . 0 28. 6 1 .8 .3 4 .38 48.  6

90 15.2 11.3 3 0 .2 1 .9 .30 .34 51 .3

120 17.5 10.3 2 8 .2 1 .7 . 32 .37 51.1

0 11.9 9 .7 2 7 .8 1 .2 . 26 .45 4 7 .8

30 13.5 11.0 3 0 .0 1.5 .33 .3 4 4 6 .0

Flight  Line 60 14.9 11.0 2 7 .7 1.2 .29 .41 52. 1

90 16. 5 9 . 6 2 7 .2 1.5 .3 4 .45 5 1 .8

120 1 6 .4 9 . 4 2 7 .2 1 .2 .31 . 46 49.  1

0 13.5 11.2 2 7 .8 1.2 .3 4 .38 44.  8

30 16 .8 9 . 6 2 7 .8 1. 1 .29 .45 4 3 . 4

C o r r a l  C r e e k 60 18 .0 9 .7 2 6 .8 1.3 .32 .44 51 .9

90 17.3 8 . 4 2 6 .8 1 .2 .30 .38 50. 1

120 17 .2 9. 1 2 8 .4 1. 1 .37 .39 5 3 .6

C P  -  Crude  P ro te in
M -  M ois ture
CWC -  C e l l - W a l l  Constituents
Ca -  C a lc iu m
P -  Phosphorus
DiG -  D r y -M a t t e r  D igest ib i l i ty
VO -  Volati le  Oil
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A ppendix  Table  I -F

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b ig  sagebru sh
twigs a c c o r d in g  to study site and n itrogen

treatm ent, June, 1970

Study
Site

L b s .  N 
P e r  A c r e C P M

Nutrient
CWC Ca P DiG

0 8 .8 8 . 4 4 6 .2 . 18 . 26 4 1 .8

Junction 30 9 .3 9 . 6 4 8 .9 . 17 .25 4 4 .8

Butte 60 10.1 10. 1 4 8 .7 . 16 . 23 44.  6

90 9 . 6 9 . 6 5 1 .0 . 16 . 22 44.  6

120 1 0 .4 9 . 4 4 8 .5 . 16 . 28 4 3 .3

0 10.3 8 . 6 4 3 .1 .16 .32 4 0 .8

30 12.3 8 .8 4 1 . 6 .21 . 28 4 3 . 4

Fl ight  Line 60 12,1 8 .3 4 2 . 6 . 16 .33 4 4 .3

90 12.8 9 .8 42. 1 . 18 .32 46.  1

120 1 3 .0 8 .2 3 9 .7 . 18 .35 4 5 .3

0 10.9 8 .9 4 2 .9 . 19 .32 46.  0

30 12.7 8 . 6 3 9 .8 . 20 .37 4 8 .5

C o r r a l  C r e e k 60 12.2 10 .6 43 .1 . 18 .35 46.  0

90 13.0 10. 8 4 0 .0 .19 .31 4 7 .8

120 11.9 9 .5 43.  1 . 18 .39 4 6 . 4

C P  - Crude P rote in
M - M ois ture
CWC - C e l l - W a l l  Constituents
P  -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
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Appendix  Table  I -G

Nutrient con cen tra t ion  and in v itro  d igest ib il ity  o f  bluebunch
w h eatgrass  a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, S eptem ber, 1970.

Study
Site

L b s .  N 
P e r  A c r e C P M

Nutrient
CWC Ca P DiC

0 6 .9 9 .1 5 7 .4 .80 .40 3 5 .8

30 6 .9 9 .7 5 5 .4 .71 .38 37. 1
J unction 60 9 .3 10.0 54 .9 .80 .41 3 7 .4Butte

