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2 Abstract
thdies were made to invesrigaté t%e effects Jf fall grazing .
] o
or fall burning on the physical andfChemical prgpertiesﬁof

Agropyron'spicatum and on its selection by deer and cattle

in sprimg. The treatment effectéfwere studled in both the -~

Artemlsla tridentata and pPseudotsuga ggg_;gsll communltleSf
! : .
in the south-central interior of Brltlsh Columbia. 4 ‘

.

e 2. n

The treatments had little effect on t}e relatlonshlp of 4
plant volume to weight in the flrst growlng Season. Although
tiller density was greater in burned plants, tlller welght
was less. Furthermore, a greaﬁer proportion of gklght wabk .
‘dlstrlbuted near the base of burned plants. In the segzni
year the coefficients describing the relatlonshlps of volure
to weight indicated greater ¥ ight in burned“plants. Thlsa
appeared to be related to grpater tiller density. ° o ‘L}L i

The growth rates of coptrol and fall clipped plants 4 '&3
responded similarly to air temperature measured 1.5 m abeve
the ground surface. plants that were burned in fall grew“
more rapidly at low air temperature but less rapldly at hlgh
air temperature.

Bluebunch wheatgrass tillers were initiated in both

comnpuhities at about the same time. In the Pseudotsuga

menziesii ccmmunity, tiller elCngatioh&ceased for a peribd

when the apices appeared above ground éurface- This effect

‘appeared related fo7cooler air temperatures under trees.
Dry matter concentration of minerals (N, P, Ca and Mq)

increased and fibrous constituents (ADF, NDF and lignin)



w

decreased from the bottom of the plant to the top. This

L

relatlonshlp ex1sted for plants of all treagﬁ nts and with

a “few exceptlons, in both the #first and’ second year aftér

)

treatment. The vertlcal change in the second,year was
R4

con51derably reduced from the first year. The_chemlcal

)

gradlent wvas. least for plants of..the burned treatmeht and

greatest for untreated plants,;
AT ‘

Deer and cattle preferred the~burned treatment to the
cllpped treatment and both were preferred to the coh trofl.

‘Deer- preferred forage from the burned treatment to that

4]

from the clfpped and control treatments, at'allflevels of

[

utilization. Deer &voided SWitching;to the controlnby

closely utilizing the treated plants. On the other hand,

‘cattle switChed to grazing'forage'from‘the“control when

clipped and burned plants Wwere heav1ly utilized. These

s

preference raklngs were generally maintained into the se”ond

year. As utlllzation 1ncreased the welght per blteuof

I w - P

forage fronm ghe burned and cllpped treatments de@reased
relative to the control. The decrease in bite weight was
most dramatiec with cattle. B T

Tt

Dead stubble of Agropyron §Qicatgm acted asga barrier

t7”gra21ng deer and cattle. Burning removed stubble

A NS

unlformly among plants wvhile grazing left a variable stubble

helght. Conseguently, utilization in spring,was mpre uniform

)

on burned areas.than on grazed areas. Deer were more
affected by stubble than were cattle althougH deer were able

to select: closer to the helght of short stubble and further

S,

|



[

below the height of long stuBble. -

Confined deer and cattle¢ selected forage from among =

treatments in a similar manner to free-ranging animals. Fall

i ’ . bt
grazing influenced the distribution of deer only after.

<

spring growth excee%ed the heighﬁ of stubble. =~ s

. 39

vi



lcknduledgeients

.
Y

‘I am grateful for the support recelved from Maureen, my

wife. I thank ‘her and my chlldren for sacrlflclng their

o N

.soc1al and flnanc1al securlty in the 1nterest of my

: o :
educatlon. e .

Vi
g i

. I thank the staﬁf of the Agriculture Canada Research

. Station in Kamloops for thelr frlendshlp, adv1ce and
.{technlcal a551stance. My assoclatlon with Dr. A. McLean uas
fhlghly valued. Alastair provided moral, technical and
admipiétrative support. His contrlbutlon to the success of
thls project cannot be measured The help of Rick Tucker and
Leo Stroesser(w1ll always be remembered Rlce,ensured that I
knew what I was doing whlle Leo ensured the cows did what I
wanted them to. Both gave of their own tlme to assist with
data collection. Barbara " Brooke, Karen McLaren and a host of
summerdstudents assisted with the field work. Theresa
Lammers and Eat Bluett contributed their,typing skills. The
administative support of DrZ‘D..Waldern, vho was director of

the Research Station at the time of ny study, was

N

.‘appreciated. I thank them all. - S
b I am dgrateful to fr. A.W. Bailey, my advisor, for hlS
dlrectlon throughout the program. His concern for my

personal and profesional well-being were greatly

appreciated. I also thank Dr. P. Walton, Dr. E. Hudson and

Dr. F. Zwickel for their participation as committee members,

and Dr. J. Malechek for his participation as external
examiner. .

-

o Y

- vii



. , : \ N
[N L3
[ ]

Computer programmfng and data analysis was done by Jim

%

Bjerring of the Computing Center at U.B.C. The project was
funded by an Extramural Research Grant from Agriculture -
. \ ' '

Canada. -, ”

viii



. Table of Contents S &
Chapter . . Page
1. INTRODUCTTON- s ecuecmnnnnnenannnn Gt eeeeecmacceaneann veaaol

1.1 Site Description ................ ;...,....l ...... ,...g
1.7.1 LocatiONaeseeas- ;.--.-.....-.-.; .......... ceswab
1.1.é#Cliﬁate..L...;;...:.-.....-..-......-..-....;.6
1.1.3 Soils and Vegetation...:...: ......... e eaaameas 7
1.1.4 Geology and Physioqraphy,;.‘ ......... measeanenn 8
1.1.5 Regional Significahce of the Study Area...... 10

2. APPROACH. cececeaaccnnane ‘....; .......................... 12
Part 1 TREATMENT EFFECTS ON THE PLA e «=-a15
3. PLANT MORPHOLOGY AND GROWTHu e oo ceeeececaiacnacanas R 'S
3.1 MethodSe cnecacecaacsonanncachocnacanacesssnsconsens 16
3.1.1 Effects of Fall Clippipg or Burning or
Plant Morphology and Growth.ee.-cececanceacans «- 16
3&1;1.1 Firsf Spring after Preatments..oeeess16
Plant Morpholoéy‘ ................... «.o 17
Effect éf Soil and Air Temperature
on Plant Growthee.eeeeeeacanan. ,...,.19
Second Spring aftér Treatment..-..-..- 21
3.1.2 Seasonal Effect of Burning on Growth......... 22
3.1.3 Initiation of Spring Growth......... JUT e..22
3.2 ResSUltSeeecannacecscanacncens ceerseccsnenenecennesa 23
3.2.1 Effects of Fall Clipping or Burning on
" Plant Morphology and Growthe.....see-- eeewmeas23
3.2.1.1APlant Morphology.eeececcceaa- e v e k.23
First Spring after Treatment......... 23
\\‘ Second Spring after Treatmente.e.cee-- 24

“\___ r———w3-2.1.2 Growth - First Spring after

ix



Treatment.e..ceceeeeccnanaasn ..........31»_

.

3.2.2 SeaFOﬂai‘Effect of Burning On Growth.....e,..l1
3.2.3 Initiation of Spfinq.Groﬁth;... ....... L
'3.3 Discussion.¢;.-.i.......«‘..,;......-1 .......... ...43
3.3.17 Plant Morphglogy............-., ....... eseese.l3
3.3.2 Growth - First Spring after Treatment..... ...u(
U. PLANT CHEMISTRYeseeocseacccanns R AR R DR LR 49
4.1 ROdSe e ey emeeannnn e e eeeeeaenaas eeenan 49
T = 50
:2,1 Fb:age Harvested in April..... e cnesaennanneanl
° u.2.i.1 First Year after Treatment........... 50
4.2.1.2 Second Year after Treatmentii ........ 52
4.2.2 Forage Harvested in May.;...-..,...:?TTT{:;;.Sé
4.2.2.1 FPirst Year after~T;eatment ..... ..;...52
4.2.2.2 Second Year after Treatment.;..;i-%..57
4.3 DiscussioN..... e eemeeanan cesesmancsa Ceeecassecaans 57
4.3.1 Effects of Fall Clipping or Burning on
Plant ChemisStry.eeeeeeceeseneccacvanacans aa-.60
u;3.2 Vertical Distribution of Nutrients and Cell
¥all Constituents....cccccecenaaa.. cecscncscans 62
4.3.3 Importénce of Chemical Chahge on the o
HerbiVOrBeereeecanecencaanee e seeenan e emaean 65
Part 2 TREATMENT EFFECTS ON THE ANI?AL ......... Sememaneens 68
5. FORAGE PREFERENCES AND FORAGING STRATEGY.‘....’..... ..... 69
5.1 Methods...... Peeeens N fetaecacanadii. 69
5.1.1 First Ye;r aftér TLEAtMENta e v eeananecaeanea69
-5.1.2 Second Year after Treatment......... ceeecaea Tl
5.2 ResultSeccaaceaannan- feemctaccsnaceccaanuennn “e---.76
5.2.1 First Year after Trea;mént,,........; ..... eee16



5. 2.2 Second Year after TreatmenNt..eeeeoiceeeacgana.93

5.3 DiSCUSSIONauunaennnnnns .;..;;..,.......:-.-g' ...... 101
.5.3.1‘The Eéfect of Fall Clipping or Burnimng on
Forage SeleCtiONecacac caeea. “eseeececcnanan =101
5.3.% Compérison of Deer and Cattle Forage
SelectioNeeecececeecnaax aeeenenna meeeena veas 108
5.3.3 Comparative Résponse,Among TrialSeeepeccanaa 108
5.3.4 Treatment Effects on the Forage ............ - 106
6. FOLREKGE SELECTION AED "DISTRIBUTION CF USEceeaceneannaan 110
Bl MethodS. i iiine e e it il it it teencnccacacceacnaanan 110
6.1.1 studies on Confined ANimAalSeeeecsannaeaaan.. 110
6.1.2 Studies on‘Free-RaKQing ANimalS.ceceananaann 111
6;1.2.1 Forage Selection by Cattle..e.uaeoc... 112
6.1.2.2 Forage Selection DY DEEraeaceeemaaa. 114
A 6.1;2-3 Migration and Distribution of Deer
On SPring RANge..e.ececcascees e 114
6. 1.3 Statistical Analysis........ P ,.-....;..115
6.2 ResultS.c.eecacacaan f....................; ......... 116
6.2.1 Studies on Confined Animals.-........a...,..116
6.2.2 Studies oh Free-Ranging ANimalS.ceceeccamaca. 127:
6.2.2.1 Forage Selection by Cattleeeee.eaa.. 127
6.2.2.2 Forage Selection by Deer............ 130
6. 2. 2.3 Migration and Distribution of beer
On SPring RANg@ee.eeacacececcaccmens 130
6.3 DiSCUSSiONRaucca.a R R R seeeecncaaa ~=--133
6.3.1 Studies on Confined Animals..,...;.......;..133
6.3.1.1 The Effect of Fall Clipping or
Burning on Forage SelectioDea....... 133
6.3.1.2 Effect of Stubble on Forage

SEleCtiONee cae ceineeceeenancesceanan 136

xi



-

6.3.1.3 The Efféct of Fall Grazing or S
Burning on the Homogeneity of Ranges

UtilizatioNeescseeaecenan R K ¥
6.3.2 Studies on Free—Rangiﬁg AnimalsS..qeececacans 138
6.3.2.1 Forgge‘Selpction by Cattle......-. ..;138
6.3.2.2 Forage Selection by De€€re..ceeewe...139

6. 3- 2.3 Distribution of Deer on Spring
Rangeeeceeceeaean “eseeamsensenaaae 141
7 ,GENERAL"bISCUSSION .................................... 143
7.1 Plant Morphology and Growth. ..ee.e-c... eeeeneee 143
7.2 Time of BUurning....c.cecececace ana e eeecescaeseaa .o ana 145
7.3 Plant Chemistry....-.....1.........-.-.-...-.....;1“5
7.4 Effect of Fall Defoliation on Plant,Select;on..,..1u7
7.0,1 Effect of Standing Litter.....; ..... e i e e 148
7.8.2 Effect of Plant Chemistry-.-....:T....-.,...149
7.5 Management ImplicationS.e....... PO T
REFERENCES. canenianennntinanannaaa. e eeaeenan ........ 157

N
o |

xii



List of Tables
.Y v

Table - . S

4

€limax comp051t10n of speq1es, that attaln a
constancy of over 80%, for communltles on the
study area...... .......... deeeenea .

Regression coeff1c1ents describing the
relationships of (1) green volume (X=cc) and
green weight (Y=gm) and (2) green height

‘(X=proportion from base) and green weight

(Y=proportion from base), for plants in the .-
first growing season after fall treatment (n 50
LT T I P

N

Tiller densities in two communliles the first
growlng season gfter fall treatmente.e.oeae....

Tiller welghts in two communities the first

grow1ng season afteg fall treatment-...; .......

N .
I

Regression coeff1c1ents descrlblng the

relationship of volume (X=cc) and weight (Y=gm)
for weathered forage produced post-grazing the
first growing season after fall treatment..... -

Regression c0eff1c1ents describing the
relationships of (1) green volunme (X=cc) ard
green weight (Y=gm) and (2) green height
(X=proportion from base) and green welght
(Y= proportlon from base) for plants in the

. $econd growing season after fall treatment.....

°

Tiller densities, followlng grazing in the'
first growlng season, in two communities and in
two growing seasons after fall treatment.o....:

Tiller weights in two communities the second
growing season after fall treatment......... . e

xiii

Page



10.

11.

12.

13.

14.

15.

16.

17.

Weekly within~plant soil teamperatures among
trea tments at 0 and 2.5 cm soil depths, fron
February to April, 1977, in two communities
(D=3 ) taeeeeecnncaassaanansacnanaceasancsaesssancesenannae 36

First year effect of fall clipping or burning

on the vertical distribution of chemical

constituents (%) in bluebunch wheatgrass in two
communities during April, 1977 . cmicriveccencanaca-251

Second year effect of fall clipping or burning

on the vertical distribution of chemical

constituents (%) in bluebunch wheatgrass in the
Artemisia tridentata community during April, ,

I A eemeceseccmaermrceancsasananann-= 53

First year effect of fall clipping or burnirng

on the chemical constituents (%) in the upper

(4tbh and Sth) and lower (2nd) segments of

bluebunch wheatgrass in two communities during

May, 1977, i it e e cae ccenan fasemacnancas ceeean eseee-a-dDl

First year effect of fall clipping or burning
on the vertical distribution of chemical
constituents (¥) in bluebunch wheatgrass in two

. communities during May, L R R R R 55

 Secbnd year effect of fall clipping or burring

on the chemical constituents (%) in the upper

{8th and 5th) and lower (2nd) segments of

bluebunch wheatgrass in two communities during

= 1 R L L 58

Second year effect of fall clipping or burning

on the vertical distribution of chemical

constituents (%) in bluebunch wheatgrass during

May, 1977....... s e e reananaecaas ceceaeaccreranana- 59

Effect of fall clippipng or burning on bluebunch
wheatgrass availability and its utilization by & .-
deer in relation to average grazing intensity s
in two communities during Aprii, 1976. (n=12)cc.c-... 77

Effect of fall clipping or burniﬂg on bluebunch
wheatgrass availability and its .utilization by
cattle in relation to average grazing intensity

xiv



18.

19.

20.

21.

22.

23.

24.

25.

26.

in two communities during May, 1976 (n=12)cccccon....

Forage selection by deer in relation to

treatment and average grazing intensity in the
Artemisia tridentata community during April,

197€¢ (n=12)...-.. S e eeetectt e M eeesecacacamna

Forage selection by deer in relation to
treatment and to average grazing intensity in

the Pseudotsuga menziesii community during

APLLLl, 1876 (D=T12) e it it el et eee e emem e e el

Forage selection by cattle in relation to

treatment and to average grazing intensity in

the Artemisia tridentata community during May,

L ST

Forage selection by cattle in relation to
average grazing intensity in the Pseudotsuga

menziesii community during May, 1976« . -owouoencnen..

—_——ern=

Selection of bluebunch wheatgrass by individual
animals among treatments in the first
observation period (n=12)....... cecec e ececaneaaaaea

Effect/pf\ﬁall clipping or burning on the
foragigg behavior of deer in relation to
average grazing intensity (from the first to
last observation period) in two communities

Auring APCil,\ 1976 @ e i i i et e e e e e e el

Effect of fall clipping or burning on the o
forading behavior of cattle in relation to
average grazing intensity (in observation

period 1 through 3) in two communities during

May, 197€. cccecnmennanens Cemecanaeana “emmeceeacanen.n |

- Height (cm,+1 SEm) of bluebunch wheatgrass

plants (less inflorescence) in deer trials
during April and in cattle trials during May,
L “nceecaea ceemecseaceaa

Régrovth,and production of bluebunch wheatgrass
in tvo comhunities during April and May in the
second ;pring after treatment (1977). Grazing

A

Xv

80

82



27.

28.

29.

30.

31,

32.

33.

34.

35.

¥

by deer and cattle was imposed in the first
SPLING (1976) (D=22 10 28) au e e ce e eecece et e a5

Site description for the study of treatment
effect qn bluebunch wheatgrass utilization by
free—raﬁging Cattle. ce ittt et e it et e et eaennn «-- 113

Effect of fall grazing or turning on the
availablity of bluebunch wheatgrass in two
communities during April and May, 1977....... R v/

4

Available forage (% ground cover) of important
species and their utilization by deer in two
communities.,...... Re e et eemancteconnaaane s Meceneana 122

»

Available forage (% ground cover) of important
species and their utilization by cattle in

relation to treatment in the Artemisia *
tridentata CORMUNItYaeu s coe e s on e o o o e e, 123

Available forage (% ground cover) of important

species and their utilization by cattle in

relation to treatment in the Pseudotsuga v
RenzieSil COMMUNItY. cu e coeece cemwmeon eeesascccneana 124

Effect of dead stubble (X, cm) or the grazing
height (Y,cm) of "bluebunch wheatgrass by deer
during April and by cattle during<ﬁ5??'The
effect was measured for plants of 32 size
Classes, at 3 levels of utilization and in 2

CORMUNitieS. ce e i eeceneae.. e s cee e, -

Effect of grazing intensity (X) on the N
variation of forage removed (Y) in relation to
treatment, animal species and community.......... .~e-128

Utilization estimates (%) of bluebunch
wheatgrass plants from two or three treatments
at five SiteSuiuuieeeoiine e st et e, eeasaseaaa 129

Effect of fall grazing (or clipping) or burning

on the proportion of bluebunch wheatgrass

Plants grazed by free-ranging deer at three
SiteSeceueaann. cemeean . eman e mmananeae ieacecennena - 131

Xvi



List of Figures

Figure
. Weekly average maximum'and pinimum air

' temperatures from-February to May, 1977, i
tWO CORMULDLItiES.ccacacncarcasaccocescaanmenes .-

2. Weekly soil temperatures at four depths from
February to April in two communities (averaged
for all treatments).c--cecececassae~~= .

3. Mean daily rate of tiller elongation in

bluebunch wheatgrass in two communities.
Weekly treatment means with same letter, Or no
letter, do not differ significantly (P>0.05).-

4. Effect of mean weekly air temperature (x)y, at
1.5 m above ground, on mean daily rate of

Page

tiller elongation (Y) (D=12)eac-vecenccenecnnn-- we==239

5. . Appearance and accumulated growth of blpebunch

wheatgrass tillers im two communities (weekly
meantl SD)ceecenamacanaansnss M emmamecsnenmans

6. The vertical concentration (%) of nitrogen,
phosphorus and NDF, in bluebunch wheatgrass
from three treatments (control, . \/
clip, ------ : burn,----—) and in two communities
during May.eeecescecocacccanan - S eemeeans

7. First year effect of fall treateent

(control, . clip,-----; burn,———) ony the
utilization, selection and relative preference
of bluebunch wheatgrass by deer, relative to
total utilization from all treatments in two
compunities during May, 1976. Utilization
differences between treatments that have
different letters are significant (P<0.05) - ---

xvii

------



10.

11.

AN

12.

i \ .

\ s
3
First year effect of fall treatment
(control, ; clip,-----; burnp,----—- ) on the

utilization, selection and relative preference
of bluebunch wheatgrass by cattle, relative to
total utilization from all treatments, in two
commupities during May, 1976. Utilization
differences between treatments that have
different letters are significant (P<0.05)....-.

Second year effect of fall treatment

(control, ; clip,-----; burpn,---.-- ) on the
utilizatioa, selection and relative preference
of bluebunch wheatgrass by deer, relative to
total utilization from all treatments, in thg

1977. Grazing vwas imposed the first spring
after treatment. Utilization differences:
between treatments that have different letters
are significant (P<0.05).sceccea.... eeeemannna

Second year effect of fall treatment

(control, ; clip,----- ; burn,--—-) on the
utilization, selection and relative preference
of bluebunch yheatgra€s by cattle, relative to
total utilization from all treatments, in the

1977. %razing was 1mposed the first spring
after treatment. Utilization differences
between treatments that have dlfferent letters
are 51gn1f1cant (PL0.05) 4 cecuaanea wesaass weamnm=

Second year effects of fall treatment
(control, or @ ; clip,—-—-~- or A
burn,----- or o ) on the utilization,
selection and relative preference of bluebunch
wheatgrass by cattle, relative to total
utilization from all treatments, in the
Pseudotsuga menziesii community during May,
1977. Information from two trials are
identified by limes and symbols. Grazing was

imposed the first year after treatment.

Utilization differences between treatments
that have different letters are significant

(P<Ol05)...-..f ............... ..--.‘..-C....'-...--.-gg

First year effect of fall treatmént

(control, ; clip,-----; burn,--——) on the
utilization, selection and relative preference
of bluebunch wheatgrass by deer, relative to
total utilization from all treatments, in two

xviii



13.

14,

%%L
communities during April, 1977. Utilization
differences between treatments that have
different letters are significant -(P<0.05).eccen...119

First year effect of fall treatment.

(control, "3 clip, ; burn, © ) on the
utilization, selection and relative preference

of bluebunch wheatgrass by cattle, relative to
total utilization from all treatments, in two
commanities during May, 1977. Utilization
di fferences between treatments that have
different letters are significant (P<Qu05).

........ 120
Migration of deer (night time sightings per

survey) onto spring range from 18 February to

11 APLil, 1977 s e e i et eecnsacancanaeann 222132

xix



1. INTRODUCTION

Litter (déad plant material) affects the flow of energy
thqgugh the ecosystem by storing nutrient;, éffecting the
gréwing environment of plants and affecting foragé
selection. Minerals and energy ate released from litter upon
decomposition. Litter alters the micro-environmert in plants
by reducing solar radiation and wind speed (GeigerA1966;
Knight 19€69) . Plant growth has been related to litter
removal (Tomanek 1969) . Litter is unpalatable and avoided by
large herbivores. )

-Availanle evidence indicates that both forage
production and utilization may be increased by removing
accumulated litter (Duvall anthhitaker 1964 ; Barker and
Erickson 1974; Rickard et al. 1975; Uresk é@ al- 1976).
Litter.may be removed in several wﬁjs buf more commonly by
grazing or burniug.v B

Grazing bluebunch wheatgrass during the growing season
v

generally reduces its' vigor. Sauer (1978) reported a first
year decline in production when standing litter was removed
during the dormang season. However, increased production may

be predicted for ébﬁp more than one year since highé?
\ -

. N X C . .
tenperatures increase ‘microbial activity, which may enrich

the soil with nutrients, and increase tillering. Burning may
2 \ ' - .
increase bluebunch wheatgrass productivity (Uresk et al.

1976) ‘but the effect is influencéd by conditions. present at

the &imé{ofﬁfiiéijéubenmiré f96§i;- oth burning and grazing..

- encourages dJgreater utilization of regrowth byldeer and



cattle (Leckenby 1968; Eierro 1977) -

Fire is gaining reneved acceptance as a tool in range
management (Duvall and Whitaker 1964; Wright 1974). Perhaps
the most noticeable similarity between fall grazing and
burning is in litter.removal. They, contrast in their
approach and gffect, Fire is most effective in treating
areas where litter has accumulated for many years. These
areas are avoided by cattle. Burping grasslands enriches the
soil with minerals (Daubenmire 1968) but grazing removes or
redistributes them. On the other haﬁd,»burning releases the
energy in forages .while harvesting by herbiQores converts
this to usable products. Burning alters the plant
microclimate by,remdving the canopy and derpositing ash. The
effact of ash is.to incfeése soil temperature beyond the
—effect of canopy removal (Geiger'1966). Grazing modifies the
microclimate by canopy removal and by undetermined effects
on the soil.

| Forage selection may be considered the result of four
factors: forage availability, consumer selectivity, ‘
preference and physiological requirements (Ellis et al.
1976) . Conditions which lead to,selective_grazing contribute
to reduced efficiency of forage utilization. Bailey (1970)

found that the unpalatable shrub, (Elaeagnus commutatal),

i .
acted as a barrier-to grazing of understory grasses. In

spring, the unpalatable standing dead forage of bluebunch

wheatgrass (Agropyron spicatum) may act as a Barrieg to the

» ’ L

$Nomenclature f0116HS‘Hitchc6tk arnd Cronguist, 1973.

-



herbivore, restricting access to new gfouth. A more
homogeneous distribution of range use should be obtained
when palatability differences‘are removed.

Vegetation provides a mediunm through which herbivorss
LN

~

interact. The interaction is often spaced in time and not

~ obvious. An example is the influence of wildebeest

(Connochaetes taurlngs albojubatus) on the grazing behavior

“'of Thomson's gazelle (Gazella thomsonii) on the Serengeti
xéfains (McNaughton 1976). Both specles migrate thfough the
pPlains but at different times. The wildebeest come first
and, by grazing the senescent vegetation, convert the

‘grassland info e%%roductive community with young forage.

This forage is sought after by the antelope. which follow in
about 1 month.

o

The dry grassland ranges of British Colurbia represent
an ecosystem gomparable to the Serengeti Plains. The
'hef%aceous vegetation is domlnated by bluebunch wheatgrass
which follows a cycllcal pattern of growth represented by
late winter initiation and eariy summer senescence. The
mature tillers of blueﬁunch‘wheatgrass are erect and persist
into .the next-year.\The range is occupled by cattle in fall
and late;spring, and by mule deer (Odggg&lggg hemionus
.ggg;ggg§ in winter and early spring. Cattle grazing in fall.
removes standing litter of bluebunch wheatgrass ani permits
the young‘foliage to be exposed early in spring. Personal

observations indicate that only exposed fcrage is selected

by tanme andlfree—ranging deer. There is no direct evidence

4



that cattle exercise tkhke same degree of selection as deer
do.'

