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ABSTRACT '
A study was conducted in the east-central Alberta'aspen
'parkland to determine the effects of burning and moWing on _-

Festuca ha]litﬂiVasey) Piper at different stages of its

growth tWO- by three-metre plots of an undisturbed, nearly
“pure F. hallii grassland were subJected to three treatments
burning, mowing with herbage remova] and no d1sturbance
(contro]). A split-plot design was- used with elght e
?eplications Treatments were adm1n1stered on flve dates 1n
1978 Apri],8, April 27, June 1, July 31 and October 18.
Herbage yields of F hallii were reduced in the f1rst
growing season fo\low1ng burning or mowing at any date The
two treatments produced similar responses. Reduced y1e1ds
.were a function of shorter leaf and sheath lengths. |
Increased light‘intensity brought about by litter and
. herbage removal. was thought to be'the.major cause of this
response The numberlof tillers bearing three and four |
1eaves increased in the first grow1ng season fo]low1ng
treatment. Total tiller density and dens1ty of one-leaved
ti]lers increased in the first year following the July and
October treatments; and in the second year~for the remaining
three treatment dates. New ti]lers were formed predominantly
in the fall, and to a lesser extent in the spr1ng ‘
In 1979, herbage y1e1ds 1ncreased on untreated areas by
16 to 29% over 1978 yields. In the,second year, plots

treated on Apr11 8 produoed y1e1ds exceeding those of

contro]s by 10 to 13%. Yields on plots treated on April 27



wefe 8% Iowef;fhan cohtrol yieids, while yields on plots
treated on June 1 were 18% lower than'yields on cOntrol:f
plots. Ihé recovery of produétivity‘was partially attributed
to recovering leaf and sheath lengths. R

Growth rates on‘aL; Yreated plots were lower than those
on control plqts during a monitbred two week peridd‘in dﬁne.
1979. Basa afea.ofvlive E; hallii remained unaffe¢téd by .
treatment, with the,exception o#ﬁburninglié October.
Production of F. ha1111 ihflorescences‘wés not influenced in
the first growing seasén‘fol]owing‘any treatment. In the
second yéar.,density of inf]¢rescehces on/treated‘plots :
increased four- to seven-fold over controls.

Daytime soil temperatures during‘the growing season
were consistently highéf on dendded plots than on éontrols,
one and twoiyéars after treatment. Temperatures on burned
plots were 1 to 2°C higher than on mowed plots. This efféct\
- largely disappéared in the secoﬁd year.

BUrning produced the same moﬁphb]ogica] effects onbﬁ;
hallii as mowing in thiF study. It was, therefore,‘boncluded
that the short-term effects of burnjhg in undisturbed F.
Déllii grassland were related primarily to herbage and _
litter Eemovaf rather than to the direct effect of heat frdm‘v

the fire or the indirect efféct of fertilization by ash.



e

»
. - )
hAY »

ACKNOWLEDGEMENTS
. I”wouldvliKe to. thanK Terry Gerltng ’my husband' for
his pat1ence. encouragement and ass1stance dur1ng ‘the course .
of th1s study. His help dur1ng the data collect1on of 1979
- was’ 1nvaluab1e He also gave of h1s time and skill in the
A product1on of the graphs in th1s manuscr1pt
I am. grateful to Bill Trabysh Calvin Duane, Dr. A W.
‘ Ba1ley, Mary-dJane Dav1es Lorne Cole and Dennws Holowaychuk
for thEIP a551stance in sett1ng up the exper1ment and
| adm1n1ster1ng the treatments Special thanks goes tO Ca]vln\;/9~
Duane who spent “many hours in the sun and ra1n,.he1p1ng me
to collect the 1978 data. 1 would also like to extend .
spec1a1 thanks to Sydney Ham11ton and Lynne Robertson who |
contributed their typing SK]]]S at times wh1ch were not
always conven1ent to themse]ves¢ I am grateful too for the. -
- assistance of Brian Pinchbeck. He was never too busy . to lend
" a hand in unravelling a new mysteny in compoter programming.
‘ I thank my»supervisor,'Dr. A. W. Bailey, for his
d;reotion and‘moral support. His‘encouragement'during
perwods of "rough sailing" was much apprec1ated I also
thank Dr. W. VandenBorn and Dr. P. WOodard for their adece
and their participation as committee members. Lastly, [
wou 1d 1ike‘tovextend thanks to Pr. A. Clark who took the

time to read this thesis and to participate in the defense

‘examination. Her comments and suggestions were most helpful.

»



Table ofAContents

" Chapter, | . B ' ' o o Page
i, INTRODUCTION ......... S U . y
2. DESCRIPTION OF THE STUDY AREA ...... PETTRT RN
3. LITERATURE REVIEW ....... T S 1

3.1, Festuca scabrella Torr. ..;7..{, .............. f..11
3.1.1 History of the Association .l.............11
'3.1.2 ldentification ..}., ............. .ﬁ' ......... f2
‘3.1.3 Range of Festuca scabre]ia .......... ‘.“...14'
3.1.4 Dominance Groups ............ PR }z ........ 15

3.1+4.1 Festuca scabrella
’ Torr.-Danthonia parryi Scribn.
Association ............. ... ..., 16

3.1.4.2 Festuca scabrella -Stipa
- spartea var.curtiseta .
- Association ........ e PUPRR 17

3.1.4.3 Festuca scabrella -Stipa , :
. ‘ o richardsonii Association ........ 18
o 3.1.4.4

Festuca scabrella - Agropyron
.spicatum var. inermis '
Association ................... .. 18-

0 3.1.4.5 Festuca scabrella - Agropyron °
' ‘ subsecundum and Festuca

scabrella - Andropogon
scoparius Michx. Associations ... 19

03.1.4.86 Festuca scabrellia as a

Sub-dominant Species ............ 19
3.1.5 Phenology .............. R .20
3.1.6 Establishment of Festuca scabrella .......21

3.1.7 Productivity and Quality of F. scabrella .22
3.1.8 Response of F. scabrella to Diéturbance ..24

3.1.8.1 Grazing K...:..u.; ............... 24



3.1.8.2 Mowing ...... SR o L ...26

'3:1;8fé' Burning .].......;....;.,.:;..j..27

3.1.9 kSuCcessionalTStatus ..... e e t;27

3.2 Fire ...... U SO o 29
3.2.1. Effects of Fire on Plant Growth S .29

X LY
3.2.2 Factors Influenc1ng Fire Damage to :
‘ Plants ....... e P .. 31

METHODS ..o ;f#%.;;;...;t._”.,...‘ ..... 35
4.1 Experimental Design R S 15.t ..... i35
4.2 Treatment -and Sampling Procedures at the Time |
of Each Tr1a1 ..... R Cee RIS e 35 |
4.2.1 Fuel M01sture ........,.;.i..t ..... . ...35
¢.2:2 - Soil Mo1sture,f....} ...... 4..t... ............ 37
"4.2.3 Soil Temperature ..... i, .37
§.2.4 Fire Weather Records ...... T 38
4.2.5 Measurement of F1re Temperature 1‘ .......... 38
4,2.6 Burn1ng Techn1que and’ Mow1ng Procedures . .40
4.207 Stage of Growth ........ P 32
4.3 Sampling Procedures after Treatment “.:.1.{ ...... 43
4.3.1 Herbage and Litber Production I.).,:~ ...... 43
4:3.2 T1lLer Dens1ty, Leaf and Sheath Lengths
' and Rate of Growth ......... P .44
4.3.3 Basal Area . ............iiiieiiiiiiil, a4
- 4.3.4 ~Inflorescence Production .n..,w;t,.., ..... 44
4.3.5 Soil Temperatures_...{S.{..;5,.;....;.f..;4é
4.3.6 Data Analysis .......... U1
RESULTS AND DISCUSSION .]........:.;..[..;....;.;.,...48

5.1 Factors Affecting Fire Behavior and Plant v
Response ......... I e e.. .48



ix

5.2 Tiller Density "ueeeoeeeeonnnn.. U e .57
o ‘ - o ’ )
5.3 Tiller Length and Rate of Growth ................ 72
5}4 Herbage Yield and Litfer~Productibn ............. 78
,.5§5 Basal Cover ......... T ',7...;.., ..... ..82
5.6 In%iorescence BrodUCTION - .o v oo .86
6. CONCLUSIONS'ANﬁ IMPLICATIONS FOR MANAGEMENT .......... a
7. FUTURE RESEARCH ....................... e u:.g..gs
8. LITERATURE CITED ...... e P I +..98
9. APPENDIX A ...iime..iiii.... U Ce....108
10. APPENDIX B R o S 127
3
\ .
. o,



N ~
L : .

List of Tables - « o
. ' . ) o Co - - ,J/
- Table . ‘ SR . ' o Page

L]

—

Grow1ng s%ason prec1p1tat10n (mm) at Ktnsella, Alberta 8
2. Mean maximum, mean. m1n1mum and mean month]y L |

temperatures (*¢), for the growing season

(Apr1l-September) at Kinsella, Alberta..t' ...... ... a
3. Weather cond1t1ons before and during prescr1bed

burning treatmentsw: ....... PR S S P 49
4. Mean fuel'Weighten(Kg/ha); fire temperature (;g);

and fuel chsumed't%)‘on five treatment dates..;{r..y.SO
5. Mean moisture content (%)‘of fuel a»: soil (0-5 cm)

on five treatment dates....... -...f.:...; ....... t, ..... 50
6. Mean stubble he1ght (cm) on burned and mowed

subp]ots on five treatment dates....... I P 52
77 Correlations among vartables affecting fire benav1nrv”i
and plant response....?..f........, ............ ;..rf.t53

8. Condttion'classification of Festuca hallii tillers

on five treatment thes i 1978 . 55

9, Growth rate {cm) of Festuca\ggljll between dune 18,
1979 and June 26, 1979........ e s T
10. Litter (kg/ha) collected in August, 1979..... e .81

1. Basal cover (%) in June, 1979 ef‘live Festuca ha]]ii.;83

12. Basal cover (%) in June, 1979 of dead Festuca haﬁ]ti..BB

13. Basal cover (%) in June, 1979 of burned festuca.

hal]ii and’ ash.' ..... T, o . ..85

14. Number of Festuca ha1111 1ntjorescences/m?.in July, 1979



1

15. Number Lf‘ Stipa spartea var. curtiseta |
-inflorescences/m? in July, '1979 ......... R o
&
~ ) A
/
| O
v
£
A -
Y ‘ L
‘3 _ .
? T .



, /
" List of Figures :

Figure ‘. | | : ﬁ ' o : 'Pege.’
1. Location of -study area in relatigh to area of best |

deve]opment of Festuca hal}ii (Vase?) Piper ahd o

Festuca doreana Loom.r;...f' ....... ;j... ..... ﬂ....f.{.w.-,2
2. - Exper1menta1 s1te before treatment (Apr11 19781...ﬂ}: 4
3[h Exper1mental design...... T .. .36
4. Measurement of fire temperature.......f%; ..... e 39
5. Burning techique (du]y,,1978)....:..;..:..7..ﬂ;..- ..... 41
6. Festuca hall11 bunch tagged w1th a ch1cken leg-band. 45‘”
7. hTotal number of live Festuca hall11 t111ers/m2v ....... ,58h
8. Number of one-leaved Festuca hallii tjllers/mz........60
:Q. -Number of two-leaved Festuca hallii tilJere/mf ....... B
10. Number. of three;leaved %eétuca-ha]]ii ti]lers/m7tj...;63
1i;'Number ofefourfieeved.Fesfuca hallii tfller:%mf,...:u.64
12.’Sdi]gtemperature (‘c) at 3 Gm.r ..... ‘..;1..7 ..... ,H.l.;67
13. Soil temperanre,(“C)‘at'6jcm.....;}..fl, ....... ... .68
14. Soil temperature (‘C) at 8 cm;;:.;}...l..[.’ ..... ',;;::;69
‘15? Number of dead Festuca hallii ti]iéréfng; ...... ;..17f71
15ﬁ_Leaf length of Festuca ha1111 two- leaved t11]ers...;..73,
17..Sheath length of Festuca hallii two- leaved tillers. 7
'18;:Herbage,yie1d (kg/ha) in Ihe'flrst and second T

grow1ng seasons after treatment............... ;.‘ ..... .79
19. Festuca ha1111 1nflorescences photographed on June °

18, 1979......... SR IR UL C....88



1. INTRODUCTION

Festuca hallii (Vasey) Piper', 1is the dominant natgve
grass on rangelands of ea§t-centra1 Alberta (Figure 1). It

_ was~grouped until recently with Festuca doreana Loom. of

southwestern Alberta, forming what was known as the Festuca
scabrella Torr. assoc1at1on F.‘hallii grasslands are
becoming restricted to small areas because of the expan51on

of Populus tremuloides Mbchx. forests* If F. hallii

rangelands are to be pgreserved, this tree encroachment, has:
to be curta%ied. Various control measures have been !’s
implemented, including: use of herbicides, mechanical

removél 3f trees, burning and grazing of young stems. Thgrg
has been reneWed interest in‘the use of fire asﬂj’managenent‘n_
tool in recent years. It has the advahtages f being
écpnomical.and quch.LIt also has potenfia as‘a-means of
ganﬁtafion ana‘fentiiization. Since the objecﬁive of'g;v

tremuloides céntrol also involves the preservation of F.

hallii grassjand, it is essentia] to know how burning
affects this forage | & o °

| An exper1ment was des1gned to test the response of F.
‘hallii to burning at d1fferent stages of deve]opment. A
mow1ing treatmént wi th herbage\removal was also included in
thejstudy‘to separate the heat effects of the fire from the
effects of defbliation. Thé developmen} of a rationale for
fhenstudy'fnvolved an understanding of the factors which

influence the location of F. hallii and its survival. The

__________________ | o

1Vascular plant nomenclature follows Looman and Best (1879)



-Figure 1: Llocation of study area in relation to area of best development of
- Festuca hallii [Vasey] Piper and Festuca doreana Loom.
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- growth of the plant is directy affected by the physica]'and
chemical condition in its micro-enyironment, This‘is
determined by the interaction of factors including:
daylength and 1ight intensity;vair and soil‘temperature X
.soil moistureland/nutrient subplies. These fébtors are' |
themselves influenced by broader environmenfa] variables
such as: climate, topogr.pnhy and soil type . The capability
of E; hallii to sqpvivé a change inits environment would be
determined by its. genetic cohpoSition, its stage of
deve]opment_af the time of disturbance and its higtory of
use. Since it is not posSible to control many variables in a
field experiment, site unifor&ity in topography, soil type
and‘spécies composition were considered’tb be very'important
(Figure 2). An undisturbed stand of F. hallii was chosen to
avoiﬂ.conflict_with ihﬁ]Uences of past use. It could be
assumed, tthefbre, that any homogeneous distyrbgnce to this
~ grassland would cause uniform changes in the
micro;environment of the_blant. Mowing fitted this
description better than burning since the outcome of the
Tatted is dependent upon a comp]ex'of fuel, soil and weather
conditions. Because of this source of variability, detailed
feco?ds of fuel ana weather variables were kept at the time
of;each treatment.

Thg;study was concenfratéd_on measuggmenté of plant
;resp?gge‘to treatment rather than on measurement of the

changes in the micro-environment which caused the response.

It was thdught that this would provide basic information'

"
/

3



.
Figure 2: -Experimental site before treatment (April, 1978).

Foreground: Festuca hallii (Vasey)Piper
Background: Populus tremuloides Michx. forest

i
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which could, 1f desired, be extended at a later date. Since
tillers act 1ndependent1y of each other they were
cons1dered:to be the functional units of the plant. Many

measurements were, therefore, made on a per tiller basis.

" Other more geneha1 measurements, such as herbage yield, were

used tor obtain an overé]] pepresentatien of what was
happening to the stand. ' " ;

\ The ma.jor objectives of this study.can be outlined as
fo]]ows:‘

1. to examine the effects of burning and mowing,on;E;
hgllii‘at different stages in the annual growth of the
plant.' | |

0. to differentiate between the effect of herbage and
litter remova] and the other direct effects of fire (heat’ %
and nutrient red1str1but1on)f e |

Theee objectfves were realized by comparing specifie‘~
measurements of plant response among treatment dates and
treatments. The following parameteﬁe of the plant yigour and
vitality following treatment wehe used for comparisen:

a. tiller density,

b. leaf and sheath length,

,
rate of tiller growth,

e}

;»\\ )

Ad. basal.cover,
e. herbage yield!
f. litter'production,

/
g. density of inflorescences.



2. DESCRIPTIDN OF THE STUDY AREA
Experimenta] plots were-located on the University of A]berta
Ranch, 154 km south-east of Edmonton, Alberta. Specifically,
they were on the north-west quarter of'sectiong33, township
46, range 11, west of the fourth meridian.;
The ranch lies on part,of'the Viking moraine, which was
'formed during the-reoession'o?dKeewatin glaciation almost
: 15,000 years ago. 'The t,iii of the huninocky disintegration
morraine contains ashigh.percentage of medium and ooarse
sand As a result, the soils developed from‘this parent
-materiai are of a medium loam texture. Chernozemic soils
occur under the grasslands and Gieyso]ic 30115 are found in
the depre551ons of moderate to strongly ro]ling topography
This is referred to 1oca11y as "Knob and kettle” topography |
lDarK Brown Chernozems are found on hi]itops and these grade
into Black Chernozems at the mid-slope position.
The alkaline condition of many of the sloughs in the
| area can be attributed to the brackish water origin of the
- underlying bedrock. Wyatt et al. (1944) claSSified this
bedrock in the pale beds division. It con51sts of sandstones
}interbedded‘with greenish sha]es and thin coal seams. Saline
\sloughsntend to be located in the lowest topographic -
positions, indicating that they are'terminalydrainage basins
for the numer ous lessvbrackishtsloughs prnd at higher
elevations. _ ( |
Trewartha (1968) c]a551fied the climate of the aréq\as

- hugﬂdvmicrothermal w1th cool summers (Dfb). According to



c " | \

Wonders (l969), the University Ranch would lie within the
.dry subhumid ‘zone of Alberta.with_an\averade potential
evapOtransoiration of 51.0 - 56.0 cm of water and an average
actual evaootranspiration of 35.5 - 4Qu5'cm.'Average annual
precipitation for ghe area isf38 cm per year; about 67 per
cent of this.fallS«during the growing seasor from May to
- September and 50.per cent!duringndune,‘duly and August. |
QPrecipitation patterns for 1977-79 are presented in Table 1.
’The coldest- month 1s danuary, the mean monthly m1n1mum‘
..temperature be1ng -23°C, and the mean monthly max1mum-being
-13°C. July is the warmest month ‘max imums averag1ng 19°C
and minimums 8 C. Mean max1mum m1n1mum and mean monthly
temperatures for 1377-79 are presented in Table 2.
Prevailing winds are from thesWest“and northnest twyatt et
cal. 1944). o -

The vegetat1on in the study area is aspen parKland as

descr1bed by Moss (1955) Clones of Populus .tremuloides are

predom1nant W1th small areas of grassland character1zed by

the Festuca scabrella assoc1at1on (Moss and Campbell 1947) ,

Populus tremuloides .has been calculated to be 1nvad1ng the

grasslands at @& rate of 7.6 m/km/year (Scheffler 1976) .
Ungrazed upper lepes 1n the grassland are’ domlnated by

Stipa spartea var. curtiseta Hitchc. Subdom1nants in this

7o B
‘community~include:‘Artemisia ludoviciana Nutt. Rosa

| arkansana Porter and Aster spp. Gra21ng of slopes and
th1lltops results in a sh1ft toward vegetat1on more adapted

to dry edaph1c cond1t1ons (dohnston 1962) . The domlnant

L

Kl
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planf species would then include: Bouteloua gracilis{HBK)

Lag., Carex heliofila Mack./C. filifolia Nutt. and Artemisia
v ' . .

frigida Willd. Subdominants in this community would include:

Aqrogyroh dasystachyum (Hook.) Scribn., Koeleria cristata -

(L.) Pers. and Ahemohe patens L.