90 10.9 9. 6 54. 1 .90 .39 40.  6

120 10 .4 9 .3 5 6 .0 .79 .40 3 8 .9

0 6. 1 9 . 6 6 0 .4 . 56 .37 29 .7

30 8. 1 10.9 5 8 .2 . 60 .3 6 3 8 .7

Flight  Line 60 7 . 4 12.5 59 .2 . 56 .3 6 4 1 .2

90 8 . 4 10.2 57 .8 . 54 .38 3 7 .2

120 12.1 11 .2 5 4 .8 . 66 . 3 6 4 7 .8

0 5 .2 10. 0 5 7 .7 . 58 .38 3 2 .3

30 7 .1 10 .8 5 7 .4 .59 .3 4 3 6 .6

C o r r a l  C r e e k 60 7 .9 9 .8 55.3 . 62 .38 3 5 .8

90 9 . 8 11 .8 5 4 .4 . 63 .39 4 3 .8

120 10 .6 10. 2 53 .9 . 66 .40 42.  6

C P  -  Crude P rote in
M - M o is ture
CWC -  C e l l - W a l l  Constituents
P  -  Phosphorus
DiC -  D r y -M a t t e r  D igest ib i l i ty
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A ppendix  T able  I-H

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b ig  sagebru sh
leav es  a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, S eptem ber, 1970.

Study L b s .  N Nutrient
Site P e r  A c r e C P M CWC VO Ca P DiG

0 9 .6 14 .4 3 4 .0 1 .8 .96 .46 4 3 .6

30 9 .1 16. 0 3 4 .8 2. 1 .79 .46 4 1 . 4
J unction 60 10 .2 15.2 3 2 .5 2 .1 . 88 .51 4 2 .2Butte

90 11 .4 15 .4 3 1 .8 1.7 .9 4 .48 4 6 .8

120 11.8 15.8 3 1 . 6 2 .0 .91 .48 44.  6

0 8 .9 14 .0 3 1 .6 1 .8 .80 . 55 4 5 . 4

30 10 .4 14.2 32 .3 1 .4 .80 .56 4 5 .8

Flight  Line 60 8 .9 14. 1 3 3 . 6 1.8 . 65 . 52 44.  6

90 11.8 14. 6 3 4 .0 1.7 .88 .48 4 2 .9

120 9 .8 14. 1 3 3 .0 1.7 . 61 . 52 4 0 .8

0 10.8 12.9 3 2 .6 1 .6 . 68 . 52 44.  1

30 10. 5 14.8 3 2 .7 1.9 .82 . 57 4 4 .8

C o r r a l  C r e e k  60 10 .9 13 .4 3 4 . 4 1 .6 .91 . 54 4 2 .3

90 10 .4 14.3 34.  5 1 .8 .77 .51 4 3 . 6

120 11.1 13.1 3 2 .2 1 .8 .7 6 . 55 4 3 .0

C P  - Crude P ro te in
M - M o is tu re
CWC - C e l l - W a l l  Constituents
Ca -  C a lc iu m
P - Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
VO - Volati le  Oil
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Appendix  Table  I -I

Nutrient con centra tion  and in v itro  d iges t ib il ity  o f  b ig  sagebrush
twigs a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, S eptem ber, 1970.

Study L b s . N Nutrient
Site P e r  A c r e C P M CWC Ca P DiG

0 7 .5 12.8 53 .8 .46 .39 3 5 .0

30 6. 6 1 3 .4 54 ,8 .40 .3 4 32. 1
Junction
Butte 60 6. 6 1 2 .4 56 .8 .39 .36 2 8 .8

90 7 . 7 14 .4 54 .8 .42 . 33 3 0 . 4

120 8 .9 13 .4 51 .8 .38 .33 3 5 .7

0 6 .4 11 .8 5 0 .6 .48 .4 4 3 6 .0

30 6.3 10.9 5 7 .0 .42 .42 2 5 .2

Flight  Line 60 5 .3 12.2 5 3 .6 .44 .39 3 6 . 4

90 8 .1 11 .9 5 1 .8 .42 .38 3 3 .8

120 6.9 11.9 4 6 . 4 . 46 .38 4 0 .7

0 6 .7 11 .2 52 .5 .43 .38 3 1 .8

30 6 .3 11 .4 52 .7 .44 .38 33 .1

C o r r a l  C r e e k 60 6. 6 10. 6 54. 5 .42 .33 2 8 .7

90 6. 6 13.2 50. 6 .42 .34 34 .9

120 8. 1 12.2 50. 6 .42 .38 3 6 .8

C P  -  Crude  P rote in
M - M o is ture
CWC - C e l l - W a l l  Constituents
P  -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty



75

Appendix  T able  I -J

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b luebunch
w h eatgrass  a c co rd in g  to c o l le c t io n  site and n itrogen

treatm ent, D e ce m b e r ,  1970.