Théghecision to remove litter with either fall grazing
or falz\burning will be based largely on available
resources, range conditions and 6bjectives. The first two
determine fire effectiveness. The objectives may be to
provide forage fbr one or more classes of herbivores, remove
debris or to enhance the competitive ability of a particular
species. Whatever Lhe.objectives,'?ffects of grazing or
burning on forage pfoduction and accessibility to the
herbivore must be understood. The effects of grazing or
burning on bluebunch wheatgfass production have been stuidied
individuélly (Rickara et al. 1975; Uresk et al. 1976).
Comparétive studiés on .the effgcts of burning or clipping
have been made for grassesiof phe tall grass praifie
{Ehrenreich 1959) but nof for bluebuﬁcﬂ wheatgrass.

Several studies were made ‘to study the functional
interaction between deer and cattle on bluebunch whgauéggss
range and to examine the role of fire in the ecosystemj?The
hypothesié tested was that cattle and\deer'prefer greén
grass to standing litter and that litter reduces the
production, nutritive value and consumption of green grass.
Furthermore, theée effects are reduced with increased

defoliation. '

The objectives of the studies were:

1. To determine the effects of fall grazing or burning on



the plant and it's environment in both the big

sagebrush and Douglas fir commaunities,

a.

to detefmine the effects of féll grazing or
burning on the morphological characteriSt%cs of
tluebunch wheatgrass in spring,

to determine the effecté of fall graziné or
barning on the nutritive characteristics of
bluebunch wheatgrass,

to deﬁetmine.the growth of bluebunch wheatgrass
in relation to fall grazing or burming, to
habitat and to time of burming, |

to determine the effects of fall grazingubr

burning on sq@il temperature in spring.

To determine the effects of fall grazing or burning on

forage selection by cattle and deer in both the big

sagebrush and Douglas fir communities,

d.

to determine the effect of standing litter

(stalk and leaf) on the rreference and selection

of bluebunch wheatgrass by cattle and deer in

spring,

to determine the comparative effects of fall
grazing or burning on the subsequent/
availability and palatability of green grass to
cattle andfdeer, |

to determine»hoi the_availability of éreen grass
affects the spring-time distribution of cattle

and deer.



1-1 Site Description

1. 1.1 Location

The studies vwere made near Kamloops in south central
British Columbia (latitude, 50° 49t N: longitude, 120° 357

W) . The studies were made in both the big sagebrush

(Artemisia tridentata)-bluebunch wheatgrass and Douglas fir .

(bseudStsggg menziesii)—bluebunch wheatgrass plant
conmmunities. Future reference to the communities in the text

will be by the first term.

1-.1.2 Climate

Kamloops is situateq&in the interior dry belt with a
climate, classified accordihg,to Koppen (frewartha 1954), as
BSK midale latitude steppe. Average précipitation at
Kamloops, over 65 years, Haé 26.2 cm with peaks,‘dne.in
early summer and the‘bthe: in Qinter {Fulton 1977). Average
dailyitempérature for that period was 8.3°C. {ﬁe average
daily temperature in both 1976 and 1977 was 8.6°C'while the
average p:ecipitation for those years was 29.8 and 30.Q‘£m‘
respectively.‘Soil water potential at depths of 10 and 50
cm, in DarkﬁBrown Chernozem soils, dropped below -15 bars
near the end of May and early June in both years (van PRyswyk

and Broersma? 1977). This corresponded to the cessation of

crested wheatgrass (Agropyron cristatum) growth.
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1-1.3 Soils and Vegetation

The soils and vegetation of the.big sagebrush ahd
Douglas fir communities have been described by van|RySwyk
et al. (1966) and by McLean (1970) for similar areas. Young3
(1978) has also reported the results of a preliﬁinary.soil
and vegetation survey of the area. The soils of the big
sagebrush community are of the Chernozemic order and Dark
Brown great groqp;'The Brown great group may be represented
on the south facing;slopQS'of knolls. R variety of soils
occur in the Douglas fir éommunity. The most commor great
group is the Eutric Brunisol of the Brunisolic order.
Greater'degrédation may occur immediately under the cénopy
of very ol% trees and no degradation befween trees. This
leaves the possibility J'f finding soils from both the

Luvisolic and Chernozemic order on that range.

Vegetation zones presenf at the study afga were big

sagebrush, ponderosa pine (Pinus gonderbsa) and Douglas-fir.
The study sites were situatgd in the’fitst and last zones.
The big sagetrush zone beginé at the valley floor situated
at 335 meters above sea level (masl), and extends‘to the
open range-tree ecotone at about 600 masl. The pqnd?rqsa
pPine zone is a discontinuous narrow band lying between the
other two zones. Its distribution in the southern interior

of British Columbia is correlated with the presence of <

__________________ ' LY

*Young, G. 1978. Unpublished data. B.C. Ministry of the '
Environment, Resource Analysis Branch. '



- coarse soils on glacial till (McLeans, 1978) .
. ) - []
The major plant communities at theé study sites were

earlier identified as Big sagebrush and Douglas fir. A big

2

sagebrush-needleandthread (Stipa comata) community may be
interspersed with the former. Their climax composition has
been described by McLean (1970) for sites in the Similkameen

Valley (Table 1} vhieh is about 150 km south of Kamloops.

. /
Saskatoon (Amelanchier4alnifolia<;?as not common in the

M

Douglas fir—bluebunéh wvheatgrass community of the study area

but rabbit bush (Chrysothamnus hauseosus) was. Heavy grazing
o :

pressare in the big sagebrush comcunity may result in an

increase in the proportion of big sagebrush, Séndberg's

(McLean 1970) .

1.1.4 Geplogy and Physioqraphy

Ve

> ~ : "'}
A description of the geology and physiology of the

studyfarea was provided by Fulton (1977). The bedrock is

teferré&“fb\gs the "upper Mesozoic Deposits™. It consists of

~

volcanic rocks !and continental sediments of Cretaceous age

/ —
'unéonformably gvérlaying granitic¢s iptrusive bodies.
Glaciers,“which reached an elevation‘of 2400 n, had the most
mérked effect on t£e7physiography. The Areaiwas free of ice
by 9000 years ago. Volcani; ash was deposited on two
occaslions since then. The area inithe immediate vicinity of.

the st@dy was characterized by a series of knolls about 300

-~
©



Table 1. Climax composition of speclies,
80%, for communities present on the stud

from McLean, 1970).

9

that éttaiﬁ a copstancy of over
Y -area gTable adapted
: AY

Community

Artemisia-Agropyron Artemisia-Stipa

Pseudotsuga-Agropyron

Coverage (%)

Species ;
Grasses

Agropyron spicatum
Bromus tectorum
Festuca octoflora
Koeleria cristata
Poa sandbergii
Stipa comata

Forbs

Arabis holboellii
Balsamhoriza sagittata
Crepis atrabarba
Lappula. redowski
Lomatium macrocar pum
Microsteris gracilis
Selaginella wallacei

Shrubs

Amelanchier alnifolia
Artemisla tridentata

&

Less than 17%.

T3

~NWw oW

Mean values from twq sites.
Range of values from three sites.
Range of values from nine“sites.

T-3b

17-34
27-68

7-68c
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m above Kamloops Lake (335 masl). An alluvial fan forms a
flat field between the knolls and open range-tree egotone.

Bedrcck occurs at or near the surface on the knolls.

=5 Regional §;g_ cance of the Study Area

The rangeland of British Columbia cbmprises about 9
million (M) hectares (ha) of the 106 M ha total provincial
area. Of the rangeland, about 1.4 M ha consists of open:
grassland which may be partitioned info areas of Sagebrush,
Middle Grass;ands, Fescue Grassiands, Aipine Grasslands and
Sedge Meadows in ratios of 1:1:3:2:1 respectively. Thé
Sagebrush area is basicaily the big §agebrush—bluebunch
wheatgrass ccmmunity described earlier. No estimates of area
were found'for the Doug%as fir~-bluebunch wheétgfass
commuﬁity. However, within the study area both communities
appeared equally represented.

The big ségebrush and Douglas fir communities in the
Kamloops area are normally utilized by cattle for 2 to U
weeks in spring and fér a similar length of time in fall.

et

The stocking rate recommended for good fange ié'ébéuﬁ.i;5.£é,f

.,uper anlmal.unlt month (McLean and Marchand 1968) . Deer may

ﬂutlllze the same range from December to May. Thelr mlgratlon‘
i appears to bevln response Fo vertlcal gradients of weather
and forqge although huhting*pressure in the fall ensures
late migration onto the lower range. Deep 'snow at high
elevations and t?e early flush of grass at lower elevations

stimulate a downward migration in winter and spring while
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early maturing forage and hot weather in late spring prompt
a return to higher altitudes. Annuél and seasonal use of the
range by deer is thus highly variable and its importancé

relative to other ranges cannot be compared simply on the

basis of area.



S

2. APPROACH
-
The studles fall into two parts. One part examines the
effects of falil grazxng or fall burning on the plant while
the othe; partvexamlnes effects of these treatments on the
plant-animal interactions. The two parts are related through
the interaction.

Treatments vere applied in}the fall of 1975 and 1976
and data obtained in April and May of 1976 and 1977. The
plant data reported in part I was all collected in 1977 fron
both treatment years. Data collections within any ronth were
made in two communities; first .in the big sagebrush
community and then in the Douglas fir community. The
collection interval between treatment years was S to 7 days
and between‘communities for the same treatment year, 10 to
14 days. .

ane;stnﬁies:cn'plantsmorphclogy, plant chemistry and
‘forage selection‘used plant mater;al common. to each. |
- Basically, the plant material used to examine the first and
second year treatment effects on plant morphology was also
used to analyse the first and second year treatment effects
on plant chemistry. It also provided the necessary data to
define the relationships of volume to weight and height to
weight used to estimate availability and utilization of
bluebunch wheatgrass in the 1977 trials. Therefore, the
samplingvdates'and;lccations'ccincided withk those of the

animpal trials.

12
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Studies on the animal may be categorized according to 1
of 3 levels of experimental constraint imposed on them. The
constraints imposed were on the size of study area, the
relative proportion of area in each treatment and the method
of litter removal. The first and second levels confined tane
animals to enclosures. The enclosures in the first level
vere 1/7th the area of the second. The proportion of area
among treatments in the first level was the same while in

the second level it was unbalanced. Furthermore, in the

L

first level fall grazing vas simulated by mecbanical removal
while in the second level fall grazing was imposed by
cattle. In the third level the obéervations were on free
ranging arimals and the proportion of treated area was very -

small relative to the 'control.

The treatment effect at the first level of study wvas

.

/gxamined the first and second year after treatment. The

nature of the‘information lends itself to éiscussion in two
'chapters. Cne chapter pertains to the first level of
constraint dealing primarily with forage preference and
foraging strategy. The other chapter deals with forage
selection and distribution of use, studied at both the
second and third levels of constraint. Observations from all
studies were made in both the big sagebrush and Douglas fir
communities and at increasing levelsf;g utilization.
The procedure for estimating available and utilized

forage in the selection trials differed between years. 1In

the first year (1976), only plants of the control were used



14
@
to define the relationships of volume to weight and height

to weight for all treatments while in the second year
'(1977), plants from individual treatments were used to
define those relationships; Further more, in the fifst year ~
the regression equatiéns describing those relétionships Were
forced near thé X,Y coordinates of 0,0 (and 1,1 for the
relationship of height to weight described as a p}oportion
of the total) by entering those values with each data set.
In the‘second year, héweder, the regression equations were
forced through thdée coordinates by statigtical'methods

(6reiqg and Bjerring 1977).



 cPart 1o

TREATMENT EFFECTS ON THE PLANT



. 3. PLANT MORPROLOGY AND GROWTH

3.1 Methods

a -

The methods may be categor;zed into three studies
according to their objectives. The first -study deals with
the comparatlve aspects (phy51cal propertles) of fall
clipping or fall burning on the plant. The secona study
compares the growth of bluebunch wheatgrass between areas
ijurned in the fall and sprlng and t he thlrd examines
‘initiation of spglng growth ‘in. bluebunch Hheatgrass,iepeeéed‘
'yheatgraSS:and Sandberg's blueg:ass.‘All observations were

made in the spring of 1977.

-

” 3
3.1.1 Effects of Fall Clipping or Burning on Plant
Mor hology and Growth
. 3.1.1.1 g;r5£(59rinq after Treatment

The design of-tﬁe study was a 3x3 Latin sauare reﬁeated
in both the bié sagebrush and Douglas fir communities. Each
pldt_was 202m. The fall treatments were clipping, burning
and no disturbanee (control). The plots were burned with the
aid of a propane torch in November, 1976, when the relativé
humidity was about 60% and the temperature 3°C. Clipping was
done with an electric powered sickle bar. Electricity was

“obtaimned from a. portahle, gasoline powered dgenerator. The
'-iaverage stubble helghts of the- cllpped and burned plants

‘were about 5 and 1.5. cn. respectlvely.
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Plant Morphology
Twenty oOr more bluebunch‘wheatgrass plants were sampled
from each treatment in both April and May in each community.

Selection was from 1-m2 sub-plots placed systematically in

rows, begirning. 0.5 m from the lovwer end of the plot. A~

- single row of sub-piots was Sampled at each date. Twelve

sub plots from each. treatment were thus avallable fronm whlch

plants vere selected. Plants vere ellmlnated from selectloniggm~*i

if thelr'basal c1rcumference was~non-un1form or. 1f thelr

;,c1rcumference was already represented in the sample. The

'c1rcumference of the plants selected ranged from y to 55 cm.

- - Plant height was measured from the ground to the average

length of the three longest tlllers measured to the tips of
vertically extended leaves. If one or two long leaves
extended considerably. above the average for the plant, they

were lgnored and the next lengest ones were neasured. After
measurement, the plants were cllpped at 1.5 cn, ;nd1v1dually
bagged and frozen. Flnal sample preparatlons were, made by
separating the green foliage from standng lltter, countlng
the tillers of the former and dissecting into five parts of
egual 1éngth. Dissectioning was done by aligning the basal
ends of the tillers and cutting the plant, from the base,
into lengths defined by the measured height of the plant,

less 1.5 cm, and-divided by 5. The individual parts vwere

bagged, dried at 65°C and weighed. The total green weight of

vfeach plant was the sum of its five parts. The forage

mater1a1 was retalned for later chemical analysis.
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Dty mattel den51ty:anaidry‘matter distribution within
the piant were determlned from relatlonsblps of plant volume‘
.to welght and plant helght to welght respectlvely. Plant |
volume (cc) was calaulated as a. cyl;haer. Polynom1a1
‘regreSSLOns were Calculated to describe tbe relatlonshlps of
.plant volume(X) to welght(Y) and of height (X} to uelght(Y).
For the latter reg:essiops,the dependent vatiable was tha

- [{
proportion of- accumulated weight from the base while. the

-lhﬁeéendent.vafiAble wa%'the proportion of acCumulated‘
height frem the base. The regressions of.both relatlonshlps\
' vere forced through the 0, 0 coordlnates whlle the
’ regre551ons of helght to welght were also forced through the
i, 1 coordlnate.vDry matter density and dry matter
disttlbutibn were, therefore, deflned by the regression
coefficients of their respective equations. The regression
of each relationship was tested for significance (F<0.05) to
vthe 3rd degree. |

The analy51s of varlances model part;tloned varlatlon :
jamong 3 treatments, between 2 communltles and between 2
monthsf The coVariateS were X, X2 and X3 (X=prpgortion
accumﬁlated weight)'and‘were crossed with the main factors.
" Variation consisted of individual plant weights for the
model of volume to weight and the proportion weight per
segment- for the model of height to weight. The variation
cdntributed-by a(term (Coﬁariate, or a covariate-maih
factor (s) 1nteract10n) was determined by the dlfferepce in

varlatlon between the full model "and “the sub model Hlth the



tern deleted. R951dual varlatlon was. calculated as the
ndlfference daccounted for by the full ‘model "and the total
’varlatlon in the data.

'Ihe'minimum.ef-the Bcnfer;oni and.scheffe““rangeé were
used to teét fef'SlgnificantvdifferenCQs (P(O;OS)‘betVeen
coefficients. Thie test‘is conservative and nas\been
suggeSted’as appropriate.when testing ameng regressiqn
cbefficlents (Gneié and Bjerring 1977)J 7

Numher of tillers per plant werekconpared ameng
treatments“andmtrials using analysis of covariance with area
(cm2) and +area as covariates. The first variate ad justad
the estimate for plant sine and the second 'adjusted for edge
effect. The buncan's mnltiple‘range\test was used to test
for significant differences‘(P<0;05)'among means;'THe“
treatment effect on tlller welght was analysed u51ng

"analyses of variance and t he Duncan s multlple range test

Single 1-m2 ‘sub-plots vere eetablished.in,each plot io
areas with highbglant demeity and little interference fronm
shrubs. Corners of sub-plot were marked with steel pins and
the bluebuncn wheatgrass plante mapped on a grid. Initial
measurements, made on 2l March, consistéd»bf'thé*baSal-
circunference and height of green foliage. Plant heights
were neasured veekly, as described above, until lQ‘May:in

the big’sagebrush community and until 3 May in the Douglas
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~fir community. Observations in the latter community were

ﬁérmiﬁéfédlegfly as a regult“of disg&;bances_from‘
free;ranging‘déer. v';.

Séii and air temferatures were measﬁr?g concurrent with
growfh. One Stevenson screen, witg a monthiy‘recording
thermograph, was established at each site. Soil temperatures-
ﬁéré’ﬁéésu%ed‘dt’fouﬁ'depths1at¢&iSCrete'wéékly”inferﬁhlS“iﬁ='
é;ch plot,'thus providing three measurements pet £featment
at each depth. Temperatures were recorded at 0, 2.5, 10 and
20 cm in the centers of individuai plants. Plants selected

for measurement were unprotected by shrubs and had a basal

area of at least 402 cm. Consecutive weekly measursments oo

the same plant were avoided. Temperatures werée recorded

" between 1-and@ 3 p.h.' The top twWd measurements weére made

. o : :.—. - . N a : ° )
using thermister probes and the bottom two measurements were

npade using dial thermometers with a bimetallic element. The

P S -

) Ehérmémetéré,were tgspedeor vaurééY prféf to the, trials
‘and the readings adjusted accordingly. Analysis of variance,

withvouncanls_multiple,range'test, was used to test for

veekly treatment effect. -
. The daily maximum and minimum _air temperatures were

averaged for the interval between plant measurements. The

‘average daily maximum soil temperature, at 2.5 cm, tor the

same period was estimated as the average of two pmeasurements
taken at the beginning and end of the period.
The relationship of growth rate (Y=cm /day) on

temperature (X=°C) were tested for significance to the third

¢
i
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degree polynomial according to Goulden (1952)% The
temperature variables examined in separate analyses vere
paximum and Dinimum arr temperatures, average daily air
‘temperature and averade daily maximum soil temperature at
2.5 cm. The regression coefficienrs among treatments were

tested for similarity using the t-test (LeClerg et al.

1962) .

The difference‘befween two treatment effects on weekly
growth rates was analysed using the unpaired t-test (LeClerg
et al. 1962) . The effect of plant basal area on growth was

examined with regression techniques described above for

‘temperature (Goulden 1952). .

Lo e N

il g . 1
~
-2y

Plant materlal was obtalned in the second sprlng after

’treatment (1977), within areas of the preference trlals

" ‘described in chapter 5. Three collectlons were made prior to.

grazlng' two from the big sagebrush communlty (one in Aprll

‘and another in May) and one from the Douglas flr community

in May. The collections in Aprll consisted of 10 plants per
treatment while the collgctions in May consisted of 19 §9-21
plants per treatment. The criteria for plant selection, the
collection procedure, and the post-collection treatment were
the same as described earlier but with one excep{ion
pertaining to the.mature forage. This material was sorted

into age classes of one and more tham one Yyear cld material

and the latter category was discarded. The omne year old
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material (1976 post-grazing regrowth) was then prepared in a
similar manner as'the current growth, but was»not”segmented

for calculation of the weight-height relationships.

3.1.2 Seasonal Effect g£~§ggg;gg on Growth

TWo areas were burned in similar habitats in the big
sagebrush community. One was burned in November”(1976f and
the other in March (1977) . The percent relative humidity and
températures were, respectively, 62% and 5°C in November and
37% and 13°C in March. Burning was\éssistéd with a propane
torch. In the first burn each rlant fgg\ignited.individually
while ih the second the fire spréad with little assistance.
The pre—tréaﬁment heights df fifty plants, selected
randonmly, ﬂere.measureg at each site to compare potential
site differen¢es. on 20 April fifty treated pfggts were
selected random1y~ané’their heights measured. An unpaired
t-test (LeClerg et al. 1962) was used £o examine differences

between the average plant heights from each site.

3-1.3 Initiation of Spring Growth

Appearance of spring growth wvas observed in bluebunch
wheatgrass, Sandberg's bluegrass and crested wheatgrass by
eﬁtracting the crowns of five plants of each species and
examining them for tiller initiatign and elongation. The
lengths of the first fivé spring-initiated tillers found ir

each crown were measured. Observations began on 10 February .

and were made weekly. Bluebunch vheatgrass and Sandberg's



bluegrass plants were examined in both the big sagebrush and
Douglas fir communities but crested wheatgrass plants only

in the former.

hea

Morphology and Growth

The models used to test the regressiorn coefficients of
equaiions describing the relatibnships of both volume to
weight and heightﬁto welght accounted for 92 and 99.8%
respectively of the total variation within the data. Part
correlation coefficients for the covariates and their
integactions with‘the maivu facfors vere not calculated. The
ﬁolynomial equ?tions.describinguthe relationships of‘volume
to weight were‘significant (P<0.05) only at the first degree
while the equatiéns describing the relationship of height to
weight were significapt at the 3rd degree. From 66 to 711 of
variation present in the model testing tiller density was
accounféd for by the main factors and covariates. However,
the factors in the model testing tiller weight accounted for
only 26% of total"variation:

3.2

1-1 Plant Morphology-*

’

2 B

Dry matter density within bluebunch wheatgrass plants
did not differ sigq}ficantly either among treatments or
: B e @ ... - T
between cohpunities. ﬂgis s indicated by lack @&f

.
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Jsignifieént“differences fP)O:OS) among regression
coefficients descrlblng the relationship of volume to weight
(Table 2) |

+  .The relatlonshlps of height to welght indicate a more
: rapld accumulatlon 0f dpy:matter mear the base of burned
"plants than. in control Plants (Table 2). 1In general, the
first and third coeff1c1ents wWere smallest in the control
and largest in the burn treatment while the second was
largest in the control and smallest in the burn treatment
An example of an equation, Ceconstructed from table .2 (for
the control in the big sagebrush community in April), was:
¥=2.512X - 1.870X2 + .353x3. The first regression
coefficient (b1) differed significamtly (P<0.05) both among

treatments and among trials (Table 2). However, the second

(P2) and third (t3) coefficients differed significantly only .

12

among trials.
Tiller density was greater in burned plants than in
clipped or control plants (Table 3). Tiller densities in all
treatments were dlso greatest in the.mig Sagebrush
community. There was also a consistent trend for tiller
weights to be lower in burned plants tham in clipped or
control plants (Tabke 4) . Trial averages reveal that in May,
tillers were less dense but heavier in the Douglas fir

comnunity than in the btig sagebrush community.
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Table 2. Regression coefficients describing the relationships of (1) green
volume (X=cc) and green weight (Y=gm) and (2) green height (X=
proportion from base) and green weight (Y=proportion from base),
for plants in the first growing season after fall treatment
{(n=90 to 140).

Artemisia tridentata Pseudotsuga menziesit{
Treatment April May April May

Volume-UeightT
Control .00197%.00028 .00207+.00010 .00110+.00029 - .00166*.00010

Clip .00107+.00037 .00228+,00012 .00098+.00017 -00143+.00010
Burn .00140+.00033 .00206*.00014 .00070+.00033 -00170+.00013

Height-Weight

b1
Control 2.512cdef+.055 1.898a +.052 2.232bc  *.056 1.881a *.058
Clip 2.723ef +.061 2.234b  +.053 2.396bcde* 061 -2.106ab *+.059.
Burn 2.787f +.050 * 2.228b +.048 2.548def +.053 2.314bcd *+.059
S
b2
Control -1.870abe *.160 -~ .664de +.150 ~1.243cde *+.164 - .490e +.168
Clip -2.331ab $*.178 -1.305cde *.153 -1.581bcd +.178 - .963de +.168
Burm ~2.486a *.144 -1.376cd +.138 -1.954abe +.153 ~1.342cde +.173
/!
S
£ b3 . !
Control ® .353abcd#.110 -~ .233a +.103 .00634abct . 113 - .395a +.116
Clip , .604cd  £.122 .0670abct .105 .185abed *.122 - .148ab +.116 .
Burn .696d  *.0990 .l44adbe +.0954 .402bed  +.105 .0216abect 119
+ "~ Regression coefficients (*1 SEm) of linear equations do not

differ significantly (P.y 0.05) among treatments. .
bl' b2' b, Partial regression coefficients (1 SEm) of cubic polynomial
. equations. .
a~-f Regression coefficients with the same letter, within row
and column of subset, do not d}ffer significantly (P > 0.05).



Table 3. Tiller densities in two communities the first growing scason
after fall treatment.

Y

Artemisia Pseudotsuga
tridentata ‘ menziesii
Treatment

Treatment ﬁEEll May April May mean n
Control : 78.2bct  66.9b  56.6ab  S54.5ab’ 64.64 . 91
Clip 76.5bc 75.7bc 63.7b 31.1a 60.9d 84
Burn 99.5c 76.5bc 52.0adb 79.4bc 77 .4e LOO
Trial mean 86.3g 73.2¢ 56.9f 53.4f
n : 70 76 . 67 62

+ Number tillers per plant adjusted by covariates: area and Yarea.

a-c Mcans with same letter in row and column do not differ signficantly
(P > 0.05). 4 %

d&e Treatment means with same letter in column do not differ signifi-
cantly (P > 0.05).

f&g Trial means with same letter in row do not differ significantly
(P > 0.05).

"
%



@

~—~

.27

Treatment
mean

:047:
.074e

.024e

PR

[EIE T

91

Table 4. Tiller weights.n two communities the first gfowihg season
after fall treatment.
Artemisia tridentata 'Pgéﬁabtéugé'méniiesii
Treatment . . April L oHay . . _ ril LMY, . L
" contral ozoab:.ou+ .06hbc +.014 .02&abct.014 .085¢ +.016
. Clip .Gl4ab+.016 .0S5labct_014 .025abc+.016 .186d 23014
Burn .014ab+.013 .043abc*.013 -.012a “+.014 .056abct.016
Trial .
mean - .016f .053g .020f .104h
n 70 76 67 62

. LY

©

100

Tiller \eight (gm/tiller) + 1 SEm.

e

a-d Means with same letter in row and coiumn do not differ significantly
(P > 0.05). :

xreatment means do not differ significantly- (P > 0 05).
f-h Trial wmeans with same letter in row do not differ significantly
: (p > 0.05).