¢

The wettest soil profiles in the grassland favour the

growth of Agropyron subsecundum (Link) Hitchc. This species

is most common in lower siope positions where water
discharge 15 evident. Conditions are often moist enough that

shrubs are present: Symphoricarpos occidentalis Hook. is the

most'preva]ent;



3. LITERATURE REVIEW

3.1 Festuoa sgabrella Torr.

3.1.1 History of the Association

Moss'(1932) was the first to describe Festdca scabreila

- as one of the ch1ef dominants in the grassland of central
A]berta. Prior to this, Macoun (1882) mentioned Northern

Buffalo grass“ (Stipa §Qaftea'varp curtiseta) as the

" dominant grass of the region. Clements and161ements (1939)
mentﬁoned E;'scabhella)as an important grass in whaf they
 called (he ' submontane’, type of mixed brairie, found in

Central Alberta and Saskatchewan. In his 1944 paper, Moss

recognized a Festuca - Danthonia association for a 1imited-
area in south-west Alberta. Fescue graSslands‘in ,

Saskatchewan were studied by Coupland and Brayshaw (1953).

They proposed the "Festuca scabrella assoc1at1on “as the 7th

North American grassland formation. In 1947, Tisdale
. ' ) B ] . '
described an ' Agropyron - Festuca zone' in the, southern

interior of British Columbia, occurring at alfjitudes of over

860 m. Bird (1961) mentioned the,occurfence of\small areas
of fesptie prairie’in\Saskatohewankbut did not .include ft in
' e grassland types,of Manitoba. : | 'Y

> Looman (1969) examined the Fescue Grasslands of Western
_ Canada and classified the association’accobding to the i
'Zur1ch Montpel]1er method. Wroe (1871) suggested that the
late recogn1t1on of -the Fescue Grassland may have para]leled

its recent.deve]opment;

11
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3 1. 2 Ident1f1cat1on

Festuca scabrella owes its name 1O the scabrous nature
. of the ventra] surface and margins of its leaves Moss . |
(1959) descr)bed the spec1es as fo]tows
va"densely tufted, often as large tussocks, (30-60 cm
in d1ameter) these enlarging by short'rhizomes; *
dculms coarse, .3-9 dm h1gh basal leaves f1rm
scabrous 1nvotute, erect; old basal sheaths.long
- pers1stent their blades early disarticulating,~
pan1c1e 5—15 cm long, the branches appressed or .
ascend1ng, the spikelets toward the tips; sp1kelets
~elliptic or ovate: g]umes scarious, lustrous,
somewhat unegual,‘5-9 mm tong, Jemhae firm, 7-10 mm
‘10ng, spabrods,’B-nerved, the midnerve fOrmtng‘a :
‘keet doWards; cloeely related to F. altiaca Trin.
and often classified with it. ; ~u: |
Hitchcock et al. (1969) descr1bed the Spwkelets of Festuca
scabre]la as.being 4 to 6 flowered They also mentioned a

variety, F. scabrella var. ma jor Vasey, on wh1ch the culms

are, on the average ta]]er the panicle,larger and more |

spread1ng and the lemmas more strongly ‘nerved. This variety

has been found on hillsy and in. dry woods in M1ch1gan,vand

- west from Montana to Wash1ngton - T
Johnston and Cosby (1966).reported that their - =

ohierxatlone/fﬁdToated many dev1at1ons from the puollshed ‘

taxonomic features of rough fescue espec1a11y the

rhizomatous character. They suggested that under drier -



edaphic conditions, E; scabretla\tended to assume a bunch
habit, While({n moister situations andvon_favorab]e‘soils,"
the rhiiomatous form was favored. It is the latter fogm of -
£, scabrella whith is found in the study area at Kinsella,
Aberta. L |

Bowden (1960) found that the chromosome numbers 1n F
scabrella varied. Collectlons made in| southern Alberta were
found to be octaplo1d (2n-56). These spec1mens uere~
de51gnated by Bowden (1960) as F. scabretta var. ma jor.
Other co]lections, ‘some of wh1ch were taKen from northern
Quebec were found to be tetraplo1d (2n 28) |

Looman and Best (1978} on]y ment ioned F scabrel]a as a
sub-species of F. a]ta1ca wh1ch was nor thern rough fescue
. E+ scabrella, as def1ned by Moss (1959) was strat1f1ed 1n
lLooman and Best (1879) into two spec1es F. Déllll and F.
doreana . | | A e |
| F. :hgllii was described by Looman and Best (1979) as a
tufted grass hav1ng fibrous roots and often bear]ng
rh1zomes The culms were 20-60 cm h1gh/and glabrousm,as are
1the 1eaf sheaths “The blades were 1-1.5 mm wide‘and Av

nvolute gray green 1n colour and sparsely short pubescent

The 1nf]orescgﬁces were 6-15 cm Iong and are open to o
’contracted at f]owering The sp1ke1ets had 2-3 florets and
the th1rd floret was 1nfert1]e Glumes ‘were membranous and

J
often diffused w1th purple The_}emmas were 7-8 mm long and

-

'"Awere 5 nerved They were/scabrous,despecialTy'on the’ margins

_and often d1ffused with pyfhle This speCies.wasvdistributed‘
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through the parkland prairie and Cypress Hills, as well as‘
" in the Wood Mountain area\(Looman and Best 1979).

1 s E;_doreana‘formed large tussocks and had a fibrous root
system, but no rhizomes (Looman and Best 1979) The cu]ms |
were 48-120 cm high, stout and glabrous. The blades were 2-4
| mm Q%de:’ltnerved and'sparsety short»pubescent They could
°be‘ft§t*85“ﬁﬁvo1ute The tnfloresoenoes nere open to ;
somewhat contracted at anthesis. Sptkelets were 11-16 mm |
1ong'and 3-6 flowered The g]umes were 3 nerved and the
2]emma5xWereb5§nervedu‘The latter were_glabrous“to‘scabrous,
and'oocaSiona]ly‘dtffused with‘purble; F. doreana is found -
in the southern Rocky mounta1ns ané foothtl]s (Looman and
.Best 1979). A synonym for the spec1es has been F. scabre]la
var. _glg_ Vasey. | " _ |

The spec1es found on the Untver51ty of Alberta ranch
Kinse]]a, Albertavftts the description for F ha1111 1nta1]
resbects:except one: The.]eaf‘blades were scabrousvrather
than sparsely short pubescent. Loomanzcontirmed the
‘identiftoation as F. hallii. o

03, 3 Range of Festuca scabre]la

E; scabrella has been found in eastern areas where the‘
c]1mate is cold temperate and sub humid ;. 1n»centra1 areas
where the c11mate 1s semi-arid and in the west ‘where- the
: cl1mate is cold temperate and sub-humid (Looman 1969)
vTemperatures range from -40 to +40°C; the frost free perlod

2 |ooman, J. 1980. Personal communication.
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from less than 90 days to 200 days,; precipitation from 46-76

cm and'evaporatioh from 38-51 cm annually (Looman 1969).

~ This resulted in a precipitation to evaporation ratio of 0.9

" to 1.2. Festuca scabrel]a has been found at altitudes

rang1ng from 700 m in Man]toba to 1950 m in the Rocky
Mountains and in Southern British Columbia (Looman 1969).

According to Johnston (1958), Festuca scabrella

followed a diStribution pattern similar to a npumber of

arctic-alpine species. The southward and eastward movement

of "the species range was believed to have occurred during

the last glaciation. Generally, the Species has been found

-~

. on Dark Brown'and Black Chernozemic soils, which have a pH -

range of 6.6 -to 7.3 and'a cation exchange capacity (C.E.C.)
range of 18.7-27.0 meq/100 g‘(50-60 percent saturated by

Ca++). Total potassium was high, but nitrogen and phosphorus

were low, averag1ng 5.5 and 13 ppm respectively. So11

texture var ied from fine sandy loam t@ﬂzjay loam over

glac1a1~d1]l (Looman 1969 ).

3.1.4 Dominance Groups

In undisturbed areas, F. scabrella forms an almost pure
stand. Looman (1969),peborted that rough fescue averaged 25%
of total .density on‘sueh sites Wroe (1971) found that F. |
scabrel]a in south centra’l Alberta had a canopy cover of

94 .4% and'represented nearly -75% of the herbage growth by

weight on'undistuﬁbed hilly'range]and. Dominance groups, in

fewhich,the.second species averaged about 12 to 15% of the



16
\

total density were common, according to Looman (1869). These
combihations~were a result of varying climatic and edaphic
factors. Looman k1969) stated that they could be regarded as
.indicators of a temperature moisture gradient, existing

_ ‘ »
geographically as well as locally or topographically.

<

\

3.1.4.1 Festuca scabrella Torr.-Danthonia parnyi Scribnf

Association

This association predominate; in the southern foothi]jé
of the Rocky Mountains in A]beﬁta.,This area -is the warmest
and driest of the Fescue Grasslands found in Canada, and
also the richest in associated spécies. Moss and Campbell
(1947) listed 20 grasses, 3Wsedges[ 10 shrubs, 115 forbs and
| aifewg@osses and lichens for the area. They attributea this
diver§ity to the close prbximity of other vegefation types,
and to migration from western and gouthern areas. The |
absence of many of the species north and egét of the
foothills region,isllikejy*ah effect of glaciation, with
insufficient tihe‘having elapsed to accomplisﬁ their
reintroduction. It should be noted that this association
only e&ists én 1ight and méderately grazed up]andé. Pure

stands of rough fescue are found on ungrazed uplands.

Festuca scabrella and Danthonia parryi are co-dominants.

Moss and Campbell (1947) listed Festuca idahoensis Elmer,

<

Stipa columbiana Macoun, Agropyron spicatum (Pursh)Scribn. -

: : b 1
and Smith, Potentilla fruticosa L., Achillea millefolium L.

and Salix spp. as the subordinate species in this
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association. From personal observation, I would say that

Festuca idahoensis and Bromus inermis appear to be the major

sub-dominants at the present time. At highérfelevations,
this association is restricted to warm slopes or‘stony
soils. On other soils and asbects, it is replaced by the

Fe®tuca scabrella - Danthonia'intérmedia assqciation.

Danthonia intermedia had great ecological versatility and
probably the species was composed of ecotypes-(Kotérba and .
Habeck 1971) . Major associates included: Agrngron

subsecundum, Helictotrichon hookeri (Scribn.) Henr., Stipa

~ spartea var. curtiseta and Carex spp.; Potentilla frUticosa

L. and Salix spp. were the dominant shrubs.

.

0 3.1.4.2 Fesfuca scabrella -Stipa spaftea var.curtiseta

Association

Coupland and Brayshaw (1953) named ‘this as the dominant

associatibn in the parkland region. Festuca hallii is very
much the dominant grass on mesic undisturbed sites. From
personal observation, I woqu say that ‘Stipa is only one of
many subdominants on these sites]‘others being: Agrogyron

subsécundum, Solidago Spb.; Cerastium spp., Agropyron

dasystachyum and upland Carex spp. Stipa spartea var.
curtiseta dominates on more xeric sites, along with

Agropyron spp. and Béuteloua gracilis. Potentilla fruticosa

is absent from the parkland. Shrubs taking its place

include: Elaeagnus commutata Bernh.and Symphoricarpos

occidentalis. Populus tremuloides and Salix spp. are also

%
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common. Coupland and Brayshaw (1953) stated that the Festuca
Y
- Stipa association of (Pe 6arklands was preclimax to

Populus forest.

3.1.4.3 Festuca scabreila -Stipa richardsohiilAssociation

This association is found in the Rocky Mbuntain,
foothills of Alberta, sin the Banff .- Jasper area. Stringer

(1973) listedvthe<subordinate species_as: Stipa columbiana,

Poa alpina L., Antenaria umbrinella Rydb., Astragalus

a]ginuva.}-De]phinjum dTEGEUﬁ'S} Wats. and Calamédrbstis
inexgansa'A. Gray. He also stated thaf this afea was
dominated by grasslqnd until about’SO years agO} At that
time fire protection was 1h£roduced and aspén,_leldwed'by

spruce, has invaded the region.

3.1.4.4 Festuca scabrella - Aqfoﬁyron §picafum vér.‘inermis
Association | - |

Van Ryswyk (1966) reported this association in the
Fraser plateau area of British-Columbia. Lf is found at
altitudes of 490 - 825 m, under a mild form of continental
climate (frost-ffee period ]44-204_daYs; P:E ratio 1.7-1.9).
Species commonly found a§ associates here include: ngadean

venosus S._wats., Rosa woodsii Lindl., Stipa columbiana,

Koeleria cristata, Geranium viscosissimum Fisch and Mey,

Juncus balticus Willd., Delphinium bicolor Nutt. and Poa

pratensis L.
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3.1.4.5 Festuca scabrella - Agropyron subsecuhdum and

Festyca scabrella - Andropogbn scopariUs Michx. Associations

These associations were found in Manitoba and Wood

Mountain, Saskatchewan respectively (Looman 1969). The ‘

Féstuéa scabre]la - Agropyron subsecundum combination is
also found.occasionaﬂlyvin the lower foOthi]1§ of the Rocky

mountains, the Cypress Hills and'the-parklands. Lynch (1955)

reported that Stipa spartea Trin. and Andropogon qerardi
Vitman. are subdominanté in the Manitoba assoqiation.'ln the

- Wood Mountain'areq, Danthonia intermedia, Andropogon

scoparius and Lilium philadelphicum L were found as

associates (LQoman'1963){

(=]

3.1.4.6 Festuca scabreT]é as a Sub4dominant Species

‘Toward the southern limits of its range in west-central

and southwestern Montana, Festuéa scabrelia has generally

been found only on higher mountain slopes (Stickney 1960).
In northwestern‘Montaha, it has often been found on river

valley bottomlands (Koterba and Habeck 1971). More often,

howevér; Festuca scabrella has occurred in communities as a
sub-dominant. The eastern WashingtOn - northern Idaho"

:grasslands, for example, are dominated by Agropyron spicatum

and Festuca idahoensis (Daubenmire 1843, 1970; Tisdale

1947)2«The compoéitibnal shift northward to”dominanc%'by

Fesfuca scabrella has been attributed to increasing amounts

of available moisture (Tisdale 1947). This can be a result

of increased precipitation or a decrease in the percent
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occurrence of sandy loam soils. Redmann (1975) stated that
COol-season species on fine-textured-soi]s have the

: compet1t1ve advantage on these sites. The moisture-
cond1t1ons on fine- textured so1ls are most favourable early

in the season and become unfavourable sooner than in the

- sandy sites.

- 3ut.5 Phenoloqy
| Johnston and MacDona]d (1967) reported that F.
scabre]]a (Ft doreana) in southwestern Alberta started
growth early in May, when the soil temperature at a-gO cm
depth was 2°C. In 1978, ] observed the rhizomatous £;>hallii
Sin the parklands to have new green growth under the snow on
" March 31 1978 and a new growth of 6.5 cm was measured on
Apr11 8 |
Head1ng of F.doreana occurred in tate dune'when the

soil temperature reaches about 12.7'C;\under a daylength of

about 16 hours (dohnston and MacDonald 1967). Festuca hallii

in the parklands headed in early to‘mid dune. Anthesis

occurred in mid to late June. Seeds of Festuca doreana in
southwestern Alperta had:matured by early Audust: In the
.parKlands th1s happened about two weeks earlier. Plants:
enter w1nter dormancy in early October 1n southwestern
‘Alberta (dohnstonvand MacDonald 1967). New green growth‘of
6.7 cm.was observed on F. hallii ti]]ers on October 8, 1978
at Kinsella, Alberta. Evans’et a]!f(1964) reported that |

fescuoid species grew actively at temperatures of 15°C and
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below.

Reproduction of Festuca hallii in the parklands is

maintained for the most part by growth of rhizomes. Festuoa
doreané'of southwesterh Atberta has only a limited ability.
to oroduce laterail titlebs from axillary meristems. It,
>therefore, depends upon'sexuat'reproductionrtoxa greateh
extent .’ dohnston and MacDonald (1967) reoorted Festuca
doreana as an errat1c seed-setter, several years elapsing
without any appreciableeseed~set in many areasi They found
“that tnitiation of floral primordia took place in late
AUQust'to early September,;but were unéb]e to determine the
cause}of initiation. Moss (1947)‘noted‘that'thé generally |
good'heading'of this species in west ehd centre] Alberta.ih
1947 followed a winter of.exceptionally heavy snowfe1].
Seedfset'was much better in 1979 than in 1978 at Kinse]]a.
hPrecipitation invthe 1ate summer:and fall of 1978 was above:
'.average'(Table tt ‘Vegetative growing points remaihed at or
near ground level throughout the year. 1n F. doreana.
dohnston and MacDona]d (1967) clalmed that the compact

clumps protect the perennating'buds fhom fire.

3.1.6 Establishment of Festuca scabrella

ﬁ;'scébrefla (E; doreaha)»has been shown to‘germtnate-
readily. At a tempehature of 18°C"80% germination was
achieved.in fiVe days { Johnston 1961)‘ In his experiments,
dohnston ;Lund that germination was 1nh1b1ted by a wet- cold

treatment, similar to conditions imposed during a typ1ca1
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«spring The least vigorous seedlings were those subjected to
the greatest degree of compet1t1on The‘highest dry matter
y1e1ds were obta1ned from shal]ow seeding and the 1argest
plants were those grown on top of a f1ve cm layer of ‘litter.
However, the percent surv1va1 of emerged seed11ngs was best
at shatlow litter depths. After estab11shment, the-effects
of litter were behefiCtat; hitrogen was supined by the. i
decompesing.ptant material“ Seedlings were also tnhibitedlby*
a so]ut1on prepared from part1a1]y decomposed litter. Thts |
meant that seeds broadcast and ‘covered by 11tter had a low
survival rate. Carry-over of seed from year to year was
negligible as a result. - o

Festuca doreana stands were s]ow to develop, the

establ1shment period be1ng three to four years in compar1sonﬁ
to one to two years for cult1vated grasses (dohnston and
‘MacDonald 1967). However, w1nter -kill was quite low in
.und1sturbed plants of rough fescue Seed was'd1ff1cult to
obtain, because of 1rregular flora] initiation and seed-set .
Johnston and MacDonald (1967) found that environmenta]'
conditions that result from spaced p]ant1ngs and cult1vat1on
Qf‘nurser1esrappeared to favour 1n1{1at1on of ftora] ‘
primordia. As'yet,vcbmmerciat seed produetion does not

appear ‘to be economically feasible.