Study
Site

L b s .  N 
P e r  A c r e C P M

Nutrient
CWC Ca P DiG

0 4 . 5 9 . 2 6 3 .4 .51 . 53 18 .2

30 4 . 2 8 . 6 64.7 . 52 . 52 17.5
Junction 60 4 . 8 8 .8 62 .8 . 56 .47 2 0 .4
Butte

90 7 .2 8 .5 60 .2 . 56 .51 2 3 .8

120 6 .8 8 . 4 63 .2 . 52 . 58 22 .3

0 7 .7 8 . 8 60 .8 . 63 . 52 26. 6

30 7 .1 7 .9 5 9 .0 . 63 . 53 2 5 .6

Fl ight  Line 60 8 .8 6 .2 60.3 . 66 .48 2 6 .4

90 8 .8 8 . 4 56. 5 .76 . 56 3 1 .0

120 12.5 10 .9 28 .3 .74 . 60 3 8 .0

0 4. 6 8 . 6 67 .0 . 62 .59 16.7

30 5 .9 7 . 4 64. 6 . 54 . 69 14.8

C o r r a l  C r e e k 60 6 .9 6. 6 60 .9 . 53 . 61 15.3

90 6. 6 6 .8 64 .2 . 56 . 61 16 .4

120 8 .7 10. 0 62. 5 . 54 . 65 15.8

C P  - Crude  P rote in
M - M o is ture
CWC -  C e l l - W a l l  Constituents
P  -  Phosphorus
DiG -  D r y -M a t t e r  D igest ib i l i ty
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A ppendix  Table  I -K

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b ig  sagebru sh
leaves  a c co rd in g  to c o l le c t io n  site and n itrogen

treatm ent, D e ce m b e r ,  1970.

Study L b s .  N 
Site P e r  A c r e

Nutrient
DiGC P M CWC VO Ca P

0 10.3 7 .8 2 8 .7 1 .6 . 60 . 60 3 4 .8

30 9 .9 9 . 4 3 0 .7 2 .0 .70 . 58 32.  6
Junction , oU 10.5 8 .2 2 7 .6 1 .7 . 68 .55 3 5 . 6Butte

90 13 .6 9 .8 27. 6 1 .6 . 78 .55 3 5 .2

120 12.5 10.9 28 .3 1 .6 .7 4 . 60 3 8 .0

0 9 . 4 8 . 6 2 7 .6 1 .6 . 62 . 52 38.  1

30 11.1 9 .8 2 9 .4 1 .6 . 64 .36 3 7 . 4

Flight  Line 60 12 .0 9. 1 25 .1 1.7 .48 .35 3 6 .9

90 11 .4 10.2 29 .3 1 .6 . 56 .40 3 7 .8

120 10. 6 9 .2 2 4 .8 1.8 .48 .43 3 7 .2

0 11.1 7 . 6 26. 6 1 .8 .76 . 54 3 4 .8

30 10. 6 7 .5 27. 1 1 .6 . 69 .5 4 36. 1

C o r r a l  C r e e k  60 12. 6 9 . 0 24. 1 1 .7 . 74 .4 4 3 5 .5

90 9 .3 9. 1 2 9 .9 1.7 .71 .4 4 3 6 .7

120 12.5 8 .9 2 7 .8 1.5 . 69 .46 3 9 .4

C P  - Crude  P ro te in
M - M o is tu re
CWC - C e l l - W a l l  Constituents
Ca -  C a lc iu m
P - Phosphorus
Dig -  D r y -M a t t e r  D igest ib i l i ty
VO -  Volati le  Oil
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Appendix  Table  I - L

Nutrient con cen tra t ion  and in v itro  d ig es t ib i l i ty  o f  b ig  sagebru sh
twigs a c co rd in g  to c o l le c t io n  site and n itrogen

treatm ent, D e ce m b e r ,  1970.