\
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The post gra21ng regrowth in the first sprlnq was measured )
as weathered forage durlng the second spring. The regression
-coefflclents lndlcate that dry matter dens1ty was .

significantly greater (P<0.05) in burned plants in the big,

i sagebrush Community’ (Tablé.5) : However,. ifi the’ Douglas fir- - .. .

community, dry matter density was smallest in .burned plants.
Community differences for the control and clipped treatments

‘were not significant- (P>0.05).
T s .
In the secondnyear*after treatment regre551on

coeff1c1ents descrlblng the relatlonshlp of volume to. velght

3 PN

.1nd1cate that dry matter den51ty 1ncreased from the control

IaESS "

to the cllpped to th'e burned treatments (Table 6) .. However,
differences vere 51gn1flcant (P<0.095) only between the
H‘control and burn treatments in May” in” the blg sagebrush
communlty. Differences also occurred among trials (Table 6) .
_%13 the big sagebrush communlty, those coeff1c1ents
répresentatrve of data for May were larger than those for
'hprll. In May, regress}op coefflclents from treated plantse
in the big sagebrush community were larger than those in the
Douglas fir community. _ -

| The dry matter distribution within plants was similar
among treatments. This is shown by the Tregre ssion
coefficients of polymomial equations describing the’
relationship of height to weight (Table 6) . However, ' o '“\~“
‘differences among trials were evident. A greater proportion

of dry matter was distributed near the base of plants in

April than in May.
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Table 5. Regression coefficients deséribing the relationship of volume

(X=cc) and weight (Y=gm) for!weathered forage produced post=.
gragingv;he first growing season after fall treatment.

Artemisia Pseudotsuga

Treatmest ' " o Atridentata - - .. .menziesil = Treatmént mean - “n
 conmtrol “Jc [00295be £.00031  .0034Bc +.00027  .00334f:.00020 39
catp T 7.ﬁ62§53gc:?0063§i.w.éOf70§§t:QOd33..ov':Q923%é:;90025f" ”40
Burn 6051“ +.00033  .00146a £.00030  .00321f:.00022 41

R 00364h +.00020  .00228g *.00017

Community o

n 60 . 60

a~d Regression coefficients %1 SEm) with same letter in row and column
do 'not differ significantly (P < 0.05). -

e&f Treatment means with same letter in column do not differ signifi-
cantly (P > 0.05). o 4

gth Comunity means with same letter in row do not differ significantly
(P > 0.05). ’



~ Table 6. Regression coiefficientsﬁ ‘describing the relationships of (1)

» .. green volume (X=cc) .and green weight (Y=gm) and (2) green
height (X=proportion from base) and green weight (Y=proportion
from base) for plants in theé second growing: season-after fall -
treatment. :

Artemisia tridentata ‘ Pseudotsuga menziesii
~ Species-Month+’ S Species-Month:
Treatment ~ Deer-April Cattle-May. Ca;t}e—Max :
. /
Vlume-Wélght (n=10-20y ~ o
Control .00082a +.00020 . .00280bc*.00013 .00193abct.00011
Clip .00131ab *.00043 .00325¢ +.00016 . .00197ab +.00013
' T N Y .
Burn T .002083bc;.00044 -004964 +.00013 .00228 *.0012
. o Te v . " ) L
Helght-Weight (n=50-100)
bl
Control 2.376bc *.0798 2.040ab +£.0595° 1.777a +.0579
Clip 2.491c $.0798 1.963a +.0579 1.854a +.0579
Burn 2.448c +.0798 2.035ab +.0564 1.855a +.0595
b2 ’
Control © -1.625abc*.232 -1.081labcd*.173 -.5124 +.168
Clip -1.841a +.232 ~ .94Babcd:.168 -.616cd +.168
Burn -1.805ab *.232 - .98labcd+.164 -.705bcdi.l73v
b3 .
Control .246a *.160 .0388a +.119 -.26%a *.116
Clip .347a +.160 .0175a *.116 ~.243a *.116
Burn .355a *.160 -.0568a *.113 -.154a *.119
+ .
: Grazing animal and month of grazing in the first growing
season after treatment: L .
a-d Regression coefficient (+1 SEm) with the same letter, within
row and column of subset, do not differ significantly
(p > 0.05).

'_ bl, b:,.b3 Partial regression coefficients (*1 SEm) of cubic polynomial
‘ equations. ‘ :

v( » V ’> ‘ . : .. - : . - 30 o z



-fiiiéf dénSitY ih‘thénsecond~springvremaiﬁed-similif or
increased from tiller demsity in thé first spring (Table 7)
‘In both seasons tiller deﬁsity was highest amohg the burned
plants 4and decreased from the clipped to the control
treatments. Tiller density was significantly (P<0.05) less
in the D?uglas fir Compunity than in fhe big éagebfush
community.

There were no significant diffe;ences in tiller weights
among treatmeﬁts (Table 8);<Howéver,.thefe ;és a consistent
J}nend for tillers to be heavier in control plants. In trial
aQ;rages(mtillers_in the Douglas .fir cqmmunit§ were héavier

than in the”big sagebrush.community.

3.2.1.2 Growth - First Spring after Treatment
Average weekly maximum and minimum air temperatures are
shown, for both the big sagebrush and Douglas:fir

communities, in figure 1. Temperatures in the big sagebrush

;o
A

community were consistently greater than those in the
Douglas fir community. Soil temperatures at all depths (Fig.
2) followed the patterh established by the maximum air
temperature. Temperatures were higher in the soils of the
big sagebrush community than'df the Douglas fir community
until“April. At this time they become similar. Temperature
-differences at the 0 and 2.5 cm depth, were calculated for
each treatment (Table 9). The average di?fe;ences from the
,coﬁtol plants, in the big sagebrush community, were, at the

0 cm depth, +1.89 and +2.14°C respectively and, at the 2.5



Table 7. Tillér.densities, following grazi%%;iﬁ the first growing
- growing seasons

v

o . - . . K

season, 1in two communities and in
after fall treatment.

32

*

Crazing animal and month of grazing in the first growing season
after trcatment.

No. tillers per plant adjusted by covariates: area gnd Varea.

a-e Means with same letter in row and column of subset do not differ

- f&g

h&) Trial mcans with sgme letter in row of subset do not differ signifi-

significantly (P > 0.05).

Treatment means with same letter in column of subset do not differ
significantly (P > 0.05).

cantly (P > 0.05).

Pseudotsuga
Artemisia tridentata menziesii .
.Species—Montﬁ* Species-Month Treatment
Treatment Deer-April Cattle-May Cattle-May mean n
Post-grazing in first spring after treatment
Control 76.9bc t 53.3ab . 27.2a 47.4f- 49
clip ©107.2cd 71.3be . 60.9b 74 .3f 50
Burn . 147.84 134.44 70.5b 112.0g 51
. Trial :
mean 110.63 o 87.14.. - 52.9h
a . 30 60 60
Secondfspyingrafter treAtment
Control 91.9bc 90.4bc ' 53.25 + 15.5f 49
Clip 105.9bcd 113.6cd 69.0ab 94.2f 50
Burn 140.5de . 165.0e 76.8ab 125.6g 51
<
Trial .
mean 112.84 124.24 66.3h
v 'a 30 60 60
+
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Table 8. Tiller'wei'ghté' in two communities the‘sﬂecond'growing season
) after fall treatment. R )

1
. Pgeudotsuga
Artemisia tridentata menziesii
Spccies—MontH‘ Species-Month Treatment
Treatment _Deer-April Cattle-May " Cattle-May mean n
Control .025a.022%  .065at.016 .089a%.016 10660 49
Clip ) .021a%.022 .058a%.016 .074&£.016 . +057b 50
Burn .022a%.022 .059a+.015 .074&:.016 . .058b 51 -
Trial ‘ &
@mecan .022c .060d .07%e
n 7’0 60 60
2 Crazing animal and month of grazing in the first growing season after

treatment.
Tiller weight (gm/tiller) * 1SEm. B

a Means with same letter in row and column of subset do not differ
significantly (P > 0.05). )

b Treatment means with same letter in column of subset do not differ
significantly (P > 0.05).

c-e Trial means with same letter inm column of subset do not differ sig-
nificantly (P > 0.05).

.
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Community

X Artemisia tridentata

NI Pseudotsupa

menziesii

22
20

18

(Do) meiadwal Jiy

May

April

March

. February

?igure 1.

Weekly average maximum and minimum air temperatures from

1977, in two communities.

February to May,
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Soil depth

Ocm

10cm
20ecm

Artemisia tridentata Pseudotsuga menziesii
28 1 Soil depth -
26 Ocm
24-41,\\ ~
s 224 ~
= 20 + —
wl
§ '8 - 2.5cm_‘
2
< 16 A .
o
w 14 10 cm
5 124 20cm |
=
- 10 . N
2 a8 -
6 -
‘- -
24 4
0 G4 T T 1“ - al
February March April February Macch April
Figure 2. Weekly soil temperatures at four depths from February to April

in two communities (averaged for all treatments).
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cm depth, +.47 and +1. 390°C respéctively. In the Douglas fir
community, the average differencesvfrdm the control plants
were, for the Clippedwand burned‘plants éf‘ﬁﬁe 0 cm depth,
+2.36 and +2.85°C respectiveiy and at the 2.% cm!depth,
+1.05 and +2.OU°CYrespéctively. In gaéh case the
temperatures were waﬁmgr_in thg burned plants. The'averaée’
temperature difference between the clipped ard burned plants
were, in the b;g sagebrusg community, .25 and .92°C at the 0
-and 2.5 cm depth reséectively and, in the Douglagifir

- community, .49 and .99°C at the 0 and 2.5 cnm depth
respectively.

The rates pf plant J%pwth in each treatment, and at
weekly intervals, are shown in figure 3. After.27 Mprdl the
rates of elongation were afffected by the development of
inflorescence. It is evident that temperature markedly
influenced growth to that time. Thid is confirmed in figure
4 using only estimates of average ﬁéximum air temperatures,
maaé.prior to'27.April, in regression anaiysis; The growth
response to soil temperatwre at 2.5 cm was éimilar, however
less variation was explained. The £emperature—growth rate
relationship was explained with linear equations for plants
of the burn and clip treatments. For the.control, however,
the cubic polynomiai was significaQt (P<0.05), accounting
'for an additional 4% of total variat&on;fﬂoygxgr; tuis model

. e —
shows an upward inflection at the lower enc¢ of thex5cale
thus making it unrealistic. \

t

The regression coefficient describing growth of the
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Pseudotsuga menziesii
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Figure 3. Mean daily rate of tiller elongation in bluebunch wheatgrass
in two communitjes. Weekly treatment means with same letter,
or no letter, do not differ significantly (P > 0.05).



TILLER ELQNGATION‘ (cm day')

Figure 4.
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Effect of mean weekly air temperature
ground, on mean daily rate of tiller e
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longation (Y) (n=12).
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burned plants (Fig. 4) differed significant§Y\(Bégi1) from

the coefficients describiﬂg growth of bothe the ciipped and
cqntrol plants. This contrast is also evident by an
.inspection of figure 3. Although few significant (PK0.0S)
differences occurred, ‘t is evident that the growth raées of
control aud clipped plants were often more similar than any
other combination with burned plants (Fig. 3). According'to
figure 4 the growth rates of (the burned gnd control plants
were the same at 13.5°C. Examination of figures 1 and 3
inéicate that the points actually occurred between 10 and
129C in the Douglas fir community and betweer 11 and 13°C inp
the big sagebrush community.

The rates of €longation, averaged for the period from
27 March to 10 May, were significantly (P<0.05) related to
plant basal area for the control plants only. The best fit
Wwas a quadratic golynomial. The eguations were:
¥Y=.262+.0132X-.0000525%X2 (R2=.84, n=1%) ir the big sagebrush
community and Y=.354+0.00389X~-.0000067X2 (R2=.41, n=20} in
the Douglas fir community (Y=cm/day and X=cm?). The slopes
Were near zero fbr both the burn and clip treatments.
Similar ranges of plant sizes were reco;ded for each
treatment, however, covariance analysis with area as a
covariate was not attempted t; examine tﬁe growth rates
among treatments. The data did not meet a major assumption

of covariance analysis, that the covariate effects be linear.

and the same among treatments (LeClerg et al. 1962).
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3.2.2 Seasonal Effect of Burning on Growth /

| The. height of mature foliage in the viéinity of the two
burned areas was the same. At the Nsvember burn the gverage
height (+1 SEm) was 39.0+1.2 cn and at the Maréh'burn the
a;eraqe height was 38.8+.7 cm. The height of spring growth
fon 26 April) following burrning differed significantly
(P<0.01) fof‘burning times. On the November burn the average

height (+1 SEm) was 3U4.Z%t.9 cm and on the March burn it was

29.9+.6 cu.

3.2.3 Initiation of Spring Growth

Bluebunch wheatgrass initiated appéarance of.growth‘
near the end of February in the big sagebrush community
(Fig. 5). Appear;hce of growth at the ground surface was
delayed for over 1 week in the Douglas fir community.
Thereafter; the rate of elongation was similar to that of
plants in the big sagebrush community- Prévious falkl
regrowtﬂ vés about S cm long and growing when spring
initiated tillers first appeared at the crown. Before the
newly forded tillers emerged above the soil the difference
in length between the spring and fall initiated tillers had
increaséd to 7.5 cn.

Tiller development was first moticeable at the crown of
. sandberg's bluegrass in February in the big gagebrush
community and one week later in the Douglas.fir copnunity.

Emergence at the ground surface took from 2 to 3 weeks more.

"Crested wheatgrass was not sampled until 1 March. At this

-
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Community

Artemisiz tridentata
——————— Pseudotsuga mcnzigsii

Approximate ground surface

Figure 5.

T . I 1
February l, March - April May

Appearance and accumulated .growth of bluebunch wvheatgrass
tillers in two communities (weckly mean * 1 SD).
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time its development was similar to that of bluebunch

b
wheatgrass.
<

3.3 Discussion

3.3.1 Plant Morphology

Litter removal by fall alipping or burning increased
the productive pogential"of the plant to the second year
through increased tillering (Tables 3 and 7). However,.dry.
matter density, which is indicative of plant production, was
not greater in defoliated plants until the second yeér
(Tables 2 and 6) .

| The similarity of regression cdeffiéients describing
the relationships of volume to weight (Table 2) can be
parfly explained on the basis of tiller density and we%ght
‘(Tables 3 and 4) which were negatively correliated (r=—3{7).
The net effect (tiller weight x tiller density) was a
general decréése ih.ﬁnit weight per plant on the burned
treatment..similar relatiopships of filler weighi‘to tiller

4 )

density have been reported for reed. canarygrass (Eglafis

arundinaceae) and timothy (Phleum pratense) after clipping

(Horrocks and-Washko 1971). Mueggler and Blaisdell (1958)
epdrted a first year decline inrbluebunch wheatgrass

P oductiﬁity following burning.

A negative correlation of tiilef weight and tiller
densi\{ may belassociated with the destructior by fire of
carbohy rates‘at the crown,Amore rapid respiration of

carbohydrates resulting from warmer temperafures at the

-

AN

..
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crown or the destruction of photosynthetic surface produced

the previous fall. Trilica andJ (1972) have shown that a
'significant préportion of carbéijjizbes may‘be sﬁ?re& in the
stubble of crested wheatgrass. Furtheimore; birning may
destroy fall regrowth resulting in greater demand fromn the
reserves and reduced photosynthetic area. McIlvanie (19&2)
reported that the compensation point, where depletion of
carbohydrates ceases in bluebunch wheatgrasé, occurs when
.the plant haé reached 45% of its mature heigpt.

Grazing in the first spring modified thé treatﬁent
‘effect by removing tiller apices and photosfnthetic ar ea.
Héwever, the grazing impact was irfluenced by tréatment. The
height of standing litter was shown to exer£ a‘'strong
barrier effect to the grazer (Part IJ). Burning reduced the

¥,

stubble to about 2 cm while clipping redud | the stubble tq'

about 5 cm. This,was reflected in the average spri?g grazing
heights which, at heavy grazing pressuré, vere about 3 Cm on
the burned, 6 cm on the clipped and 9 cm on the‘contrql
plots. The plant response immediateLy.following grazing vas
likely determined by time, frequency and severity of grazing
and by growing canditioﬂs.

Grazing by deer in April occurred af a crucial stage in
the plants' development. It is probable that cérbohydrate,
' reserves were near minimal.'Grdzing in May would normally aot
less damage to the plant. At this time carbohydrate reserves
are bging replenished and storage is sufficient for

regrowth. Insufficient moisture may be a crucial factor in
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some years but evidently was not at the time of study
(Broersmas, 1978¥% L

e Regresggon“COfo1c1ents, calculated only for prants of

the cattle trials, (Table 5) .do not indicate damage to the
plant, nor does‘tiilérvdensity (Table 7). The larger

oeff1c1ent1for tﬁﬁ?“burned ‘plants in the blg sagebrush A
:\.A-,% sz’ ‘: X

community was probably the result of greater tlk1er

4‘_ - --”1‘

Douglas fir comnunities, reveals a completely opp051te
trend. This indicates that burned plants»recovered more.v
slowly im the Douglas fir community. The&bffect may be
caused’ by less favorable growth conditions, such as‘shading
and competltlon from trees for m01sture and nutrlents.

In the second year,Agrovth of all plants occurred
within mature foliage. The effect of standing lltter on -
light and temperature would,'therefore; be'similar among
treatments. This indicates that the measured effect was
residual from the first year. |
.

The trends observed among treatments for relationships
of volume to welght and tmTierlng vere similar to those in
the first spring after treatment. The only change measured
was in the relationships of volume to weight in the Douglas
fir community where the size of coefficient became similar
among treatments. This indicates a loss of effect, confirmed

by the similarity of tiller numbers among treatments in the

second spring (Table 7). It is interesting to note that

o —— ————— —— —— . o -

sBroersma, C. 1978. Personal communication.
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tiller vweights were similar among treatments in the second
_spring although tiller density was significantly (P<0#05)
greate;‘in clipped and burned plants. The net effect would
be ‘reflected in .increased production from those plants.
D;ubenmire'(1968) reviewed literatufe reporting similar

observations for species other than bluebunch wheatgrass.

)
3

- The tillering response to burning may be the result of
warmerlsoil.fempérature (Langer 1963), increase in light (
inﬁensity or removal of apical dominarce by destruction of .
the prev}ous fall regrowth. The latter effect does not
appear to have'been investigated. Destruction of tiller
apices has resulted in increased tillering (Langér 1963)
however these effects were in response to treatmént during
planp growth. : V . ¥
Plant regrowth is affectéd&by available nutrients and
environﬁental conditions (Youngner 1972). Although dispuﬁed,
‘the level of carbohydréte reserves may als@ be a factor

(0Ogden and Loomis 1¢72). XIf that is so then, presumably, the

-
number «0f tillers drawing from a fixed reserve will also
. - e

affect thedr individual weight. .
Fall grazing or burning also caused a redistribution of
dry matter to a lower bosition in the plant. The treatment
effect in the first growing season (Table 2), and the lack
of effect in the second year (Table 6),_indica£és the
response ﬁas due to light énd‘témperature. Light arnd

temperature in the plant are modified by standing litter.

Burning defoliated the plamnts most and caused,the greatest
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A Y

effect in the first growing season after treatment. By the
14

second year when no effect was measured, all new foliage

grevw within standing litter. The major difference observed

<«

"

waé‘among trials 'and iﬁdiéated a greater proportion of
weight near the basal portion of plahts grown in the big
- sagebrush community in April. This effect was probably the
result of little or no culm development at the time of
sampling.

The verticat distributiog\gé‘zeight within the’plant is
affected by‘fhé distribution of leaves on the culm, the
nunber of leaves and the size of stems (Beady 1950)% The
vertical distribution of weight within'the tiller also
declines toward the apex.’ Knowledge of this relationship has

been found useful for estimating utilization based on

residual shoot length (Heady 1950).
. .

3.3.2 Growth — First Spring after Treatment A

The effect of burning on soil température was similar
to that reportéd by Daubenmire (1968) for.grassland fires;p
Tt appears the effect wvas largely tﬁe result of increased
solar radiation at the crown since the difference between
the cxipped and burned plants was less tharn .59C. The effect
of burn:ng was most noti;éable at 2.5 cm. Perhaps greater

evapora ive cooling from burned soil kept temperature

differe ..ces at the surface to a minimum.

=y
%
4
”J

~iller elongation was most closely related to the

>

max - sum air temperature measured in a Stevenson screen.

4
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-
Temperétures at ground level may be 5°C~ﬁigﬁgr’ﬁhap at i.i,m<
above ground level (Geigéf 1966). The values used, |
therefore, to correlate with growth'afe somewhat bélsu the
maximum at the leaf. The temperature recorded in the soil
may have been correlated better with tiller elonéation if
the effect were délayed.‘Soil temperature affects root
elongation which in tu%n éffects growth of the aerial
nortion.

The linear predictiocns of growtq rate to temperﬁture of
the control and clipped plants was essentially the sane.
Although not shown was an inflection in%the line (Fig. 4),°
to indicate éhat the optimum temperature for growth occurfed
near 26°C, a temperature considered optimum for most
temperatedspecies (Cooper 1970). The growth rate of burned
plants differed from other treatments and showed a more
variable response to temperature (Fig. 4). These effects may

u
result from the destruction of fall regrowth thereby
reducing tﬁe photosynthétic surface, from exposing the
meristematic tissue to eitreme soil temperatures or from
increasing soil temperatures that may result in a moisture

deficit.



4. PLANT CHEMISTRY

The treatment and sample collectlon and preparatlon in
the first and second year after treatment were described in
section 1. Plants representing each treatment of the May
sémples were randomly sorted into three groups of equal
plant numbers. The segments of plants in each group were
composited to yield four sub-samples according to vertical
distribution (% ﬁeight) in the plant (1) 0-20%: (2). 20-40%;
(3) 40-60%; and (4) 60-100%. In order to reduce the n&mbeﬁ

S~ ) b
of samples fér chemical anai?sig;\the plant seqments
representing'O—ZO% and 40-60% were fhrthe@&composited across
the groups of each tréatment. Plants of t£; April samples
were too small fér séparation beyond the segments. Only
three sub~s§mgles wére composited for each treatment. They
:.reéreseﬁted the vertical distribution“(1};0-20%; (2) 20-40%;
and (3) 40-100%. X

The samples wéfe.ground and analyzed for ADF (acia
deter Jent fibgg), NDFJ(neutral detergent fiber), lignin,
nitrogen,%égiggﬁm, phosphorus and magnesium. Nitrogen was
determlne@ by standard K.0.A.C. {1975) methods. NDF, ADF and
llgnln wvere determlned by the methods of Goerlng and van
Soest (197&)’and modified by Waldern (1971). Phosphorus was
determined by the vandomoledo color’method of Jackson

(1958) . Calcium and magnesium were determined by atomic i

absorption spectrophotometric methods based on the \

49



50

pechniqués of Christian and Feldman (1970{ andlthe
Perkin—Elmer.Corporafion (1973). A1l methods Qere
stan%ardized 5y anaiyzing (1) standard reference samples of
*nown concentrations and (b) duplicate sampﬁ;s; All results.
were converted, and reported, as pefgent of dry.mattef.

The chemical parameters of the May samples were .
statisticallylgnél§zed (with analysis of variarce) amonrg
treatmehts, between segments‘(an and 4th) and between
communitiesu The design was a 3 x é'x 2 factorial and all
inferactions Wwere examined. Separate analyées were made for
each chemical.coﬁStituent and for botﬁ first and second year
since treatﬁent- fhe vertical distributior of the | ;
constituents was described wiéhllinear \quations fo::the
April samples and with quadratic equatidqns for the May
samples. In the regressions, Y was the c fmical conétituent
as percent of dry m$£térjagdnx was the.per;ent accumulated
herghfvto the mid-point offeach&indiviaual or composited
segment. The mid-péints, for the April segmnents, were 10, 30

and 70% and, for the May segments, 10, 30, 50 and 80%.

4.2 Results

r .
.~ b.2.1 Forage Harvested in April

irst Year after Treatment

Nitrogen, phoéphorus and magnesium were greater in
samples from the big sagebrush community, increased among
treatments from the control to the burn and increased within

the plant from thefbottom to 'the top (Table 10). Tte
w4



Table 10. First year effect of fall clipping or burning on the vertical
distribution of chemical constituents (Z) in bluebunch wheat-
grass in two communities during April, 1977.

v

} Segment
. Fall : (X from plant base)
Community Treatment 0-20 . 21-40 41-100 bo by
N!trogen
At Co 2.5 3. 3.8 2.4 .022
c1 2.7 3.0 3.3 2.6 .011
B 2.8 3.5 3.9 2.8 .017 -
Ps Co 1.8 2.5 3.2 , 1.7 .022
c1 1.9 2.5 3.2 1.8 .022
B 2.4 3.1 3.2 2.5 .012
- Calcium
At Co .18 .24 .26 .19 .0009
cl .22 .27 .30 .22 .0012
B .27 .29 .34 .26 .0012
Pa Co .26 231 231 .27 .0007
cl .29 .35 .34 .30 .0007
B .35 .39 .45 .34 .0016
Phosghofus
At Co .38 L4l A .37 .0010
c1 .41 434S L6l .0006
B .41 .43 A .41 .0005
Ps _ Co .36 .37 42 .34 .0010
c1 - .39 .40 .42 .38 .0005
B . .40 .39 42 .39 .0004
Magnesiun
At Co - .18 .18 .18 .18 .0
c1 .18 .19 .20 .18 .0003
. © B .17 .19 .20 .17 .0005
Ps Co .12 .13 L14 .12 .0003
: cl .13 .14 .16 .12 .000%
B .15 .16 .17 .15 .0003
NDF
At Co 69.6 65.3 60.8 70.4 -.14
a1 69.9 68.9 63.1 71.6 -.12
B 67.1 6504 61.3 68.2 -.10
Ps Co . 68.1 62.6 51.8 70.8 _ -.27
cl 61.8 64.1 54.2 65.3 -.14 -
B 65.4 62.4 51.5 68.5 -.2
ADF
At Co. 3%.6  32.9  30.8 35.0  -.06
c1 33.0 31.5 31.9 32.7 -.01
B 33.3 38.3 30.3 36.6  -.07
Ps Co 34.8 33.4 30.2 3556 -.08 -
c1 30.6  36.3 28.9 33.8  -.05 7
B’ 33.7 .0 - 26.7 32.8 -.10 r
Ligqig ‘
At Co 2.5 2.4 3.3 2.2 .015
c1 4.2 2.2 3.5 3.5  -.005
B 3.3 5.8 5.2 3.8 025
Ps Co 2.2 2.8 4.5 1.7 .039
c1 2.8 6.9 .4 5.5 -.058
3 6.9 6.3 1.9 8.2 ~.087

bo, b Y-intercept and regression coefficient, respectively, of linear
equations describing vertical change in the plant.
Co Control; Cl Clipped; B Burned.