3.1.7 Productivity and Quality of F. seabrella

Festuca ‘scabrelia (F. doreana) has been recognized as

one of the more productive native grasses. However, Wilson
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and Johnston (1969) recommended reseeding of pastures to
domestic grasses, because of better seedling growth and
their greater herbage production. They found that tall

fescue, Festuca arundinacea could produce up to 17 times as

much dry matter as Festuca doreana, under optlmum grow1ng '

conditions. Tall fescue had a greater leaf area ratio _
because tts leaves were wider and_TongerAand less inclined
to roll.
Some work has been dgnevon fertiliaation of fescue

grass]ands; The embhasis}has\been onfimproving the quatﬁty
" of the species. F. scabrella has'been shown to be very |
palatable to both livestock and big game throughout the
seasons‘tHodgKinson and Young 1973). Johnston and Bezeau
(1962) found that samplés of F. doreana taken from
' seuthwesterh-A]berta had an average protein content of 10%
in the heading‘stage. Phosphorus cohtent was approximately
14% dur1ng the same stage Protein and phosphorus leve]s
'dec11ned to 5% and 8% respectively, when the forage reached
" the cured stage Curtng norma]]y occurréd dur1ng late duly,
but can be ear11er or, later depend1ng on the season (Pigden .
1953). F. scabrella was one of several grasses that retained
a re]atiVely high nutritive value late in the growing
season. tn addition,:its physiCal form was preserved; stems
and leaves did not decompose until eight totteh-menths after
cessation of growth (Pigden 1953) Plgden (1953) found that
a very high proport1on of stem mater1a1 in two cu]t1vated

grasses, smooth brome and crasted wheatgrass was heav1ly
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Tignified“strdcturai maleria] at the cured stégé.
Conversely, E;‘scabrella was found to haQe a high proportion
of non-lignified mESOphyll tissue inlits leaves at the same
stége. Therefore, it is probable that the native grass is
more easily digested than the cultivated species fn the
~cured stage:" |

The National Research Council (1970) indicated that
beef catfle require 20% phosphorus in a ratioh. Bezeau et
al. (1966) found that this‘]evei,was achievédlwhen )
phosphers'was applied at a rate of about 150 kg/ha. The
residua]veffect‘two years aftér treatment was_sti]i" |

nutritionally adequate. They also,Found that the formation

" of silica uroliths in cattle could be prevented if the

si]ica,cohtent of Festuca doreana was Keptkbe1ow 2%. This
was accomplished by applyihg about 150 Kg/ha.of nitrogen per
yeér to Keep the protein ¢ontent of F. doreana above 16%.
Without fértilization, such a high protefn}contént'cou1d
only be\expeéted in‘SO% of cases at the leéf stage (dohnston
and Bezeau 1962). | |

.

3.1.8 Response of F. scabrella to Disturbance

-

3.1.8.1 Grazing

Buffalo used to braze F. doreana during the winter
(Johnston and MacDonald 1967). This did not Kill the plants
or reduce their summef ngoS?. With the introduction of °
cat{]g, it'was found that F. doheaha tended to decreaéé in a.

stand as summer grazing';ntensity_increased. Johnston and
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MacDonald (1967) suggeStedlthat F. doreana could be
eliminated from a etand with_on]y two or‘three_years of
-contlinuous heavy summer grazing.

In a study conducted in eouthweetern'Alberta} Peake and
dohnston (1966) determtned that at the end of ten years,
vegetatton on heathy grazed f1e1ds could only suppOrt
gra21ng for two and one half to three months, whtle
moderate]y grazed f1e1ds could be grazed for six months
Gatns per head of domest1c cattle were greatest under 11ght
or moderate gra21ng but highest productton per acre was.
‘obtained by the heav1e&t grazing treatment (three acres per
animal unit) Soil colour in the Ah horizon was found to |
Achange from black under l1ght graz1ng, to ver XdarK gray
under moderate graz1ng to darK gray1sh brown under heavy
- graz1ng to very dark brown under heavy grazing (Johnston et
al. 1971); Soil moisture was reduced in the heavtty grazed

field and mean monthly so1l temperatUre was -higher 1in summer

T

and colder in. w1nter than in.the lightly grazed field.
Johnston (1962) and Peake and. Johnston (1966).stated that a
drier microcltmate was created-under heaVy grazing. This was
unsuitable for the growth of F. doreana, causing a decline
in its production. Decrease of E;'doreana on heavily grazed
bastures cou]d‘be explained on the basis of an erect growth
habit and of the ease with which olose'grazing can remove
most'of the photosynthetic tissue (Johnston and MacDonald o
1867). However, a large proportion of the shoot apices of £;

‘doreana remained Vegetative throughout the year and hence,
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“below the he1ght of access1b111ty to graz1ng an1ma1s As
gra21ng pressure increased, the percent of forbs and shrubs
increased; 31 species were present in heav11y grazed sites
aswcompared to 19 species in ungrazed areas tdohnston

- 1961b). Stocking rates should'be adjusted according]y‘ There
has been l1m1ted research on the effects of grazing on

. Festuca ha1111 Ba11ey et al. (1980 1nd1cated that heavy

'summer graztng reduced forage yield 51gn1f1cantly in east
central Alberta. Changes in basal cover and spectes

| composition due to gra21ng have not yet been investigated.in

the parklands.

; mowing practice in A]berta'has.beenAto take a
crop 51 rttn alternate years. Moss and Campbe]l (1947)

._matntai? ithat as a’resutt E. scabrella had become much
smatter% z:stature and in- dtameter of tussock. thlms-
(1980)3; und that mow1ng'of F. hallii in May, for three

consecutwve years; s1gn1ftcantly reduced tiller den51ty

 Bailey %;laT (1980) found that a cu1t1vated communtty
v(a]talfa"creeping red fescue and smooth brome) produced 62%
more forage tian a rough fescue communlty in east central |
vAlberta Dry matter produced with two harvests was 19% |

greater in the r*ultwated‘commumty and 65% greater in the

| hallii commun1tyf

¥ 1180, Personal communication.
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3.1.8.3 Burning

Bailey and Anderson (1978) found that the Festuca -
Stipa grassland communﬁty in east-central Alberta was
_’well-adapted to surViviﬁg é'single pfescribed‘burn. Canopy

'coverége was‘reduéed more by sprjng/guhhing than by fall.
E burnfng. Produétibh of seed heads was unaffected by avfa11‘
préscribed‘bUrn'bUt‘was reducéd:foilowing spring’burning,
Andersqn and-Bailey (1980) found that‘repeateaiannuaf "
‘burning reduced average leaf lgngth‘and'thé nﬁhber:bf‘
 ihflorescence$ per square métré},Canopy cover and grass 
'prodﬁction'were réduced'by’SO%. o

3.1.9 SUCCéssional Status

. The succéssional status of the fescue‘gfassland has
rbéen the'subjectﬁof some,débhte invpast years. Moss and
~ Campbe 1 (}947) Conéidéred'thelﬁ; écabrella Community to be
a’c1iméx gnassﬁand cqmmuhity,4Couplanq_and‘3rayshaw (1953)
Aba]led thé F. QCébreila assoéiétfon Qitﬁinvthé aspen- |
-paﬁklanq é‘posp;climéx,communiﬁy. It has also been called a -
vpré-climax co&ﬁQnity:1d coniferous forest by Looman (1963)
“and vanRy$kaV(f966);WF§reSt {nva§ion of grasslands has
'fgéen occurring ih k15érta as a'na1Ura]‘conSequencé of
.prevailing ¢limate.(Mqés énd Campbe 1 1947). The rate of
'spread.before séttlément was chtrolled by wildfires and
fi;eg set’ by Indiang'(Neiéon‘and‘Ehgiénd 1971). The |
"‘influénée of bisbn and other grazfng animals oh this Eange B

.is subject to speculation. Moss and.Campbe11](1947)q
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aintatnedlthat the.F scabrella climax Was realized‘during
the time when buffalo were transtent members of the same -
b1ot1c communtty Larson (1940) belteved that buffalo had
ch the same effect ‘on plains grassland as domestic cattle
have nOW . However the1r effect on the Fescue Grasslands of
/southwestern Alberta would not have been as great stnce.
'they grazed there only when the plants were dormant.’Also; -
it should be remembered that they were not confined as |
cattle are now. |
The pattern of success1on in the Fescue Grassland has'
'involved~ f1rst an increase in broad- leaved plants such as'

- aster, rose, yarrow and horsemtnt (Johnston 197O)q,Follow1ng ’

this, there has been establlshment of larger shrubs

Symphorlcarpos occ1dental1s, Elaeaqnus spp , and sometimes’

Potentllla frut1cosa on me51c sites and- Sal1x spp ,. ON more

o

moist sxtes. These have tended to reduce ‘the cover of
herbaceous species, wh1chzwere not very shade’ tolerant
. Aspen seedl1ngs can establlsh when cond1t1ons are such that
| the seed w1ll be Kept ‘moist for about two weeks (Moss 1938)
//}ntenance of such cond1t1ons for th1s length of time wou ld
be relat1vely rare in the parkland Vegetatlve reproduct1on
by. means of suckers is common where establ1shed aspen clones
| ex1st The shrub spec1es are ellmlnated after aspen grows to
.a helght where shadtng becomes 1mportant
Gra21ng has retarded the development of shrubs and

aspen, the degree of control depending upon graz1ng

'1ntenstty, browsing hab1ts of the an1mals and the local

o
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’ env1ronmenta1 cond1t1ons (Moss and Campbell 1947). Not all

shrubs ‘can be contro]led in this way.

| Prescribed burning of Fescue Grasslands can be used in
the controj of brush invasion. This technique, however, has
to be combined with heavy grazing or herbicide tfeatment to’

control resuckering (Bailey 1978).

.3 2 Fire

3.2.1 Effects of Fire Qg Plant Growth
Prescr ibed bUrning“is amrahge manage@ent practice which
is being successfully implemented en many range]énds. It has
been used to 1ncrease availability and ut1llzat1on of *
forage, to jncrease herbage y1elg,_to control undes1rable
_plant species and to improve wiidlife habitats (Wright
1974). Before developfng a scheme fbr preSeribed burning in
a particular region, it ie important to underéia%axhpw fire
‘affects the plant species involved. | |
One of the major effects of fire on plant growth has
been‘tﬁe removal of top growth andvlitter, which faveurs
p]ant yfelds by raising soii tempereﬁures (Kucera and
gﬁhrenre1ch 1962) Sharrow and Wright (1977) found that the
rate of nltrogen mineralization wae<1ncreased but
st1mulated plant growth caused reductions in both the
nltrate and moisture content of the so11 Add1t?on of ash
’maybnot enhance prodyuction until severa] seasens after the
fburh,jf at all. Lloyd (1971), however, demonstrated that

‘nutrients in deposited ash were readily released and became’
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available for uptake by plants. Precocity of new shoots on
" fresh burns has also been related to .increased soil
temperatures. as has the increase in per cent germinatidn
(Daubenmire 1968). "

~ Mulch depth has been reduced by burning (Dix ahd But ler
1954) although soil organic matter could increase (Anderson
‘and Bailey 1980). Soil pH is also generally hfgher after
“burning (Owensby and Wyrill 1973). Generally, burning has
been beneficial in afeas where Jitfer accumulation was great
and soil moisture adequate (Launchbaﬂgh‘i973). Decreased
light pgnetration aﬁd lower soi | temperatures due to Fhe
presénce of large amoghts of litter can prevent further
plant growth; A]Telopé&ﬁic effects may also be.anolved,ras
leachates from the ‘Jitteraseep into thé soil. In dry years,
soil moisture has been %he Timiting plant gr0wth factor and
uburning had no beneficial éffects KSharrow”and Wright 1977;
de Jong and MacDonald 1975). Since wildfires are most
prevalent during the driest part bf the year, thefr effects
tend to be more devastating to plant growth than those of
presCribed burns. | | | | |

"New growth on burned areas has usually contained
increaééd amounts of phétein and minerals as well as .
moi§ture (Daubenmire 1968). The iatter'Condition can be
detrimental to the precocious young'plants in areas wheré
danger from frost is high. The content of indigestible
maferiallhas often been reduéed, thereby incfeasing

pa]atabil{ty.

%
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The most varied effects vafire relate to the
subsequent production, Qigour. density and reproductive
capability of the plant species involved. Thesg,can either
decrease or increase dépending.upén condﬁtions at the time
of the fire and individual species différences. Size of
" leaves has often been reduced but could be accompanied by an
‘inchease in ‘the number of tillers (Daubenmire 1968; Hulbeft’
1969) . Effect of fire on production has usually been
consistent within a particular geographic region. Season of"
burning and litter accumulation have also played their part.
Fire has.increased basal area without having much effect on
préduction, Stimulation of flowering activity has often been
observed (Daubenmiré 1968; Andefson.1972) but has usually
been short-1lived.

Clipping or mowing has prodﬁced changeslsimilar to
. those created by fire (Hulbert 1969). A‘comb{natidn of ~

burning and clipping treatments have been used to separate

o

the effects of fire (heat, litter removal and nutrient
: Lt . |
redistribution) (Daubenmire 1968). . o

N

\
\1

3.2.2 Factors Influencing Fire Damage to Plants

There are many factors which can influence the extent
Qf fire damage;to plants. Those related to fhe fire itself
| include: the type of fire, its temperature and its duration.
. Backfires generally have caused more damage than headfires
in grasslands because of their proXimity to the perennating

buds (Daubenmire 1968). Backfires tend to be of greater
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L

duration but are not as hot Therefdre there is a greater
chance for a backfire to burn deeply into p]ant cCrowns.
Previous work by Anderson (1972) in the Festuca - §119_
| association of the parklands tnd1cated that maximum
temperatures for headfires were reached at an average
elevat1on of 15 cm while bachlre maxima took effect at an
average of 5 cm above ground. .

Environmental influences’ at the time of the. ftre‘have
‘also been shown to be 1mportant The prevailing weather
~conditions, including a1r temperature, wind speed and
humidity will affect the intensity of the burn. A drter
climate will sometimes promote greater damage by fire Vet
(Daubenmire 1968). It has a]so been establ1shed that the
greater the degree of_eros1on in the habitat, the greater
‘the observable damage after fire (Robocker and Miller 1955).
The time of day.at which burning is carried out ean modify
. results, the fuel becoming drier as the relative hgmidity
 drops to a minimum by mid-afternoon. More rapid but 1ess}
cohptete burns could be expected on'areas with stronger
topographic relief (Lloyd 1972). |

An inverse.re]ationshtp existé.between the level of
soil moisture and the extent of fire damage to plants.
Efforts should be made to burn when the soil surface is wet
and the dead plant material or litter barely dry (Owensby
and-Wyrill 1973). This has given maximum protection to*p]ant
_crowns.

The amount of Titter which has accumulated before
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burning will affect the duration ofzthe.fine‘and increase
fuel‘conf&ndity.dThe type and amount of fuel, its
f]ammabi1ity,‘its iniiiai\temperature and'moisture content
can affect the damage inflicted by a fire. It has been shown
that the greater the amount of fdel. the greater the injury

to plants (Conrad,and Poulton 1966). Flammability is related .

‘to ‘fuel types, finer textured. fuels being mOre combustible

. than coarge-textured fuels. Brown (1969) found that

flammability of cheatgrass depended 1arge]y on phys1ca1
propertles such as weight and porosity as well as mo1sture

content. Mutch and Philpot (1970) reported that heat content

was lower in Taeniatherum asperum (Sim.) Nevski than Bromus

»tectoﬁum due to a higher content of. inert ash. High silica.

content might actually have‘helped tc make Taeniatherum

asgerum a fire hazard (Mutch and Philpot 1970)
Daubenmire (1968) stressed the 1mportance of p]ant

characteristics as determinants of fire damage The

'phenolog1c condition of téz plant is of cons1derab1e

" significance (Daubenm1re 1968; Ba11ey and Anderson 1978)

Removal of foliage, whether by cl1pp1ng or burning, can

) severe]y'injure a plant jf done at a time when carbohydrate”

reserves are at a low level or elevated peremnating buds. are

damaged. In perennﬁal grasses, the lowest level of

carbohydrate reserVes ie reached before the photosynthetfc
capaeity'of the>new foliage is sufficient to both sustain
growth and start the rebuilding of reserves. Those grasses

which remain dormant until later in the spring (i.e. warm
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season grassee) sua]ly escape 1nJury dur1ng Sprtng burn1ng
.It wou]d seem, exped1ent therefore to burn cool-season
grasses as early in the spring as conditions perm1t
Re51stance of some spec1es to f1re over others-can also
be related to morpho]og1ca1 dtfferences Some grass specnes
| poOssess protect1ve sheaths which ma1nta1n a high motsture
content 1eve1. These sheaths.can act as barriers to
‘radiation and reduce heat injuryeto buds . Compact
.arrangement of t1]lers can also serve to allev1ate fire

damage. Conrad and Poulton (1966) found Festuca.1dahoens1s

to be much more severely damaged than Agropyron spicatum,
the reason being that the buds of the former are closely
spaced and above ground, while those of the latter are
widely spaced ahd betow ground. Johnston and MacDoneld

(1967) claimed that the compact clumps of F. doreana

=

. protected the perennattng buds ‘from damage by fire. Wright’

(1971) found the loquuant1ty of dead plant mater1a1 per
unit basal area in squirreltail caused a qu1ck hot flame
with a minimum of heat penetrat1on to grow1ng potnts He -
reported that the more dense p]ant mqter1a1lof needle and

thread,burns more slowly and for a .longer time period, with

resultant damage to growing points.
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4. METHODS

v , S

4{1 Exper1menta1 Des1q_ -

The des1gn for this study was a f1xed mode | sp11t p]ot
with e1ght rep11cates five treatment dates and three |
'treatments (Flgure 3) The five treatment dates were randomly
assignede1th1n eacn repl1cate to ma1n-plots measuring 4 m X
9 m. These were split into .three subplots, wntch were -
subjectedtto three treatments: burning, mowing and no
disturbance (control). Each_eubplotvmeasured'Q m x 3m. A

walk-way, 1.5 m wide, was'ieft‘around each subplot.

___—._—_..____.—-—-.__

4.2 Treatment and Sampling Procedures at the Time of Each

Tr1a1
Treatments were adm1n1stered on f1ve dates 1n 1978‘
ppri 8, April 27 June 1, duly 31 and October 18. The

procedures used during each trial are out11ned below.

4.2.1 Fuel Mo1sture

| - Samples were collected before and after burn1ng from
two 50 cm x, 100 cm plot frames placed 1mmed1ately adJacent
to the sub- plots setected for burn1ng The litter, or fallen
dead plant mater1a1 was removed first, and placed in an
a1rt1ght labe]]ed plast1c bag to retain its mo1sture The
standing fuel, that is, live or dead plant mater1a1 wh1ch

° .

had not fallen, was clipped using electric sheep'shears.

Electricity was obtained from a.portabte,‘gasoltne powered

35
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-generater. The clihped stahding fuel was a]sd-placed in

‘plasticbbags. Any remaining litter was then co)lected and
~added to the appropr1ate container. . later in the day the
bags were welghed and the 'wet weight’- m1nus'the we1ght of
the bag recorded. Fuel samples were then transferred to
paper bags and}p]aeed in a drying oven at SO}C. These were
weidhed three days Jater and the ’dry weight’ minus the
‘ ‘weight of the bag recorded. Moisture levels for each fuel

type were then calculated. Fuel remaining after”bUrningrwas

coltected ih.paper bags, dried and weighed.