Study L b s .  N Nutrient
Site P e r  A c r e C P M CWC Ca P DiG

0 8 .2 7 .8 4 0 .3 . 52 .34 40.  6

30 9 .2 8 .0 4 3 .2 .50 .33 3 9 .1
Jun.ction
Butte 60 9 . 4 7 .8 4 2 .0 .46 .3 4 3 8 . 6

90 10 .0 11 .2 4 2 .8 .47 .3 6 4 1 .8

120 11 .0 10 .8 3 8 .7 .49 .34 4 0 .2

0 7 . 6 7 . 4 42 .3 .43 .3 6 3 5 .5

30 8 .7 8 .3 4 3 .3 . 50 .34 3 5 .0

Fl ight  Line 60 9 . 6 8. 1 3 8 .8 .46 .34 4 1 .3

90 10.3 10. 1 4 2 .2 • 46 .33 4 0 . 4

120 8 .1 10.3 3 5 . 4 .48 .46 3 5 .8

0 7 .8 6 .7 4 0 .8 . 52 .40 32.  5

30 8. 1 9 . 6 4 0 . 4 .45 .42 3 5 .2

C o r r a l  C r e e k 60 10.2 11.2 36. 1 .48 .43 3 8 .9

90 10.9 10 .6 3 7 .4 .49 .4 4 3 8 .8

120 10 .7 9 . 0 39. 1 . 50 .42 3 9 .8

C P  - Crude  P rote in
M - M o is tu re
CWC - C e l l - W a l l  Constituents
P  -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
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A ppendix Table  I -M

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b luebunch
w h eatgrass  a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, M arch , 1971.

Study
Site

L b s .  N 
P e r  A c r e C P M

Nutrient
CWC Ca P DiG

0 3 ,3 8. 6 62 .0 .51 .15 8 . 6

Junction 30 2 .5 7 .9 6 7 .4 .48 . 18 7 .5

Butte 60 4 . 0 8 .2 6 4 .4 .4 4 . 16 7 . 6

90 5 .2 8 .2 6 0 .4 .50 . 17 10.9

120 6.2 8 .2 61.3 .45 .20 8 .2

0 6. 2 8. 1 60.7 .64 . 19 16.3

30 8 .2 7 .7 5 9 .4 . 58 .21 12 .7

Fl ight  Line 60 7 .8 7 .7 56. 6 .44 . 18 19 .8

90 7 . 4 6 .4 58 .8 .48 .20 16 .0

120 7 . 4 6 .9 5 9 .7 . 52 .2 4 2 3 .8

0 2 .8 7 . 2 64 .2 .40 . 19 4 . 8

30 4 . 4 8 .2 64 .0 .47 . 17 9 . 8

C o r r a l  C r e e k 60 6 .0 6. 2 61 .7 .48 . 18 12 .8

90 6 .5 6 .8 61 .2 .48 . 18 14. 0

120 5 .9 8 .8 6 3 .2 .41 . 19 13 .8

C P  -  Crude  P rote in
M - M ois ture
CWC - C e l l - W a l l  Constituents
P  -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
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A ppendix  Table I -N

Nutrient con cen tra t ion  and in v itro  d iges t ib il ity  o f  b ig  sagebru sh
leaves  a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, M arch , 1971

Study L bs .  N 
Site P e r  A c r e

Nutrient
DiGC P M CWC VO Ca P

0 8 .7 8 .8 32.  6 1 .9 . 68 .24 2 7 .6

30 9 .2 9 .8 3 1 .3 2 . 0 . 61 .2 4 2 8 .2
Junction 10.2 9 .9 2 9 .2 2 . 0 .48 .2 4 2 9 .8
B̂utte