At Artemisia‘ tridentata; Ps Pseudotsuga menziesii.




"Treatment differences for the top segment in the big

\
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community, treatment and plant relationships were opposite
to those above for ADF and NDF and not consistent for 1lignin
o 7

The response of calcium differed from the response of the

w

first 3 elements only betweemn communities. . ' - /}A\g-'
: _// .

4.2.1.2 Second Year after Treatment

Nitrogen increased, and NDF decreased, within the plant
from the b;ttom to the top and among treatments from the
control to the bﬁfn (Table 11). The plant and treatment
relationships were no£ consistent for alil other-chemical
constituents. Calcium, phosphorus and magnesium generally-
increased frdﬁ the control to the burn while calcium and ADF

decreased from the bottom to the top of fhe plant.

4.2.2 Foragqe Harvested in May.

4.2.2.1 First Year after Treatment

Significant (P<0.05) differences were found among
treatments, between the 2nd and 4th segments and bet ween

r
communities for all chemical constituents (Table 12). R

: «
s@gebrush community occurred only for NDF. Treatment effects

were noticeable for most chemical constituents of all other
segments. The vertical change of all constituents within the
plant was generally least for the burned plants and most for
the control plants.(Tables‘12 and 13). Tkis generalization
was demonstrated with a graphical display for nitrogen,

'phosphorus and NDF (Fig. 6) .
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Table 11. Second year effect of fall clipping or burning on «the vertical
: distribution of chemical constituents (%) in bluebunch wheat-
grass In the Artemisia tridentata community during April, 1977.

-

, Segment
~Fall (X from plant base) ‘
Treatment 0-20 21-40 41-100 bg by
’ . i N J{\P—\ .
‘ ’ Nitrogen ‘k

Co 1.9 2.5 3.1 1.8 ‘ .018

Cl 2.1 2.6 3.1 2.0 016

B 2.3 2.9 3.1 *;2'3 .012-

Calcium

Co , 41 .37 .39 .40 -.0002

cl A 41 420 .43 -.0002

B .50 .45 .40 .51 ~.0016

Phosphorus

Co ~ .38 .37 .69 . .28 .0056

Cl .36 .35 .37 .35 .0002

B 42 A .39 .42 -.0005

N Magnésium >

Co ) A7 .15 .17 .16 .00007

Cl .17 .17 .18 .17 .00018

B .20 .18 .19 .19 -.00011

NDF

Co 67.9 64.8 56.9 70.0 -.185
. C1 .+ 65.8 59.0 54.4 : 66.3 -.179

B 64.0  55.1  53.2 63.3 -.161

_ADF

Co 41.1 40.8 , 32.8 43,6 -.147

Cl 39.1 34.0 30.0 39.6 -.139

B 40.7  38.5  37.1  40.8 -.056

Lignin

Co 4.0 3.9 4.2 3.9 .004

Cl 2.3 2.0 .7 2.7 -.028

B 4.3 3.3 4.2 3.9

.002

b , b, s¥-intercept and regression coefficient, respectively, of linear
equations describing vertical change in the plant. '
Co Control; Cl Clipped; B Burned. :

K

’ -

< s



Table 12.

N

First year effect of fall clipping or burning on the chemical

constituents (Z) in the upper (4th and Sth) and lower (2nd)
scgments of bluebunch wheatgrass in two communities during

May, 1977.
Fall treatment Anova
Comaunity Scgment Control Clip Burn Source dt SS 1 4
Nitrogen
At Top 2.34d 2.344 2.374 Treatment® 2 22 12.80
Bottom 1.58adb 1.73b 1.94c Sepment 1 J.635 399.5¢
Cocmunity 1 .247 27.1»
Ps Top 2.26d 2.02c 2.384d 2 .043 2.4
Bottom 1.56ad 1.47a 1.628b TxC 2 .086 h.7*
SxC 1 .013 1.4
TxSxC 2 .058 3.2
v Restdusl 24 .218
Calcium ‘
At Top .18ab .21bc .21bc Treatment 2 .021 20.9*%
Bottom .16a .18ad .22cd Segment 1 .021 42.0%
: Community 1 .063 126.6*
Ps Top .29e .29 I8¢ TxS 2 .0002 .2
Aottom -22cd -23cd .26de ™C 2 .002 2.2
SxC ) S .010 20.7*
. ™SsxC ° 2 .004 4.2*
Res{dual 24 o.012
Phosghoruu' <‘
At Top 35ed et 36fg Treatment 2 012 24 .3
Bottom . .27a .27a .33de Segment 1 .028  116.3
Community 1 .001 5.6%
Ps Top -33de -3led 37g - TxS 2 .001 3.0
Bottom .26a .282b .30bc T™xC 2 .0001 .2
° SxC 1 .0001 .2
TxSxC 2 -003 5.6%
Residual 24 .006
. Magnesium
At Top .15cd .15cd .lhe Treatment 2 .002 11.0*
Bottom .1lab .12b -15cd Segment 1 .0o8 90.0%
Cocmuaity 1 .0007 8.5%
Ps Top .1l4c .15¢cd .16d ™S 2 .0005 3.1
Bottom .10a 126 .1lab ™C 2 .0003 1.7
. SxC 1 .001 13.4»
TxSx C 2 .004 25.4%
Residual 24 .002
) NDF ' !
At Top 63.8d 59.8b¢ 59.6b Treatment - 2 97.6 12.8%*
Bortom 71.3¢€ 68.7¢ 63.7d Segment 1 342.2 90.1*
- Community 1 124.7 32.8*
Ps Top 59.2b 59.1b S.7a TxS 2 .6 .1
Bottom- 64.1d 63.1cd 63.3d TxC 2 22.1 2.9
SxC 1 4.1 1.1
TxSxC 2 21.9 3.7%
\\ Residual 24 91.4
ADF
At Top 35.6cd 35.2bcd 33.9b¢ Treatment 2 54.9 20.0+
Bottom 42.4g 40.9fg 37.0de Segment 1 342.2 249 4
Community 1 10.7 7.8%
Ps Top L bbe 33.2b 30.9a TxS 2 4.1 1.5
Bottom 39.3¢- 41.7g 38.9ef ™C 29 4.9 1.8
SxC 1 8.8 6.4%
TxSx C 2 18.2 6.6%
Residual 24 32.9
Lignin :
At Top 2.30a 3.20ab 2.70ab Treatwent 2 11.8 5.6%
Bottom 6.76¢ 3.53ab 3.53ad Segment 1 4.6 4.4
Community 1 1.3 ‘1.3
Pe Top 4.10b 4.20b 2.23a TxS 2 9.1 & 4%
Bottoa 3.60ab 2.90ab 2.70ab TxC 2 1.4 .7
SxC 1 12.§ 11.6#%
TxSxC 2 8.5 410
Residual 24 25.0
a-g Mean chemical constituent with same letter within analysis do not

differ significantly (P > 0.05).
* Significant at P< 0.05.
At Artemisia tridentata; Ps Pseudotsuga menzies{{.

*
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Table 13. First year effect of fall clipping or burning on the vertical
distribution of chemical constituents (%) in bluebunch wheat-
grass in two communities during May, 1977.

-

™ '
Fall Artemisia tridentata . Pseudotsuga menziesii
Treatment b0 b1 b2 b0 ' bl b2.
Nitrogen
Co . .34 .0506 ~ -.00032 .48 .0447  -.00028
Cl .91 .0298 -.00015 .60 .0338 - -.00020
B 1.23 .0307 -.00021 .78 .0304 -.00013
~ . Calcium ,
Co .13 .0012 -.000007 ~ .20 .0005 .00001 -
c1 - ..21 . -.0023 .000028 .18 .0008 .000005

B .22 -.0002 .000002 .26 -.0019 .00004

_ Phosphorus
Co. . .20 .0020

~.000002 .23 .0015 -.000003
c1 .27 .00047  .000007 .20 .0032  -.000023
B .32 .0004 .000002 .26 .0011  .00gHO3

\ : Magnesyﬂg
" Co b« o8 .0012  —.000004 - .10 .0001 .000006
c1 ‘ .15 -.0018  .000022 11 .0004 .000002
B . .18  -.0014 .000011 .12 -.0012  .000020
_ NDF :

Co 73.3  -.195 . .00051 69.4  -.210 .00106

c1 71.6 ~.042 -~ <.00130 67.2  -.065 —.00041

B - 67.0 ~.048 = -.00051 '65.3 ~.018 £.00127

N 5 .
ADF

Co 52.4 ~.394 .00231 46 .4 -.275 .00157 -

c1 47.1 ~.238 .00111 43.6 .056  —.00228

B 43 .4 ~.165 .00063 42.5  —.124 -.0dbey

Lignin .

Co 9.82 -.1366 .00052 4.28 .0243  -.00030

c1 6.34  -.1000 .00077  5.80 -.1511.  .00163

~.00026

B 7.09 ~.1854 .00162 3.41 .0073

bO’ bl’ b2 Y-intercept and the first and second partial regression co-

efficients, respectively, of quadratic equations describing
vertical change in the plant. -
Co Control; C1l Clipped; B Burned.
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104 Artemisia tridentata 1 Pseudotsuga menziesit

NITROGEN (X)
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Figure 6. The vertical cdncentration‘(Z) of nitrogen, phosphorus'and
NDF, in .bluebunch wheatgrass from three treatments (cohtrol,
; clip,----- ; burn,—.—) and in two communities duringi{May.
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The elements, nifrogen, calciﬁm, phosphorus and
magnesium 1ncreased and the fibrous comporents, NDF, ADF and
lignin decreased with increasing plant height (Tables 12 and
13) and from plants of the control to,plants of thes burn

treatment (Table 12). ‘ "

The treatment effects were reduced from the first year
(Table 14). This was partlcularly evident in the bottonm
segment where few significant (P<0.05) differences occurred.
The reduced treatment effect was al so associated with less
cohsistent fesponse among treatments. In the first year, the
chemical gradient changed fronm the control to the buji .
(Table 12). inwghe second year, howgver, the graze‘treatment
was representesﬁey either'the high or low chemical value in
the majerity of comparisons (Table 14). The diminished

treatment effect was also reflected in a greater similarity

of regression equations among treatments (Table 15).

The ultimats criteria for.measuring forage quality is
Consumer output normally measured as red meat produced.
Direct measurment of output is prohibitive because it is
costly, time consuming and the results have a narrow range
of applicability. For example, red meat produced will vary
with species and even breed of animél. Consequently, most
attempts to quantify forage quality rely on measuring

o
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Table 14. Second year effect 4f fall clipping or burning on the
chemical constituents (Z) in the upper (4th and 5th) and
lover (2nd) segments of blucbunch wheatgrass in tvo
communities during May, 1977,

Fsll treatment Anova
Community Segment Control Cl‘Ip Burn Source df 88 ¥
Nitrogen
At Top 1.99¢ 2.08f 2.04f { Treatment 2 .28 22.4¢
Bottom 1.46bc 1.53bcd  1.59cde Segment 1 2,49 390.2¢
Community 1 62 98.0#
Ps Top 1.6%« 2.04f 1.64de TxS 2 .03 2.2
Bottom 1.11a’ 1.44b 1.20a TxC 2 .18 14,1
: SxC 1 ,002 ]
TxSxC 2 .002 .1
Residual 24 .15
) Calctus
At + Top ,21a .27bc .29¢ - Treatment 2 .008 4.3
Bottom .20a .24abe .28¢ Segment . 1 .000 .0
Communigy 1 .:pOZ 1.?
Ps Top .25abc - .28¢c .22ab TxS 2 2.
Bottom .24abe .24abe .24abe TxC 2 012 6.8%
SxC 1 .00Q — - .4
TxSxC 2, 1001 3
Residual 24 .021
Phosphorus
At Top : .36f .35ef .37¢ Treatment 2 .002 1.81
Bottom .28cd .3lecde .32def Segment 1 .024 41.3*
: Community 1 .056 98.4*
Ps Top .27bc .27be .28cd xS 2 .001 .8
Botton .22a .23ab .23ab C 2 .000 .2
. SxC 1 .obo .5
TxSxC 2 .000 4
. Re&idual 24 .014
Magnesium
At Top .16e .18f .16e Treatuent 2 .0002 1.0
Bottom .13cd .15de .15de Segment 1 .0047 33.6*
Community 1 .0191 137.7%
Ps Top .12be :13cd .1labe TxS 2 .0no7? 2.5
Bottom .10ab .09a .10ab IxC 2 .0007 2.6
- SxC 1 .0000 .2
\ TxSxC 2 .0000 .1
Residual 24 .003
g
At Top " B6.1bc 61.1a 67.0cde Trecatment 2 53.7 9.7%
Bottoa 69.8e 66.4bcd  68.2cde Segment 1 104.7 37.6%
' : Community 1 1.6 2.7
Ps Top 67.5cde  63.8ab . 65.7be TxS 2 19.8 3 3.6*
Botrtom 68.6cde 69.4de €9.0de T™C 2 17.3 3.1
. SxC 1 .0 .0
TxSxC 2 8.4 1.5
Residual 24 66.6
wr
At Top 39.9a 39.3a 41.2abc Treatment 2 18.4 5.6*%
Bottom 43.8d 42.0bed 43.84 Segment ‘1 68.9 42.0*
. Communtry 1 2.0 1.2
Ps Top £0.2ab 40.4ab 42.1bed TxS 2 1.7 .5
Bottom 43.1cd 42.8cd &4.34 TxC 2 2.3 g .Jd
- SxC 1 .9 .5
Tx SxC 2 .2 A
Residual 24 39.4
Lignin
At Top 4.50a 4.40a 5.63a Treatment 2 5.3 1.9
Bottom  3.93a- 3.73a 5.06a Segment 1 .4 3
_ . Community 1 4 .3
Ps Top " 4.02a 4.06a &.43a TxS 2 1.2 4
Bottoa 3.43a 5.20a 4.63a ™C s 2 3.0 1.1
SxC 1 1.4 1.0
TxSxC 2 2.5 .9
Reridual 24 33.9

a-g Mecan chemical constituent with same letter within analysis do not
differ significantly (P > 0.05).

* Significant at P< 0.05.

At Artemisia tridentata; Ps Pscudotsuga menzicsii.
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Table 15. Second year effect of falI'clipping or burning on the vertical
distribution of chemical constituents (Z) in bluebunch wheat-~
grass during May, 1977.°

o

Fall . - Artemlsia tridentata . Pseudotsuga menziesiqi
Treatment bO | bl . b2 bo b1 b2
) Nitrogen i ‘

Co .38 .0455  ~.00032 .18 .0364  -.00022

& c1 - .49 .0376 -.00022 .24 .0476 . -.00032

B .57 .0407 -.00028 .19 .0428 -.00031

Calcium

Co s -09 -0042 -.000035 - .07 .0070 -.000060
C1 - .15 .0032 -.000022 .16 -0030 -.000018
B .17 -0042 —.000035 .09 .0071 -.000068

. Phosphorus _ .
Co .20 .0030 -.000013 .08 .0055 -.000039

c1 V . -2r L0031 -.000017 14 .0035 -.000023
B © .22 0038  -.000024 .13 .0038  -.000024
Magnesium . -

Co 09 .0010  -.000002 .04 .0023  -.000017

c1 .13 0004  .000003 .07 .0007  .000001

B " .09 .0025  -.000021 .04 0025  -.000021
NDF

Co 72.2° -.096,  .00024 - 75.7 _.39% .00364

c1 72.5  -.246 .00129 73.2 -.086  -.00036

B 80.5  -.471 .00384 71.5  -.086 .00017

' o ADF

Co 46.8  .091 .00006 48.9  -.239 .00163

c1 45.8  -.116 .00046 48.0  '-.189  .00118

B 474 -.142 .00080 47.5  -.105 .00048

) Lignin . ‘

Co 5.87  -.076 .00075 ~7.00 -.187 .00189

c1 6.57 -.151 .00154 © 5.98  -.066 00051

B 4 ~-.070 .00065

.03 .022 -.00004 5.85

bO’ b,, b Y-intercept and the first and second partial regression co-
efficients, respectively, of quadratic equations describing
vertical change in the plant.

Co Control; C1 Clipped; B Burned.
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properties which are inlirectly related to consumer output.

-

Mott and Moore (1969) define forage quality in terms of its

PO

nutritive valus and quaptity consumed. Thes nutritive value
of forage is described, ir turn, by its chemical
composition, digestibilify and néfure of digested products.
it can be seen that the chemical propertiés reported in this
paper are consilerably removed from the ultimate’measuramént

of forage quality. They ray, however, be tsed as an index to

compa%e forages and to predict benefits to the herbivore.

The ficrst year effects of bnrningrzaiSQd the mineral
concentration and decreased the proporfion of cell w;ll in
the foliage both in April amnd Hay. Dapbedmire»(1968) cites
published information on warm season grasses showing similar
responses to burning. fhe effect has been suggested to be

'_caﬁsed by an enrichment of so%} nutrients from the ash, pn'
.increase in microbial QEtivity releasing greater quantities
of nutriehts into the soil and an increase in root activity
causing'greatéf uptake of nutrients (Mes 1958, in Daubenwmire
1968) . Burning has also been reported to increase the ;g
vitro digestibility, crude proteir and phosphorus content of
‘native rang% in Arizona (Pearson et al. 1?72) and crﬁde
protein in bluebunch wheatgrass (Uresk et al. 1976).
Mineral and fiber constituents in plants of the clipped

treatment (first year after treatment) were oftern

intermediate to those of the burn and control. In an earlier

)
_/~?J ;
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study (Willms et al. manuscript in preparation) higher
mineral but lower cell wall constituents were observed inn
the March and'Apgil samples of fall grazed plants than in
fall ungrazed plants of bluebunch wheatgrass. These results
were similar to the April sampies of the present study but
differed from the May samples largely in the cell wall
components.

The treatment effect petsisteﬂ into the second year
(Tables 11 and 1#) although spring grazing was imposed in

the year prior to sampling. Visual examination of the April

. data (Tables 10 and 11) shows consistency in the trends for

concentration of nitrogen, phosphorus, magresium and the
fibrous components, ahong treatments and segments. In the
May data, however, several noteworthy changes occurred

JTables 12 and 14). First, the treatment effect was markadly

" reduced for all constityents. Second, ths order of magnituide

for nitrogén shifted to favor greater concentratibns in the

clipped forage. Third, the order of magritude for NDF

shifted to favor smaller proportions in the clipped forage.

The effect of differﬁ?g gfazing Pehaviors between deer
gnd cattle on plant chemistry is not clear. Although cattle
remove mature fqliage and deer leave it, post-grazing
régrowth created a’simiiér environmert among treatments in
the next year. The effects at that time were, therefore,
believed to be residual from the treatment and,tiqe of
grazing. ' ) ‘ . |

Comparisons of treatment effects on the concentration

Id

[

.
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of chemical constituents between habitats should not be made
because of the -delay in sampling time. It is ewvident,

however, that the nutrient distribution withir the plant and

among treatments were similar.

@

Constituents

Factors affecfing the vertical distributioniof chémical
constituents are the length of internode on the culnm, ihe
variability\amon; tijler lengths within a plant and the
stage of phenological development. The internode length
.affects the diétribution of leaves on.the tiller and the
proportion dry matter of leavés tofs£em. Thus, chemical
variation between them affects th; vertical distribufion of .
chemist/ry in the tiller anq in the plant. éhenological
develqpment affects the distribution of chemistry by
defining the length of internodes, thereby determining the
culm to leaf ratio, and the sites of'nutrient accumulation
and depdetion. Nitrogén, p;osphorus‘and magnesium accumuiate
at sites pf-meristematic activity which occurs in the tfllér
primarily at the apex and base of new leéves.‘since new
leaves originate at “the apex, the chemical gradient is
reinforced

The fibroﬁs components of the plant, NDF, ADF and
lignin, decrease with increasing plént height in relation to

decreasing tis§ue maturity and aecreasingAculm'to leaf

ratio. The secondary vall-of the plant cell is formed after
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cell enlargement (Allinson 1969), hence formation is
directly related to maturity which decreases with increasing
plant height. The leaves have less fiber than the stem in

Rhodes grass (Chloris gayana) and Pangola grass (Digitaria
decumbens) (Goto and Minson 1977) and, presumably, in
bluebunch wheatgréss. The culm to leaf ratio decreases with
increasing plant height as a result of shortening
internodes. The method of dissection also contributed to
this reiationship. Since the leaves were held parallel to
the culm, their proportlon of dry matte; increased and, at
the top, was the pnly material represented.

Deviations frbm‘the general distfibution ‘of fibrous
constituents ir the cell occurrei rainly with lignin.
Although sample preparation and analysis may be faulted,
other sources of variation were also‘present. Ore was the
variable development of inflorescence and their;coptribution
to the sample. Another was the proportion of plant parts
represented in s2ach segment. Fq;\example the segment
containing the basal portion of leaves, ﬁith meristematic
tissue, would be newer material than further up the leaf. A
third variable was the interaction of nitrogen with ligpin
formation. Reid et al. (1967, in van Soest 1969) report
.greater lignification in sudan grass (Sorghur vulgare var.
sudanese) fertilized with nitrogen which may offset the
nutritive benefits of higher nitrogen levels. Similar
'observatlons Oon ryegrass (Lolium sp.) have been repdrted by

_____ p

Deinum (1966a, in van Soest 1969).
.
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. The effect of the fibrous constituerts on dry matter
digestibility (DDM) have been described by var Soest (1967)
in the equation: DDM = .98(100-X)-12.G+ X(1.u73—o.78910g L)
‘where X is percent‘NDF and L is the percent lignin in ADF.
vAccordfng to this equation the digesfibilities amesg
segments tended to- decrease with 1ncrea51ng piant height.

Only for samples taken in May, (flrst season\after

!
treatment) from the blg sagebrush "ommunlty did

\

didgestibility increase con51stently among treat@enfs to the

fourth segment.

~.
S

The significance of these changes afe difﬁ&cult to
assess. Certainly, the predication itself'is f;%lible for.
infpa—plént comparisons since not only lignin cénten% but
also the distribution of liénin in the piant ceil affects
dsy natter digestibility (Allinson 1969: van Soest 1969) .
Although no evidence was found‘ih literature, differences in
lignin distribution between the cell of a culm and.leaf '
should be expected because of their different structural
function.

| On the basis of infermation available, a well defined
digestiblity gradient within the plant canrot be
established. In the April samples, a gradient of decreasing
digestibility with increasing plant{heiqht‘is reasonable
. since the tiller apex is near the qsound level and the leaf
tips are the oldest plant parts. By May the tillers have

elongated and the youngest, less.fibrous plant'parts are at

the top, .thus resulting in a gradisnt of increasing



65

digestibility to the plant anek.

f Chemical Change on the Herbivore

Fall grazi g ;i/gurning tended to imptfove forage
quality althongA;enlflts to the herbivore are doubtful. ,
Minerals were often similar among treatments near the top of
plants (Tables 10,11,12,14) and, in most Ccases, adequate
throughout the plant for‘aL; claSjes of livestock. Tne
effect of fall defoliation on the animal, through chemical
change; was most important near the nase of the plant.

Fall grazing or burni&g had a negligible effect on the
‘nntritional Status of deer in.April and cattle in May. NDF,
nhlch gives a good prediction of voluntary intake (van Soest
1965; Rohueder et al 1978), varieg sllgbtly, and with no
consistency, among treatments in April (Table 10). Volung?ry
intake bf cattie may be expected to increase slightly from
the control to the burn treafment. The predicted 1ncrease
(van Soest 1965) is from-60 to 63 gm/kg body weight75 where
the choice is from the top of the plant and from 51 to 60
gmn/kg body weight7?7S5S where the choice is from the bottom of
ehe plant (Table 12).

Crnde‘nrotein (%N x'6;2§) requirements of deer,can be
met by selective feeding from all treatments. Verme and
Ullrey (1972) saggest that i?% crude protein is adeguate for
growlng fawns ani lactatlng does. This requirement was not

Fmet in the control and clipped treatments below 4OX of plant

" height in the Douglas fir community and below 20% of plant
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height in the big sagebrush community (Table 10)..By
comparison, the maintenance requirements for beef cattle
(N.R.C. 1970) could be met by,all green forage. Howvever,
predicted crude protein intake is 2.3 ;m/kg body weight?5
greater in burned plants than in control plants. This would
permit a daily weighﬁ gain of about .25 kg in young animals
(N.R.C. 1970)>

Carlier et al. (1976) have developed limnear
relationships for ryegfass (Lg;;gg nultiflorum and L.'
percent crude protein (X) in the“eguatfbn: Y=.84X-2.43. This
inplies a digestion coefficient that varies in a‘curvilinear
manner, increasing from low to high levels, with the percent
crude profein in forage. If ryegrass and bluebunch |
wheatgrass are similar, according to this equation, crﬁde~
protein in the lower segment of the control plant wasyabout
24% less digestible than crude protein.im the same position
in the burmned plant (Table 12).\

‘The'concentrations of ghos;horus and‘magnqg}um vere
a@equate in forages of all treatments to meet deer and
dattlé rec irements (Tables 10,11,12,1&). Calcium. however,
was generally deficient in forages the first year after
tfeaﬁment. The calcium and phosphorus reguireﬁents for

white-tailed deer (decoleus virginianpus) fawns are .40%

(Ullrey et al- 1973) and .28% (Ullrey et al. 1975)
:espectiiely. The, same requirements for lactating cows are

-

-28% and .23% repectively (N.R.C. 1970)..The.calcium

-
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deficiency contributed to a ratio of calcium to phoéphoruS‘
that was below the minimem rec;mended level of 1:1 for both
domestic livestock (Maynard and Loosli 1969) and
white-tailed desr fawns (Ullrey et al. 1973). Burning
,increasedvthe concentration of both calcium and phosphoru57
Burning also tended to increase the raéio of calcium to
phospherus but not sufficient to meet the minimum
requirement. .

Accerding to the eﬁuatien by Waldern (19i2), ell
fotagee had adejuate digestible ene rgy to meet:the’most
stringent animal requirements. Digestible energy did‘not
appear to vary among treatments in Aprilv(Table4HO) and
varied;mogerately amomg’tfeatments in May (Table’12). The -
differenee in April should not affect, voluntary inteke of
digestible energy in deer (Ammann et al. 1973) and ip May
affect a maximunm chahge of 1.9 Kcal/Kg?5 in cattle (from

information provided by van Soest, 1965 and Waldern, 1972).
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TREATMENT EFFECTS ON THE ANIMAL

58



5. FORAGE PREFERENCES qu FORAGING STRATEGY o

r

5.1 Methods

."
Four selection trials, two in eackh community were made

-

with deer and_fonr with cattle. The-trials with deer wers

4
made in April (1976). and those with cattle were made in ﬁay_
(1976).'The trials with both deer and cattle 'were conducted
in a similar spatial and chronological order. The first
trial was made in the big sagebrush community and the
second, follo#ing within one week, was~maie in the Douglas
fir community. The prooedure was repeated in one or two
weeks to concluie each set of trials. The same three animals
were used throughout. The deer were two aault does and one
juvenile buck while the cattle were all adult females.