4, 2 2 So1l Moisture

Soil samp]es were obta1ned on each trial date by
'lifttng the sod beside the sub-plots se]ected for burning. .
Two samples were co]]ected at a depth of three to e1ght cm,
from each rep11cate and pla&ed in air- t1ght metal
conta1ners The Conta1ners,were theh p]aced in p]aStic bags
to further prevent loss of moisture and then frozen. The
samples were later thawed'and their wet weight determined{
They were theh,oven—dried at,105'C..After 24 hours, each
sample was re—weighed and the dry weight recorded. |

-

4.2.3 Soil Temperature .
| Soil temperatures were recorded immediatety before

treatment using dial thermometers with bimetalTic elements.

'These\were randomly located withinleach subplot at a depth

of 5 cm. Three readings were taken in each burned, mowed and
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control plot at the time of a trial. On April 8, 1878, the
ground was still frozen and penetration of the thermometer

was limited to 1 or 2 cm. N

4.2.4 Fire Wéétﬁer'éééords

| At each freatment date, the weather‘cgnditi¢ns
recorded before and after burning wére:'éir temperature,
re]étivevhumfdity, wind sbeed and wind‘diféctién (fable 3).
Air temperatdre and relative humidity were recordédxwith a
s]ing‘psychrometer;_wind‘speed,with an aneﬁométer;lln
addition, the total precipftation duringlkhe4week previous
to each treatment: the‘amQUnt of the most recent
Aprécjpitation, ahd the number of dgys sinCe*its occurrence
were recéfded. This informafion was obtaﬁnéd from a weather
statioh maintained at the’Uhiversity of A]bérta ranch

headquarters, 1‘Rﬁ‘soUtheast of the_st%gy/g?le.

A

4.2.5 Measurement of Fipe Temperature
Asbes tos cards, one measuring 15 cm long by 10 cm

 wide by 0.25 cm thick and one méasuring 10 cm by 10-cm by -
0.25 cm thick were prepared (Figure 4). Two cards were used

to‘construct one device used to méasure fire femperaturel

The s&aller of the ﬁwo’cards contained holes punched in

three rows. The other card was piaced.behind the first‘for

support. Temperature pellets, each.designed to melt at a |

specific temperqture, were aligned on the puncﬁed asbestos

‘card. The peTle%éﬁwére intended to melt at the specific
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temperatured 101, 121, 135, 149, 163, 177, 191, 204,

- 371 and 427'C The pellets were then

218,

covere;‘ l E:‘”Cm by 10 cm by 0. 02 cm thick sheet of mica.
The thréd f‘:ons were stapled‘gogether and two'of the
complet-{ ;s placed in each subplot chosen for burn1ng

It had b;; »found in prev1ous research (Ba1ley and Anderson‘
1980) thal %jmperature maxima during flres 1n this grassland

type occurl i between hetghts of 5 and 15 cm. The asbestos

cards were' oported ‘such that the temperature pellets were
within this cm range. Since headf1res were used the

cards were placed such that the slde covered by mica faced.

the d1rect1of?l~om which the wind was blow1ng.,Follow1ng the

fire, temperf > maxima were determined by examining the

pellets for signs of melting using a binocular micrOscope

‘-(Qler

4.2.6 Burping Technigue and Mowing Procedures

Each plot selected for burning on.a'particular

"trial‘datelwas sUrrounded'on three sides by horizontal

sheets of plywood (Figure 5). The grass beneath ‘the plywood

was soaked with water as were the sheets themselves A

.tractor-pulled water tank with an attached spray-gun was:p

kept nearby for this purpose and as a safety precaution.lA
headf1re was lighted with a propane torch along the

unprotected edge of the sub-plot. The flames .generally died

~out when encountering the wet grass on the opposite side of

the plot, however, particular care had to be taken to leave



Figure 5: Burning techniquev(JU1y,'1978).

4
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no smoulder1ng patches Th1s me thod proved to be effect1ve
except under very windy cond1ttons when gustlng caused the
flames to cross the f1reguard. ‘ - .

A sma]]gharvester'was used for mowingijThe cttpped‘
/material'taken'Up byjthe harvester was dried‘and.weighed. A
'tractor?drawnhrotary lawnmower was’emp]oyed.to reduce g v
stubble’height to a,leyel'comparaﬁle to that Oh‘burnedrb
_subplots. Stubble'height'was‘th%nkmeaSUred¢and recorded on .
the'burned and mowed'sub-plots S1xtmeasurements of stubble
;hetght were taken on- each subplot Care was taken to o

position the base of the ruler as close to the mineral soil

surface as possible.

| 4 2 7 Stage of Growth

A sod was dug up from each control subplot at the
time of treatment. \These samples were frozen and later'
exam1ned An attempt as made to characterize the stage and

Q

type of growth exhibited by |8 Déllli at %he t1me of each
treatmentf The measu 'ments taken included: 5?nsttyaof,
'bunchesj-pasat area per bunch;'thewnumberﬁof livgi:reoent
dead’and old deadrti 1ers per bunéh‘and theylength'of old

- and new green growth Basal area’ was measured with caltpers
"Two measurements were made ~one at a r]ght angle to the - |
other Separate estlmates of basal area were calculated from'
the two measurements and then averaged Recent . dead t1ller;
were those wh1ch were completely yellow wh1le old dead

_t1llers‘had a gray or dark brown appearance. Old green
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growth hés defined as those tjllers which exhibited the‘
beginnings of senescence at the leaf tips, or those which
were completely gﬁeen and longer than 10 cm. New green
.growth showed no signs of yel]ow1ng at the leaf tips and
measured less than 10 cm. The 10 cm measurement was chosen -

arb1trar1ly. Th1s cond1t1on class1f1cat1on was similar to

“that used by Coupland and Abouguend1a (1974) .

-

g’

&

4.3 Sampling ProCedures after'Treatment

4.3, 1 Herbage and Litter Production

The p]ant material within three 39 x 64 cm plot
frames was harvested at.ground 1eye1‘1n August, 1878 and
August, 1879, in ;ach of the burned, mowed and control
subplots. In both years; control yields were estimates of
.ahnual herbage production. Achievement of a true estimate of
F. hallii yield necessitated the sohting of eamples before
dryjng.‘Thevsamples were then oven-dried at 50°C and
weighed. h : | 4

Both sfahding and humic litter, as defined by
Dyksterhuis and Schmutz (1947) were collected but not
separatedi Standing litter was removed before clipping while

humic litter was collected after harvesting. These samples

-were:also oven-dried at 50°C and weighed.

4.3.2 Tiller Dengity, Leaf and Sheath Lengths and Rate of

Growth
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Tiller dénsity was determined for F. hallii by
harvesting the contents of four 10'cm x 10 cm plot frames,
at the end of July in both 1978 and 1979. The samples were
“frozen and examined at a later date. The,tf]lers in each
sample were éeparated into the following cétegories: green
one, two, three.or four—leaved and dead tillers. The number
of ti]]efs in each category were recorded for ‘each samp]e;
The length of the leaf and sheath of the longest tiller waé
recorded in each of the categories, as described above.

The growth rate of F. hallii was monitored on five
tagged bunchéS'over a nine day period.in June, 1979,
Numbered aluminum chicken leg bands were used to mark the
‘bunches (Figure 6). Initial 'measurements were taken on the
longest tiller in each of ¥;Q;ttagged bunches in each

subplot on June 18, 1979. The second measurement on the same

bunches was made on June 26, 1979.

4.3.3 Basal Area

‘The vertical point methqd for estimation of basal area
was used following Johnston (1956). A point frame with ten
holes spaced 2.54 cm apart was used to sample basal Cover in
- June, 1879, Fifty points were éampled in each sub-plot,
making a totai‘of 460 points for each treatment within each

trial. Only actual hits were recorded.
‘ .

4.3.4 Inflorescence Production

Numbers of F. hallii and S. spartea var. curtiseta



Figurev6: Festuca hallii bunch‘tagged with a chicken leg-band.
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inflorescences in three 39 x 64 cm plot frames per subplot

were recorded during July of 1978,

4.3.5 Soil Temperatures

Soil temperature was recorded at 3, 6 and 9 cm depths
on July 24, 1978 and on July 3, 1973. Dial thermometers with
bimetallic elements were used and temperatures were recorded

betWeen 1300 and 1500 hours.

4.3.6 Data Analysis

.‘Split‘plot analysis of varianée wés used to determine
the siéni%icance of treatmentydate and' treatment on: herbaée
yield, litter pronction, tiller density, leaf and sheath
lengths, gfowth raté of tillers, basal area, dehsity of
inf]orescences and soil temperature. The computing pfogram
‘Used assumed that the’sp]if plot was a fixed model, which
meant the subplot error term was used to calculate the'
éubplot F value even if the interact{ons were éignificant.
This followed the procedure outlined by Cochran and Cox
(1957). ih addition, if the main-blot (treatment date) error
variance was 1e§s than the subplot (treatment) errar |
variance, then the error terms were pooled. The pooled error
variance was then used to calculate all F values. Treatment
means are presented in Appendix A when the exact values do
not appear in the fext. Wﬁere possible, standard errors have
been provided. OtHerwise, means have been compared using

Duncan’s multiple range test. The latter procedure is not
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strictly acceptable for a split-plot design, but does
provide someé visual method of comparison otherwise
unavailable. Analysis of variance tables -appear in Appéndix

B.



5. RESULTS AND DISCUSSION

- b5.1 Factors Affectigg'Fire Behavior and Plant Response

- The prevailing weather conditions. before.and

during‘prescribed burning treatments are given ianable‘B.
~ Burning was conducted in the late efternoon whén‘reletive
'humidity reacheddits low for the déy and air.temperatures
were still near.thetr}maximum. This Festuca grassland can be
burned under more humid conditions than the 25% to 40%
relative humidity'experienced during our burning treatments.
Bailey and Anderson (1978)’repprteddsuccessful burning_dnder
a relative humidity of 47%. Bailey (1978) burned these ,
grasslands when the rejative'huhidity was es_high as 65%.
~ Successful burning when the humidity is high would be
pdSSible on rangeland when litter coyer\Hs mihima1 and air
ctrculatﬁon, therefore, good. In the present study,.litter
‘accumuletion was heavy (Table 4) and ventilation was poor
Because of thls, wind speed was 1mportant For example, the
high w1nd speed on Apr11 8 tended to compensate for the h1gh
fuel mo1sture ]evels in the fuel and the low ambient
temperature (9°C). Gusts of wind, which reached speeds of 22.
'km/hr during the July 31 burn presented problems of control.
Also on this date, the litter smouldered long after flaming
combustion hadiceased _

The total quantity of fuel (standing fuel plus litter)
on each. treatment date was comparable (Table 4). The high |

weight va]ues for standing fuel for the first two treatment
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Table 4.

50

Mean fuel weights (kg/ha), fire temperature ('C),
and fuel consumed (%) on five treatment dates.

[ : .
Treatment ' Standing Litter Fire- . Fuel
Date fuel . (kg/ha) temp. consumed
(1978) (kg/ha) - ) (°C) ¢ (%)
April 8 5883201 56611212 22516 4314
April 27 4479+ 96 4884+ 145 2615 6412
June 1t 4535125  5845+187 22416 51%2
- July 31 - 2756% 45 7166214 257%9 7142
October 18 2128+ 82 9170+315 2341 7442

1

Table 5. Mean moisture content (%) of fuel and soil
: (0-5 cm) on five treatment dates. '

Treatment

Percent moisture

Date , . _

(1978) - Standing fuel , Litter Soil
April 8 37.9+1.9 . 62.4%1.2 42.5%0.9
April 27 9.9+0.2 28.9+0.7 33.7+0.8
June 1 33.3:0.4 32.6*1.3 22.7+0.7
July 31 49.5+0.3 - 9.6%0.6 16.2%20.6
October .18 33.4+0.3 26.4%0.6

25.1%1 .1
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v

 dates were the result of sampling procedures. Most of,the
standing fuel on these two dates consisted of the previous
year's growth since green-up was only beginning..

Fuel moisture levels variedwconsiderabty fq@m onhe.
treatment date to the next, depend1ng pr1mar11y on
’prec}pitation;patterns (Table 5). This affected the quantwty
of fuel eonsumed tTabte 4). Stubble height (Table 6)

‘ reflected some of the ‘differences in the fuel moisture
_1evets, particularly on April 8 when mo1stune levels in the
litter were highest. High mo1sture on this date was a‘'result
' of snowmelt rather than precipitatign. Correlations
indicated that stubb]e he1ght was more closely related to ‘

mo1sture levels in the litter than to those 1n the stand1ng ;'

1

 fuel (Tab]e 7). Fire temperature was more c]osely corre]ated

with fue] and soil mo1sture than with any weather vartable
'The quant1ty of fuel remalntng after burning was re]ated to
relative hum1d1ty and air temperature in add1t1on to fuel
moisture. | |

The stage of growth of . hallii at the time of each
‘treatment is presented in Table 8. This perennial grass
appeared to begin growth before~snowmelt in 1978 New shoots
measur ing 3 cm were found under a cover of snow on March 31.
However , 1t was not clear whether this growth had survived
from the preV1ous autumn or if it had a more recent
initiation. There was a considerable amount of longer growth
wh1ch had died back with frost action, 1eaving a few

cent1metres of green stem and leaf at the base of the



Table 6. Mean stubblevheighta(cm) on burned and mowed
' ..subplots on five treatment dates. ' '

. o . Stubble height (cm)
Treatment Burned Mowed
Date subplots -, subplots

April 8, 1978 6.4£1.2 6.6x0.3
April 27, 1978 3.2%0.6 2.7x0.2
June 1, 1878 3.420.2 2.920.1
July 31, 1978 2.5:0. 1 3.0t0.2
2 2 3.0+0.1

October 18, 1978 1910,

~Grand means . 3.7¢0.8 3.6+0.8
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Key for Table 7

St-moist: Percent moisture in standing fuel before
o . burning. ' .
Lit-moist: Percent moisture in litter before burning.

© So-moist: Percent moisture in soil (0-5 cm) before

' ~~  ‘burning. ‘ _ ‘

So-temp: Soil temperature (°C) before treatment.

Ppt-wk: . Total precipitation (cm) dur1ng the week before
' . treatment. -

Amt-ppt:  Amount (cm) of 1ast prec1p1tat1on before

v - treatment.

Day-ppt: Number of days since last prec1p1tat1on (before
. treatment).

Rh: ‘ Relative humidity at the t1me of burning.

"~ Air-temp: Air temperature (°C) at the: time of burning.
Gust: Speed (km/h) of wind gusts dur1ng burn1ng
Slope: Slope of each subplot
Ftemp: = Fire temperature (°C). ‘

Rfuel: Fuel remaining (%) after: burn1ng

Stubht:  Stubble height (cm) on treated subplots

i
Na
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tillers. New leaves emerged both from new tlllers and from

the bases of the old tillers. The mean length of both new

G v

- and old green t1llers appeared to dec]1ne between Apr11 8

/ .
and Apr11 27. With the protective coverlng of SNow. gone it

- was 1ike]yvthat frost action duplng th1sﬁper1od caused.
browning of the leaf tips. The'one-leaved til]ers Went on to
prodUce at least one more leaf Uefore the 1nflorescence was
elevated in early dune. Two leaved t111ers were |
characteristic of the‘species.jLeayes.reached_an’average

length ofﬁ33 cm'befohe senescence. Some exceptjona]'tiflers“

.oroduced three and . fodr 1eaves“ Leayesyon such tillers wehey
'atways shorter than those on two- leaved t1l]ers In 1978 and
1979 1nflorescences were in the anthe51s developmental
stage by m1d- to late dune Seed set was, complete by

' m1d-duly. Leaf product1on on t1llers ceased after seed set.

_However more riew t111ers were initiated in the fall than “at
any other time durlng the year (Table 8). The exact period -
for this prol1feratuon of fall tillers is unknown. It is.
likely, however, that tiller ihitiation commencés with the

i}

onset of'cooler weather. Chﬁ]cOte"et'al. (1973)‘were of the
opinion that higher day?itme and lower night-time s0i 1
temoeratures in the fall and early winter caused initiation
of vegetative til]efs in grasses. The size of bunches

" remained essenttalty the samef Increased dtameters observed
on October 18 were a fesult of samples incldding fewer‘but'

larger bunches. h - - I ;

Th1s study dld not determ1ne the longeV1ty of

4
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individual tillers. Some survived at least one winter, since
new leaves were observed growing within the dead sheaths of
the preVious year’'s growth. The nunber.of recent dead
tillers decreased as the growing season pfogressed,
increasing again in the fall. The fact that a large number |
of récent\dead_tillers were found~in.&gte spring and summer
did not mean fhat they were.dying contfnous]y. It meant that
dead tissue in this species'persisted for a long period of
time. A whole year cdu]d pass, for example, Before receﬁt
dead tillers decombosed sufficiently to be classified as old
dead th]eré.‘Leaves on tillers initiated in the spring were

- observed to live until early August, when die-back began to

occur .

5.2 Tiller Density

The total numberlof live F. hallii tillers was observed
to increase fol}owing either burﬁing or mowing on any of the
treatment dateS'(Figuhe 7). Tillering was more pro]ffic in
1979.than in 1978 pfébably because of\greateé precipitation
in the fall of 1978; i97 mm as compared to 87 mm. On
untreated éreas, filler‘densityAincréased by an average of
54% over 1978. If the July and October treatment means were
adjusted for this 54% incfease, maghitude of the response
could be consideréd similar té that of the June 1 freatments.
in the first gréwing season.

Differences amOng'treatmént dates existed for tiller

initiation in 1978 but not in 1979 (Appendix B). This could
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indicate that in 1978 progressively fewer tillers were.
initiated as the growing season advanced, reaching a low
point perhaps when temperétures were highest. The uniformity
of response during 1979 may mean that a threshold was
involved, and once crossed, produced the same restlt.

An increase in the number of three- and four-leaved
ti]lers was observed dhring the first groWing season
following either burning or mowing..This fact provided.the
rationale for separating tillers into categories based on
the number of 1eaveslthey carried. EXaminationvof.means for
the one-leaved tiller category indicated‘tﬁat there was -
little tiller initiation on spring-treated subplots
preceding the August 1978 harvest (Figure 8). Initiation of
tillers on Qntreated subplots preceding the August, 1979
harvest was 1.7 times greater than in 1978. ‘Precipitation
records show that‘rainfal]lin July 1979 was 2.6 times that
which fell in July 1978 (Table 1). Thié may account for the
\Obsérved resulfs. Burned and mowed areas exhibited
SubstantiaT gains in one-leaved tiller density over Contro}s
during the 1979 growing season.

