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-ffla fto

:'gfungulate wlnter ranges.

g@response for fall flower 1nductlon. Hence, the utlllzatlon 3

‘?centralj

'”ffﬁstudles:
ﬂi;nursery

‘ ﬁ'genetlc”

Growth cbamber studles suggest that some genotypes from

Rockk Mountaln reglon possess a neutral photoperlod

:1n Edmonton

_,/:'-

UO°,'and frpm abandoned coal strlp mlnes tO‘Hlld ;

AUnlted States appears to be p0551b1e.‘Transplant

ot

of grass plants from mountaln sources to a- common

:’Latltude 53030 N) have demonstrated”

'&arlaﬁlllty for some spec1es 1n the date of seediift}j;"

3ﬁ}'matur1ty. Ev1dence supportlng phptogerlodlc control of _pgﬂnyT

*Tf Poa alplna, Trlsetum splcatum

'aflowerlng was not observed Tran_plant studles of nat1ve5$j?;?*'

grass plants Hlthln the Rocky Moultain reglon have Shownff?;‘

SR

R I



prodnctlon ~of seed 1t~as suggnsted tha:
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f_ Many researchers ;n the fleld of reclamatlon have
‘Zf4“,.g SRR e S < el T SRS REPIRCR A
.fj;T_[ﬁ' agronomlc varletles of grasses for revegetatlng dlsturbed,ﬂ7”'

T:

land 1n harsh env1ronments (Brown and Johnston 1976 Dabbs;"

ﬁ97a Cook et al.

'/ﬁ',:. - ) TN 1)

"Clexe 1976 Lesko et al 1975 Etter 1973 Peterson and

. A

,9”» .Younkln 1972, MJ‘g_cheli 1972 Van

1=‘tter 1970). Scme of;the reasons for the lack of success of
'3:1ntroduce grasses have been suggested by these

hi.reasearchers. Specfes oﬁ grasses developed for agrlculture,ffr

SR ,‘.‘\. S

anq hence max1mum product1v1tydioften regulre repeated

fertlllzer appllcatlons to ensure thelr contlnued presence,
1n the nutrlent poor condltlons common to - most dlsturbed and','

N il ’.' \,,,
\rx\\\\\non~arable land. Fertlllzatlon may ‘in turn 1ncrease

.'o mlnter klll and snow mold. Other problems

~73: 1nclude phenologles 111 adapted/to short growlng seasons,_f

lack of wlnte% hardlness or drought hardlness, and a’ f_,’
negatlve lmpact upon herblvores (Hubbard 1977). Although

7

there are a: few adapted agronomlc varaetles whlch have

4
s

overCOme these problems 1n some env1¥oaments, another

(

problem may arlse 1n that,iln the past 1ntroductlon of a

L —
e spec1es has sometlmes led to 1ts establlshment as a new
i ] g o N
. - N L
o By O 1 S o
S ) i o E T L T
i . o PR ¢: - R . R

o .



“;ﬁ "f;g'gkfa< Because of such problems, as well as: because recla—ff'

1

.

R , ._.‘_

':Q;‘F;l mawlon sometlmes requlres that there be a return to natural/f

SRR ve:etatlon, thegp has been lncrea51ng empha51s upon u31ng

natlve %pec1es of grasses. Reclamatlon researchers such asg

o

! and Jﬂ‘hnston (1976) ,‘ Klebesadel et. al ;s

'd%:f;fﬁg Etter ( 973), Brow
(196&), MltChell (]973), Younkln (1972), Aldon and

Sprlngfgeld (1975),‘and Cook (1976) have’ all advocated the
‘ developmgnt of a rellable source of natlve gEass seed for'
e ,use mn rbwegetatlng dlsturbed lands 1n harsh env1ronments.e

To date,‘ ery llttle work has been done in Alberta or

~

i .elsewhere 1n Ncrth Amerlca to develop varletles for recla-

‘ matlon of alplne or sub-alplne lands.
N

\\ Tne concept of’ applylng pr1nc1ples of agrlculture énd”
genetlcs to plants for reclamatlon is not new. The Soil.

_Conse}vatlon Serv1ce (a Unlted States Department of

\ .