The plots of every trial were arrangéd in a 3:.x 3 Latin
square with four- squares. This de51gn was used to provide
the necessary replicatlon while constraining “+the maximum
fiumber of consecutive plots, with the same tgeatment, to
“two. Plot dimensions were‘1.25 m,x 5 m for the deer triwts
and 2.5 m x 10 m for the cattle trials. The dimensions of
each square in the deer trials was 3.75 m x 15 m and for the
cattle trials 7.5 m x 30 m. The squares were positioned so
that the total dinensi?ns'were 15 m x 15 m for the deer
trials and 30 m x 30 m for the cattle trials. For the deer

~trials, the plot perimeters were enclosed with fishnet to a

height of 1.75 m according to the method described by Willms

LN . }
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et al. (1978). fhe cattle sites were -surrounded 'with a
- 3-stand barbed wire fence.

Clipping and burning were done in October, 1975.
‘Clipping wvas done iith a rotaryﬂlaynmower'and electric
powered sickle. The latter tool was ueeu in areas
inaccessible. to the mower. The stalke vere alloweé to lie
vhere they fell. Burning was done when the relatlve
humldlty, measurad at the Kamloops airport, avéraged 42% andgd
the temperature averaged 9 8°C. These weather condltlons
ﬂpermlgged good control of the flre although ind1v1dual
.plants had tq'he 1gn1ted. Thls was done either by spreading

burnihg embers or llghtlng with a kerosene fueled drip

torch.

»

Selection trials in the spring ware preceded by a
conditioning period of one week. Deer were placed in
enclosures adjacent to the trial while cattle were penmltted

to graze ad]acent fields. - Water was provided agd llbltum

throughout the condltlonlng and trial perlmhsgA pellete;>
rétlon (Buckerflelds Dairy Ratlon), cgns1st1ng of oats,.

bquey and cormn with soybean anq m;neral supplement vas

' “
provided the deer durlng the condltlonlng psrlod The ration

"
wvas removed the nlght prlor to the trlal. Regelln et al.
+*
(1976) found that feedlng a supplement to tanme dee% did not’/

ffect thelr selectlon bf natlve fofrage.

Forage selectisn was obhserveid by both direct and
K . . - . . ‘ 1 '
- indirect methods. Direct observations were made by one .

1 .. i K
observer, with tape recorder, assignedftO'each animal. ‘The
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tape recorder was eﬁgaged while tbhe animai was searching and
.ingesting forage,>T e numbet of bites from each forage.
species were recorded by plot. A bite was counted eachitime
forage wae ptehended and removed. The time spent feeding in
each plot was measu\ed wvhen the tapes were transcribed. The
animals eere observjd at three discrete periods in every
tri;i. Thdsbeach period of observatioh yieIﬁed information
on an'mal response to the treatments at varying levels of
utili:Ltion; The time and duration of each period whs
dictated by animal activity. The first observation of every
trial began aboyt 7:00 a.m. when the animals were introduced
into the study area. Intense feeding for about ome hout in
'early«morning was followed by a period of fest. Feeding in
late mornlng and afternoon was sporadic, lastlng for 15 to
30 minutes. The perlod of observtion was extended to
accommodate a 51ngle 1nd1v1dual vholwas feedlng, or
contracted when dll animals were inactive. ;l
Indirect observations of" forage utlllzatlon, selectlon
and relative preferences were made only on green forage of
pluebuiph wheaté:ass. Permanent 1-m2 sub—plots were
"established in =zach plot. Single suo—plots wvere centrally
located in one_tandomly selected’quadrat on ‘the deer plofs
and one,Ln,each half of the cattle plots. The latter
approach.reduced‘thertime for relocating the sub—plots; All
bluebuhchvwheatgrass plants were mappeg onto a grid and
‘measured one. day ?rior to the start of thettrial (Su:vey 0) .

'l

Plant measurements consisted of the circumference near

N
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ground level and’an estimate’ of plant‘heighf taken as the
average of the tallest tiliers. surveys to estimate
utilization were made two of three times during the trial.
Ohe’survey was made after each Qeriod of direct observation.
Utilization estimates were mgde fron measurements of
residual_tiller length and estimates of the proportion of-
plant area grazed. |

In order to relate plant measurements tq dry.weight,
éolynomial regressions of weight to plant volunme and percent

accumulated weight to percént accumulated height were

calculated from 20 or more control plants. The plants were

selected according to size, shape andvbasal,uniformity. The

bases'of selected plants were rOund and tilleré were
distributed throughout. The'circﬁmfetepce gnd height of ea;h
plént were measured, as above, by the.éame peféon to reduce
variation.. The plants were ‘then clippedIAt 5.5 ém, sorted
according to mature and gfeen forage,vdrieé at 65°C and
weighed. The majdrity of intac£ tillers‘wéfe’then aligned at
the basal end and éegmented into five parts;daccqrding to 20
percent of thé measured height less 1.5 cm;lThe.parts were
dried, weighed and converted to percent af ﬁotal weight of
all part§5 h

élént volume was calculated as a éone. Regréssions
describing plant Qeight (Yv vt.) on plan 3volume (Xv) ani

proportion accumulated weight (Yh wt.) on proportion

)

accumulated height (Xh) were tested fqrfsignificadce

(P<0.05) to the 3rd degree polyﬁomial according to Goulden
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. . .
(1952). The X and Y coordinates of 0,0 and 1,1 were entered
with each data set thus forcing the regressions near those

points. Definition of the 0,0 and 1,1'coordinates justifies

»

their membership in the data set.
The 1n1t1al welght of green bluebunch wheatgrass in

each sub- plot was estlmated as: z:th i where Ywt.i is the

weight of the ith ptant in the sub- plot hav1ng n plants.

]

‘ Re51dual forage at survey j in each sub- plot was estimated as:

Z[th i % Yp wt.ij + [ (Ywt.i - (¥wt.i * yp wt.ij)) =

((100 Xa 13j)/100) 11, where Yp:wt.lj is arn estimate of the

_dsﬁey“j. and

modified by. the percent proportion of plant_area (Xa ij)

proportion weight of plant i remaining at

which was grazed at sarvey j. Utilization in each sub-plot °

L 4

at the first survey was estlmated as: Z:(Yut i- re51dual
. |:.|
,j 1) and utilization at each survey, from j=1 to j=m-1
n
thereafter as: Z:(re51dual i.j-residual i,j+1) where nm is
;-_\ - . ' '

the total number of surveys nade.

Forage selection was expressed, in. percent, as the-

N P

weight utilized from a treatment to the weight atilized from
all treatments: Relative‘preﬂgrence of ea"h'forage class was
calculated as the proportlon utilized divided by*the
proportlpn available. The proportlon‘utlllzed was the
quotient of theiforage selection term and waS‘estima%ed for
between surveys j and j+1. The proportion availlable was
,estimated from survey j (survey j increments by 1-to m—1).h

The tlme regulred per bite was estimated from the total

number of bites taken from all forage species and from the
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total time the animals were actively foraging. Separate
calculations were made for each treatmeht. The weight per:v
bite was estimated onlj for between s.rveys 0 and 1 since
the bite count for this period waszvirtually éomplete. The
weight was an estimate of total utilization from the plots
of each treatment. In addition, an estimaté of the weight
per bite relative to the control could be made for eack
‘additional observation despite an incomplete count. This?was
done with the assumption that bites not courted were
distributed in the same proportion among treatments as those

“that were counted.

5.1.2 Second Year after Treatment : S “

Observations in the secqnd year affer.treatment (1977)
weré made in the same months and at the same sites as in the
first year, with one exception. Cdﬁstraints.on time and
increasing irritability amdﬁg anima;s pfévented observations

to be made on deer in the Douglas fir compupity.>

1

Furthermore, personal observations on free ranging deer have

shown that the treed communities on the lower‘rangés were
occupied.primapiiy fqr their cover qﬁalities whilélthe open
communities were oqcupiei for their forage quélities. These
conditions minimi%g the importance 6f§a'clipping or burning
effect in the second year after treétmént.

’ The sequence in which tke trials were madé was modif%ed
f;om ;he:first_yéar.‘Rather than alternating betweéﬁi

: T:?)Enunities_and dispersihg'them.through the month, a

1
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duplicate set of trials in each commtnity was made
simultaneously or in immediate succession. The trial sites
for‘deer were contiguous which enabled them to be combined.
The trial sites for-the cattle were separate and

- Oobservations at each were made individually.
| The second year treatment effects were studied using
four animals of eacﬁ species. The cattle were yearling
females thle the deer were one and tw%¢year old nales and
females. The animals were condltloned for several weeks in
enclosures adjacent to the sites. They were provided water
ad libitum and the deer were also provided uith‘a’pelleted
ration (Buckerfields Dairy Ration). The rationwas removed

one day before the trial. L N

Forage utiliﬂatidn, selection and relative preferences
were observed ihdirectly on the plant as in the first year.
The deer and cattle were observed bbth,forga'total of four

days in the big sagebrush community and the cattle were .

&

l observed for a total of three days in the Douglas fir

community.

:

Esfimates of aveilability end utilization of gree
ferage vere made asldescribed earlier. Calculations of the
relationships of volume £¢ weigh£ and of height to weight
were modified somewhat, by descrlblng plant ablume as' a

cylinder and by forc1ng the regress1on llnes through the

lower and upper coordlnates by statistical methods (Greig !

and Bjerring 1977). These calculations were made for plants
¥

from each treatment (Part I, Section 1).

“# b . N . \
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Availability, but not utilization, estimates were made
for one year o0ld weathered forage. Weathered fbfé@e
répresents the posflgrazing regroth in the firs; spring
after treatmgnt. It was assumed that deer did not utilize
this forage. Consumption of weatgered forage by cattle may
be estimated by assuming it vas utilized in the sare
proportion, of initial plant weight, as‘greeh forage. Some
utilization estimates of wgafﬁéréd forage were .made and
cor:el&teé with thé utilization of green forage to tesﬁ that
assumption. ﬂ ' N

Treatment dlff?reneps of availability and utilivation

3
parameters were tesﬁed usinyg analy51s of varlance. The
‘ i

y var;atlon was partitioned according to Federer (195%) for a
» : : -

- L
Latin square design having more than one square. The rows,

columns and squares \Were tested as a sqdrcé of variatiorn for
bites by indiQidu&l animals in Pbéerfation 1; for the first
year after tréatment, and for the degree of utilizatién at
each survgy in both [years. Dﬁncan's &ul£ipié range test

(LeClerg ggrg;. 1962) was used to test for significant

differences (P<O;05y among averages.

|
1 First Year after Treatment . &

5Initiél availability of bluebunckhk wbeatgraes was /

similar among treatment in-the deer trlals (Table 16/i In’

the cattle trials, h wever, avallablllty in the Cllpped and

burned‘ireatments véJ less than in the control (Table 17).

- |
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Table 16. Effect of fall clipping or burning on bluebunch wheatgrass
availability and 1its utilization by deer in relation to
average grazing intensity in two communities during April,
1976 (n=12). »

+ Calculated as: (Total utilization :

*  gn/m2 ¢ 1 SEm.

a-c¢ Means in row, at e;;h time, followed
differ significantly (P » 0.05). '

u

o

~J>

Total available)x 100.

with the same letter do not.

f

Mid-April Late April
. Grazing Grazing -
Control Clip Burn intensity* Control Clip *Burn intensity
Artemisia tridentata '
Available Forage
6.7 $0.9a* 5.9:1.0a 4.4:0.7a 0 7.2 t1.1a  7.1f1.5a 7.4¢1.4a 0
Forage Utilized
0.02:0.02a 0.7:0.2a 2,4+0.5b 19 0.01:0.01a 0.5:0.2ab41.8:1.0b 11
0.2 20.1a 1.2:0.2b 1.1:0.2b 33 0.4 #0.1a 2.620.8b 2.8:0.5b 38
0.5 #0.1a 0.740.2a 0.7:0.1a 44 1.1 #0.2a "1.1:0.2a 1.5:0.6a 55
S
{ Pseudotsuga menziesii
Available Foragei
2.0 *0.2a 2.1#0.2a 1.6:0.2a 0 . 3.7 #0.5a " 3.6%0.4a 3.520.4a Q 0
., Forage Utilized B
0.01:0.00a 0.3+0.1b 0.8:0.2¢ 20 . . 0.01+0.01a, 0.6:0.1b 1.0+0.4b 15
0.1 :0.02a 0.420.1ab 0.6:0.2b 39 0.03:0.02a 0.4:0.lab 0.8+0.2L - 27 -
. .
f
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Table 17. Effect of fall clipping or burning, on bLlucbunch whecatgrass
availability and its utilization by cattle in relation to
average grazing intensity in two communities during May,
1976 (n=12).
Early May o Late May
Crazing . Crazing
Control Clig Burn 1ntcnsitz+ Control Clip Burn intensity
R } ) [t
Artenisia tridentata
““Available Forage .
70.424.5¢* 42.6:5.3b 27.9:+3.4a 0 B88.6+8,3b 61.8:8.8a 47.5210.1a 0
Forage Utilized
0a " 14.8:3.2b 14.8:2.1b 2L, % 1.6tlika 26.7:3.8>  27.7:5.8 27
0.9:0.5a 6.9:1.6b 6.0:1.1b 31 8.0:2.4a 8.8:2.2a 9.8:3.0a 41
25.443.2p 6.0:1.6a 2.2+0,.8a <55 28.0:3.3¢ 11.322.4b 3.5:1.0a 62
)
b .
Pseudotsuga menziesiy
- . . Available ‘}:orag: .
33.512.2a 28.3:3.3a 27.8:3.8a & - o 46.248.4b 21.624.8s  26.0:4.5a 0
Ry - N : l,, ° A -
. ; Forage Utilized
SR SN . siige Ttlllzed
| e ¢
* 32,78 43 0.02:0.01a 13.12#3.0b  16.5:2.9b 33
_ X ,3.2:0.8axp 55 0.7:0.3a .  3.021.0ab  4.4:1.7b 42
2..1:0.143 1.8:0.5a 78 e 23.8:3.9b 2.1¢0.4a 2.l5:O.6a 73
% E_:) @ “
- , \
» Caleculated as: (Total ul':i‘]izarior_\ i Total availa\blc)x 100. 4@5’

A gm/2m2 ¢ ) SEm. - -

difffer significantly (P > 0.05). +
\

a-c Maans in rowv, at each 'tiJne, folloved vith the same lctter do nit
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Furthermore, Lkluebunch wheatgrass production in the big
'sagebrush commun?ty was less in the burned ared$ than in the
clipped.. i o

‘Deer ;nd c;tfle selected a greater proportion of
bluebunch wheatgrass thar of any other species (Tables 18th$\
19, 20, 21). Deer 4lso selected a large proportion éf
Sandberg's bluegrass as well as a variety of forgs. As
bluebunch wheatgrass selection declinede¢from observation 1
to 3, Sandberg's bluegrass selection irnrreased. Gaiection nf
forbs by_@o@r appeared to declire ip the big saqebrush
community and to increase in the Douglas fir gommunity frqm'
observation 1 to 3. Tkere was no evidence to indicate that
selection of forages, other than bluebunch wheatgrass,
differed among the burned, clipped and control plots.

The oni? non—-grasss forage selected 1n major
proportions by cattle was crazyveed (OXytropis campestris)
in the Douglas fir community. This forb was available only
on that range and was readily selected from each treatment
(Table 21).

Individnals of both deer »and cattle selected bluebunch
wheatgrass among treatments in % siwmilar manner during the
first ohservation (Tahle 22). Generally, the numbetr of bhites
taken from each treatmentvincteased from the control to thr
clippoﬂ to the burned. Differences between the latter were
often not significant (P)0-0S).

Select ion of blunebunch wheatgrass, determined by

»

indirect measurements on the plant, closely reflected
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felection based gn'bite couutéi As graziugvinteasity
increased, selection d;ﬁferences amougltreatments decreased
(Fig. 7.and‘8) and, "for cattle, reversed in order of ‘
uagnitude (Flg. 8).:Deerhwere extremely reluctant to swltcb
from a preferred forage to one less preferred (Flg. 7 -

#
Utlllzatlon was about twlce as hlgh on bluebunch yheatgrass

from the burned treatment nhan from the cllpped treatment

yet the proportion selected was SLmllar.‘Deer switched fron

v <~

gra21ng the clipped plants “to the cantrol plants in late

Aprll at 55% grazlng intensity. At this p01nt the degree of »

~ A
bluebunch wheatgrass utilization on the cllpped.and control

plants was 60 and‘BO% respectively.

Cattle selected 51mllar proportlons of bluebuﬁch
wheatgrass from the cllpped and burned treatments at all
levels of grazing 1nten51ty (qu. 8) - Swltchlng from the
treated to control plants occurred between 40 and 55%
grazing intensity. This p01nt occurred, 1n the b1g sagebrush
community, when cl&pped'and burned plants were utilized 55
and ' 75% respectively and,‘in the Douglas fir community, when
:clipped and burned plants were utilized 70 and 80%
resgectively. | N

| ;eer showed greatest ﬂflative preference for bluebunch
wheatgrass from the burned.treatment at all levels of
grazing intensity (Pig. 7). Relative preference for the
control'increased gradually with increased utilization.

Cattle responded in a similar manner as deer but vit

variation (Flg. B). Cattle showed less contrast in thelf\\\_//,——x\\

* .
-



Figqreﬂ7.

-

First year effect of fall treatment (control,——; clip, ;
burn,—-—) on the utilization, selection and relative prefer-
ence of bluebunch wheatgrass by deer, relative to total util-
ization from all treatments in two communities during May,
1976. Utilization differences between treatmegts that have
different letters are significant (P <0.05).

e
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Figure 8.

First year effect of fall treatment (control,—; cf@él:;yp_
burn,—-—-) on the utilization, selection and relative prefer~'
ence of bluebunch wheatgrass by cattle, relative-to total

utilization from all treatments,. in two communities during~,
May, 1976. Utilization differences between treatments that*

have different letters are significant (P< 0.05).
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relative preferences for cliﬁpedjand burned plants; contrel,
pPlants were preferred relatively more as other forage
disappeared.

The average time per bitenof forage mas, generally,
highest in the control and least in the burned area (Tables
23 and 24). This relationship did not appear to be affected
by the level of utilization.

The welght per bite of bluebunch wheatgrass was
vaffected by botb treatment and level of utilization (Tables
23 and 24) . The weight per bite from the control was
insignificant relative to the weight per bite fronm the
clipped and burned treatments, for deer, this ratio was
approximately 1:6 for the Cclipped treatment and, 1:12 for the
burned treatment. The ratio between the clipped and burned
treatments was approximately 1:2. For cattle the welght per
bite ratio from the control to the cllpped and burned
treatments vas about 1:5 in two trials, 1:4 in one trial and
1 1 in another. The weight per bite relationship between the
clipped and burned treaiments w¥as not consistent among
cattle trials. 2n the contrary, a bite fron clipped
tredatment was larger in the big sagebrush community and
smaller in the Douglas fir community.

In the deer trials, the weight per bite relative to one
another tended to equailge as drazing intensity increased.
In the cattle trials,'ho%ever, a reverse situatlon developed
wvhere a bite from the cdntrol Plants was from 2 to 1b tines

heavier than a bite from the clipped and burned plants.
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Foliage height of bluebunch wheatgrass was similar
among treatments in April, however, differences became
apparent in Mayb(Table 25). In the big sagebrush community,
foliage of burned plants was shorter than foliage of clipped
or control plants. In the Douglas.fir commﬁnity, plants of
both clipped and burned treatments were shorter than foliage
of control plants.

Average stubble heights (+1 SEm), for plants of the
clipped plots were: for the deer trials in the big sagebrush
community, f.2+.4 and 5.5+.1 for wid-April and late April
respectively; in'fhe Douglas fir community, 7.1+.4 and
4.7+.2 for mid-April and late April respectively; and for
the cattle trials in both the big sagebrush and Douglas fir
comBunities, 4.8+.3 and 6.2+.3 respeétively. The values
above €& c¢m were significantly (P<0.05) greater tharn those
less than 5 cm. Burning reduced the stubble to an average of
3.0 cm in the big sagebrnsh community ardi +o 1.8 cm in the

Douglas fir community.

5. 2.2 Second Year after Treatment

Dry matter estimates of available weathered forage
(post-grazing regrowth) and spring production are qifen in
table 26. Estimates of weathered %oraqe varied considerably
among tvials and treatments. Tn the big sagebrush community,
weathered fpfgge vas most abundant in the control plots of
the Acer t&ia}s and in the burned plots of the cattle

A\
trials. fiowever, in the Douglas €ir comrunity, yields tended
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to be greater in the qbntrol Flots. r

Available weatheced'forage was similar amoﬁg treatments
between the two cattle trials in the big sagebrush
community. In the Douglas fir community, however, the burned
and clipped plots of the trial grazed in late May had about
35% less weathered forage than their counterparts of the
trial graZéa in early May. This trial x treatment
interaction also existed, but to a lesser degree, with
spring production.

Althgugh estimates of spring forage production did rot
differ significantly (P<0.05) among treatments in the bigq
. sagebrush community; there was a consistent trenh for
greater production in‘tbe burned plots. However, in the
Douglas fir community, ;ﬂz)control plots yielded
significaQtly (P<0.05) more for§9e than plots of the other

treatments.

Deer selected a greater proportion of sp:ing pfoduction
from burned ploté regardless of grazing intensity "(Fig. 9).
Blueﬁunch‘wheatgrass from'controi plants was \used least over
the entire periogd. Selectién among treatments inc;eased from
the control tb the burned treatment. Relative preférence for
bluebunch wheatgrass followed the sahe order. Relative
preference for forage from the control was about one-half
that for forage from burned plots. .

‘Cattle selected  forage in a similar manner as deer. but
wifh less contrast.among treatments (Fig. <10 and'11). The

two cattle trials in the big sagebrush community represented



Figure 9.
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different levels of grazing intensiﬂi (Fig. 10) but
selection ahong{treéﬁments was simil r.’Forage from the
control plots was selected least at all levels of grazing
intensity. Forage from the burned piots was generally

r
'\\ B )
selected in the greatest proportion. Relative preference of

vforage from the burned and clipped plots were similar.
However,. tbe cllpped treatment was preferred at lov levels
of geazing 1nten51ty (Trial 1) and the burned treifment at
high 1eVels-of grazing intensity (Trial 2). The c&ﬁtrol ¥was
preferred least throughout.

_Information from two cattle trials in the Douglas fir
community complement qﬁe another (Fig. 11). Ir both trials,
fofage frém control plots was selected most wvhile forage
from clipped plots was selected ieast. Hovever, forage in
burned plots was utilized £o a greater degree than that of
other treatq;nts. Relative preferences among treatments.were
comparaﬁie,”but the magnitude of differenqe was less than in
the big sagebrush community (Fig. 11).

The relationship between the utili;ﬁtion estimates of
sprlng proauctlon (X) and veathered forége (Y) was linear,
with a regreSSLOn coefficient of nearly 1. The”equations for
" this relationship, and their r2, wvere (a) in the big
sageb:dsh community: Y=4.4 + 0.94X, r2=.89; (b) and, in the

pouglas fir community: Y=-3.3 + .99X , r2=.86.
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5.3 Discussion

3-3-1 Th

§§L§9%§§g
7

"Westoby (1974) and Ellis et al. suggest that the forage

Effect of Fall Clipping or Burning on Forage

selection strategy of herbivores can be‘to optimize
nutritional balance. This stragegy describes, in part, the
observations made on'féfAée selection by deer and cattle.

In the early stages of each trial, deer and cattle
optimizea both energy and nutrients by_avoiding litteg and
by selecting burned plants in preference to clipped and
control plants. The nutrient and energy status of litter is
low. Standing litter may have 0.3% nitrogen, 80% NDF and 55%
ADF (Unpublished déta). This compares with, approximately,

% nitrogen, 60% NDF znd 35% ADF in young forage. On this
basis, the predicted digestible energy content (Kcal/gm) for
litter is 1.84 and for young forage,'3.23 (Waldern 1972). 6n
the other hand, voluntary intake (gm/kg body weight7S) is 45
for litter and 63 for yound forage (van Soest 1965)t§§jesé
values, derived for sheep and cattle, indicate that -
voluntary intake of digestible energy (Kcal/kg-body
weight75) would be 83 for litter and 203 for young forage.

* Nitrogen intake (gm/kg body weight75) would he .14.and 1.9

respectively for the same forages. The energy and nitrogen

requirements for maintenance in sheep (N.E.C. 1975) and in

cattle (N.R.C. 197O)Aare'adequately met by young forage bﬁt
considerably deficient in litter.

Earlier discussion (Chapter 3) indicated that prbdicted
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dry matter, miﬁeral and digestible energy intake in May was
greatest for burned plaﬁts- Nutritional balance would,
therefore, appear to be optidized by cattle selecting those
plaﬁfs in prefernce to forage from othLer treatments. |
Although deer disyplayed similar preferences, nutrient .
‘differences were less pfonouncedAand‘predicted energy4not
consistently different among treatments in April (Table 10).
This indicates'that other strategiés alsc play a role in
forage selection.