It Could have beén éxpected that a similaf'pattern
~would be found for two- leaved tillers. Certainly differenhces
between treatments were not found in the first year |
fo]]owingétreatment (Figure 9)1 This seemed logical since
insufficient. time had passed for the inifiation énd'gréwth
of new ti&lers 6n treatedrareas. However, it was somewhat

surprising that treated areas did not respond in 1379 by
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producing significantlyfmore two-leaved tillers. A trend
toward this was notedbwitn the April 8 and April 27
treatments. It may be that the response of the plant was
delayed. In this case, the increasedfnumber of dne-leaved
tillers observed.tn t979 might have'swelled the two-leaved
category in 1880. |

‘Figures 10 and 11 help to further explain the response
of F. ha1111 to defoliation Fot]owing treatment, the plants
first reacted by produc1ng more’ leaves rather than more
tillers. During the second grdw1ng season fol]ow1ng
treatment, the p]ant’S‘energies were channelted into
production of new tillers. Langerd(1963) found ‘that leaf
;production was favoured'over~t11]ering in some species when
the temperature was 1ncreased With shading removed air
temperatures would certainly be h1gher near the crowns of
plants Qn treated areas.

The'phenomenon of increased tillering 1in grasses after
defol1at1on has been observed by var1ous authors in |
different regions (Hu]bert 1969; Ch1lcQte et al. 1973;
W111ms 1979) . Many exp]anat1ons have been forwarded'
1nclud1ng high a1r and soil temperatures, high 1light
1ntens1ty; increased supplies of nitrogen, phosphorus and
potassium; increased cation exchange capaeity of the'soil
“and removal of apical dominance. Several of these were not
likely cons1derat1ons&1n the present study Removal of’
fap1ca] domtnance, for examp]e, was not likely to have

occurred. F. hallii vegetative stem apices remained at or
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be low ground level, like those of its relative, F. doreana
(Johnston and MacDonald 1867). A few apical meristems were
measured. These ranged in 1ength from 2.4 mm to 9.1 mm, with
‘a mean length of 4.7 mm. There d1d not appear to be any
seasonal var1at1ons in length S1nce the stem bases were
located 1 5 to 2.0 cm below the soil. surface the apices
wou 1d not have been affected by either burn1ng or mow1ng
Youngner (1972) stated that defoliation of grasses in closed
stands under field conditions could ‘have resulted. in
kstjmulation of ti]iering even though efem apicee remained
infact.llt.can be aesumed, therefore, thal_stimulation of
fi]]eri in”the present study was the result of a factor
other JZin removal of grow1ng points. N .
Levels of soil nutr1ents were not measured in th1s
exper1ment.'However, the 1ackkof uniform var1at1on in tiller
density between burned.and'mowed treafments:seemed to
indicate no ma jor changerin fertility‘on burned areas.
Andefbon and Ba1ley (1980) did find an 1ncrease in total
phosphorus in the A horizon of an annually burned F. hal]ij
‘graes}and. Their samp'ling was conducted in October,
therefore, it could,assumed that ]evels‘total phosphorus-
would be stable; cessation of plant growth occurring before
this time. They also discovered that the organic matter in
the 0-5 cm‘depfh was greaterion burned areas. They conciuded o
;that the nitrogen-supplying power of the soil wasvenhanced.
it is possible that increased ferfility'on burned areas

would only become'evidenf at a later date. Minor gains. in
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productivity and vigour observed on burned Sprlots in the
' ounrent tnvestigation COuld jUst as easily be attributed to
differences in soi]_temperature. o
Since the major differences in tiller density existed
between treated subplots and controls, it would be safe to
assume that the stmpleuremoval of living and dead plant
| tissue,was.the indirect cause. The direct causes of
stimulation could then be any of a number of changes in the
physioal'micro—enutronment‘of the ptant. | |
A change in_sot] moisture\gan be eliminated as a~factor
since drought depresses tillering‘(Youngner 1972) . Soi] |
mo1sture leve]s were shown to decline on defo]1ated areas
due to 1ncreased evaporation from the so1l surface (Old

\

1969) , '

In th1s study. increased soil exposure resulted in
higher so11 temperatures during. the day (Figures 12 to 14).
Chilcote et al..(1973)‘found that higher temperatures~dur1ng
the day favoured growth of tillers and increased the |
potential for secondary tillering. Htgh soil temperatures |
also promoted root growth which aided in’the establishment
. and survival of‘new'tillers .Differences in soil temperature

¢
on treated -and untreated aﬁgas were ‘most pronounced during
the fwrst grow1n; season Temperatures differed from‘
controls at all three depths burned treatmghts@bons1stently
’ﬁwrecord1ng h1ghe§ temperatures than mowed areas. Soil |

temperatures were severa] degrees higher than air

temperature at the 3 cmg@lepth during the first growing

0
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season"This effect was much less pronounced inknhe‘second
year S1nce the ash cover persisted well into the second
growing: season, 1t could be concluded that the smaller |
differences ‘were a result of shad{ng by newngrowth.'
Increased soil temperatures on mowed areas over controls '
were causedapparently by lower reflectance of radlat1on
(Peet et al. 1975) The large quant1t1es of l1tter in the g‘
control subplots reflected a great deal mdre rad1at1on in
the visible and 1nfrared ranges. Dnce green growth appeared
; the effect was lessened but only completely el1m1nated when
the ‘ground became completely shdded aga1n The add1t1onal v
"‘1ncrement of temperature observed on burned subplots Was
‘attr1buted to the layer of black ash on the soil’ surface

Th1s temperature d1fference wag‘sufflc1ent to cause some

d1spar1ty in plant response between burned and mowed

I

‘treatments. o _' o W e
Langer\(1963) recogn1zed that the ab1l¥§y of grasses to -

| €3

produce tlllers was very sens1t1ve to changes in l1ght

energy. Without except1on htgh l1ght 1nten51Ey was found to_ ]
favour . t1ller1ng Therefore it is most l1Kely that .the
h_1nd1rect cause of more prol1f1c t1ller1ng on defol1ated '
areas was the 1ncreased solar ‘energy reach1ng the plant
crown (both l1ght and heatl |

'.: The density of dead t1llers was haghly var1able on
| control subplots lFlgure 15) It was ‘observed that the
“greatest number of dead t1llers were found under the most

dense_mats of litter Neltherftype of.defollat1on resulted
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in more dead tillers than were found on cgntrof subplots.
The density of dead tillers decreased on treated subplots
during the’secoﬁd growing season. This might be expected if .
no tiller death‘occurred over the winter months, and the
previous year’'s dead top growth continued to décompose. The
amant of dead‘aatefial was dependent on the intensity of
bufhing. The persistence of a greater number of dead'tillers
on subplbts burned on April 8 was related to the greater

- fuel moisture levels on that date. Since the litter did not
burn well, the lower portions of both live and dead tillers
remained unaffected. Variatiqn between'burned and mowed
treafhents fol]owing the June 1 and July 31 treatment dates
was a result of differences in plant méturity. Many ti]]ers
which started growth in Apbi] or May were Killed by burning
but‘wgne not completely consumed by the fire because of high
moisture levels. However, on mowed subplots there was no

| discrimination betweén'green.and dead tillers; a11 were_cbt
S '

" by the mower.

v

5.3 Tiller Length and Rate of Growth

Leaf and sheath lengths in a]]‘tiller categories were
reduced following burning and mowing‘treatments. Méans for
the largest group, the two-leaved tillers, are presented in
’Fjgures-fﬁ and 17. Means fof the~remainfng tifler categories
can be found in Appendix A. The fwo treatments caused
similén~reéﬂctions in length. Leaf lengths Were’én average
of 23Z§§%§@ter'on untreated areas inv1979 than «in 1978. -

f
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Sheath lengths were 20% greater. This could be related to
the higher than average precipitation'during July of5¢979’

AN

(Table 1). Adjustments made to the July and Octoberkuv/

-~ treatment means indioated that.leaves on these subplots were
»shorter during the first growing'season'than those on

spring-treated areas.-Leaves approached pre-treatment

lengths only on the April 8 treated,subplots,during the
seoond growing season. After adjustments, sheath lengths on
the'Juiy and October defoliated subplots approximated those
on the June treatments during the first growing season. As

with leaf lengths, only sheaths on April 8 treated subplots :

- came close to pre-treatment lengths during the second

. growing season. It was apparent thaivleaves and sheaths of

F. bhallii would take at least three growing seasons to
recover to pre-treatment‘]engths when defoliated in this.
manner at any time during thetgrouing season. .

Immediate reductions in leaf and sheath length after
disturbance, such as those seen in this study, are probably a d
response of the plant to the removal of shad1ng Reduct1ons

in tiller length have been common responses-of grasses to

'disturbance (Daubenmire 1968). Chilcote'et al. (1973)

reported that grasses growing under arbetter light
environment resulted in reduced top growth With excessive

leaf and sheath growth suppressed food storage 1n stem

. bases increased and development of more tillers resulted.

Anderson and Ba1ley (1980) found that repeated annual spr1ng

burning of F. hallii reduced leaf 1engths by 50%. Shorter



leaveS'ana sheaths woutd-stgnify that growth rates‘ot'the
plantslon defoliated\areas were lower thanﬂon controls..This
was found to be true of a11 plants menitOred ter an eight'
day period in dune}-1979 (Table 95 Even blants treated on
Aprit 8, 1978 exh1b1ted miich s]ower rates of growth than '
those on‘untreated 51tes. It was un]wkely, howeverj that
these growth rates'prevailed,dUring the entire growing
' season§ Uuet a few-days beforé&the-sampltng period;;
f]owering of F. hallii began on treated subplets; At the
“time ef antheSis, the growth rate of vegetative tillers has

| been shown to decline (McCarty and Price 1942) S1nce the
plants 1n‘the controls did not flower until the end of the
sampling period, it was expected that their growth rate
would befhigher. The difference in pheﬁgtogg,bet;een'treated
and untreated areas began in the spring,fzhgé%QPOWth on '.
bnrned and mowed subplets started up to three weeks earlier.
‘This,effeCt has been’attributed'tomwarmer eoils.(Ehrenreieh

S

1959).
The meximum rate of growth in a sward coincides with » .
the time of nearly complete Jight~interceptien'(Brougham

1955). Greater defoliatien results in a longer'pepiod‘5:£§£? |

:tﬂme before thls p Because of its erect growth habit a2
 narrow, 1nvolute leaves, ﬁ; hallii on defol1ated subpteaw
would have taken a relat1vely long period of time to ach1eve
growth rates equal to or gréater than those on untreated
areas. It was expected that defollated plants would

eventually have reached a higher net a;aimilatiqn rate. This



Table 9. Growth rate (cm) of Festuaa hallii
between dune5§8, 1979 and June 26, 1979.

N

Treatment - T;éafmenf Dates (1978)
April 8 April 27  June 1  July 31 Oct 18

Burned 3.6bc 3.4bc . 3.2bc  1.9c 2.5bc

Mowed . 3.8b 3. 3bc . 2.9bc 1.9c 2.4bc

' Control 6.7a 6.3a 6.0a 6.3a = 6.9a

Means followed by the same letter (a-c) do not differ
significantly (P>0.05). A
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" was because most of the leaves would reach their opt1mum
;&phys1olog1ca1 age at the same time, resulting in maximum

photosynthetlc-eff1c1ency.

5.4 Herbage Yteld,and.Litter,Productiob *

Burning and mowing at all treatment dates hat similar.
effects on herbage yte]d for two growing seasons after _
treatment (Figure 18). The dlfference between April 27 and
June 1 treatment y1elds and the equ1valent on duly 31 and '
October 18 may- not be as great as it wou]d first appear . To _
X obtatn an annual hed'age yield figure for subplots treated
prior to August 1978, it would be necessary to add the

we1ght of green growth present at’ the t1me of treatment to

- the- August harvest»value This was most important for the

“June 1 treatments. The data was: not collected in the present'_
study: However, :Bailey et al. (1980)\reported a mean yield t

of 880 kg/ha on a Festuca -Stipa grassland on June 1

(1975-1977). If this value is added to the'1978'harvests

l‘nrfrom June 1 treated subplots, the result\1s s1m1lar to

treatment on Apr11 27. The d1fferences in erld between .
‘-early and late spr1ng treatments observed 1h the second°
growing season could be attr1buted to the rebova] of shading
closer to the time of fall tiller 1n1t1at1on New ttl]ers
'gwould be shortest on sub- plots where l1ght 1ntens1ty was
-greatest Mow1ng on Apr1l 8 caused a greater reductlon in

'y1eld than burn1ng The latter treatment resulted in

1ncomp]ete removal of herbage because of high fuel motsture
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levels, while mowing removed the plant material in a more
unlform fashton If reduced yields follow1ng defol1atton
were a response to el1m1natlon of shadlng, it was reasonable
" to expect mowing on April 8 to produce lower 1n1t1al yields.
Forage y1elds on untreated plots were an average 22%

higher in 1979 ,than in 1978. If this figure was subtracted

© from y1elds of the subplots treated on duly 31 and October

18, the values acquired fell between y1elds obtatned from
Aprtl 8 and ApPl] 27 treated subplots.- |
Herbage ytelds were more. closely related to stubble

he1ght than to any other variable perta1n1ng to the time of
treatment. Correlatton coefficients were 0.50 in 1978 and

0. 60 in 1979 Therefore, regrowth was more dependent on the
he1ght to which the plant was defoliated than on
'env1ronmental cond1t10ns at the ttme of treatment* Ylélds e
‘lwerebhtghly correlated’w1th leaf lengths (0. 81 in 1978 and
0.66 15.1979) but not with t1ller density (0.26 and 1978
and 0.22 in 1979) %g sdmréht hége been due to the fact that
leaf length showed a. greater response to defoltatton than
t1ller den51ty d1d We1ght per t1llec was not measured 1n
bthts study, therefore, it was not p0551ble to esttmate
. ytelds, using this var1able in comb1nat1op w1th.t1ller ,

den51ty o | ' | - |
R Lttter was v1rtually eltmtnated from subplots burned on
duly 31 (Table 10) This reflected the extremely dry
condttlon of thts component of the fuel on that date

Generally, dtfferences in: the quanttty of lttter found in



g1

&
®

Table 10. Litter (Kg/ha) collected in-August, 1979.

Treatment ; »‘~T§eatmeht'Dates (1978) | |
: April 8 April 27. -June 1 July 31 ° Oct 18

/

Burned = 1188c - 543cd  333cd  130d 368cd
Mowed - 1133c 575cd - 501cd 333cd - 508cd

Control 4059b 4283b. 4352b  4484b- . 5842a

S - : o
Means followed by the same letter (a-d) do not differ
significantly (P>0.05).

&
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o F .

the second season fol]ow1ng the sprtng treatments

| approx1mated dtfferences in product1v1ty The relattvely

" larger mass'of'lltter found on April-8 defol]ated subplots
can be‘attributed_totthe incompletetremoval of»herbage at'
the time-of treatment' On the basis of co]lections‘made; it

, would have, taken at 1east f1ve grow1ng seasons for the-

lFQ ‘lttter to.reach pre-treatment leve]s. It has been shown that
‘when‘the depth of ]itter is greatt~burn1ng or mowing can
stimUlate productjon,(Kucera'and Ehrenreich 1962; Hutbert
1969; Oldn1969tu The litter in the'grass]and under study had

.fbeen adcumuTating for 13 years. Since soil'moisture was not‘
1}m1t1ng in this case, the removal of 11tter could be

_,é&pected to stimulate product1on - o t

.‘\'

5 5 Basal Cover’

The basal cover of ]1ve F. ballii remained ytrtualﬂy
unaffected by any treatment (Taple'tj);,This:species |
occupied an'estimatéd'18‘to 23 percent of the‘tOtal area inJ
the grassland bommunlty, Morta]tty from either: treatment was
probably m1n1mal, cons1der1ng the fact that ap1ca1 mer1stems
were be low ground 1ev 1.. Stubble he1ght measurements >

‘1nd1cated that f1re approached ground level 1nfrequently

The lower ylelds exper1enced after treatment were, o

s
)

'therefore a funct1on of shorter t1ller lengths rather than'
: .vt1ller mortal1ty This conclus1on was supported by |
measurements of basal cover of dead F hall11 (Iable 12)

_Treatment decreased the cover of dead ttllers in most cases.,t
. % .

PR b
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e

Table 11. Basal cover (%) in dJune; 1979 ‘of live
o Festuca hallii. o '

‘Treatment o Treatmeht Dates (1978)” - ,
‘ April 8 April 27  June 1 July 31 ct 18
Burned  21.3ab 18.3ab 19.0ab 17.8ab -~ 16.3b
‘Mowed 21.3ab 20.3ab 16.5b- 19.5%5ab  18.8ab
Control = 19.8ab - 20.8ab 21.5ab, _20;5eb e‘23733
~ Means fo]]owed by the same letter‘Ta b) do not differ -~

s1gn1f1cantly (P>0 05) 4 .

_—
Table 12. Basal cover'(%) in June, 1979'of'dead
1 Festuca ha1111 IR ' S
,Treatment — , Treatment Dates (1928) : N
"~ April 8 April 27 June 1. July 31 Oct 18

Burned '5.5b 1:8¢ ~ ~ 2.8c-e 2.3de 3.0c-e
‘Mowed . 3.0c-e 38b-e  3.3b-e ~3.3b-e - 4.8bc -
Control 4.3b-d . 4.5b-d 4.3b-d

- 8.0a - 5.0bc

Means followed by the same letter (a é) do not d1ffer
‘s1gn1f1cantly (P>0 05) -

\
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The gréater coverage by dead stems on April 8 burned“

I

subplots dur1ng the second grOW1ng season was agaln due to

‘l‘

the nature of the ftre on that date m01sture levels ,
preventlng the combustlon of ‘much dead matertal ¥

f Basal cover of burned F. hall11 t1llers and ash were o
\

.affected by the 1ntens1ty of the f1res and-the tlme'elap51ng‘
4 ) ’ ’ . .

Nbetween treatment and sampT1ng dates (Table" 13) For
example, it was expected ‘that more burned stems wou'ld have .i
‘-surv1ved from the October 18 fire - than from the July 31 ‘
flre However, dry fuel cond1t1ons durtng the duly treatmentlh
allowed more combustlon of plant stems Burned stems | e
pers1sted in the stand for over a year. Those fromathe Apr1l
-8 burn probably d1d not decompose/more rapldJy bur were
1counted “instead as dead, stems,_sﬂnce they suf fered only |
'm1n1mal charrlng The rate of dedomposttlon h;s often been'
slow for several years follow1ng a f1re because of a. lacK of

S
' compactlon 1n the mulch (DiX 1960) More ash surv;ved from

the Aprll 27 blaze than from the other two sprlng flres
Th1s was not surpr151ng s1nce weather and, 3el cond1t1ons on‘-

| that date caused more complete combustmtm‘_?sh remalLtng on

"~ the subplots as a darK layer was 1mportaht as 1t 1nfluenced
..so1l~temperatures and therefore” su:/eouent plant Qrowth »
" V1sual observat1ons 1nd1cated that the basal c%ver of

Carex fll1fol1a and Androsag __gtentr1onal1s L 1nbreased

_on burned and mowed subplots whlle the cover of mossh
| ”decreased These plants are 1nd1cators of the dr1er o

| [mtcro env1ronment present followtng defollation Dr1er t@r“

BT




Table 13.- Basal cover (%) ingJune, 1979 of

.~ burned Festuca haltii and ash
Burned F. hallii :

Treatment . Treatment Dates [1978]
April B April 27 June 1 July 31 Oct 18

Burned 0.0e 2.8d 4.5¢ 8.3a 6.8b
Mowed y - ' - - .