Agrlculture Agency) has been in Operatlon for over: forty

Al

///ﬂ,'- years. The SCS Plant 1ater1als-Centers have three functlons-‘

[

(1) to assemble, evaluate, select and 1ncrease grasses and

!f ’ legumes for use in 5011 and water co servatlon"(2) to

I ) v

determlne rellable cultural and manag ment methods for thelr
H

L ' ;”uSe: (3) to get proven materials 1nto productlon by rarmers,

>“, ' ranchers and commercral seed growers (Hafenrlchter 1968).
S More than 15 OOO acce551ons have been screened by the

o

SCS centers 1n the six Pacific Northwest and Great Ba51n.
. States resultlng 1n more than forty llcensed varletles. The

_most recent releases are Wytana fogrwlng saltbush (Atriplex

—— e ey e e e i

‘"_canescens) for use 1n‘coal mining=reclamation”and range

N

A
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R revegetatlon and Goshen pralrl'

_——--——-—--—
g

clongffolla) for stablllzatlon

F S -

v : <

'sandy SOllS.

",Prov1nce of Alberta, Canada. Varlous aspects of the problem"

have been examlned and as a. consequence, “the the51s 1s

edlvlaed 1nto four unlts.,~ﬁﬁfw“' C C A " vt o=
. ‘ \% . i‘. S Q,l‘ ’}
1o The ColleCtlon of Genetlc Resources-

p: survey of naturally occurrlng grass communltles and

‘naturallY 1nvad1ng grass specaes was made and a

a.

collectlon of plant and seed materlal was. assembled.
much genetlc dlver51ty as p0551ble was gathered in. three
summers of collectlon durlng 197“-1976

2e 5Genecolog1ca1,5tud1es~

-

”%w; s Transplantlng experlments were establlshed Jto measure

the ecologlcal tolerance of various spec1es of natlve

grasses to gr0w out51de ‘the range of their' normal

' habltat. Growth chamber experlments were performed to

a

\verlfy envrronmental responses of the varlous

t

ecologlcally separate aCcessionS; Fleld observatlons of

the Varlous ecologlcal groups were made at the

Unlver51ty of Alberta Field Laboratory at Ellerslle,

viii



R “grasses in. order to assess the%r response to a genetlc

f'near Edmonton, Alberta.

‘ﬁlMeasDre:ents were made of selected agrlculturally

'.p0531ble methods of genetlcally 1mprov1ng thelr”‘“

%Saaa51va1ah cf the Department of Genetlcs, unlver51ty of

\ T .

'Genetﬁc Varlablllt 1n Natlve Alberta Grasses'
¥ in,

O S e

-.,(,..

'»;1mp'rtant characterlstlcs of varlous Spec1es of'natlve

'llmprovemant program. Several famllles of closely related

gt

f-spe01es were examlned for thelr breedlng systems and

e

,o.

' iagrlcultural propertles wer°J explored ’. 'i
tytogenetlc Stud1e5'~ o e
S+ud1es were conducted 1n assoc1at10n wlth Dr.,R S ﬂ‘;SJﬂﬁuﬂz

: Alberta on the cytogenetlc relatlonshlps of some nat1ve~-*7f“-

'”ﬁAlberta Agrogxggg.spec1e5a Informatlon regardlng

v .
chromosome morpbology' evolmmlonary relatlonshlps,

'1nterspec1F1c fertlllty, 1ntergener1c fertlllty, and

~Chromosomal 1rregular1t1es was - sought and results uere,

'publlshed. dnlt four contalns a summary of results of Zf
: thws publhsned co- authored research z{_f ' ' o ’
E RN
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b TeTRoDICTION

Flfty two years ago N I. Vav1lov of tﬁe U.S S R.;;Tf“”

?ﬁInstltute of Pant Industry descrlbed what are now called

l. '/_

vvgeographlcal centers of genetlc dlver51ty of our cultlthed i_';

}wfplantsfand thelr wlld relatlves (Vav1lbv 1926).3

"r“#'evolutlonary, ecologlcal

"_aspects of agrrculture.;wlth thlS recogn1t10n1has also:cgme

7Qa deep concern fcr the preservatlon of these genetlc_

ACvast

fwealth of genetlc varlatlon was dlscovered 1nclud1ng many

o varlants not séen beforej These centers made avallable large

s - B} RV

ies of materlal for genetlb, cytogenetlc,;ffrgj

T

"hd plant breedlng studles.