Evidence for another strétegy, to minimize time of
forage intake, comes from the relative dry matter capturs
rates (calculatedbas the weight per bite relative to the
control, divided by seconds per bite; from info:mation in
tables 23 and 24) . This assumes that the time required to
take a bite of bluebunch vheatgrass fronm each treatment was
pfoportionate to the tine requi;ed per bite for both green
forage and standing litter from that treatment. Conshmption
of standing litter maqgy be predicted fron observations made
in £he field 5y the author. Although deer may have idgested
litter, that proportion would be minor. Deer vere-observed
to select new growth from among standing litter. Cattle, on
the other hand, éppeared to utilize standing litter in
proportion to new growth. Since the proportion of new groyth
to standing litter was about 1:1 in the big sagebrush
communlty and 1:3 in the Douglas fir community, an estlmate
of utilization may be obtained by using the approprlate

nultiplier. , .
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Generally, for both deer and cattle, the relative
capture rate during the first period of observation was
greater in +the treated areas than in the control. This could
not, however, acceunt for_thé disparity in utilization
betveen them. For example, in the deer trials the relative
capturce rate rat}o of the control to burn averaged 1:14
while the utilization ratio of the control to burr averaged
1:uu.{The corresponding ratios for cattle, edjusted for
mature foragelin~the control, were 1:15 and 1:100
respectively;

As grazing intensity increased, the treatment ratios
for relative capture rate and utilization tended to reverse
from those above. Wherepna third observation for deer vas
obtained, the ratios had declined to‘T:i.S and 1:1.4 for
capture>rate and utilization reSpectively._ihe corresponding
ratios for the third observatioﬁ in the cattle trials were
39:1 and 28:1. The ratio Simi;atity demonstrates potenfidl
effect of.captﬁre rate on atilization; indifﬁting greater
importance of the time minimization strategy of selection as
food became less -available. | o \

Selection among treatments, in the second year after
treatment (Figures 9 to 11) was similar as in the first year
(Figures 7 and 8). The most obvious difference from the i/_;;%i;//
first was a decline in selectivity.. This was partlcularlx//
noticeable with cattle who demonstrated llttle oTr no
preference for forage from either the cllpped or burned

o

plots.
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Two factors thought to affect selection in the fifst
year after treatment were the presence or absence of maturs
forage and &ifferenbes in plant qheﬁistry. In the second
year mature forage was present in all plants. It fact,
tiller density was greater in plants on the burned plots and
less in plants of the control (Chapter 3). Théreforé, an
hypothesis of forage selection based solely on the barrier
effect of mature foraée would be rejected bj evidence fron
this study. Apparently.plant chemistry was important in
influeﬁcing selection although deer displayed reluctance to
select forage from égpng weathered stalks Hhere their

density was high. -

5-3.3 Comparisgn of Deer and Cattle Forage Selection

The above discussion w;s general to ﬁoth deer and
cattle. Selectionfdifferencqs betweg% the two were evident
and may be explained on a tactical basis. E variety of
tactics have been hypothesizéd (Ellis gﬁ al. 1976). 1In
general they pertéin to nutritive reéuirement and foraging
efficiency. To contrast between deer and cattle, perhaps ‘the
most important differences influencing selection tacfics are

their metabolic weight, rumen to metabolic weight ratiQ and

mofphological differences of the mouth; The first influences
nutrient requirement, the second the ability to ingest
sufficient nutgients and the third, the ability to select’ <

sufficient quality to meet their nutritional requireménts;

For example the metabolic weight (W75/kg) of a 540 kg cow
. ;

§
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and 70 kg deer 1s'1i2 kg and 24 kg respectively. This ™
indicates that deer require 1.6 times more energy per kg -
live yeight.than d&es the cow. Furthenﬁore, the
rumino-reticular volumev(lf in‘proportion to live weight
(kg) is about 10% for-deer and 45% for cattle. This
demonstrates considerably less ability by deér to retain
forage and contributes to a less efficient digestive.system.
These handicaps are'offset;,in part, by morphkological
différences of the mouth permitting antelope and,
presumably, deer fo seléct a higher quality forage than
‘cattle (Ellis and Travis {975). ’

Although the fggding behaviors of deer and cattle were
not studied concurfeﬁtly, several comparisonsg can be made.
Deer selected a greéteﬁ\proportion of forbs despite their ™
availability being less in April than in May. Deér(also
selected more Saudbetg'sAbluegrass. This forage was probably
'mos%/ﬁniritious in April prior to cattle.use- In additior,

, , - . ' &L
thé\short leaves of Sandberg's bluegrass limits utilization

)

by %?ttle.

~

!
- 1 i '
The observations among-trials for each species were in

close agreemeit with one another. Several noteworthy
exceptions were evident. Among the deer trials the burnei
treatment, compared to the clipped, was preferred relatively

more in the big sagebrush community than in the Douglas fir

community., This indicates an interaction of the environment -



10€

with factors determining preference or a response to the
relatively low biomass present in the Douglas fir community
(Table 21). The latter effect would be to reduce selectivity
by increasing the search effort and reducing the profit
associated with the animals' choice. In fact, the estimated
weight per bite from the burned treatment in the big
sagebrush community was 1.9  times greater than a bite from
the clipped plot (Table 23). In the Douglas fir community
the Aifference was by a factor of only 1.2.

Pear and cattle both took more foraqelper bite in the
big sagebrnush community than in the Douglas fir community.
This effect was ¥ikely the result of lower forage
avaj.lability in the Douglas fir community (Tables 21 and 22)
and shorter tiller lengths. Allden and Whitaker %1970) found
that, sheep increase their bite size aiﬁost linearly with
increainag tiller lengths. | }

TH@ uncharacteristically heavy bite estimate by cattle
from control plantg'{n late May, in the bhig sagebrush
commup ity (Table 28), may he explained on the Lasis of
+i11$} Tength as wvell. I@;that trial tiller lengths were
unusually high (Table 25), a about 2 cm below the maximun
beight of standing litter. This length may be sufficient to
negate fho.harrior effect evident in the early stages ;f

grazing-
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Production_estimates of weathered and sprinrg- forage werz
influenced by bpth fall treatmenf and subse@uent spring
grazing. Earlier work (Chapter 3) has shown fhat tillering
in bluebunch wheatgrass vas somewhat stimulated by burning
while spring grazing stimulated considerably more tiller

development. Tan et al. (1977) found tiller dénsity to be a

N

results ir a first y=ar declire in production of grasses but
in folloving years yields may be higher than nqrmal. This
implies liighter first—year tillers on burned areas amnd
recovery toward normal weight in the second year.

In the present study, the post-grazing regrowth was
represented by weathered torage. The contrast in yields
amondg treatmeqts between the deer and cattle trials, in the
big sagebrush community, is difficult to interpret. Although
experimental error cannot be ruled out, several explanations
may be proposed. One is the time of first grazing following
treatment. Grazing:by deer océurred invApril when the
carbohydrate reserves were minimdx.’MéLean6,reported«that

the lowest carbahydrate reserves occur when leaf length is

- N e - o - e

-abohf 17 ém:wA£'this‘tiéé-ih;‘plﬁn£‘iénéu§céptiblevto:damage-
by sévefe.defbliation. By ﬁay the carbohydtafe reserves have
‘beén réplenishea'and defoliatiqﬁ is less damaging. The

varying resbonse ;%ong treatments in April was probably

caused by different levels of utilization. The first year

¢McLean, A. 1978. Unpublished report.
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4

utilization for the élipped and.burned blots was about 60

and 90% respectively while for the control plots it was

- about 20%. Forage utilization insthe clipped and burned
plots of the May cattle trials was also severe. Alt hough
carbohydrate reserves were not believed limitng, the length
of favourable growing season was (van Eyswyk and Btoersma7
1977) . Differential response among treatments was caused by
a greater number of tillers on the burned plots. )
Pést—grazing tillering in the first year after treatment
showed 50% more tillegs in plants of the burned plots than
in plants of the clipped plots. The intricafe relationships
described above reguire further study.

In the Dguglgs fir chmunity, the relationships between
treatment and yield were similaf bétween the two Eattle
trials althougk differences in magnitude occurred. Tillering
was less a factor on this raﬁge (Chapter 3) ard residual
leaf area after grazing seemed most important. Fi;st year
utilization of the control plants was about 20% and for the
ﬁclipbed aﬂd bﬁggedﬁplAnts, 66 and 80%erspéc££veij, ?hev‘r.
greater contrast among treatments ih the s§cbnd:ﬁrial mayibg

‘influenCed by a shorter favbﬁrable growing séééon réhainihg
~after grazing.

Spring productivity showed two respornses, defined by

community, among treatments. Although not significant

(P>0.05), there was a trend for production in the big

>
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the result of increased tillering. Tillering was'also
enhanced in plants of the Douglas fif community, however not
sufficien¥ly to compensate for a lighter tiller.
Conseqﬁently, yields were less on the burn than on the
control areas.

The effect of the grazing x treatment interaction on
plant mortality was not investigated. No effect was evident
on the basis of plant density among treatments. Mclean®
(1978) reported 23% mortality among bluebunch wheatgrass
plants clipped more than opce to a height of 5 cm in April
and a more severe =ffect for clippings in May. Evidently,
the short interval of the first spring grazing trials
simulated a single clip.It is not damaging if subsequent

soil moisture is adequate for growth.

\
8Mclean, A. 1978 Unpublished report. /)

P



6. FORAGE SELECTION AND DISTQIBUTION’OF USE

/
6.1 Methods ’

Four trials were made;:; two with‘deer and two with
cattle. One trial was made for each species in the big
sagebrush community and one in the Douglas fir community.
The trials using deer were made in April (1977) and those
with cattle in May (1977). The dates corresponded té the
pé?iod of normal range use by'each herbi%pre species. Foar
animals were observed iﬁ each trial. The deer were a male.
aﬁd female of both 1 and 2-year age classes. The cattle were
yearling heifers.

The design was unbalanced, randomized complete block
with 6 plots and 3 rows. 6ne plot was burned, 1 undisturbed
(cdntrol) and 4 grazed. The treatments were made in the .
fall. Burning was done in November when the relative
humidity avéraged 55% and the temperature 5°C. Bluebunch
wheatgrass plants were igrited individually with a propane
toroh. Other flammable material was also ignited. Fall
grazing was by cattle made prior to the burn and the control
plots were protected by fences.

The area of each deer enclosure was .15 ha and of each
catfle enclosure, .67 hq. The deer‘ehclosures were fenced
with fish-net to a height éveraging 1.7 m according to
methods described by Willms et al. (1978). fhe cattle

enclosures were fenced with 4 strand barbed wire. The
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animals were con%&tioneﬂ in similar habitat for at least 7.
days prior to each trial.

Availability and utilization estimates of bluebdncb
.wheatgraés were made indirectly as described ir section 1 of
this part. The modifications made in the second year af£er
treétpent were included in calculations for the present
estimates. Basically, the observations were mad% on the
plant. Meter-square sub-plots were systematically placeld
within.eacp plot, the plants mapped on a grid and their
basal areas and heights measured. In adjition, the grouni
cover of eaeh species wvwas estimated in 1% clasges to 5%
cover, and thereafter in 5% classes.

Four sub-plots were established per plot of the deer
trials and 16 per plot of the cattle trials. They were
surﬁeyed'énce’each day of the trials. The survey consisted
of estimating, for each bluebunch wheatgraés plant, the
average stubble height and the pioportion of érea érazed;\
and, for each additional species, the proportion of area
grazeé. The deer trials were surveyed seven and five times
in the big sagebrush and Douglas fir communities
respectively; the cattle trials were surveyed four and fi&e
times in those communities respectively. Trials in the big

sagebrush community were made first, followed in seven days

by the trials in the Douglas fir community.

6.1.2 Studies on Free-Ranging Animals~ =~ -+ -
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~Two fields, each with an area;of,about_150 ha, were

available for obserVationQ Both fields had u1% Douglas fir

communlty and 59% big sagebrush community. The proportlon of

. each habltat in the ‘big: sagebrush community was '25% steep:

SOuth faCLng slope, us% knoll, and 27% - flat fleld (The
habltats were dlscrete 1n space and thelr juxtap051t10n,
relatlve to one another, the same. in each fleld; One fleld
was grazed by cattle in the fall with a stocking rate of 3 1

ha per AUM. Habltat utlllzatlon by cattle was not obsenged

in the fall but . prev1ous work (McLean and Wlllms 1977) yéf:

revealed that greatest use. occurs 1n the_flat fleld habltat

and the least use normally occurs-in the treed habltat.

Two small burns were made in winter (1976-77) , one in a

fall grazed field (.25 ha) and £he other irn a fall ungrazed
field (.5 ha). Insufficient drying times between periods of
rainfall maintained moist fuels and restricted the burns to

areas of high grass litter accumulation.

Five sites (A-F) were selected accordng to available
treatments (Table 27). One hundred or more 1gd1v1dual plants
of bluebunch wheatgrass were selected at each site and their
dimensions recorded. The plants were selected within a
lihear belt transect, 1 m wide anjd oriented to sanple a
representatlve area of the 51te, Those plants selected were

1dent1f1ed by color code sprayed on the ground at thelr

T

¥oe

base. Piants Hlthln the transect were. 1gnored 1f they could



113

3

* (0" OV mv mauchHchwﬁm 1933TP 10U Op 1933137 °WES YITM MOl U sa¥wiaay na

0 - 'TTeJ UT 37133®D 4q pozeIy -
. - o . ssvi8ieaym . .
7°7eG"T €745 ¢ _ _ 1:0°0 Younqante-173 serdnog .3 )
. ,m D . . sseifjeaym |
7°790'9 7'FEr'y $*¥96°¢ - 6°TFE G - Ti60 4ounqanTq-113 seydnog - g

(u03003 1esu) sseifivaym . I

[T R £°%9Z2°'9 .o E70F9° L T:0°T . 4oungsniq-iry sefdnoq - )
’ . 8uojoda ysnaqades . - - - .
9'FeLTY B'¥EG Y . 6 0397 o T:0'% 81q-173 sef8nog- g |, -

) “ s : .H (TTouy) mmmumUmopaﬁu” R
G ¥BL'G ryegrg 7oFTTL T:7°1 ysunqeniq-ysniqages 3rg, -y . zW
pauang ‘vmumuo Toa3uo) (ugsFmd) pazeadun sjueTd , ﬁzm,w_w o

(ugsSFx {3uerd/ud) - sjuetd pazead /+p22z®13 sjuetd T
mwmuow Sutads TqBTTEAY 30 3y3tay arqqmag ‘uor3aodoag uoT3dTIos3p 3IBITQEH. -3ITS Lo

*?a[33ed mcﬁwcmulmmuw Aq-
UOTIeZTTTIN sseadieoym :uﬁ:nw:Hn uo uumwww Juawleail 3o Apnis ayl 103 COﬁumﬁuumwv NUﬂm i hﬂ.@ﬂﬂﬂ@

: . . . £ e '
<y



114

not be distinguished from one another without labelling or
if they were toobsmall (<15 cm circunference). Estimates of.

utilization were made weekly during the grazing period.

6.1.2;2 Forage Selection by Deer

Treatment selection by free4ranging deer was observed
voﬁAsites*prepared,for other studies. Ihe.sites for the study
‘of confined‘cattle‘(Chapter-6.1.1) provided 2 erees. Borh (A
inirhefbig'segebrush community enqu }DL?thbougla$;fi§‘Qf~4~u
community) Eadfraﬁdomized-complete»block~designs and were
‘thnbeiaﬁced. The OUtSlde dlmen51ons were 82 X 82 m. A third
site; C, was prepared for studylng the grovth and morphology
of bluebunch- wheatgrass (Chépter 3) in the Douglas f1r
community. The design was a 3 X 3 Latln square and the —
out51de dlmen51ons were 12 x 15 n. Sltes A and B were fenced
with barbed wire which was readily permeated by deer. Site C
vas not fenced and fall graiing'was simulated by clipping
with an electric povered sickle bar. Forage selectioh'at all
51tes was measured as the proportlon of plants grazed to‘
plants ungrazed. The plants were sampled in a belt transecté
established parallel to the rows and across tke plots. Ten

transects were used at sites A anéd B and 6 transects at site

C.

6.1.2.3 Migration and Distribution of Deer on Spring Range

An estimate of the relative seasonal distribution of

deer use on springbrAhge was made with night—time surveys



1
R

. encompassing the fieldsrdescribed above ‘and on additional

spring range. Deer counts were made by an observer, usiny a

4

’300 OOO candle power spotllght standlng at the back of a

'slow mov1ng pick- up truck Counts were maie on 18 occa51ons‘

from 18 Februaryrto 1 April ’along the same 17 km transect.

~

The counts were paftltloned accordlng to field to show

changes in distribution. ’

6.1.3 Statlstlcal Analys1s e

VThe treatment ef£ect on blueburnch wheatgrass productlon
~and its subsequent utlllzatlon by deer and. cattle was
evaluated u51nq analy51s of variance and Duncan s multlple"
range'test. Prior_to analyses the utilization estimates were
transformed to a percent of total available forage in each
treatmenta Estimates on the proportion of kluebunch
wheatgrass contributed by each treatment were based on total

utilization for that species. Consequently, the proportion

,‘contrlbuted by the grazed treatment was based on four times

\

the area of the Pthers._Relative preference was calculated
for each: survey as iescrlbed earller.- |

Whererthe treatnent effect was measured as a'proportion
of plants”grazed, the data was first altered with the
arcsine transformation. Since the values for tte control
vere all zero, the reséonse to the burned and dgrazed
treatments -were analyzed using the t-test.
| Utilizationlofvspecies other than bluebunch wheatgrass

were estimated.as the percent of cover removed. The
.
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estimates were weighted amohg'plots by-available'coﬁef.
The effect of: dead stubble on the utlllzatlon of sprlng*
"forage of bluebunch wheatgrass ¥as evaluated us*ng
»regre551onuanalys;sl The relationships were calculatedratVB‘
‘lleielsﬂof”uﬁilizationAwith polknogial eodations to~“the 3rad
degree acCOrding‘ﬁo'Gouldenm(1952).

'THe‘effect of gfazihg intensity on the homogeneity of
utlllzatlon among sub plots was examlned using the |
5coeff1c1ent of varlatlon (CV) . Utllazatlon estlmates'vesev
_converted to a percent of total available‘fofage and the CV
was caloulahedmfor.among suh—plots at each survey and for
each treatment. The CV (Y) was plotted against percent
'utilization (X) for the respective treatment. Linear

equations of this relaticnship were calculated for each data

set.

6.2 Results

sThe”graz;ng treatment; in the deer trials, left an
’average stubble helght (+1 SEm) of 7.7%+.6 and 7.2+.2 cu in
the big sagebrush and Douglas fir communltles respectlvely.
The stubble heights in the cattle trials were 5.8+.3 and
7.0&-2‘cmfin the sanme communities respectively.

Forage yielad was 1ess in treated plots than in control
plots although the dlfference vas s1gn1flcant (P<O 05) in-

only one trlal (Table 28) .- The proportion of available.

bluebunch wheatgrass utilized by both deer arnd cattle was
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highest from burﬁed‘ateas and lowest from control areas
,(figures 12 and 13). The total proportio; selected, however,
was low from th2 burned treatment because availability wes
less. The bupnedAaﬁd coﬁtrol areas were each 1/6th of the
total area angd the éraied, 4/6th. Furthermore, burning

. tended to decreaSe yields (Table 28). r

Deer selected -4 grsater proportion of forage from tbe
grazed treatment than from the others (Fig. 12). The
utilization trends in both communities were for increasigg
use of forage from the control and diminishing use from the
grazed treatment” Deer demonstrated greater preference for
bluebunch wheatgrass from the burned treatment at all levels
of utilization. Bluebunch yheatgrass fron the grazed |
xtreatment was. preferred to" that frowm the'dbntreiviﬁ‘both
commubities except at. the final two surveys in QheﬁDouqlas
flr communlty. Equal preference for the grazed and control
treatments occurred when utilization.of‘the formet was 37%
and, of the latter; 14%. Deer switched from the burned to
the control when the former was utlllzed 73% and the latter,
g% .

Cattle utilized forage from the treatments in a similar
mannef between communities §Fig. 13). The most consp€5uous
difference was in the high utilization made of the control’
in the Douglas fir community. The proportion of both, the
grazed and burned tféatments in tﬁé diet deelined and the

ﬁfgportion of the control increased as .utilization

increased. Switching from the burn to the control occurred,
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Figure 12. First year effect of fall treatment (control ; clip,----- ;
g - ’ ’ ’
burn,—.—.-) on the utilization, selection and relative prefer-

ence of bluebunch wheatgrass by deer, relative to total utili-
zation from all treatments, in two communities during April,
1977. Utilization differences between treatments that have
different léttersgare significant (P< 0.05).



120

Artemisia tridentata Pseudotsuga menziesii

60 -
50
40
30

TUTILIZAYION (%)

20
10

[¢ B S
20
80

60
50
40
30
20
10

PROPORTION SELECTED ™

5 —

57 . o

4 : 4

3 -

2 I -

RELATIVE
PREFERENCE

1 RSN §

I T T r T T —
N 90

3
3
3
84

JOTUAL UTILIZFD (%)

Figur- 13. PRirst year effect of fall treatment (control,——; clip,---- .
biirn,- ---) on the utilization, selection and relative prefer-
ence of bluebunch wheatgrass by cattle, relative to total
utitization from all treatments, in two communities during
May, 1977. Utilization differences between treatments that
have different letters are significant (P -0 0O5).



121

in-the big sagebrush commurity, when the former was ‘utilized
76% and the latter 12% and, in the Douglas fir communiﬁy,

when the same tréatments_were utilized 56 and 12%

_respectiveiy. Relative preferences among treatments were

similar when the burned, grazed and control plots were

fg,uﬁ;lized'about 81, 69 and 29% Lespectively in the big

sagebrush commdnity and 65, 53 and 27% respectively in the
Douglas fir community.

The cover of forb and grass species, other than
bluebunch wheatgrass, and their degree of utilization age
shown in tables 29,30 anad 31. Sandberg's bluegrass,
cheatgrass and needleandthread represented major proportions
of cover in the big sagebrush community. In the Douglas fir
community a variety of grass and forb sSpecies were similarly
represented. The data was stratified into treatments only
for the cattle trials fTables 30 and 31).

The degree of utilization increased approximately
linearly from the first to tie last surveys but varied among
species. Deer selected a greater proportion of available
Sandberg's bluegrass and fleabane (Erigeron spp-) in the big
fagebrush coammunity. Sand dropseed (Sporobolis cryptandrus)

Was not utilized while cheatgrass and needleandthread were

utilized in minor proportions. In the Douglas fir community,

deer utilized species of the forb type (Table 29) most
intensely although pasture sage (Artenmisia frigida) and

yarrow (Achillea millefolium) were scarcely utilized at the

eartier surveys. Selection by cattle was distinguished from



Table 29. Available forage (2

their utilization by

grbund cover) of important species and
decr in two communities.

Avaflable forage

X cover 21 freq. Survey Kumber
Species (x¢5Em) 1 2 3 4 S
Artcmisia tridentata (n-48)

CRASSES:

Bromus tectorwn 2.0t .6 38 0 trd 3 11 13
Poa sandberpid 10.621.1 97 tr 17 3s 54
Stipa comata .2 1 14 0 8 23 29
Sporobolis cryptandrus .22 1 46 0 0 0 0
FORBS:

Eriperon sp. .5t 1 35 0 1 22 45 64

-
Pscudotsuga menziesid (n-48)

CRASSES:

Ardist1da longiseta 3.4 .8 L 46 [} 0 [} [o] o
Koelerfa cristaca 1.4t .3 57 3 8 42 62 75
Poa sandbergif 2.3 7 25 5 5. 19 34 38
Stipa comata .9 2 35 0 .0 2 13 20
FORBS:

Achillca m_il]cfgl_i\ﬂ .6t .2 35 1 1 2 15 43
Artemisfa caudatum 3 1 28 10 10 45 65 74
Artemisia frigida .5+ .3 21 0 0 9 29 54
Astrapulus sp. 232 01 26 16 28 54 73 86
Tragopogon dubius 104 14 26 52 65 85 100

*
Less than 5%

14
61
29

67

122

15
68
30

69
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Table 30. Available fqrage (% ground cover) of impbrtant species and
their utilization by cattle in relation- to treatment ip the
Artemisia tridentata community, b

Treatment and § eciesg
———="~4nc opecies

CONTROL t .

Grasses:

Bromus tectorum
Poa sandbergii
Stipa comata

Forbs:

Calochortus macrocarpum
Erigeron Spp.
Lomatium macrocarpum”

GRAZE¥

Grasses:

Bromus tectorum
Poa sandbergi{
Stipa comata

Forbs:

Erigeron spp.
Lomatium macrocarpum
Tragopogon dubius

BURNT ~

Grasses:

Bromus tectorum
Poa sandbergii
Stipa comata

Forbs:

Calochortus macrocarpum
Erigeron spp.

Lomat{um macrocarpum
Tragopogon dubius

Forage utilized
Available forage Z of available cover grazed)

b4 cover 2 freq. Survey Number
—(x2SEm) i " I

5.0t .9 94 tr* 7 27 44
7.141.1 94 0 3 8 15
7.411.7 67 0 1 17 45
8
.62 .2 25 0 8 25 40
A 01 31 0 6 39 50
s 01 21 0 21 38 62
!
11.3#1.0 90 3 18 31 42
15.6+1.2 91 tr, 3 7 13
4.3+ 4 62 46 67 80 88
.63 .1 46 6 23 48 59
YN 24 13 39 39 39
.2+ 1 18 42 84 93 94
3

9.0+1.7 92 5 17 19 39
7.5¢1.1 185 tr, 3 9 24
7.8:1.0 58 53 . 87 30 95
.5t .2 19 29 32 51 61
.5t .1 35 2 22 42 55
.3 1 25 13 57 64 g4
.2 1 25 21 69 69 . 69

+ n=48; ¥ n=192 ) '

N\
* Less than .52



Table 31. ‘Available forage (% ground cover) of important $pecies and
their utilization by cattle in relation to treatment in the
Pseudotsuga menziesii community.

.Forage utilized

_ Available forage. ... (X of avallable tover grazed)
e S T T R Z.cover . % freqe . . . Survey Number
Trestment “and Species ~ St (KESEm)® 7 St e s el w e PRy AR DI 4 .. 5 .
CONTROL?
Grasses:
Aristida longiseta 1.3+ .4 27 (o] 0 tr* 1 43
Koeleria cristata 1.4 .2 . 67. . . 16 .21 .. 40 56 86
Forbs: . . ' .
Achillea millefolium .5 L1 29 0 3 17 | 32 62
Artemisia caudatum .5+ .1 42 0 4 20 24 55
Astragulus spp. .6 .1 38 12 20 45 2 93
Gailardia aristata S E | 12 0 38 55 59 79
Oxytropls campestris 2.7¢1.0 40 29 54 74 80 94
Tragopogon dubivs I I 27 "33 62 86 86 97
GRAZEF '
Grasses:
Aristida longiseta 2.1+ .5 - 23 tr. 1 4 8 60
Koeleria cristata “1.4x .1 64 22 40 60 74 85
Stipa comata \ 3 .1 10 3 26 57 67 - 80
Forbs:
Achillea millefolium 1.0¢ .1 43 2 10 27 33 60
Antennaria spp. L3 01 20 . 0 . tr, 10 28 36
Artemisia caudatum .5 .1 43 tr 1 16 - 28 65
Astragulus spp. .8+ .1 40 2 19 42 73 93
Gailardia cristata : 3+ 1 21 10 . 45 72 78 86
Oxytropls campestris 2.1+ .6 27 48 61 77 93 96
Tragopogon dubius .5+ .1 38 42 67 84 92 98
BURNt
Grasses: .
Aristida longiseta e L2 ] RO . 0 (o] 10 10 50
Koeleria cristata T 1.1 L2 58 21 32 40 60 83
Stipa comata .04+ .03 4 0 0 50 100 100
Forbs: 4
Achillea millefolium 1.0 .2 52 ’ 2 4 27 - 32 60
Antennaria spp. .2+ .1 17 20 20 20 23 24
Artemisia caudatum 2 1 27 15 20 31 43 70
Astragulus spp. .6 .2 29 6 13 39 61 91
nailardia cristata .2 ] 21 0 23 51 64 91
Oxytropis campestris 4.0x1.3 46 . 35 57 75 83 94
Tragopogon dubius IS § 27 54 87 89 92 99

+ n=48; ¥ n=192
* Less than .5



125

deer by the degree of utlllzatlon among spe01es. in the brg‘
' sagebrush ccmmunrty, cattle utlllzed nost of avallable

needleandthread and minor proportions of available

Sandberg's bluegrass (Table;BQ);'Needleandthread ¥as -also

“heavily utiiized'in‘the‘Douglas fir commurity. The forbs,

.

e ﬁowever;”were*heavilymutilizea.bv%cattle:in-ansimiLar mapner’ =

as by deer. Vetch (Astragulus spp.), crazyvweed and salsify

(Tragopogon Egggggsis) experienced exceptionally heavy use.
Eahles 30 andma, also deFlne selectlon dlfferences for

individual species among treatments. Inltlal utlllzatlon of,

a spec1es, 1n both communltles, was greater on’ the treated

© -

than on‘the COntrol plots. This difference extended. through
to the final survey ‘in the blg sagebrush community. In the
Douglas fir communlty, however, the degree of utlllzatlon at
the flnal survey was smmllar among treatments.