Control - b s

]

Meams followed by the same letfer (a-e] do not differ
significantly\(P>D.05). '

Ash{% basal cover)

U2 Treatment Treatment Dates (1978]) X
- April 8  April 27 . June 1 July 31 Oct 18

iianed . 2.3e 13.3c 7.0d 225, 0b 27.5a

ed - B -
Contﬁo] - - -

Means followed by the same letter (a-e) do not differ-
significantly (P>0.05). - :

/
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conditions have been attributed to increased exposure of the
soil to evaporation (Dedong and,MacDonald 1875 Redmann

1975) . .activity (01d 1969) .

»

5.6 Inflorescence Production
Burning or.mowing had no effect on production of £+>

hallii inflorescences during the ficst growing season.

Howévér, both types of defoliation reéﬁlted in increased

flowering in.the second grdwing season (Table }4); In

addi@ion, flowering stems were elevated earier on treated

subplots and came into anthesis pfior to those on controls

£ ' :

(Figure 19).

.

. Stifiulation of flowering after burning or mowing is a
common phenoméndn. Festuca species héve been listed among

those plants which have been stimulated (Daubenmire 1968).
The fact that the stimulatory efféct was delayéd until the
¥y second growing seaéon following spring treatments may have
been Bécause the floral induction process‘sférted late in
the season. F]oﬁal initiatioh in a closelyﬁfelated'spéCies,

»

Festuca doreana, took place in late August to early

" September (dohﬁston and MacDonald 1967). It was likely that
F. hallii had a vernalization requirement for  floral
induction. Sachs (1972) found thét the- low temperature -
effect was perceived by the shoot épical meristems in many
grasses. Since F. lelii apica{ meristems were Below grougd -
_1éve] and soil temperature on defblidted areas were affectéd

to-a depth of at least 9 cm, the induction process was
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Control 12.7a-c 9.1a-c 1.7¢c 5. 0bc

L3

f

> ) \
}
Table 14. Number of Festuca hallij
inflorescences/m2 in July, 1979
Treatment . Treatment Dates (1978) -
‘April 8 April 27 June 1 July 31 Oct 18
Burmed 48.2b 65.7ab 60.8ab  2.3d 2.8d
Mowed ) 45 . 2bc 67.9ab 87.7a 3.1d 12.4d
Control 12.2cd 12.5¢cd 12.2cd 15. 4cd 7.1d
, 5
Means followed by the same letter (a-dJ do not differ
. significantly (P>0.05). '
Téb]e 15. Number of Si]gﬁ spartea var. curtiseta
/ inflorescences/m? -
Treafment . Treatment Dates [1978)
' April 8  April 27  June |1 July 31 Oct 18
Burned © 15.0a-c 16.0a-c 93.3ab  13.0a-c 5.7bc
Mowed . 28 .8ab - 28.7a. 20.0a-c 25.6ab 4.7bc
1.0c

Means fol lowed by the same Ietter {a-c) do not differ

: s1gn1f1cant]y (P>0.05).
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1

probably influenced by lower §oi] temperatures at night.
Variation in the density ofiinfloréscencesiamong trea@ment
dates,could‘have been related to thelextént to which
regrowth affécted Soil‘temperatUPes auring the period of
floral induétion. ForneXamp]e, the mos t regrowth would‘have
occurred on subplots treated on April 8, therefore,
temperafure extremes would not have been as pronounced. With
the verna]izétion reduirement only partié?]y'fu]filled,
fewer -inflorescences would héve appearéﬁlthé following
‘summer. Simijar]y, the di?ference Eetween inf1oreécencé
vdensitx,on‘subpfots burned’ané mowed on dJune 1 could be
explaiﬁed'in‘terms of the quantitiéé of‘plantamater;él
réﬁoved. Burnihg on that daté did not el

| | A |
material as mowing because of high fuel

inate as much

fstUre and less -
favorab]e.weather conditions. The remaini gvplant material
on burned Subplots could have acted agvan insu]aiing layer
at night, Keeping soil temperatures higheh; _

* . The apparent ‘inability éf plants treated at the end of
July to produce increased numbers,of infl@hescences during
the following growjng season could mean that floral.
induction began before this date. Perhaps a more logical
exp]anat%on\was that the reméval 0f top growth just before
floral induction preventéd‘the plant from accumUlating
enough carbohydrates to initiate the pfimordia.

The results obtained in the preséent study contradict

those found by Bailey and Anderson (1978). They found that a
single épringdfire'in 1970 did ndt affect production of F

/[
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Déllii seed”heads.for three years. A sprin | ire in 1971
reduéed the density of jnf]orescence;_?z';i;i;irst:year,
while a fa11‘f1re,§n,1971 had no effect on production of
seed heads;'Pnecipitation records showed that rainfall %n’
Augﬁst and September of 1979 and 1971 was well be Tow normalb

(Table 1). This might have inhibited floral induction,

‘ éspecially on burned qeeas which WOu]a,already have a drier
microTenvironment.A; \- |

' The‘deﬁsity of Stipa spartea var. curtiseta seed heads .. .

<

also increased fo]low1ng mosf treatments (Table 15)
‘Stat1st1cal ver1f1cat1on of th1s obsdfvation was d1ff1cu1t
because of the frequent ‘absence of §1lgg from subplots.
Bailey and Anderson (1978) also reported fhat a single
‘spring fire 'in 1970 stimuléted'proquction of seed heads in
 thTs speciés‘for threé gfowing seasons. However, burn%ng-the
following spriné had no effegt pn inflorescence densfty, -
~ while fall burhing reduqed‘thé number of seed heads |
fappearihgifhe fo]]owihgyyear. Annual spring'burning
decreased the de%ﬁity of Stipa inflorescences in another
study'(ﬁnderson.ahd Bailey 19880). It was pdssible that
annual burning reduqea the vigor of this specie§.ana that
insufficient non;stnuttural carbohydrates were'avaiiable for
floral induction. The {nconsisténcy bf results indicated o
that sampljng'techniques did not take into account the fact
that Stipa did not have a uniformfdistriputioh'in this.
: gpésslandi Measurementélshbuld have’been.made on a per bunch

“basis for minor grass species .in this community, rather than
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by random location of a quadrat. The former method has ‘been

used successfully by Uresk et al. (1976
iy . 3
S o )
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i 6. CONCLUSIONS AND'IMPLICATIONS FOR MANAGEMENT

F. hallii began growth fn 1878 before snowmelt and Contihued
lgrowth until the last Observaiio? date, October 18. fhis
sugge§ts'that if this type of grassland is to be gﬁazed.‘jt
would be preferable to do so in the fall, when carbohydfaté
' réserves_have beeﬁ established:below'ground. Grazing in the
spring would be more\detrimentalfto the plants’ v{gour since
winter respiration would have.brought carbohydrate stores to
a loW”level.-Thé results of the‘bresent stugy indicate that
rgmoval of the first flush ofYspring growth would also
greatly retahd‘the‘prdduétivity of the sward.

| ‘The large accumulation of litter on tHis grasslénd-

wou Id prevent'effectivé utiliiation by grézing,animals.
Rémov51~of litter would make the forage more accessible and
-morevpa]atable‘(Bajley 1978). The present study ha§ shown
that Jitté? and hefbage remova l by.éitgerfburning-or mow ing
lowers herbage yjers in the first'growing season, neducgs
A]eaf’énd sheath lengths and inéfeases tiller denSity in F.
ﬂ%illi. Herbage production was not reduced following a
brescribe; burn conducted one week after snowme]t.'Mowing on .
the same date, April 8,'1978, depresged'production in.the
first year by 25%, Q%ich‘was a lower reduction than was
found after mdwing at any other date. Herbagelproduction }n
the first growing season was probably depressed moSt‘(YO%)
following burning or mowiné three weeks‘prior to-anthesis;
(Jure 1, 1978). Bﬁrhing or'mowing five weeks after anthesis
(July 31, 1978) or after most growth had died back (October

o

[
s
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18, 1978 reduced yields in the f1rst year by BOA Yields:
recovered in the second year to pre treatment leve]s on
areas burned or mowed on April 8 or April 27 This study did
not conc]us1ve1y 1nd1cate whether spring or fall burn1ng is
better for this grass]and At first gJance,v1t m1ght appear
that early(spr1ng burning ‘should be favored;'However, if
oonditions prior;to and during burhing‘had‘allowed more
uhiform combdstion reduct1ons in y1e1d s1m11ar to those on
mowed areas (25%) might havg be?nlexpected This would have
4»been similar to depre331ons 1qé&3e]d obtained after the Julyr
iand Qctober treatments. It is c]ear:‘however; thet if springv
bUrning isAto be imp]ementedr treatmentshould be carried
out as soon after snowme]t as possible. If:wea}her.
“oonditions tend to be more setp]éd in the fall, it would be
better to burn at that tidef | |

| LoWered prodoction levejs wereflargeTy a fdhction‘of

' shorter leaf and sheath 1engthsi These were,reduced 1east in
the first year following treatment by burning or mowing on |
_Aprii 8, 1978 (30%);’end'most by treatment.on July 31 (50%)..
Onf§ tillers burned on Kpri]v8 regained pre-treatment leaf
lehgths by the second year, while sheath 1enéths.were still
ehorter. This responée was atiributed to the removal of
shad{ng_by‘herbage and litter. The'shorter tillers growiog
after a prescrioed burn on a previously undisturbed
grassland would befbetter adapted to grazing. The grazing

animal would then not be able to remove as great a

percentage of photosynthe}ical]y active tissue. Therefore,‘a

}
By
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tquicKer recovery after grazing could be expected.

‘T111er1ng was. shown by this s tudy to occur X
'predomﬂnantly in the fall and to a lesser extent 1n‘the
early spriqg. TRe 1n1$1a].response of the F. Da111 tiller
to any.sprtng'treatmentjwas thenproduction of new leaves. .»§<;
This was Foltowed-oy the~intttaticl|cﬁ a greater number of
' new tt]]ers 1n the fall on treated subptots Area treatedb
in dune did not elicit the latter .response. Defotjationr
therefore. stwholated t11]er1ng in thts species. Th;s ﬁ%
| another-jndication that F. hallij is likely'to'be well
-_adaptedtto grazing, unlike its retattve, F . doreana.  The
latter species is not rhizomatous and decreases rabidty
under graztng. |

| The growth rate of F. }hatlii was tower oh-treated'

subp]ots durtng a ten day observatton period 1n dune 1979.
Growth rates were comparab]e among areas treated on
different dates. That such reductions in growth rate occur
'following defoliation»has to be taken ihto.acc@@nt when
burntng; mowing or graiing this grass]and. The lower the
height of defoliation the }dngeé it will take the plants to
regrodl ' | A o (/ | |

The basat area of live F. hallii was generally (
unaffected by burning ‘or mowing} Mortality“due to either
type of lttter and herbage removal was, therefore virtually
,non-ex1stent. Th1s indicated that heat from the fines d1d

not damage apical meristems.. Fuel mo1sture levels were ")q/f

largely resbonstble for fires rarely burning to ground

¢
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level. Apical meristems remained below ground level when

%

vegetative, which also accounted for the absence of

~

mortality following either defoliation treatment: .

Production of F:. hallii inflorescences was unaffected'J/‘

in the ﬂfrst growing seasbh}following burning or mowing on .

any date im 1978. A four- to sevénffold:increase.in the

"production of seed heads was seen in the second growing

seasonvfollowing‘spring treatment. Furthef investigation
into the cause of this stimulation might be valuable. It
would be useful to be able to producé F. hallii seed, which
could be used in’the rejuvenafion of overgraéed fescue
range]ands'in the area. 7

DaYtime suﬁmér>$6il temperatures at 3, 6 énd g cm were
1-6°C highef(on all‘tfeated'subplots in the first year
foﬂ]owihg burning of mowing. Burned subplots had |
temper%turés which were 1-2°C hiéher than mowed surplots.

Increases over controls in the second year following spring

 .treatment rahged between 1 and .., C. Differences between

burned and mowed subplots disappeared in the second year.

The morphological responses of F. hallii on both burned

and mowed subplots were sih{li;. It can be concluded thét

»

the buhnfﬁg of this species ca eésentially be‘régarded as a

- type of defoliation treatment, since no evidence of

differemces due to heat damage or fertilization byAash-Could

‘be found.
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7. FUTURE RESEARCH “
This study was deSigned'to provide physio]ogica] and
ecologtcal 1nformatton about an econom1ca11y 1mportant

forage spec1es Festuca ha]111 A central ftnd1ng was: the‘

compensatory decr@yse in ttller ]ength with 1ncrease in
ttller density, in response to defoltat1on Ttller length
weight and denstty are components of forage yteld The
apparent compensatton between two of these yield components
particularly in response to defo]iation, Aay suggest a

potential limitation to herbagetyield.gThis hypothesis

F

should be efamined'more closely to.determine ways of
‘managing these yte]d components to optimize pasture

o - o
.performance.

)
1

The 1nteract1on between defoliation 1ntens1ty‘and the
'phenolog1ca11y based capadbty of the p]ant to regrow could
be evaluated in a c11pp1ng study. Treatments could involve a
range offclipping heights, imposed on‘p1ants at yarying
' stages of deve]opment Trends in t1l]e?flength weight and
-‘ dens1ty in response to these factor1a1 treatments could be
,'1nterpreted to suggest m1n1mal recovery t1mes for yield and
persistence. ! 1nterpret€d the tendency for burned areas tg1
produce more and longer t111ers. as a response to soil :
.temperature An a]ternat1ve explanatwon ‘that burning
. affected so11;fert111ty, was beyond the scope of the present
‘stpdy, but cou]d be explored by analyz1ng both soil and

plant mineral nutrient status under burned, mowed and

control treatments.
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v“ research lnto the phys1ology and eco]ogy of this species

o . L, v . - A

A third area of interest concerns the production of

-1nflorescences It has already been menttoned that

commercial seed: product1on for the reclamat1on of oveﬁérazed

or otherw1se m1sused F. hallii range]and would ‘be

advantageous The present¢study Showed'that burning and

) mdw1ng in the early part of the, grow1ng season st1mulated

| the product1on of seed heads in the’ fo]low1ng year-. Why does3

this happen'> Perhaps th1s s a questton best answered by a

phys1o]og1st | | \
Once the behav1our of F. hal]tivin‘a,retatiye]y.pqre

stand is understood incTuding aspeots-of idtraspecific

compet1t1on then 1nterspec1f1c compet1tton could be

1nvestlgated The reasons for the plant’ S existence as the

A}

, .
dominant spectes on these rangelands could be expla1ned It

3

‘}might.be pOssible; for examplen that its persistent litter

_exerts an allelopathic, as well as physical barrier to the

. (¥ : §n
growth of other species. 'The intera&tion of the ‘species with

“various colt1vated~and‘native legumes could be. assessed()

stnce‘the introduction”oftsuoh‘p]ants wou ld increasé the
quality of the forage and raise the 1eve] of a;ailable
nitrogen invthe s0i 1. o

'With so little known about this torage, reSearoh could

progress'in many dtrections Thelimportant thing is.that the

‘ cont1nues and the value of nat1ve rangelands is rea}1zed

" before they are all converted to cultivated pastures.

¥

=
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9. APPENDIX A
Treatment Means with Duncan’s Multiple Range Test

*
Tab]e 1. Total number of-Festuce hallii
S tillers/m2 in 1978.

Treatment _ Treatment Dates (1978) :
SRR . April 8 April 27 June 1
Burned > . 6599ab .. 6463ab < 5747cd
Mowed - - *  6200bc .~ . 6928a " 5019f

Control . 5572de ' S5172ef = 4719f

.Means followed by the same letter (a-f) do not differ
significantly (P>0.05). '

Table 2. Total numBer of Festuca ha1]11
titlers/m2 in 1979. ‘

Treatment o Treatment Dates (1978)
April 8 April 27  June July 31 0Oct 18

. !
]

Burned - 11588a  .11075a-c = 96i3a-e 10850a-c 11313a

Mowed 10525a-d = 10738a-c 10025a-e 11200ab ~ 1.097b5a-c

Control 7975c-e 7125e 8575a-e 8013b-e 7500de

Means followed by the same letter (a-e) do not differ
significantly (P>0.05): v .

- 109,



‘Table 3. Numben of one-leaved festuca hal

110

131

2

tillers/m2 in 1978. P .
Treatment — Treatment Dates (1978) e
April 8° ~April 27 June 1°
Burned . . 1213ab | 1413ab 1125ab .
Mowed 1156ab - | 1703a 978b
Control . ‘ 866bc 803b . 981b
Means fol]owed by the same letter (a-c) do not differ
's1gn1P1cantly (P>0. 05) . L
’ Table 4. Number of one-leaved Festuca hal111 BN
S o t1l]ers/m2 in 1979. i .
Treatment v Treatment Dates (1978) ' }

April 8 April 27 June 1 J

uly 31 Oct 18

Burned 35092 35282 | 2905a-c
Mowed , 3183ab - 23990a-c / 2585a-d

Control . 1760b-d 1265d ' 1579cd

’ R iad

i

3495a 3971a
3476a - 3224a
1569cd . 1321d

‘ Means fol]owes by / the same letter (a-d) do
s1gn1f1cant1 (P>0.05) . ‘

not‘differv

J



%
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Téble 5. Number of two Jeaved Festuca hall11_,
tillers/m2 in 1978

Treatment “Treatment Dates Qfg78) .
o Apr1l 8 | Apr1l 27 - June 1
Burned  3775ab - 3547ap 3397ab
Mowed , 361%ab 4066a - 2847b

Control ' '3859ab - 3722ab : 3172ab

4]
o

Means followed by the same letter {a-b) do not differ
s1gn1f1cant]y (P>0.05). : .

Table 6. Number of’ two leaved Festuca ha1111
t1]1ers/m2 in 1379.

Treaiment - N Treatment Dates (1978) ,
April 8 April 27 June 1 July 31 Oct 18

Burned 6780a 6624ab '5846ab- 5875ab  555%ah

~Mowed = 6273ab 6303ab ~~ 5965ab  5916ab 8268ab
Control 5001ab . 4578b -~ 5806ab  5315ab ~4926ab

o

Means,  followed by the same 1etter (a-b) do not differ
s1gn1f1cantly (P>O 05). . ‘ '

Pl
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Table 7. Number of three-leaved Festuca hallii
tillers/m2 in 1978.

Treatment P " Treatment Dates (1978) <
' April 8 - April 27 June 1
5 ‘ » ’
Burned 1519a 1331ab 1125b-d
Mowed - . ' 300a-c 1009cd 103 1cd
Control 838de _ bda1te 547e -

Means followed by the same letter (a-e)] do not differ .
significantly (P>0.05). ‘

-~

Table 8. Number of three-leaved Festuca hallii
tillers/m2 in 1879.. e

Treatment Treatment Dates (1978) v
April 8 April 27 June | July 31 Oct 18

3%,

~

" Burned 1304b-d’ 956d 185 1388b-d  1593a-d

Mowed = 1058d 1456b-d 1@#bb-d  1768a-c ~ 2105a
Control  "1148cd 1320b-d 1203cd  1119cd 1246b-~d
‘ @ : P N
‘ s

oy

Means followed by thé same letter (a-e) do not differ

significantly (P>0.05).
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TagTe 9. Number- of four-leaved Festuca hgllfi
tillers/m?2 in 1978,
Treatment Treatment Dates [1978] J
April 8 April 27 June 1
Burned ,94c 172ab 200a
Mowed 125bc 150a-c 163a-c
Control 9d 6d 19d

Means followed by the same Tetter ({a-d) do not differ

significantly (P>0

.05).