In the years Sane, natural gene pools have been

. . -

' ".recognlzed as sources Qf new varletles valuable 1n all

'treasurles (Frankel and Bennett 1970).:A new crlppllng plant Zf“ﬂ

e

pathogen may arlse and nece581tate the ,evelopment of

o_re51stant varletles.vﬂlld populatlons often harbour genesf

:fﬁﬁgenetlc dlver51ty.«W1th the dlsappearance of

-for re51s+ance.,A neu benef1c1al use for a plant spec1es may o

Jbe@dlscovered andgrequlre the development of new klnds of

\varletles. Agaln, wlld populatlons are requlred to\prov1de e LT

7lst1ne areas ,~\

-'contalnlng the only source of genetlc materlal, ;he resource '




.

u:lse*ated for thousahds of yeais durlng 1nterglac1al perlods

Z'southernlcreat Plaln

'ireglon,‘ln the tetrap101ds Agrogx on

may be 1ost forever.hf

N

<h Alberta occuples a unlJue geographlcal locatlon wlth

v - BRI
forest extends 1nto the prov1nce/from the north.;,‘

RN -

Alplne—arctlc communltles may be found at hlgher eleVatlons
o .5,» ’
to the uest (OgllVle 1969),_grass communltles of‘the
A RN

extend 1nto the prov1nce from ‘the .

south-east (Coupland :961),'and grass communltles of the

]

!

‘lntermoutaln reglon o‘ the Unlted States extend 1nto it from

~

the south—west (Tlsdale 1947). The central portlon of the ﬁ

prov1nce contalns the Aspen Parkland whlch is undoubtedly

o the center of dlstrlbutlon for Festuca scabrella. No other

| oo

area ln North Amerlca contalned as much area covered by this

‘}_ spec1es as hlberta 1n 1ts earller prlstlne state. (Johnstbn

o .
oy,

“and Cosby 1966). e IR

The Varlous 1ce ages that perlodlcally covered most of

‘ Canada have undoubtedly played an 1mportant role in shaplng N

the genetlc resources of plants 1n Alberta.,Genotypes‘[:
were brought together by tJe advanc1ng 1ce. Once unlted
they crossed and recomblned to produce new forms whlch
competed wlth the old omwes for the land that was lald bare

when the 1ce receded. Ev1dence of thls is the presence of

o the dlplOld Agropxron g catum, a grass of the 1ntermounta1n

Plalns and c1rcumpolar spec1es,:andaﬁggéﬁtggg“ig" “A ch iyl .o

TN g

'a northern ané

o

1ntermed1ate elewatlon specaes (

v . R




‘a‘"natlve grass, Agropyron splcatum, w1th a weedy exotlc
'._specles; Agropzron regens,:and produced a totally neu

fpolyplomd and potentlally useful forage grass.

S v,.';,l_ . ‘”‘ .,' ‘

Havkes (1977) 1llustrated +he 1mportance or w1ld 1

e

'germplasm 1n plant breedlng,'not only for the development of

S new varletles, but also for thelr use in hybrldlzatlon wlth

\

K

ex1st1ng cultlvars.u euey (1976) Erossed a wlld species Off .

v

v \
Mltchell (191§ R 112), ln’Alaska, also found that a

good plant collectlon\and much selectlon are' necessary for

domestlcatlon of a Jg?d grass spec1es. He states: aﬁf'm

"Natlve spec1es have demonstrated a hlgh degree of

,varlablllty 1n h dlness, dlsease re51stance, and

. { ‘

agronomlc tralts for ommerclal growth and

1 G

-~ R SR

'revegetatlon plantlﬁg over w1de areas.v

Mrtchell has developed ‘a arlety of Poa glauca for%}L’

IGVQQEtathH in the far n rth Tundra bluegrass began as a‘”
collec+1on cf 500 plants, from whlch 29 were eventually
'chosen to become a synthetlc varlety. |

In approachlng the problem of developlng native grasses
of AlbeE:a for reclamatlon in the mountalnous areas, an

attempt. was made tO'accumulate a large, representative

i

A

sample of tb\bgenetlc varlablllty present in the populatlons

i 0f the nost ¢ mmon grass species ‘in theqRocky Mounta1n~ac

.....

reglon of Alberta.,Thls was 1mportant not only to assess

-



> .

" env1ronmental condltlons,

5

‘ : . ' o S
, . : .

the genetlc potentlal of dlfferent Spec1es 1n performlng the

!

dlfflcult reclamatlon functlon over a wlde range of

N

to utlllze a valuable genetlc resource 1n a plant selectlon

It

%rogram.