~ ' The effect of dead stubble on grazing of spring forage

3 vas examined using regression. technigues (Table 32). Within
r v BT i )

' P &

4 a data set, the)Y—intercept‘and;regression coefficient . '
usually decreased and the coefficient of determination (r2)
increased with greater utilization. Deviation from:this
generalization occurred in the small oircumference class. In
general, the regression coefficient and r2 of the‘larger
Ccircumference class were greater than those of the smaiier N
<lass, comparable for trial and degree of utiliratiom (Tabieh
32). The equations indicate the barrier effect was 1nverseﬂ7'
proportional to stubble: length and forage availability.

Variation of utilization among sub-plots declined in a

»



Lo \D s ) . .
o N . : : - T
B BT .

4

¢ - . . s

"TTsatzusu ednsjopnasg ‘sw'sq fe3Buspraa mﬁmﬁswuu<..nu.w<.

4 ‘ ‘ S . *(50°0 < d). £13uedyjTusys
,Mmuwﬂw jou op mmﬁomamgvmm mUﬁc:EEOQ Jo 39sqns UTYITA ‘193397 sSwes yIfm ‘83us 0T 33900 GOHmmmummw qire

¢ | .AmoJo >d) IuedoTJITuldys aie *(SN) uoridooxe auo Yira ‘suorizenbs TV !
Tl R GET x 98YE'480°C m g €L 90"  YABSET'+6L'9 = L9
ST SL BTt x OTNGTH0E' 6 m g SL LT x OEYy 4TS TI=x . Gy
. ©OUSL TTT X 9949°4ET°6Z= SL 10" X ®660° LE'Sz=x 0T aT31®) 84
S 19 X BLGHELy g =2 SL YT X BOYh4G7E = X 0L
Vol ST TSt xABYZETAN9TY m g SL LT XYBH0S'459°9 = X - 4G | .
oD BL s U oy awnlt4€0°8 = SL 0T"  y9BOTS'+0L°0T= g€ 27338) ay
COSLD 79T X WTEGT4RY Iimy 0L  TS'  x BIBE'+I0°C = 4 L€
CLSL 97T X ABYH94ZT Y m g 0L 90"  X4BOBE +E€H'G =- L7 &
L L MTt X9868°+55°6 =3 0L  €1°  x9B899°+€5'6 = 4 L 193Q . 84
9. Syt XAR9EGTHnL'T =3 1L Ty . X RIeY4HIN'T = & e
790 SET UXABYZ9'H96°E, =X TL TS . X BYLY4TETE = & Tz :
S 89 €9 X QETR4STUE. =X 0 L TT° . X BOTY'+L9°9 = X 6 199Q -y
. LA . - . N & s -
. —~ , Nu = .joﬂumsmm Nu : uorjenby () - s9Toadg .wuﬁqsasoo
o , A \ — oS UoFIRZITTIN

—(3ueid mowwucmumwsruuﬁuV ?seq jueTq

.

: : . "S9TITUNWWOD 7 UF PUB UOTIBZITFIN JO STIAIT ¢ 1®
‘s988BTD 2278 Z. 30 sjue]d 103 painswom S8M 3093139 8yy “°Ley Buranp a13led Aq pue Trady Butanp
199p xn.mmmumummca yosunganiq jo (wd ‘) uﬁmau: 3urzead syl uo (WO ‘Y) a[qqnis peap 3o 3I09J3H °ZE °19%E]

& o



I

'logarlthmlc manner wlth 1ncreased utlllzatlon (Table 33). In H 

the deer trlals, the regress1on ‘coefficients of the burned

treatment in both communltles were larger than for the other '

treatments. The treatment effect was not reported for the
cattle trials where visunal examination of plotted data did
. not reveal differences. Regression coefficients were larger

for equations of the Douglas fir community than for

equations of the big,sagebrush\community,J‘v o

6 2.2 Studles on Free—Ranging Animals

€.2.2.1 Forage Selection by Cattle

- ”~
Free ranging cattle utll;zed bluebunch wheatgrass from

the treated plants significantly more (P<0.05) than from the
control plants (Table 34). At the only site (D) where both
burned and grazed treatments were present, plants of the -
grazedvtreatment were utilired more rhan plante of the
burned treatment. However, this difference was significant
only at survey 1.

Tbe.degree Qf,htilization among sites appeared similar
for the grazed treatment at each survey. There was HJ
rglationship of the proportion'fall grazed to fall ungrazed
plants (Table 27) with the degree of spring utilization.
grazed treatment. However, utilization of the control plants
Qecreased as their proportion on the range increased (Tables

27 and 34).
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“ ‘Effect of -grazing intensity (X) on’the variation of .forage

"~ “Table 33. _
... .+ ..removed (Y) in relation to treatment, animal species and
- - communifry. o ' -
. .. S ’ 2
Coummunity Species: Equation T n
” Individual treatment
o ) \
AT Deer Control .Log-Y=2;234;0.2863(Log X) .95 - 6
Graze Log Y=2.197-0.199a(Log X) .95 7
Burn Log Y=2.321—0.439b(Log X) .92
Ps Deer‘. Control Log Y=2.272—0.43ﬁa(Log X) .85 5
~ Graze =  Log Y=2.684-0.600a(Log X) .99 5
Burn Log Y=3.967-1.448b(Log X) .92 5
Treatments combined
Ar Deer | " Log Y=2.227-0.304c(Log X) .84 20
Ps Deer Log Y=2.423-0.522d(Log X) .72 15
Ar Cattle " Log Y=2.350-0.535d(Log X) .84 ' 12
Ps Cattle Log Y=2.769-0.741d(Log X) .89 15

4
\

Y Coefficient of variation; X Percent utilization.
a&b Regression coefficients, with the same letter, within subset of
habitat and species, do not differ significantly (P > 0.05).

c&d Regression coefficients, with the same letter do not differ

significantly (P > 0.05).

Ar Artemisia tridentata; Ps Pseudotsuga menziesii.
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There vere no observatlons where frea—ranglng deer‘
selected control plants of bluebunch uheatgrass (Table 354 .
»In the Douglas flr communlty (Sites B and C), deer selecteil
about tw1ce the proportion of plants from the burned
treatment as from the grazed treatment. Selection in the big
sagebrush community (Site A) favoured the burned treatnent

as well but the difference was not significant (P>0.05).

6.2.-2.3 Miqgration and Distribu tion of Deer on Spring Range
5

The number of deer sightings made on the spring range
increased linearly with time (Fig. 14) although examinations
of the plotted data indicate a slight sigmoidal ckange. Twoh
hundred and sixty eight animals were observed on two fields
from 18 February to 11 April. The incidence of sightings
increased in approx1mately tbe same manner as on the total
spring range. From 18 February to 29 March, 147 sightings
.were made which were disfributed‘in'a ratio of 1:4.2 between
the fall.grazed and fall ungrazed‘fields. During the -
remaining gime, to April 11, 121 sightings were distributéd
in a ratio of 1:1.1 between the fields. If the sightings
were weighted according to the area suréefed in each ¥Field

n

the first ratio becomes 1:2.2 and the second_1:0.6.
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Effect of fall grazing‘(qr clipping) or burning on the
proportion of bluebunch“wheatgtéss plants grazed by free-
ranging deer at three sites.

-~

Table-35.

Control Grazed ) Burned
* ' Proportion ' Proportion . Proportion
Site+ Date of Survey n grazed n grazed _n grazed
A 27 April 159 0.00a 576 0.33b 146 0.44b
B 29 April 436 0.00a 1700 0.14d 383 "0.30c
c 16 April 133 0.00a 89  0.21b 111  0.45¢

v

+ Slte A in Artemisia tridentata community, Sites B and C in
Pseudotsuga menziesii community.
a-c Proportion with same letter in row do not differ significantly

(P > 0.05).

N
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6.3 Discussioh

Forage availaLility was affected by the proportion of
area treated and by the prodhction in each. The proportion
of area burned ih the first study was similar to that
suggested by Duvall apd Whitaker (1964) and Grelern and
. Whitaker (1973) for southern U.S. ranges. In the second
study, the proportion of area burned was considerably below
an acceptable level for a range management progranm {Wright
-1974) . Results of the studies in this section relate -
implicitly to forage availability and animal preference for
each forage class.

v

’

f
AN

6.3.1 Studies or' Copfined Agimalg

The treatment effect on productivity was similar to
|
that observed in chag;er 5. It was evident that burning

reduced production 1nkthe first year although recovery may
!

have enhanced production in rhe second.

6.3-1.1 The Effect of Fall Clipping“or Burning on Forage

Selection

Bluebunch wheat&rass selection among treatments was

=
.**am

-.neﬁorted earlier. The resuit of

B

a1} of treated areas did not change

..; 3 :&}%

apprec1ably the relatLVe preference for each treatment. This
. =

1nd1cates that for the range cof proportlons for

N

burn:graze:oontrol“areas of’1;¢fo;o 1:4:1, consumptiorn of

each was a linear response to availability. An obvious

I3



qualification to this generalization is that area wvas not
necessarily related to availability. Furthermore, with
preferential selection among treatments, the ratio of
avalilable forage was continually altered. Théifﬁéombined
effe~t would be to reduce the prépoftion‘of available/facage

from the burned treatment and increase the proportioh fronm

the control. ' {

The relative preferences, detarmined among both deer
and cattle trials, show three general trends with increased
utilization, all based og t he burn treatmert. The treﬁas
were: an increase (Fig. 12);: a decrease (Fig. 13); and an
initial increase followed by a decrease (Figures 12 and {3)-
These trends may be‘explainegkpn the basis of foraging
tactics discussed above, where selection for a dggfininq
forage becomes greater to complete a meal; followed by
switching to compenséte for an unprofitable selection. The‘
changing preferences for the clipped and control treatments
may be gxplained on similar logic. Disc;epancies amoﬁg
trials.éppoar t> be the result of insufficient grazing
pressure in one case (Fig. 12) and an unusual decline in
relative preferznce at moderate grazing intensity in anotﬁer
case (Fig. 13).

Although the study investigated the treatment effect on

bluebunch wheatgrass, this species was not the only forage

{

utilized and may not have been tﬁé\mesf'prefggged. For

. . . N
instance, the proportion of available Sandberg s hluegrass

\
ntilized by deer in the big sagebrush commun _y (Tﬁble 29)
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was considerably greater than the proportion of bluebunch
wheatgrass. Simi}arly, most forbs were utilized to a grzater
degree by deer in both communities than was bluebunch
vheatgrass. Vetch and salsify appeared most highly
preferred. Cattle also utilized large proportions of forage
other than bluebunch wheatgrass. Utilization of those
forages appeared affected by treatment, particularly in the
[ 4
early stages of grazing (Tables 30 and 31).

The influence that one spegies has on the selection of
another cannot be deduced from information found in tables
30 and 31, hoyever, an inference may be made. It appears
that selection of another species.was influenced by
association with bluebunch wheatgrass. The data shgws that
percent-utilization of all species was proportionately
similar, among treatments, to bluebunch wheatgrass
utilization. Support for this arqument also comes from the
theofy on foraging tactics (Ellis et al. 197€). That is,
when nutrients are not limiting, more effort can be expended
to search for scarce, but more preferred forages. In thz
communities studies, bluebunch wheatgrass provided the most
important nutriert source.

| Availability and utilization estimtes based on ground
cover are not comparable among spécies. More refined
estimates may be made using regression techniques similar to
those of Payne (19784). Percent utilization of available
forage was, apparently, comparable to percent cover grazed

because the species growth form was low thus requiring close
L N
\
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atilization. v

The greater preference and utilization of burned forage
was at leas% partly the result of shortened stubble. This
was demonstrated by regression equations developed fronm
plants of the grazed treatment (Table 32). Fo; example, the
relative preferences for forage withir a planf, having a
circumference greater thén 20 cm, and calculated for cattle
in the big sagebrush commuﬁity at 54% utilization, changed
‘from 6.1 at zero stubble to .7 at stubble the height of the
total'plant. These estimates were based onﬂcalculations
defined. earlier for relatiie preference and for tﬁe
proportion utilized from equations describing ‘the
relationships of we;ght to height defined in chapter 3.

The equations prediétigg grazing height (Table 32)
Ceveal a diminishing affect as both stubble length and
grazing pressure increase. The interaction of increased
grazing pressﬁ%e on the stubble was demonstrated by both a
decreasing Y-intercept and regression coefficient for all
combirations of animals, communities-.and plart sizes. A
stubble effect uniform with height would have a regression
coefficient of 1 in the equation. This was most closely
achieved by deer on larger plants with very lighf
utilization. Normally, as grazing pressure increased the
deer foraged below/{he height of mature stubble while cattle

probably depressed the stubble length by utilizing it with
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. £
new forage. Consequently, the point at wh{ch\iygagrazed

height equalled the original stubble height declined with
increased utilization. According to the size of the r2 and
regreséion coefficient, cattle were influenced less by the
stubble than were deer. The contrast was particularly
evident Qith smaller plants.

As expected, the stubble‘of small plants imposed a iess
effective barrier than the stubble gf large plants. This
appeared largely offset by less utilizatiorn of the very
small plants. This is inferred from“the generally larger
Y—intercept"of their regression équations. Presumably tkhe

small plangs were either not sensed by the herbivore or were

avoided.

6.3-1.3 The Effect of Fall Grazing or Burning on' the

—lm Sl t Y e B o

.Hémoqeneity gg'ggggg Utilization

| The logarithmic equations (Table 33)‘indic5te that
utilizatiop variability declined rapidly from light
utiliéaﬁion (10%) and reached near stability at about 50%
utilization. Deer utilized burned areas more uniformly tﬁan
areas of other treatments. bn the other hand, cattle
utilized the big sagebrush range more unifotmly tharn dij
deer. Deer exemplified a more selective feeding behavior
that resulted in greater utilization variability among

plants.



138

4

The sites selected for stuéy (Tablé 27) varied in
community, treatment and the proportion of plants previously
grazed. Furtherhore, grazing pressure could not be
cOntroiLéd for uniform distribution over the entire field.
The most valid comparigons were between treatments.
Inferences on the effect of site conditions may also be

‘ »
made.

The relative gtilization between the grazed and cortrol
plants was similar to that reported earlier'(CHapter 3).
However, on site D where the grazed and burneda treatments
occurred together, utilization differed conéiderably from
the previous study. -The reason for this is not clear. Ap
explanation may be found in the size and shape of area
burned. The burn at s%te D was small ani irregular, perhaps
makinglselectién for Plants of that treatment unprofitable.

Utilization of for;geS~in allutreafments increased
gradually through the grazing period. O;ly in the burned
area of Site E was initial utilization heavy. Grazing on
that site occurred iﬁmediately after cattle were released
into the field. Over fifty head, #ncluding both yearlings
and adults, were herded past the site without detecting the
burned area. When released they began to graze in the
difection which led directly to the burn. They moved over
the area but only a few animals lingered to search for

~

residual -forage, and not all animals Seemed to have entered
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the burned area. Observations throughout the grazirg period
-indicated a few animals frequented the site. It‘was not
known if the animals were the same inpdividuals at each
observation.

Utilization differences among sites og the fall—graz%i
.plants_were‘minor. However, utilization differences of
control plahés, among sites, varied considerabli. Their
‘utilization decreased fromche big sagebrush community to
the eébtong-and to the Douglés fir commu;ity. The proportion-
of plant§ grazed the previous fall did not appear to be a
factor.

It is noteworthy that minor use was made of control
plants of bluebunch wheatgrass in both communities. This
occurred despite the severe over-use of crested wheatgrass
on the flat fiéld (persona; observation). Presuﬁably,
average utilization overifhe entire range approached the
recommendedllevels, however, uneven distribution resulted in

inefficient use of the forage resources.

The method of determining selection, by esiimating the
proportion of pl;nts uéed from each treatment, déscribes the
olfactory and tactile preferences. The relatively sméll
plots available to freé—ranéing deer permitted ready access
to all choices and encouraged gfeater utilization. Lack of

control on the stocking rate of deer makes the importance of

absolute values irrelevant.
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Wild deer displayed a response similar to that observed
by captive animals in study 1. The treatment effect was rore
pronounced in the Douglas fir community (Sites B and C;
Table 8), perhaps the result of greater plant densitv. Deer
appeared to rely on tasting then rejecting or accepting
forage to gain experience for completing the;r meal. This
mechanism requires that a @inimum number of>plants are
tested. Conseguently,'whereﬁpiant density is low, the
proportion selected ié increased. The selection mechanisnm
described is based on chemical factors fof discrimination
but precludes the control plant: from selectiop because of
its' physical barrier of standingblitter.

The small size of plots used for obser{ation ic rnot
typify conditions normglly accessible to.free—ranging de=sr.
Observations of plant seiection maie on larger burns (1.5 to
1 ha) in the vicinity of the Etudy revealed light use. Dni%.
13% of available plants were ;elected in late April amnd
early May in.two burns in the Douglas fir community. At the
same time about 50% of the plants grézei in the fall werev‘
utilized. by deer. These observations'cgﬁflict with -
observations maae on the: smaller areas. An explanation can
only be offered in terms of availability arnd distribution of
plants from each class. The burned plants were grouped
within a small area while the fall—grazéd planrts were widely
dispersed among fall-ungrazed plants. Personal observation

indicates that deer may travel extensively while feeding.

This behavior would favor selection of dispersed plants
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since fewer encounters with preferred plants would be

~~

6.3.2.3 Distribution of Deer on Spring Range - e

ignored.

A measure of both regiomal and locai distributioﬁ of
use was provided with deer counts. The region was the spring
range where migration increased gradually, beginning in late
February and extended through unﬁil early Aprili (Fig. 14).
The maximum count was made on 5 April. Aithough only two o
subsequent survays indicated a decline, the treng
established was supported by unscheduled, partial surveys of
the area.r

qigration by deer onto spring range does not follow a
fixed schedule. Movement from their fall and wintef range to

the lower spring range appears to be in Lespojpge to two

pressurés. One is a positive response to spring production
of grass and the othér is a negative response to deep snow
at higher eleéations. The-effect is'similap but spaced in
time. In the first case, deer use the spring range when new
production becomes available. Observati&ns during five years
indicate that total use is also modified by range quality,
including forage palatapility and productivity. Exfremely
light use occurred in one year when dréught conditions
prevailed resulting in reduced production and advanced
forage maturity.

Further observations of free ranging deer indicate that

vertical movement is diurnal as well as seasonal. N
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Observations of the first. tracks in winter indicate that

“deer occupy the lower range overnight ani leave by morning.

Such forays iiégcaéévtbqt rangde readiness is "tested" siace

nge -

sthe .population becénés less transitory as available forage

) 'f"\;\\' X .

increases.



7. GENERAL DISCUSSION

Forage-selection and utilization are affected by physical
anh chemical plant properties. Of the physical prorperties
examined; tiiler dgnsity, tilier weight and tiller height
are *the more important characteristics since they define
‘both forage production and forage accessibility.
Product ivity of smooth brome has been related to tiller
density dnd, to a lesser degree, to canopy height (Tan
et al. 1977). Iiller weight and density define yielé. Allden/
and Whittaker (1970) found that leaf lengtk was iﬁportant in

v
determining bite sizg in sheep and, therefore, dry matter ,
capture rate. The rate and height of plant growth, modifisd

by the distribution of weight within a plant, determines

availability and, indirectly, bite size.

Vi

Py

1.1 Plént Morphology ggg’éigggh : )

The effect of fall defoliation wagpto move the relative
disﬁpibﬂfion of dry matter to a lower position in the plant
(Chapter 3), shorten plant height (TahLe 25) and redu%e
prdduction (Tables 16, 17 and 28). Thééé effects were
similar to those reported by Rickard et al. (1975), Uresk
et gl. (1976) and Sauer (1978), and most pronouncedvin
plants of the burned treatment. The effects appear to be
related to temperature and l;ght regimes of the plants
modified by litter removal and darkening of the soil by

burning. Shading increases leaf area, which is largely

w3
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determined by bldde length, (Taylor et al. 19€8; Kolker and
Kigel 197?) while temperatures, above optimum foF‘growth,
result in reducea leaf area (Taylor et al. 1968). EKemoving
shade élsoeincreases evapo-transpiration from the plant and
évapdgation from the soil. This may lead to an earlier than
normal water deficit;and, consequently, reduced production.
The shortenéd leaf length and lower distribution of dry
matter appears to fe a protective response. This is not 5nly
a protective'response to. more severe micro-climate gut
"also to the grazer.’?lant:\;ITh shorter leaves and a larger
proportion éf wéighf near the ground usually have‘é greater
proportion of photosynthetic sﬁrface remaining after -
’grazing. Furthermore, as foliage height decreases, the
rélative benefit of selec£ing that forage becones
progressively less. This effect will eventually cause cattle

b

to switch to énother forage‘éPart I1).
=

Few treatment effects on the plant were aéparent‘%n
April of either year. Presumably cooler temperatures d;ring
that month and sufficient soil moisture prevented the h
negative treatment effects. By May, hoqevér( detrinéntal
~ff~~ts had become apparenf. This was pérticularly
noticeanhle in the big sagebrush community where differences,
both in production (Table 17) and pLaﬁt height (Table 25),
were evider*-. Shade from the trees evidently lessened the
effect of (.rkened soil on the burned plots.

Forag. production may be eipected to increase after the

. firstsyea. of burning. The effect appears to be the result
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of greater tiliering in those plants. L

1.2 Time of Burning

Conflicting evidence has been reported on the effects
of burning on bluebunch wheatgrass productivity. Some report

no fifst year'effect on plant vigor (Uresk et al.

1976) and
others report decreased ﬁigor (Conrad and Poulton 1966). ItV
‘is evident”from this study that time of burning was

'ri-ical. Although zlimatic condrtions differed,rthey were
notc considered as important a factor as time since burning.
The most important difference was likely the position of
tiller apices. The March burp coincided with the appearance -
of‘nex tillers at the groued surface (Fig. 5) thus making
them;susceptible to heat damage. Daubenmire (1968)
con51dered 60°C to be a critical temperature for damage to
_merlgtematlc tlssue- This temperature is readlly attained in
‘the crown of grasses during grassland fires (Bailey and

Anderson 1979). Since fall regrowth was dsstroyed by both

burns the major effect was only on spring initiated tillers.

7.3 Plant Chemistry

Fall clipping or burning affects both nutrient
concentration (figures 1 and 2) and dry matter distribution
in the plant which, in turn, determine‘nutrient
distribution. The dry matter distribution Has'been‘aefined

with polynomial equations (Tables 2 and 6). According to
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these equations, and data on mineral con:entration in the
‘plant (Table 13), estimates of nutrient harvest can be made
.at any level of utilization. For example, in the big
«eagebrush community in .May, grazing 60% of plant height
would remove 36, 31 and 32% of dry matter in plants of the
eontrol, clip and burn treatments respectively. This grazing
level would remove 52, 40 and 38% of available nitrogen in
the same treatments. On the orher hand, grazing 90% of plant
heighr would remove 82 and 79% of dry matter in the control
and defoliated treatments Cespectively while removing 93, 86
and 85% of nitrogen.in the control, clip and burn tredtments
respectiyeli. Althqugh ajg;eater proportion of nitrogen Qas;ﬁ
distributed near the base'of burned plants, total plant

QP {S nitrogen was 20 and 15% - greater than iﬁ control and clip

f equal weight. The result was that, by removing 60%

f plarnt height, a similar amount of Litrogen would be
emnoved among treatments.

Gra21ng 1mpased in the first year aftef treatment

45"" .

appeared to modify the relative nutrient conceutrations-

E
»

among treatments. Ev1dence for this was in a shift of higher

nitrogen and lowgf NDF values in May from the burn treatment

h

in the first“ arjto the graze treatment in the second year.

The nutrient%rank among treatments in the April samnples was
> P

not affected;

-

Grazing %ay have affected the chemical change by the

time of defollation and by the type of grazer. The April .
.
forages were grazed by deer and the May forages by cattle. -.

N



147

\

Although percent green.forage utilization among treatments
was 51m11ar for both animals (Part IT), deer avoided mature
litter while cattle utilized it when grazng preéssure was
high. The effect of grazing in May was to stimulate
tillering beyond that achieved by ,treatment (Ch;péoF 3).
Furthermore, availablé nutrients in the second yeér were,
prgsumably, from oicfobial decomposition amnd therefore

limitirg. The effect of -a greater number of tillers drawing

on a fixed nutrient source would be to reduce the -

‘~concentfétion§ in the plant.. Grazing in April did not

increase tillering, in the second growing season beyond the

stimulation provided by. treatment.

s

1.4 Effect of Fall Defoflatlo on Plawnt Selection

Forage selectlon .S closely relatfd to consUmer
. -
preference and forage avallablllty as shown by the equation:
Proportlon consumed = Relatiws" preferencalx Proportion_
availaﬁle.‘Although this equation indicates a linear
response of consumption to availability, that is not
nécessarily true because relative préference for a forage

may also change with availability. Two tactics may determine

the change in preference as the proportioh of an available
. x ’ .

food decreases. One is to increase the search effort thus

increasing preference for the food. This would agree with
thé theory of food Seléction proposed by Westoby (1974)’Ehat
herbivores®select a meal to optimize nutrition. The second

change would be to reduce selection, or svitch to another

: \
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species, thus reducing preference for the former. The latter
tactic may result whed the search sffort becomes P
uhprofitablé (Wopiarty 1977). The‘theory of food selection
by Westoby (1974) may also explain a declire in preference
as available food increases.