Table 10. Number of four-leaved Féstuca hallij

tillers/m2 in 1979.
Treatment - Treatment Dates (1978) o
April 8 April 27  June 1 July 31 QOet 18
Burned 58cd 18d 44d 144c 240b
Mowed 43d 29d 43d 93cd 326a
23d 20d 20d 13d 36d

Control

‘Means followed by the same letter (a-f)

significantly (P>0

.05).

do not differ




114

Table 11. Number of dead Festuca hallii, «
tillers/m2 in 1978.
Treatment " Treatment Dates (1978)
April 8 - -April 27 June 1
» .
Burned 1622a-c 915;1/ - 2100ab
Mowed 1403bc 856¢ ¥ 1469bc

Control 1888ab 1672a-c 23443

Means followed by the same letter (a-c) do not differ
significantly (P>0.05).

\

Table 12. Number of dead Festuca hallii
’ - tillers/m?2 in 1979.

Treatment | Treatment Dates (1978)

April 8  April 27  June 1 July 31 Oct 18
Burned 1500a-d 649fg 965d-g 989d-g © 1086¢-f
Mowed 1150c-f 688fg 813e-g 453g . 786fg-

Control 951d-g | 1623a-c 1953a 1365b-e 1721ab

Means followed by the same letter ({a-g) do not differ
‘significantly (P>0.05). A ,
£ e




Table 13. Soil
July 24, 1978

\;
N

\

temperature ("C) at 3 cm.

Treatment Treatment Dates

April 8 April 27 June 1
Burned- 31.1ab 31.7a 31.0ab
Mowed 27.5c 29.3bc 30.0ab
Control 23.5d 23.3d 25.1d

Means followed by the same Tetter (

significantly (P>0.05).

a-d) do not differ

July 3, 1979

Treatment Treatment Dates 4

April 8 April 27 - June 1 July 31 Oct. 18
Burned 23.4c-e 23.7c-e ' 23.9cd 27.9a 26.7a
Mowed 21.4ef 21.9d-f = 23.6c-e 26.bab 24 .4bc
Control: 20.5f 21. 3ef 20.3f 20.3f 20.0f

significantly (P>0.05).

" - Weans Tollowed by the same letter

(a-f) do not differ
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Table 14. Soil temperature (°C) at 6 cm.’
July 14, 1878

Treatment ‘ ‘ Treatment Dates :
- April 8 ‘ April 27 June 1
Burned . 22.8d f 25 1b . 26.1a
Mowed ' : 21.8e ‘ 22.9d 23.8¢c -

Control . 17.5g ' 17.7fg 18.2f

Means fol]owed by the same letter (a-g) do not differ
swgn1f1cant1y (R>0.05).

“July 3, 1978

Treatmént : Treatment Dates
' April 8  April 27 June 1 “July 31 QOct 18

" Burned 15.9d-g 16.8b-g 17.6b-d 18.5ab ' 18.3a‘c.

Mowed 16.6c-g 17.1b-f 17.3b-e 19.8a 17.7b-d

Control  15.3fg 15.4e-g ~ 15.1g 15.2fg  15.0g -

Means fo]lowed by the same 1etter (a- g).do'not differ
significantly (P>0.05). : :




17

[-]

Table "15. Soil temperature (°C) at 9 cm.

July 24, 1978 - o | o

L
Treatment X Treatment Dates
‘ April 8 April 27 June . 1
Burned ‘ 20.9ab 21.5a 21.6a
Mowed - . 19.5¢ 20. 1c : 20.9ab

Control - | 16.1d 15.9d - 16.3d

‘Means followed by the same Jetfer (a-dJ] do not differ
significantly (P>0.05).

July 3, 1979

Treatment: | Treatment Dates
' April 8 April 27 June 1 July 31 Oct 18

Burned 14.80d: "15.5a-c | 15.5a-¢c 16.3a ‘16.4a

Mowed 15.0c 15.2¢ 15.3b 16.3ab - 15.4a-c

Control 13.8de 13.7e 13.6e 13.0e 13.5e

~ »

Means followed by the same letter (a-e)] do not differ
significantly (P>0.05). .

-
s
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Table 16. Leaf length of Festuca hallii in 1978
and 18978 for one-leaved tillers.

1978
Treatment ) | Treatment Dates (1978)
. April 8 © April 27 - June 1
Burned . 23.2bc 17.7d ©17.1d
Mowed o 19.2cd 16.5d 14.4d

Control : : 26.3ab' 29.4a 30.3a

)

Means followed by the same letter (a-d] do not differ
Significantly_(P>0.05)., : :

1979
Treatment ~ Treatment Dates (1978)

April 8  April 27 June 1 July 31 Oct 18
Burned - 35.7a-c  32.4cd  %8.4d  19.3e 21.9e
Mowed 34.5bc¢ -~ 32.2cd 28.5d 21.3e 20.7¢

Control  40.4a 40.5a 41.2a - 39.tab  39.6ab

Means followed by the same letter (a-e) do not differ
significantly (P>0.05). !

[

-



Table 17. Leaf length of Festuca hallii in 1978
: and 1979 for two-leaved tillers.

119

1978
“Treatment | _ Treatment Dates (1378]
April 8 April 27 ’ June 1
. Burmed 30.5¢ . 25.8de . 24.7ef
Mowed . 28.0cd 02.2fg 21.6g
.2b

Control =~ 39.8b 42.5a 39

Means followed by the same letter (a-g) do not differ
significantly (P>0.05). ‘ o

1979

Treatment - Treatment Dates [1978) ' ’
‘ April 8 April 27 June 1 July 31 Oct 18
Burned  43.0bc = 38.9cd - 34.4de 24 .2f 28.6ef
Mowed 42.3c . 38.9cd 34.2de. 25.9f ~ 27.2f
Control 48.4ab - 50.7a 49.8a 49.0a 50:7a

Means followed by the same letter (a-f) do not differ
significantly (P>0.05).




Table 18. Leaf 1ength of Festuca hallii in 1978
and 1978 for three-leaved t1llers

120

1978
Treatment Treatment Dates (7978
April 8 . April 27 June 1-
Burned 29.6d - 23.5¢ ~ 21.9g
Mowed 26.6e - 20.6gh 19.8h
8c

CQntrol o 37.2b 39.4a | 35.

Means followed by the same letter (a-h) do not differ
‘significantlyd(P>0.05). .

1979
Treatment ‘ Treatment Dates (1978] ﬂ
“ April 8 . April 27 June 1 July 31 Oct 18
Burned  39.4b 37.76c  33.1b-d 22.9e - 31.1cd
Mowed 39.3b . 36.3bc - 33.4b-d 23.9e . 26.7de
2a

Control 46 .6a 48.9a }-' 48.7a 46 .0a - 46,

Means followed by the same Tetter (é e) do not differ ,

significantly (P>0.05).




Table 19. Lea# length of Festuca hallii in 1978
and 13879 for four-]eaved tillers.

121

1978
Treatment A Treatment Dates (1878}
| April 8 April 27 June 1
N
Burned '~ 18.Qef - 19.2e 18.9ef
Mowed 22.7c¢ 18.3f 16.0g
21.3d

Control 23.8b 31.6a

Means followed by the same letter (a-g) do not differ

significantly (P>0.05).

- -

1979

Treatment — Treatment Dates [1978] ,

~ April 8 April 27 June 1 July 31 Oct 18

Burned  28.9d-g  28.4e-g  29.2d-f 18.9i 26.0f-h

Mowed 29.0d-g 34 .8bc 28.6d-g '23.bg-i 21.9hi
33.0c-e

Control 45 . 4a 39.2b 34.1b-d 39.1b

Means followed by the same letter (a-i) do not differ

s1gn1f1cant1y (P>0. 05)

¢
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Table 20. Sheath length (cm) of Festuca hallij
' in 1978 and 1979 for one-leaved tillers.

- 1978
Treatment Treatment Détes (1978)
' April 8 Aprit 27 June 1
Burned - 1.9b 1.8 1.0b
Mowed 1.7b- z - 1.2b 1.0b

Contro]_ . 3.3a *~ 3.4a : 3.9a

Means followed by the same letter (a b) do not differ
s1gn1f1cant1y (P>0.05).

-

1978 ‘ ' g

Treatment | ~ Treatment Dates (1378]
April 8 April 27  June 1 July 31 Oct 18

Burned ©3.3cd 2.9d-f  2.8d-f 1.9fg. 2.1e-g

Mowed 3.6b-d 3. 1de 2.8d-f . 1.7g 1.9fg

Control 4.5ab 5.3a 5.5a 4.2bc 4.6ab

(Ve

Means followed by the same letter (a-g) do not differ
s1gn1f1cant]y (P>0. 05) S .
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Table 21. Sheathilength of Festuca hallii in 1978
and 1979 for two-leaved tillers.

1978 : |
Treatment Treatment Dates (1978)

‘ April 8 April 27 June 1
Burned . 3.2¢ - 2.d - 2.3d
Mowed ' 3.1c 2.5d v 1.8e

Control 5 6b "~ 6.0a - 6.1a

Means followed by the same letter (a-d) do not differ.
signifigantly (P>0.05). - s éﬁ ‘

&

Treatment Dates ({978) ’ -
April 8 April 27 June 1 July 31 Oct 18

4.9cd  4.4d ' 4.3de-  2.7F  3.0ef
5. 9¢d 4.8cd - 4.1de  2.5f 2.4f

6.0bc . 7.3a 7.3a 6.7ab 6.9ab

Means fo: iowed by the same letter (a-f) do not differ
s1gn1f1ca“tly (P>0. 05) o L

1
|
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Table 22. Sheath length of Festuca hallii in 1978
and 1979 for three- leaved tillers. ,

1978
Tréatment : - . . Treatment Datés-(1978)

April 8 April 27 June 1
Burned -~ 3.2¢c  2ag . 2.4d
Mowed 3.1c . 2.3d 1.9e-

Control - 5.4b . 5.4b . 6.2a

Means fol]owed by the same 1etter (a-e) do not differ _
s1gn1f1cantly (P>O 05) , ‘ A -’\§

1979

Treatment ~ Treatment Dates (1978]

April 8  April 27 Jume 1 July 31 Oct 18

Burned  4.6c - 4.0cd 4.2¢d  2.7ef 3. 16 i

- - Mowed .6c - 4.3c . 3.8c-e  2.6f 2.7ef
. Control £ .0b - :6.6ab - 7.2a 6.1b 7.0ab

, %‘

Means followed by the same 1etter (a-f) do not differ

significantly (P>0 05)
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Table 23: Sheath length (cm) of Festuca hallii T
' in 1978 and 1979 for four-leaved tillers.

1978 ' ' | . :

Treatment v ‘ | “Treatment Dates. (1978]

: : ’ April 8 - April 27 . June |
Burned 2.7e v - 2.2g ‘ - 2.3fF
Mowed 3.1d : 2.3f - 1.8h
Control 4.5¢ : 6.1a _ 5.5b

Means followed by the same 1etter {a-h) do not differ
s1gn1f1cant1y (P>O 05) o

1979

Treatment T Treatment Dates (1978 — o

’ April 8 April 27  June 1 July 31 . Oct 18
Burned 4.2cd 2.8fh  4.0c-e 2.2h . 3.fe-h
Mowed  3.5d-g 4.7c ,/Q 4.1cd ~ 2.4h 2.6gh
Control 6.9a 5.8 7 4.4cd 4.8c . 3.7d-f-
Means followed by the same 1etter (a-h] do not differ ,#f-‘

significantly (P>0.05).
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Table 24. Herba?e yield of Festuca hallii

(kg/ha) in 1978.
Treatment Treatment Dates (1978)
April 8 _ April 27 June 1
Burned 249 1cd . 1702 972f
Mowed 2153de 1663e 1026f

Control 2885bc .<3427a 338bab

Means followed by the same -letter (a-f) do not differ
significantly (P>0.05). ) . ‘

Table 25. Herbage yield of Festuca hallii
'(kg/ha) in 1979. -

Treatment ) Treatment Dates ‘
April 8 April 27 June 1 July 31 Oct 18

Burned  4105ab 3839a-c  3265cd  26446f . 2475f
Mowed 4213a 3842a-q  3183de  2461fL  2353f
Control 3733a-d- 4182a ° 3917ab  3675a-d 3566b-d

Means followed by the same letler (a-f) do not differ
significantly (P>0.05).

%]



10. APPENDIX B

Analysis of Variance Tables

TILLER DENSITY 1978

TOTAL NO. OF TILLERS

SOURCE DF
REPLICATIONS ‘ 7
MAINPLOTS | 2
MAINPLOT ERROR 448
SUBPLOTS 2
INTERACTICON 4
SUBPLOT ERROR 448

MAINPLOT ERROR LESS THAN SUBPLOT ERROR

TILLER DENSITY 1978
NO. OF 1-LEAVED TILLERS

SOURCE DF

REPLICATIONS  * 7
MAINPLOTS 2
MAINPLOT ERROR 14
SUBPLOTS 2
INTERACTION | L4
SUBPLOT ERROR " 42

TILLER DENSITY 1978

NO. OF 2-LEAVED TILLERS

SOURCE ' OF
REPLICATIONS 7
MAINPLOTS 2
MAINPLOT ERROR : . 56
SUBPLOTS ‘ 2
INTERACTION 4
SUBPLOT ERROR 56

SS MS
2456 .3264 350.8036
1586.3125 1 793.1563
1962.9145 22.7373
1674.729§ 637‘3645
'525.8958 131.4740
8223.4102 22.7373

ERRORS POOLED

SS MS

312.2361 "44.6051
105.5156 52,7578
574.9149 41.0653
233.5833 116.7917
, D 170.6823 42.6706
984.9426 23.4510
sS MS
1 1357.0208 193.8601
627.9661 1313.9829
957.4922 88.3117
7,6068.‘ . 3.8034
250.0130

© 62.5033

3987.9634U4r 88.3117

MAINPLOf ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

127

34.

36.

.4329

8835

8277

. 7823

.0862

.2847

.9802

.8196

. 1952

.5554,

.0431

.7078

. 0000

.0000

.0000

. 0002

L4217

.3074

.0115

1430

.0483

.0352

.9579

.5800



TILLER DENSITY 1978

H

NO. OF 3-LEAVED TILLERS

SOURCE DF
REPLICATIONS 7
MAINPLOTS 2
MAINPLOT ERROR 112
SUBPLOTS v 2
INTERACTION 4
SUBPLOT ERROR 112

SS
133.8889
128.1276
204.7752
527.6276

11.0495

557.2813

" MAINPLOT ERROR LESS THAN SUBPLOT ERROR -

TILLER DENSITY 1978

NO. OF 4-LEAVED TILLERS

SOURCE . DF
REPLICAT FONS 7
MAINPLOTS 2
MAINPLOT ERROR 224
SUBPLOTS . 2,
INTERACTION | 4
SUBPLOT ERROR 224

5S
10.7361
3.2240
20.0399
31.0469
R

2.2760

65.3021

MS
19.1270
64.0638
. 6.8041

263.8137

2.76%4
6.8041

ERRORS POOLED

MS
1.5337

1.6120

0.3810

15.5234

0.5680

0.3810

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

TILLER DENSITY 1978

‘NO. OF DEAD TILLERS

SOURCE _ " oF
REPLICATIGNS 7
MAINPLOTS 2
MAINPLOT ERROR 56
SUBPLOTS ‘ o
INTERACTION 4
SUBPLOT ERROR 56

$s
914.4405
752.1029
550.4944
583.0872
125.5169

1842. 1040

MS
130.6344
376.0513

42.7250

291.5435 .

31.3792

42.7250

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

38,

40.

.81114

.415%

7729

.4060

.0256

.2310"

7449

.4935

.0576

.8017

.8237

.7344

.0098

.0002

.0000

.8040

.0004

.0157

.0000

;2050

.0085

0005

.0022

.5724



TOTAL TILLER DENSITY 1979

TILLER DENSITY 1979

SOURCE DF Ss
REPLICATIONS 7 91642000
MAINPLOTS 4 716.2083
MAINPLOT ERROR - 28 33925,591i
SUBPLOTS 2 23322.0250
INTERACTION ' 8 2772.8917.
SUBPLOT ERROR 70 32633.oszov

DENSITY DATA 1979

NO. OF TILLERS WITH ONE LEAF

SOURCE oF . ss
REPLICATIONS | 7 3115.3208
MAINPLOTS | a 447.4453
MAINPLOT ERROR 28 8150.3340
.SUBPLOTS R 2 B774.7437
INTERACTION 8 501.7641
'SUBPLOT ERROR - 70" 5163.1445

DENSITY DATA 1978

NO. OF TILLERS WITH TWO LEAVES

SOURCE DF , sS

REPLICATIONS . ‘ 7 2777.1000
MAINPLOTS 4 837.2917
MAINPLOT ERROR 28 12376.3648
SUBPLOTS . 2 2310.6500
INTERACTION 8 1319.3786

SUBPLOT ERROR

70

14924 .3633

MS

1309. 1714

179.0521
1211.6638
11661.0117
346.6113
466. 1868

~

MS
445.0457
11{58513
29,0833

4387.3711
62.7205

73.7592

MS
396.7285
209.3229
442.0129
1155.3250
164.9223

213.2052

59.

.0805

. 1478

.0136

. 7435

.5289

.3843

4823

.B503

.8975

.4736

.4188

.773%

.4017

.9625

.6529

. 1883

.8180

.5622

.5219

.7547

. 0065

.62714



DENSITY DATA 1979

NO. OF TILLERS WITH THREE LEAVES

SOURCE
REPLICATIONS
MAINPLOTS
MAINPLOT ERROR
SUBPLOTS
INTERACTION

SUBPLOT ERROR

- DENSITY DATA 13979

NO. OF TILLERS WITH FOUR LEAVES

SOURCE
REPLICATIONS
MAINPLOTS
MAINPLOT ERROR
SUBPLOTS
INTERACTION

' SUBPLOT ERROR

MAINPLOT ERROR LESS THAN SuspPLOT

DENSITY DATA 1979

NO. OF DEAD TILLERS

SOURCE
REPLICATIONS
MAINPLOTS
MAINPLOT ERROR
SUBPLOTS
INTERACTION

SUBPLOT ERROR

DF
7
4

28

70

OF
7
4

93
2
8

98

DF

196

[}

ss
452 .0557.
364.5651
10087209
269.2547
503.7691

1888.4883

SS
5.8258
51:4107

18.2800

17.6765

25.6403

49,3632

SS
536.9302
190.8302

1100.23989

1143.0797

780.7472

3518.4890 .