90 10, 6 9 .2 3 1 .9 1.7 . 52 . 22 28. 1

120 12 .4 9 .7 28 .9 1 .6 .33 .2 4 2 9 .2

0 8 .2 7 . 4 3 1 .9 1.8 .42 . 28 2 2 .6

30 10.7 7 . 6 3 0 .9 1 .4 .41 .2 4 3 0 .3

Flight  Line 60 11.3 8 . 6 2 8 .9 1.8 .3 4 .28 2 8 .4

90 11.3 9 . 8 29 .7 1.9 .38 .2 4 2 5 .0

120 10. 6 6 .8 2 8 .2 1.7 .35 .27 2 5 .6

0 8 .8 8 , 6 2 9 .9 1.5 .36 .24 2 6 .7

30 9 . 6 8 .7 2 8 .7 1 .4 . 28 . 22 3 1 . 6

C o r r a l  C r e e k  60 11 .0 9 . 6 2 7 .6 1.2 . 66 . 26 3 3 .2

90 10.8 8. 1 2 9 .2 1.5 .58 .30 24 .9

120 11.3 7. 1 2 5 .2 1 .6 . 64 .37 3 2 .0

C P  - Crude P ro te in
M -  M o is ture
CWC -  C e l l - W a l l  Constituents
Ca -  C a lc iu m
P - Phosphorus
DiG -  D r y -M a t t e r  D igest ib i l i ty
VO - Volati le  Oil
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A ppendix  Table  I -O

Nutrient con cen tra t ion  and in v itro  d ig e s t ib i l i ty  o f  b ig  sagebru sh
tw igs a c c o r d in g  to c o l le c t io n  site and n itrogen

treatm ent, M arch , 1971.

Study
Site

L b s .  N 
P e r  A c r e C P M

Nutrient
CWC Ca P DiG

0 7 .1 6. 2 4 7 .0 . 52 .40 28. 1

30 8 . 4 6.3 4 2 .9 .46 .40 29 .1
Junction 60 9 . 2 6 .9 44 .3 .46 .48 2 2 .9Butte

90 11 .4 6.3 4 1 .2 . 50 . 50 34.  5

120 11.3 5 .8 4 2 .8 .46 . 51 3 1 .5

0 5 .8 5 .8 5 0 .0 . 50 .41 2 2 .6

30 8 .2 6. 1 4 6 .5 . 52 .5 4 2 8 .0

Fl ight  Line 60 9 . 0 6. 1 4 6 . 4 .49 . 54 2 5 .9

90 9 . 8 6 .8 4 5 . 0 .49 .53 32 .3

120 8 .8 7 . 6 4 1 . 6 .50 .31 3 1 . 6

0 7 .5 5 .8 4 8 .3 . 53 . 52 2 1 .6

30 7 . 6 5 .9 47.  1 .51 . 51 20. 6

C o r r a l  C r e e k 60 10 .0 6 .2 4 2 .8 .40 . 53 2 3 .6

90 9 . 7 6 .2 3 9 . 4 . 54 . 60 2 3 . 6

120 9 . 7 5 .8 41 .1 .54 .49 2 2 . 6

C P  - Crude P ro te in
M - M o is ture
CWC - C e l l - W a l l  Constituents
P -  Phosphorus
DiG - D r y -M a t t e r  D igest ib i l i ty
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Appendix  Table I I -A

F a c t o r ia l  ana lys is  o f  va r ia n ce  f o r  the crude prote in
con cen tra t ion  o f  test  fo ra g e  May, 1970.

Source D . F .
Sum of  

Squares
Mean

Square F Value

N itrogen 4 3 .7 7 0 .9 4 .96

Site 1 0 .02 0 .02 .02

F o r a g e 2 532 .89 266 .45 7 0 0 .2 8 * *

N itrogen  X  Site 4 11 .47 2 .87 1 .88

N itrogen  X  F o r a g e 8 7 .98 .99 2. 62*

Site X  F o r a g e 2 2 7 .79 13.89 3 6 .5 2 * *

N itrogen  X  Site X 8 7 .53 .9 4 2. 18

F o r a g e

Res idual 30 19.20

T O T A L 59 610 ,65

^Significant P  < 0 .0 5
^^Significant P  < 0 .0 1
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Appendix  T able  II -B

F a c t o r ia l  ana lys is  o f  v a r ia n ce  fo r  the crude p rote in
con cen tra t ion  o f  test  fo ra g e s  June, 1970.