" An hypothesis of forage selection based éolely on the
barrier effect »f étanding litter would be rejected on the
basis of evidence from this study. Selection differences
between the clip and burn treatments would not be expected
at the beginning of each grazing trial if the presence of
standing litteg wis the only criterion for selection. At
this time, and throughout the grazing frials in the second
year,vthe stﬁthe effect was similar among treatments.
Apparently plant chemistpy also icfluenced selection.

»

1 Effect of Standing Litter

The high preference shown b& both deer and cattle for

i

the burned treatment could largely be attributed to the

removal of standing litter. Litter created érﬁgrrier effect
4 P \
liriting access to spring growth. This effect WasS present in
. ~N

control plants at all levels of utilization and, in the

clipped and burned plants; wvhen grazing reduced the foliage ]
N b 7/ ’
height to that of stubble. Since burning reduced: the stubble
. ) b ANy //
height to near ground level, the barrier effect was mosft

important with clipped plants. Accordng to the eguations
derived for the relationship between spring grazing heights

and stubblé& heights (Table 32), deer and cattle may graze to
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v
within 1 and 2 cm, respectively, above a 2 cm stubble. This
relationship was influenced both by grazing intensity and
habitat differences. Presumably, the greafer proportion of
litter in the Doﬁglas fir community establishked a more
effective barrier. With tallef stubble the animais "eﬁg"’f/
capable of grazing to, or below it's height. Bqth’ﬁéér and
cattle appeared to bé equally affected by 10 cm stubble.
Weathered forage is not preferred and it acts as a
barrier to both deer and cattle. Only deer, however, were
able to avbid it. .The author observed very few instances
where weathered fofaqe was selected by deer fet cattle
utilized it .in proportions similar to that of green forage.
Seleétive grazing permitted deer to maintain a near
constant proportion of each treatment in their diet. This

resulted, with one exception (Fig. 1), in a consistent order

of preference among treatments despite grazing intensity.

First and second year preferences for the bufn
treatment reveal that selection for a chemical factor does
exist. Although nutritive properties are altered b} burning, .
and are related to palatability (Heady 1964), propertiés
sPch as crude proteintand energy probably canngt be sensed
by the animal (Arnold and Hill 1972). Secondary compounds
have been shown to affect palatability (Arnold.and’Hill

1972; Freeland and Janzen 1974).

Hestoby (1974) addressed the problem of nutritiomnal
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wisdom in large hertivores and mddelled food selection by
basingxit on a strategy to optimize nutriernt balance.
Perhaps the most convincing arqument that nwtritional wisdom
exlists 1s that herbivores need it. The argument against
cutritional wisiom is that no direct evidence is'availéﬁgi
for it. Martin'(1969) cites nuﬁerous references. which
associate nutritive éonstituent&?with palatability and
highlights the Jdiscrepancies whiéh exist in the I?terature.
Heady (1964) reviewed the factors affecting forage
palatability, demonstrating the interaction ;hich may occur
to produce inconsistent results of forage selection.
EFxamples of vagiable response were described by Gordon

{1970) . Freeland and Janzen (1974) suggest ruminants select

food in order to detoxify secondary compounds. This leads tg'”

v

conservative feeaing and testing of ﬁumerous species. Arnold.
and Hill (1972) discount the queétion of nutritiopal wisdon
in ruminants due to the lack of relevant data. They note

that ruminants, like all énimals, select food on the basis

of theit-senses, of which taste is an important one, and

that most components of proximate compo$ition canrnot be
detected.

Studies reported in this thesis demonstrate a well
defined order of preference for bluebunch wheatgrass among
fall treatments. Both deer and cattle preferred the burned
to the clipped, and both to the control plarts. This ’ ;

appeared to demonstrate selectlon for nutrlents since they

declined in theqsame order among treatments. However,
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several observations negate this conclusion. Ore, the
nutrients were similar among treatments near the top of the
plants; two, preference for the burned treatment increased
with increased grazing despite a decreasing nutrient leéel;
and three, nutrition from any treatment wa; not limiting,
hence selection for that faZtor would not berefit the
animal. Although stubble affected selection at high levels
of utilizati@n, preferential selection of the burned to the
clipped forage at early grazing indicates selecpioﬂ fof
factors other than nutrients. Secoﬁdary compounds hay be
expected to change among treatments, as the nutritive
properties do, because of their interrelationships.

Little evidence is available on the nutritive value of
standinrg litter resﬁlting from prior burning or grazing.
Pearson et al. (1972) studied the nutritive quality of
forage resulting from a spring barn. They found higher crude
growing seasomn but no difference in the second; similar
resulté were found by Allen et al. !1976) on bluestenm range.
The effect of fall grazing on the nug;itive proprerties of
bluebunch wheatgrass appear minor (Rickard et al. 1975;
Willms et al. manuscript in .preparation). There appears to
be no basis for range burning simply to increase forage
nutrition in spring, when nutrient quality is not limiting,
or in fall when the effect is noticeable for only one

season.
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7.5 Mapagement Inplications

T he sprlng range is important to deer in providing the

earliest avallable, high quality forage. Killms

et al.
(1976) found that the diet consisted mostly of grass in '
early April; the greatest proportlon of this was Sandberg'“
bluegrass (Willms and McLean 1978) . This shallow rooted
species produced forage earliest and mature stalks 4o not
persist through the winter. Cattle do not utilize this
species in the fall hence do not directly affect‘its
palatability and vigor. The effect of fall‘burning on the
palatability'of éandberg's bluegrass is not known.:However,
Wright and Klenmedson (1965) report no‘effect of fall
burning on plant v1gor. The groduct1v1ty of Sandberg S
bluegrass is highly variable and it loses palatablllty early
in S$pring. T ese characterlstlcs reduce the importance of
thlS spec1es, particularly since 1ts long term benefit is
determlned by minimun production, and focuses attentior on
" the deeper rooted perennials.

Initiation and appearaare of tillers determine, at

. v

least in part, the tinme of available forage. This is
particularly true for deer”who depehd on new foliage from
grass to offset the nutrient deficit of winter fFierro 1977,
¥illms and McLean 1978) . Forage availability inp spring will
depend on the stubble height of bluebunch wheatgrass.

Observations reported earlier (Chapter .3) indicate
bluebunch whéatgrass appeared at ground level after 10 March

\\\in the big sagebrush community and after 21 March in the

¥

<
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Douglas fir community. This forage_was available to thé
herbivore within a few days depending on the stubble height
of standing litter. Hhén stubble is yreater than 10 cm tall
(Part II), spring growth would not become available until
late March or esarly April in the big sagebrush community and
10 or more days later in the.Dowglas fir community. The
presence of fall regrowth will modify these estimateé s
according té its length.

. Spring groWwth of crested wheatgrass ahd Sandberg's
bluegrass will become available soon after appearing at
- ground level. Their weathered forage is a less effective
barrier than the standing litter of bluebunch wheatgrass.
The litter qf}crested wheatgrass is often decumbent ﬁhile

|l

the litter §f Sandberg's bluegrass is weathered to a fine,
sfarse masé. B

These effects wére.believed reflected in the local
distribution of deer between the fall-grazed and
fall-ungrazed fields.‘The effect of fall grazing should have
reflected in the population distribution soop after
wheatgrass tillers appeared at fhg ground surfice, in early
March, if stubble height was zero. In fact, no ift to the
grazed field was apparent until early April wheﬁ, |
presumably, the spring.growth extended above the stubble.
The relatively little use made of the fall-grazed field
prior to April is not understbod. Food, however, did not

seem to be a factor since the same habitat types were

present in both fields. In other.work, Leckenby (1968) found
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"a 3-fold increase in Crested wheatgrass utilization by deer
vwhere thefstandigg littér had previously been removed.

The obse;vatioﬁ has frequently been made that light and
moderate grazing resulti‘in a contagious digtribution ot
use. The effect results‘%rom selecting new herbage and
avoidingAthe mature. Although that situation did“not
accurately describe the conditions in the communities of the
study sites, the effect wasAtheisame. In this case, previous
fall grazing or burning affected the distribution of forage
utilization in spring by the uniformity with which litter

, was rémoved. “ |

The barrier effect of stubble would also contribute to
an explanationlof declining amnimal gains with increased
grézing pressure. The search effort becomes less ppofitaule'
as the proportiiﬁﬁgf litter increases and the guality'of
green forage decr;;ses. Hodgson et al. (1977)‘found
significant corcelafion of foraging intake, by grazing
calyes, not only with the height of available forage but
also with the proportion of green material in the forage
stand. Forage height has also been related to forage intake
—by sheep (Allden 196&; Allder and Whittaker 1970). It
appearé that these relationships also hold for the extenled
height of forage above stubble and indicates‘that more
careful considefation be given to management of residual
litter.

Removing litter with fall burning or fall grazing

{clipping) improved forage palatability and incréased forage -



155

¢

utilization until the second year. First year results
similar to those of this study were obtained by Earker and
Erickson (1974) in North Dakota. Duvall and Whittaker (196U4)
found that burning bluestem (Andropogon tener) ranges
reduced selectivity among grass species and.resulted in -
uniform#range use.. éresumably sélectivigy émoﬁg blueburch
wheatgrass plants would also be minimized;by litter removal.

The burned treatment was‘breferred to the grazed *
treatment by both dzer and cattle. By the second year the
method of litter removal was important only to deer. i

The decision to use fire or cattle to remove standing
litter requires consideration of resources and desired
effect. Palatability differences and, therefore, selectivity-
among plants should be minimal in the fall. However,
geographic and biotic influences may neea to be overcome
with severe grazing pressure. Wheré this is ﬂot acceptable,
in cases where animal weight losses are too severe or the

. . . ¥

animals are forced to select fo;age'harmfui to them, burning

3
may be necessary.

>

Consideration of long term plant vigor may overwhelm
those of short term plaqt guality. An examplg is the grazing
practiced in the Kﬁmloops area. Here the big sagebrush and
lower Douglas fir zones are grazad by catfle in spring and
fall. Deer, on the other hand, occupy the range iﬁ winter
and early spring. Cattle graiing is normally managed to
"avoid damage by grazing after. the plant has reached aboat

[
45% of its mature height and by avoiding over-use.
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Consequently, cattleAare not turned onto the range until
~late Ap;il and, more often, early May. Fall burning or
severe fall defoliation by cattle in c;nsecutive years
repeatedly exposes the early spring growth to grazing by
deer, who utilize the forage as it becomes available and méy
damage tg% plant. Th? result will be a decline of palafable
forage agyless palatable species become dominant, leading to
a deterioration of range quality. .To avoid this problemn,
burning mﬁst bé done on manageable units (Wright 1974) or
cattle gfazing controlled to prevent extreme use in
‘locaiized areas. |

Bluebunch wh%@tgrass productivity may be expected to
increase after the first year of fall burning. Avoiding
repeated severe disturbance in the fall_abpears likely to
increaée_both the'foragé yield and quality. Fhere the deer
fpopulation is low or the area treafed by fall burning or
grazing is large, the susceptibility of individuaivplahts tél

damage is also reduced. A sequence of fall burning, severe

A ‘ ! .
fall graz{ng and light fall ,grazing in comsecutive years may
optimize utilization, enhance the'spfing range for both Jeer

and cattle and protect plant vigor.



REFERENCES
22
Allden, W.B. 1961. Rate of herbage intake and grazing time
in relation to herbage availability. Proc. Aust. Soc.
Anim. Prod. U4:163-166.

Allden, W.G. and I.A. McD. Whittaker. 1970. The determirants
of herbage intake by grazing sheep: the
interrelationship of factors influencing herbage
intake and ‘availability. Aust. J. Agric. FRes.

21:755-766. S

Allen, L.J., L.H. Harbers, R.R. Schultes, C.E. Owensby and
E.F. Smith. 1970. 1976. Range burning and fertilizing
related to nutritive value of bluestem grass. J. Range
Mafnage. 39:306-308.

-

Allinson, D.W. 1969. Forage lignins and their relationship
to nutritive value. Proc. National Conf. on For. Qual.
Eval. and Otil. p. 571-59. : '

!

Ammann, A.P., R.L. Cowan, C.L. Mothershead, and B.R.
Baumgardt. 1973. Dry matter and energy intake in
relation to digestibility in whlte tailed deer. J.
Wildl. Manage. 37:195-201.

Arnold, G.W. and J.L. Hill. 1972. Chemical factors affecting
selection of food plants by ruminants. In J. Harborne,

ed. Phytochemical ecology. Academic Press, New York.
p. 72-101. .

A.O.A.C. 1975. Dfficial methods of analysis of the
Assoc1at10n of Official Analytical Chenmists.
Washington, D.C. p. 34, 927 and 928.

Bailey, A.W. 1970. Barrier effect of the shrub Elaeagnus
commutata on grazing cattle and forage production in
central Alberta. J. Range Manage. 23:248-251.

e -
3 ;
" Bailey, A.¥%. and M.L. Anderson. 1979. Fire temperature in
grass, shrub and aspen forest communities of south

central Alberta. J. Range Manage. (In press).

Barker, W.T. and D.O. Erickson. 1974. The effects of bucningv

¥ and mowing on utilization. J. Anim. Sci. 39:985.



158

Carlier, L.A., B.G. Cottyn and J.V. Aerts. 1976. Apparént
and true digestibility of the Weende components, c=211
content and cell wall of ¥yegrass. Anim. Feed Sci. and
Techn. 1:607-617. N '

Christian, G.C. and F. Jd. Feldman.$1970- Atomic absorption
spectroscopy. Applications in agriculture, biology and
medicine. Wiley Intersc., N.Y. 490 p.

Conrad, E. and C.E. Poulton. 1966. Effect of a wildfffe on
Idaho fescue and bluebunch wheatgrass. J. Range
Manage. 19:138-141.

Cooper, J.P. 1970. Potential production and energy
conversion in temperate and tropical grasses. Herb.
Abstr. 40:1-15.

ﬂaubenmire, R. 1968. Ecology of fire in grasslands. Advance
in Ecol. Res. 5:209-266.

Duvall, V.L. ani L.B. Whittaker. 1964. Rotation burning: A
forage management system for longleaf pine-bluestenm
-ranges. J. Range Manage. 17:322-326.

Ehrenreich, J.H. 1959. Effect of burning and clipping on
! growth of native prairie in Iowa. J. Range Manage.
12: 133-137.

Ellis, J.E. and M. Travis. 1975. Comparative aspects of
foraging behavior of pronghorn antelope and cattle. J.
Appl. Ecol. 12:871-420.

. Ellis, J.E., J-A. Wiens, C.ngRodéll and J.C. Anway. 1976. A
conceptual model of diet selection’ as an ecosysten
process. J. Theor. Biol. 60:93-108.

Federer, W.T. 1955. Experimental design. MacMillan Co., New
York. 544 p. ) :

Fierro, L.C. 1977. Influence of livestock grazing on the
regrowth of crested vheatgrass for winter, use by mule
deer. Utah State Oniv. M.Sc. Thesis. 67 p.

-



159

Freeland, W.J. and D.H. Janzen. 1974. Strategies in
herbivory by mammals: the role of plant secondary
compounds. The Am. Nat. 108:269-289.

Fulton, R.J. 1977, Glacial lake history, southern interior
plateau, British Columia. Geological Survey of Canada.
Dept. of Energy, Mines and Resources. Paper 69-37. 14
p- {2 maps).

.

Geiger, R. 1966. The climate near the ground. Harvard Univ.
Press, Camb., Mass. 611 p. _

Goering, H.K. and P.V. van Soest. 1970. FPorage, fiber
analysis-apparatus, reagents, procedures and some
applications. U.S. Dept. Agr., Wash., D.C., Publ.
Jacket No. 387-598. 20 p.

Gordon, J.G. 1970. Food selection by ruminants. Proc. NatrT.
Soc. 25:325-330. : v

Goto, I. and D.J. Minson. 1977. The potential digestibility
of leaf and stem fractions of grasses. J. Agric. sci.
89: 143-149. . ‘

Goulden, C.H. 1952. Methods of statistical aralysis. 2nd
ed., John Wiley and Sons Inc., New York. 467 p.

Greig, M. and J. Bjerring. 1977. U.B.C. Genlin. A general
least squares analysis of var iance program. Computing
Centre, Univ. of British Columbia. 47 p.

4

Grelen, H¢E. and L.B. Whitaker. 1973. Prescribea.burning
rotations on pine-bluestem range. J. Range Manage. -
26:152-153.

4

Heady, H.F. 1950. Studies on bluebunch wvheatgrass in Montana
and height-weight relationships of certain range
grasses. Ecol. Monogr. 20:55-81.

Heady, H.F. 1964. Palatability of herbage and animal
.preferenge. J. Range Manage. 17:76-82.

'I‘_,

»

Hitchcock, C.L. and A. Cronquist. 1972. Flora of the Pacific

@.



160
Northwest. Univ. of Washington Press, Seattle. 730 p..

Hodgson, J., J.N. Rodriquez Capriles and J.S. Fenlon. 1977.
The influence of sward characteristics on the herbage
intake of grazing calves. J. Britr. J. Br. Grassland
Soc. 89:743-750.

Horrocks, R.D. and J.B. Washko. 1971. Studies of tiller
formation in reed canarygrass (Phalaris arundinacea
L.) and "Climax" timothy (Phleum pratense L). Crop
Sci. 11:41-45,

Jackson, M.L. 1958. Soil chemical analysis. Prentice-Hall,
Englewood Cliffs. p. 151-154.

Knight, D.H. 1969. Some influences of vegetation structure
on energy flux, water flux, and pnutrient flux in
grassland ecosystems. Pages 197-220 Ip R.L. Dix and
R.G. Beidleman, ed. The Grassland Ecosystem: A
preliminary synthesis. Range Sci. Dept., Ser- No. 2.,
Colcrado State Univ., Fort Collins.

Koller, D. and J. Kigel. 1972. The growth of leaves and
tillers in Qryzopsis miliacea. Pages 115-134 In V.B.
Youngner and C.M. McKell, ed. The Biology and
Utilization of Grasses. Academic Press, New York.

Langner, R.H.M. 1963. Tillering in herbage grasses. Herb.
Abstr. 33:141-148. '

—_—

Leckenby, D.A. 1968. Influence of plant communities on
wintering mule deer. Proc. Conf. West Assoc. State
Game and Fish Comm. 48:1-8. '

LeClerg, E.L., W.H. Leonard and A.G. Clark. 1962. Field plot
‘technique. Burgess Publ. Co., Minneapolis. 373 p-

Martin, G.C. 1969. Measurements and significance of forage
palatability. Proc. National Conf. on For. Qual. Eval.
and Util. p. D1-D55:

Mason, J.L.. and J.E. Miltimore. 1972. Ten year yield
response of beardless wheatgrass from a single
nitrogen application. J. Range Manage. 25:269-272.

~



161

~
S i

Maynard, L.A. and J.K. Loosli. 19€69. Animal nutrition. 6th
ed. McGraw Hill Book Co., N.Y. 613 p.

McIlvanie, S-K. 1942. Carbohydrate and nitrogen trends in
bluebunch wheatgrass , (AJLOpYILOR spicatum), with
special reference to grazing influences. Plant
Physiol. 17:540-557. S

MgLean, A. 1970. Plaﬁt communities of,thé Simiikameen
"Valley, British Columbia, and their relationships to
soils. Ecol. Moneogr. 40:403-424. / '

McLean, A. and L. Marchan.1:3§é§. Grassland) ranges in the
southern interior fi§ritish Columbias\Can. Dept. Agr.
Publ. 1319. 28 p-. '*\

. . \

McLean, A. and W. Willms. 1977. Cattle diets.anﬁ
distribution on spring-fall and summer ranges mnear
Kamloops, British Columbia. Can. J. Anim, Sci.
57:81-92. ’

.

AN

\

(P4 . . .
McNaughton, S.J. 1976. Serengeti migratory of wiQdebeest:
" facilitation of energy flow by grazing. Scilence
191:92-94. ' \

‘\\

Moriarty, D.J. 1977. Effect of search time on food
"preference in PeLORBYSQUS leucopus (Cricetidae) -
Sout hwest Nat. 21:469-474.

Mott, G.O. and J.E. Moore. 1969. Forage pvaluation
techniques in perspective. Proc. Nat. Conf. of For-
Qual. Eval. and gtil. p. L1-L10.

Mueggler, W.F. and J.P. Blaisdell. 1958. Effects on
associated species of burning, rotobeating, spraying
and railing sagebrush. J. Range Mapnage- 11:61-66.

>4

N.R.C. 1970. Nutrient requirements of domestic animals.
Nutrient requirements of beef cattle. 4th ed. Nat.
Acad. Sci. Publ. 1754. 55 p.

N.R.C. 19754. Nutrient requirements of domestic animals
Nutrient requirements of sheep. 5th ed. Nat. Acad.
Sci. Publ. 2212. 72 p. '

)



162

dien; P.R. and W.E. Loomis. 1972. Carbohydrate reserves on
intermediate wheatgrass after clipping and etiolation
treatments. J." Range Manage. 25:29-323.

Pgyne, G.E. 1974. Cover-weight relationships. J. Range

Manage. 27:403-404.

Péarson, H.A., J-R. Davis and G.H. Schubert. 1972. Effects
Of wildlife on timber and forage production in
~Arizona. J. Range Manage. 25:250-253.

Perkip-Elmer Corporation. 1973. Analytical methods of atomic
absorption spectophotometry. Perkin-Elmer Corporation,
Norwalk, Conn., Publ. No. 303-0152. \ :

N

Regelin, W.Ll., R.M. Bartman, D.W. Reichert and P.H. Neil.

- 1976. The influence of supplement, feed on food habits
of tamed deer. U.S.D.A. ‘For. Serv. Res. Note RHM-316. &
p. :

Ryckard, W.H., D.W. Uresk and J.F. Cline. 1975. Impact of
Cattle grazing on three perennial grasses in
South-central Wa'shington. J. Range Manage. 28:108-112.

Rohweder, DLA., R.F. Barnes and N. Jorgensen. 1978. Proposed
hay grading standards based on laboratory analyses for
€valuating quality. J. Anim. Sci. 47:747-759.

Syuer, R.H. 1978. Effect of removal of standing dead
Daterial on growth of Aqropyron spicatum. J. Range
Manage. 31:121-122. ‘

Ty, Wwal-goon, Geok-Yong Tan and P.D. Walton. 1977. Canopy
characters .and their relationship to spring
Pfoductivity in Bromus inermis Leyss. Crop Sci.

= 17.7-10. ' :

Taylor: T.H., J.P. Cooper and K.J. Tresharne. 1968. Growth
Lesponse of orchardgrass (Dactylis glomerata L.) to>
dif ferent light and temperature environments. 1. Leaf
development and senescence. Crop Sci. 8:437-440.

Toganeks G.W. 1969. Dynamics of mulch léyer in grasslani
€Cosystems. Pages 225-2u40 In R.L. Dix and R.G.



16 3
i

Beidlemanr, ed. The Grassland Ecosystem: & éfgifi%nary
synthesis. Range Sci. Dept., Ser. No. 2., Colorado
State Univ., Fort Collins.

Trewartha G.T. 1954. An introduction to climate. 3rd ed.
McGraw-Hill Book Co., Toronto. 402 p.

Trilica Jr., M.J. and C.W. Cook. 1972. Carbohydrate reserves
of crested wheatgrass and Russian wildrye as
influenced by development and defoliation. J. Rangz
Manage. 25: 430-435.

Ullrey, D.E., W.G. Youatt, H.E. Johmson, L.D. Fay, B.L.
Schoepke, W,T. Magee and K.K. Keahey. 1973. Calcium
requirements of weaned white-tailed deer fawns. J. “
Wildl. Manage. 37:187-194.

¢

Ullrey, D.E., W.G. Youatt, H.B. Johnson, A.B. Cowan, R.L.
Covert, L.D. Pay, ¥W,T. Magee and K.K. Keahey.'1973.
Phosphorus requirements of weaned white-tailed deer
fawns. J. ¥Wildl. Manage. 39:590-595.

Uresk, D.W., J.F. Cline and W.H. Rickard. 1976. Impact of
wild fire on three perennial grasses in south-central
Washington. J. Range Manage. 29:309-310.

van Ryswyk, A.L., A. McLean and L.S. Marchand. 1966. The
climate, native vegetation ard soils of some
grasslanis at different elevations in British
Columbia. Can. J. Plant Sci. 46:35-49.

van Soest, P.J. 1965. Symposium on factors influencing the
' voluntary intake of herbage by ruminants: voluntary
intake in relation to chemical composition and
digesti*ility. J. Anim. Sci. 24:838-843.

van Soest, P.Jd. 1967. Development of a comprehensive system
. of feed analyses and its application to forages. J.
Anim. Sci. 26:119-128.

van Soest, P.J. 1969. Composition, maturity and the
nutritive value for forages. In G.J. Hajny and E.T.
‘Reese. ed. Advances in Chemistry Series 95: Amer.
Chem. Soc., Wash. D.C. p. 262-277.

N
~ )

!



. ‘;:)

164

Verme, L.J. and D.E. Ullrey. 1972. Feeding and nutrition in
deer. In D.C. Church, ed. The digestive physiology and
natrition of ruminants. Vol. 3, Practical Nutrition.
Corvallis, oOre. p. 275-291. " ' _ -

Waldern, D.E. 1972. Simple regression equatlons to predict-
digestible energy. Can. Dep. Agr. Res. ‘Unpublished.

Waldern, D.E. 1971. A rapid micro-digestion procedure for
neutral and acid detergent fiber. Can. J. Anim. Sci.
51:67-69. ‘

Westoby, M. 1975. An analysis of diet selection by large
generalist herbivors. Am. Nat. 108:290-304.

Willms, w{ and A. MclLean. 1878. Spring forage selection by
tame mule deer on big sagebrush range, British
Columbia. J. Range Manage. 31:192-199.

Willms,.W., A. McLean and R. Ritcey. 1976. Feeding habits of
' mule deer on fall, winter, and spring. ranges pear .
‘Kamloops, British Columbia. Can. J. Anim. Sci.
56:531-542,

4

Willms, W., R. Tucker and L. Stroesser. 1978. A low cost
portable deer enclosure. J. Range Manage. 31:317-318.

Willms, W., A. McLean and C. Kalnin. Manuscript in .
preparation. Nutritive characteristics of grasses on
spring range, in South-central British Columbla, in
relation to time, habltaﬁ and fall grazing.

'{j_}

Wright, H.A. 1974. Range burning. J. Range Manage. 27:5-11.

Wright, H.A. and J.D0. Klemmedson. 1965. Effect of fire on

bunchgrasses of the sagebrush-grass region in southern
Idahg. Ecology 46:680~688.

Youngner, V.B. 1973. Physiology of defoliatior and regrowth.
in Youngner, V.B. and C.M. McKell; ed,, The Biology
and Utilization of GraSSes. Academic Press. New York.
. p. 292-333. >