.4‘;
(@]

MS
64.5794
91.1413
36.0257

1346273
62.9711

26.9784

MS
.8323
128527
o.esdi
8.8382
3.2050

0.6902

ERROR - ERRORS POOLED

MS

76.7043

47.7076

23.5658
571.5398
97.5834

23.5658

MAINPLOT ERRdR LESS THAN 'SUBPLOT ERROR - ERRORS POOLED

1.7926

2.5299

4.9902

2.3341

1.2057

18.6207

12.8046

4.6434

F
3.2549

2.0244

24.2530

4.1413

130

0.1284

0.0628

0.0094

0.0277

0.3069

- 0.0001

0.0027

0.0925

0.0000

0.0001



SOIL TEMPERATURE DATA 1878(3 CM)

JULY 24,1978 : TEMPT

SOURCE . DF . ss
REPLICATIONS 7 111, 1701
MAINPLOTS - 2 50.7604
MAINPLOT ERROR 112 118.5174
SUBPLOTS ‘ 2 669.6771
nteracTi 4 22,8438
SUBPLOT ERROR - 112 ’22013125

MAINPLOT ERROR LESS THAN SUBPLOT ERROR -

8

,SOIL TEMPERATURE DATA 1978(6 CM)

JULY 24,1978 : TEMP1
SOURCE p DF © o ss
REPLICATIONS P A .' 49.7778
MAINPLOTS . 2 49,7708
MAINPLOT ERROR ' 448 | 26.9514
SUBPLOTS 2 604.3958
"INTERACTION 4- 16.0833

SUBPLOT. ERROR o 448 113.9268

MAINPLOT ERROR LESS THAN SUBPLOT .-ERROR -

-

SOIL TEMPERATURE DATA 1978(9 CM)

JULY 24,1978 : TEMPA v
SOURCE_ © . DoF | ss
REPLICATIONS 7 ' 54.2248
MAINPLOTS 2 6.7630
'MAINPLOT ERROR. 12 11:5148
SUBPLOTS ' 2 361.6797
INTERACTION 4 3.2995
 SUBPLOT ERROR 112 56.8542

MS
15.8814
10.3802

3.0253

334.8384

5.7109
3.0253

ERRORS POOLED

MS
7.1411

24 .8854

'0.3124"

302. 1978
4.0208
0.3124

ERRORS POOLED
o

MS
7.7464
3.3815
0.6104

180.8398
0.8249

0.6104

_MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

. 110.

22.

79.

967.

12.

.2496

.4312

6806

.8877

7601

6491

2249

8692

.6899

.5395

.2466

.3513

131

.0358

1175

.2555



e

_SOIL. TEMPERATURE 1879 (3 CM)

3
SOIL TEMPERATURE JULY /79

SOURCE ., DF
REPLfCATIONéF 7
MAINPLOTS “ 4
MAINPLOT ERROR ' 26
SUBPLOTS 2
INTERACTION 8

SUBPLOT ERROR 70

SOIL TEMPERATURE 1979 (6 CM) .

‘ 3
SOIL TEMPERATURE JULY /79

SOIL TEMPERATURE 1979 (9 CM)

SOURCE - DF
REPLICATIONS - 7
MAINPLOTS ' 4
MAINPLOT ERROR )
| SUBPLOTS 2
INTERACTION o8
SUBPLOT ERROR 98

‘ '
SOIL TEMPERATURE JULY #8/79

SOURCE -~ _ OF
.REPLICATIONS 7
MAINPLOTS 4
MAINPLOT ERROR 98
SUBPLOTS 2
INTERACTION 8
sUBPLOT ERROR o8

SS

'67.7690

152.3294

128.6372

443.3211

128 .3456

274 .0000

sS
21.0924

46.9048

47.5951

150.3508
39.2326

201.2500

MAINPLOT ERROR LESS THAN SUBPLOT ERROR -

SS
18.9667
6.3854
12.8146
111.6812
17.9646

68.1875

MS
19.6813
38.0824

4.5942

221.6605

16.0432

©3.9143

"MS

3.0132

11.7262

2.5392

75.1754

.4.9041

2.5392

ERRORS POOLED

MS
2.709S

1.5964

0.8266

55.8406
2.2456

.0.8266

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

2.1073

8.2892

56.6286

4.0986

1.1867

4.6180

239.6055

1.9313

F
3.2781

1.9313

67.5585 |

2.7168

0.0760

0.0002

0.0000

0.0005

0.3175

0.0018

0.0000

0.0636

p
0.0036

0.1112

0.0000

0.009%



1978

LEAF LENGTH OF 1TLEAVED TILLERS

SOURCE - oF sS

REPLICATIONS R A 2Xﬁ.eoga
MAINPLOTS 2 67.7852
MAINPLOT €ERROR 14 323.2144
SUBPLOTS ' 2 1894 .9674
INTERACTION 4 217.8829
SUBPLOT ERROR 42 " 933.4297

1978

LEAF LENGTH OF 2-LEAVED TILLERS

SOURCE" _ OF . sS
REPLICATIONS 7 104 .3542
MAINPLOTS : 2. 2231953
MAINPLOT ERROR = - 112 183.1237
SUBPLOTS . ‘ ‘2. 3734 .5443
INTERACTION 4 181.7394
‘SUéPLbT ERhon o /12  '463.6538

MS

39.
33.
23
947 .
69.

22

8013

8926

.0867

4836

4732

. 2245

MS.

14
f11.
5.
1867
45

5.

9077

5977

7748

2720

4348

7748

" MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

1978

LEAF LENGTH OF 3-LEAVED TILLERS

+

'SOURCE . CoF ss
REELICATIDNS . 7 116.2630
MAINPLOTS - 2 346.2109
MAINPLOT ERROR 448 179.3451
SUBPLOTS : 2 -'3143.9167‘
INTERA&TION., ‘ a 192.6903
SUBPLOT ERROR o f448 545.9180

MS

16 .
173.
i
15714.
a8

1

6080

1055

.6189

9583

.1726

.6189

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOCLED

> E I
%

42

323.

10.

106"

.8

29.

. 7240

.4681

.6324

. 1260

.5815

. 3249

3484

.8678

2595

9285

.0100

7565

133

0.1826

© 0.2638

0.0000

0.0244

0.0166

0.0000

. 0.0000 "

0.0000

0.0000

0.0000

Q..0000

0.0000



1878

LEAF LENGTH OF 4-LEAVED TILLERS

SOURCE ‘ OF 0SS _ MS » F
REPLICATIONS 7 72.9362 10.4195 30.4346
.MAINPLOTS.' , 2 237 .5443 . 118.7721 346.9258
MAINPLOT ERROR 1792 83.4133 03424,
SUBPLOTS 2 . . 686.1432 343.07.15 v 1002 . 090 4
’»,INTE#ACTION A L 413.2227 103.3057 ' 301.7493
SUBPLOT ERROR 1792 525.0886 | 0.3424 .

MATNPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

A

1978

SHEATH LENGTH OF- 1-LEAVED TILLERS

SOURCE - DF S5’ M ' O
REPLICATIONS T 6.9294 B 0.9899 " 1.2108
MAINPLOTS - 2 1,281 0.6405  ~  0.7835
MAINPLOT ERROR 56 10.8738 0.8175

SUBPLOTS . 2 70.5518 35.2759 - 43,1486
INTERACTION a 6.6843 711 ©2.0440

SUBPLOT ERROR " 56 - - 34.9086 8175

1978

SHEATH LENGTH OF 2-LEAVED Tzi}fggj/,
SOURCE = OF ss F
REPLICATIONS 7 46271 6610 6.8632
‘MATNPLOTS -2 " 4.0971 2.0485 . 21.2698
MAINPLOT ERROR 224 1.6468  0.0963
'SUBPLOTS | 2 181.6361 90.8181 942.9546
INTERACTION 4 o | 8.3583 . 2.0896 . 21.6959
SUBPLOT ERROR 224 16.9271 0.0963 |

MATINPLOT ERROR LESS THAN SUBPLOT ERROR - "ERRORS POOLED

0,0000

0.0000

0.0000

©0.0000

0.3122

0.4617

0.0000

0.1006

Q40000

0.0000

0.0000

0.0000



1978

SHEATH LENGTH OF 3-LEAVED TILLERS.

SOURCE OF o ss Ms F P
REPLICATIONS 7 0.9456 0.1351 5.8898: 0.0000
MAINPLOTS 2 3.5477, 1 7738 77.3397 0.0000
MAINPLOT ERROR 886  3.7315 0.0229

SUBPLOTS - ‘,,2 - 155.o§62 77.5331 3380 4485 - 0.0000
_INTERACTION ‘» o 9.8356 - éiasss 107.2087 ~ 0.0000
SUBPLOT ERROR - 896 16 7590 0.0229

MAT ESS THAN SUBPLOT ERROR - ERRORS PQOLED

1978 ¢
 SHEATH LENGTH OF 4-LEAVED TILLERS ‘ o {
SOURCE OF 55 S ”5*' : F | P

REPLICATIONS 7 - 3.3160 . 0.4737 54.8571 . ‘0.5%00
MAINPLOTS 2 « 1.3109 Qfgssa 759008 0.0000

' MAINPLOT ERROR 3584 75806 - 0.0086
) SUBPLOTS 2 1398186 69.9083 8095.6484 0.0000
INTER#CTICN, a4 16.9023 : 4.2256 . °  489.3301 0.0000

SUBPLOT .ERROR 3584 23,3688 0.0086

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

TILLER LENGTH 1979

LEAF LENGTH 1°LEAVED TILLERS

SOURCE OF ooss MS F ’ P
REPLICATIONS , 7. 116.7667 16.6809 " 0.4678 0.8494
MAINPLOTS : 4  2005.7656 1 501.4414 © 14.0612 0..Q000
MAINPLOT ERROR 28 998.5198 35.6614
susPLOTS o 4270.1125 ' 21350562 104.2608 0.0000
' iNrERACTIOQ ) 8 797.8846 99.7356 4.5764  0.0001

SUBPLOT ERROR - " 70 1433.4663  20.4781




TILLER LENGTH 1979

LEAF LENGTH 2-LEAVED TILLERS

SOURCE ' DF
REPLICATIONS 7
LMAINPLOTS . a4
-MAIN#LOT ERROR 28
suBPLOTS 2
INTERACTION ' 8
SUBPLOT ERROR - 70

TILLER LENGTH 1979

LEAF LENGTH 3-LEAVED. TILLERS

SOURCE DF
REPLICATIONS - 7
58
MAINPLOTS : 4
MAINPLOT ERROR 28
SUBPLOTS \ 2
INTERACTION - . . 8
SUBPLOT ERROR 70

TILLER LENGTH 1979

LEAF 'LENGTH 4-LEAVED TILLERS

SOURCE OF -
REPLICATIONS 7
-MAIN?LOTS 4
MAINPLOT ERROR & 28
SUBPLOTS 2
INTERACTION 8

SUBPLOT ERROR 70

sd
45.2417
2256,8854
847.1919
681240§50
1272.0660

1457 . 4045

ss

75.0083

1971. 1719 -

1073.7039

5944 .8375

780.5219

2171.5083.

SS
©117.6750
1262:8594
. 889.7143

3402 .9500

' 959.7307

1195.7827

136

MS ' CF P
6.463} 0.213 A~ 0.9733
564.2212 18.6477 0.0000
30.2569
3406.0374  163.5941 0.0000"
159.0082 7.6373 0.0000
20.8201
) MS F. P
10.7155 0.2794 . 0.9568
1492.7930  12.8510 0.0000
'aalsaes
 2972.4187 95.8179 0.0000_
 97.5652 Caltast -0.0043
31.0215 |
Ms £
‘16;8167 : . 70.5290 0.8050
) 315.7141 . 9.9358 0.0000
31.7758 | | 8
1701.4749 99.6028 0.0000
119:9663 7.0227 ~ 0.0000

17.0826



-

\
MAINPLOTS

SUBPLOT EA

TLLLER LENG

TILLERS-

SHEATH LENGTH 2-LEAVED TILLERS

~ SOURCE

REPLICATIONS

MAINPLOT ERREIN

SUBPLOTS

I?WERACTIdN

SUBPLOT ERROR

oF s
I3
T 14
4 . 50
~e 28> 39
2’ 238
/ 8 39
70 76

" TILLER LENGTH 1979

SHEATH LENGTH 3-LEAVED TILLERS

SOURCE
REPLICATIONS
MAINPLOTS
MAINPLOT ERROR
SUBPLOTS
INTERACTION

SUBPLOT ERROR

&

DF - SS
7 - 12,4845
4 - 33.3884
28 . 33.8033
2 %16 8917
%8 - 23.6281
9541

70 60.

OF sS
7 187921
4 © 30.8895
28 25.3918
2 129.8442
5 10.2287
70 © 54.8869

S|
.8670

.7139

.6062

.4846
.3388

5581

MS
2.6846
7.7224
0.9069
64.9221

1.2786

0.7841

'Mé
2.1239
'12.6785

%"4145

119.2423

4.9174 -

1.0837

MS

i 1.7835
8.3471
112073

113.4459

»2.5535

0.8708

82.

109.

130.

.9603

.5156

7984

.6306-

.5015

.9632

0279

.4961

.4773

.9141

2818

.3918

.0188 -

.0001

.0000 -

.1318

L2074

.0001

. 0000

. 0002

. 0005

. 0000

. 0024



TILLER LENGTH 1979

SHEATH LENGTH 4+LEAVED TILLERS

SOURCE
REPLICATIONS
MAINPLOTS
MATNPLOT ERROR .
- SUBPLOTS
INTERACTION -

<LAPLOT ERROR |

-/

-

~

GROWTH RATE 1979 -
GROWTH OF 10 DAYS (CM)
souncs. |
REPLICATIONS
 MAINPLOTS -

MAINPLOT ERROR
SUBPLOTS

INTERACTION

SUBPLOT. ERROR

' BASAL COVER DATA 1978

 %covER LIVE FESCUE
SOURCE |
REPLICATIONS
MAINPLOTS
MAINPLdT’ERROR{
SUBPLOTS
INTERACTION

SUBPLOT ERROR

OF
7

4

28

70

- DF

0

DF

2

. 8

a8

ss
10.0204
57.7323
21.0503
84,2511
44 3974

 40.5115

SS

39.4758

18.3599 .

65.7234

358.5350
20.5985

126.1468 .

SS

801.4698
43.2031
‘611’ 1969

1442031

222.7969

1622.3333

- MS
1.,4315
14.4331

0.7518

- 42,1255

5.5497

0.5787

MS

5.6394

4.5900

2.3473
179.2675

2.5748

1.8021

M
114.4957
10.8008

22.7911

72.1016
" 27.8496

22.7911 -

MAINPLOT ERROR LESS THAN. SUBPLOT ERROR -‘ERQORS POOLED

1.9041

1971981

72.7889

©-9.5883

2.4025

1.9555

'99.4772

©1.4288

.»

5.0237

0.4739

3.1636

1.2219

138

. 1066

. 0000

.0000

.0000

.0465 -

1289

. 0000

.2000

. 0001

.7548

.0466

.2943



BASAL COVER DATA 1979
%COVER DEAD FESCUE

SOURCE ’ . DF

REPLICATIONS, * 7
MAINPLOTS . 4
MAINPLOT ERROR - . 196
SUBPLOTS - 2
INTERA&TION 8
SUBPLOT ERROR 196

BASAL- COVER. DATA 1979 - .

%COV;R BURNT FESCUE

SOURCE . DF
REPLICATICN; . 7
MAINPLOTS B
MAINPLOT ERROR 392
SUBPLOTS o 2
-INTEQACTIQN S 8
SUBPLOT ERROR 392

MAINPLOT. ERROR LESS THAN SUBPLDT ERROR -

S

SS

72.0001°

30.1335
267.9999
101.2668
134 0665

570.0000

o

SS

©28.5001°

113.1335

120.9999

 528.0668

226.2665

299.0000

MS

- 10.285%

'7.5334_

4.2755
'50.6334
16.7583

. 4.2755

ERRORS POOLED

MS’

4.0714

28,2834

1.0714

264.0332

28.2833 -

1.0714"

MAINPLOT ERROR. LESS THAN SUBPLOT ERROR - ERRORS  POOLED

BASAL COVER DATA 1979

%COVER ASH

SOURCE o OF
REPLICATIONS 7
'MAINPLOTS 4
MAINPLOT ERROR 3136
sugpPLOTS .~ 1 2
INTERACTION | 8
SUBPLOT ERROR 3136

SS

260.8000.

 1295.6667 -

376.8667

6000 . 0000

2591.3333

?1‘7'5.3333

T w®

A

MS
37.2571

323.9165

0.5268

, 3000 : 0000

'0.5268

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED
. v - R

[

2

323.9165

F

2.4057

'1.7620

11.8427

7 5. 9198

¢

, 3.8000

26.3978

246.4313.

 26.3978

e .}

&

X
70.7169

&

s 614.8179

o

5694 .2227

614.8179

139

0.0220

0.1380



PRODUCTION DATA 1978

HERBAGE YIELD (GM)

SOURCE . _ ©OF
REPLICATIONS 70
MAINPLOTS L2
MAINPLOT ERROR . 56
SUBPLOTS 2
INTERACTION CE_
SUBPLOT ERROR 56

'?/“\
S$S
2279.4028
3925.4792

1332.7964

24518.9740

-

5905 .8345

6673.9180

MS
325.6289
1962:7395
142.9770
12259.4844
1476 .4585

142.9770

MAINPLOT ERROR LESS THAN SUBPLOT ERROR - ERRORS POOLED

‘PRODUCTION DATA 1979

HERBAGE YIELD (GM)

SOURCE OF
REPLICATIONS 7
- MAINPLOTS ‘ 4
MAINPLOT ERROR 28
‘SuBPLOTS .2
INTERACTION | 3

SUBPLOT ERROR - 70

PRODUCTION DATA 1979

LITTER (GM)

SOURCE ~ DF
REPLICATIONS 7
_MAINPLOTS 4
MAINPLOT. ERROR 28
SUBPLOTS | 2
INTERACTION 8
SUBPLOT enndn 70

o=

Ss
3004.9167

19123.4167
6434.5120
5600.8250
5793.0708

8450.4414

SS
9406.937%
4031.7135

12607.9596

272634 .5266

11175.5474

27051.0430

MS
429.2737

4780.8516
229.7897

2800.4124
724.1338

120.7206

MS
1343.8481
1007 .9282

450.2842

136317.2500

1396.9434

386.4434.

(4]

- 352.

85.

10.

20.

23.

L2775

L7277

7444

3265

.8681

8053

1875

.9984

.9844

.2384

7483

.6149

.0410

L1132

.0000

.0180

.0903

.0014



1979

NO. FESTUCA HEADS/.25 SQ.M.

SOURCE ) DF
REPLICATIONS | 7
MAINPLOTS | 4
MAINPLOT ERROR 28
SUBPLOTS 2
INTERACTION ‘ , 8

SUBPLOT ERRQR 70

NO. STIPA HEADS/.25 SQM

SOURCE OF
‘REPLICATIONS 7
MAINPLOTS 4’
MAINPLOT ERROR 28
SUBPLOTS 2
INTERACTION | 8

SUBPLOT ERROR 70

S

1402

2955 .
1839.
1347.
1577.

2945 .

S

. 1928
7413
4883
5909
1365

3489

s

552
194
653

272

110

1223

6183

. 8851

.9643.

. 1880

.8433

. 4695

200.
738,

65.
673.
197,

42.

MS

3132

9353

6960

7954

1420

0764

MS

78.9455

48.7213

23.3559

136.0940

13.8554

17.4781%

1.

16

.0491

2478

.0136

.6853

.3801

.0860

. 7865

.7927

[

0.0163

0.0000

0.0000
0.0001

0.0097

0.1094

0.0009

0.61Q7