S ource D . F .
Sum o f  

Squares
Mean

Square F Value

N itrogen 4 155 .16 38 .79 8 2 . 1 -*

Site 2 92. 60 4 6 .3 0 8 4 . 4 * *

F o r a g e 2 3 2 7 .0 8 163 .54 2 0 2 .9 * *

Nitrogen X Site 8 19.23 2 .4 0 4. 4*

N itrogen  X  F o r a g e 8 31 .23 3 .9 0 4 . 8 * *

Site X  F o r a g e 44 38 .01 9 .5 0 1 1 .8 * *

Nitrogen X  Site X 16 19 .36 1.21 1 .5

F o r a g e

Res idual 45 3 1 .6 2

T O T A L 89 714 .29

^Significant P  < 0 .0 5
^^Significant P  < 0 .0 1
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Appendix  Table  II -C

F a c t o r ia l  ana lys is  o f  va r ia n ce  fo r  the crude prote in
con cen tra t ion  o f  test  f o ra g e s  Septem ber, 1970.

Source D . F .
Sum of  

Squares
Mean

Square F Value

Nitrogen 4 78 ,48 19.62 1 3 ,9 *

Site 2 5 .52 2 .7 6 4. 6*

F o r a g e 2 172.68 8 6 .3 4 1 83 ,3**

N itrogen  X  Site 8 11.93 1 .49 2 .5

N itrogen  X F o r a g e 8 3 5 .7 2 4 .4 6 9 .5  * *

Site X F o r a g e 4 4 .7 2 1. 18 2 .5

N itrogen  X  Site X 16 2 3 .3 6 1 .46 3 . 1 * *

F o r a g e

Res idual 45 30.  63

T O T A L 89 3 5 8 .32

^Significant P  < 0 .05
'^Sign ificant P  <0 .01
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A ppendix  Table  II -D

F a c t o r ia l  ana lys is  o f  v a r ia n ce  fo r  the crude p rote in
con cen tra t ion  o f  the fo ra g e s  D e ce m b e r ,  1970o

S ource D . F .
Sum of  

Squares
Mean

Square F Value

N itrogen 4 56.31 14. 08 1 8 . 2 - -

Site 2 3 ,11 1 .55 1,8

F o r a g e 2 3 0 4 .1 7 152.08 3 1 1 ,4 * *

Nitrogen X  Site 8 32 .61 4 .0 8 4 . 8 *

N itrogen  X  F o r a g e 8 4 .3 6 .55 1.1

Site X F o r a g e 4 3 3 .4 4 8 .3 6 1 7 .1 * *

Nitrogen X  Site X 16 2 3 .57 1 .47 3 . 0 * *

F o r a g e

Res idual 45 59 .91

T O T A L 89 4 8 4 .0 4

^Significant P  < 0 ,0 5
'^Significant P  < 0 .0 1
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Appendix  Table  II -E

F a c t o r ia l  ana lys is  o f  v a r ia n ce  f o r  the crude prote in
con cen tra t ion  o f  the fo ra g e s  M arch , 1971

S ource D . F .
Sum of  
Squares

Mean
Square F Value

N itrogen 4 102 .16 2 5 .5 4 7 7 . 3 * -

Site 2 9 .3 5 4. 67 4 . 3 *

F o r a g e 2 354 .32 177. 16 3 5 4 .9 * *

N itrogen  X  Site 8 2 2 .0 6 2 .75 2 .6

N itrogen  X F o r a g e 8 3 .8 2 .48 .9

Site X  F o r a g e 4 51 .08 12.77 2 5 . 4 * *

N itrogen  X  Site X 16 9 .6 5 . 60 1.2

F o r a g e

R es idua l 45 27 .23

T O T A L 89 579 .67

^Significant P  < 0 . 0 5
^^Significant P < 0 . 0 1
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