RSN

but dlso to offer +he opportunlty

‘
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MOUNTAINfGRASSLANDﬁcougggimirs S

o z B .

R Moss (1959), in Flggé of lb ta, ,mentlons over‘200

.spec1es of grass natlve to Alber ta. It 1s therefore'

BN

."necessary to deflne exagtly whlch grass assoc1atlons, :,

spec1es,'and ecotypes are under con51derat10n in thls study.\

THE. FESCUE PRAIﬁIE." g

o . The'Fg;tggﬁ'iggbggll A55001at10n is the major ,'
glass communlty 1n the area.lit occuples the black 5011

S
o .

°-_between the clumps of Populus tremu101des 1n the Aspen

.h‘Parkland reglon along the foothllls and extends 1nto tnel"‘

t‘.Rocky Moun+a1n reglon;ﬂfi 1s the most v1gorous of thk

"'grass communltles on the pralries, frequently reachlng av[l

ﬁhhelght of. 2 dm. Festuca scabrella, whlch contrlbutes

between 65% and 70% of: the blomass,.owes 1€s domlnance'

L

to 1ts very. long llfe span, re51stance to pralrle flre,"

i_ and v1gorous growth Moss (1955) suggests that our very

':fertlle black 5011 in Alberta 1s pr1nc1pally due to thls;_e“

grass.;

. The Festuca scabrella Pralrle Assoclatlon has been
descrlbed by Moss (19&4 19&7 1955), Carbyn (1971),
COUpland (1961), Looman (1969), and Hodgklnson (1973).'b

The assoc1at10n 1ncludes the grasses dn Table 1. 1. The

-mountaln valleys are occupled by thlS partlcular grassj_f -

. A
N .
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estern porcuplne grass TR
une . grass R B '
[cokers oatgrass?w;

Ipt rmedlate oatgrass

Also 1n thetsouthern part of thc pnovxnce'
Daggggg;g garrxl Parrys oatgrass
Idahoe fescue

%

?_;pOLnts to the extreme SéhSlthlty of Fes-&”"“ﬁﬁ'::'m”

\J\

}to defollatlon. Moss (1955)’reports tha_”h




- THE NIXED DPRAIRIE .

'~Assoc1atlon and of posslble_51gn1f1cance 1n the ‘
g "f‘mountalns where the steep south fac1ng slopes are too ;fJ}f*g
dry to support ggstggg §ggggg;lg._£hese dry grasslands Lo ;

';u‘are 1mportant because they are utllized by natlve.:ﬁ

N
\ g

\-;"

'i‘(19u5), Hubbard (1950),vNoss

“Q;fmountalns. Two fac1atlons, namely the Stlga A

ngroElron-ﬁoelerla Fac1at10n found on Flay solls,v

‘Kgglggig g;sta_ _Together, these spec1es comprlsex

'f{“tﬁah“7§% of the blomass. Stlga vi rld”; is the oply
o 2 ; l
. _ ]

. ~

_-_irOEXron el

rac1atlon found on lntermedlate textur\

ed 501ls and‘the

.

-l .

are of

p0551ble 81gn1f1cance 1n the mountalns' f Alberta. The

X4 . -



?1Lwarmer and drler habltats whlle StlEg §g§£ié§,

'occupy the warmer or sandler 501ls whlle

Ag.r OEzr on

??;j;dasxstachvum can be found*on the cooler or flner "

f?{the Great Plalns. thle Agropyron dasxstachgum 15

qual fr“guenc1“s.w‘

thlS long growlngffﬁff¢'”'

of Agrogxrenﬂ



. Tthe Palouse Pralrle.

";needle grass, Stipa ri

S B RN |

P
®

THE PALOUSE PRAIRIEL N L T s
' o N

Theﬁ gxron F stugg Assoc1at10n in: southern

Brltlsh Columbla as descrlbed by Tlsdale (19&7) has

close afflnrtles Hlth the Fe estuca scabrella A55001at10

— e SLsTo=sss

1

‘The - 1ufluence of thlS grassland assoc1at10n is apparent
v o
1n south western Alberta through the presence of such

,1ntermounta1n spec1es as'Agrogxron spicatum and Festuca

——— ===

of Stlga columbiana rather than

—e g ememmama=nl S

————lm —mEmm— o=

Stlga v1r1dula 1s another example of the 1nfluence of
-

-

.ou } - .

ATHEvPEACE RIVER PRAIRIE

Bl
Moss (1955) descrlbed the grasslands of the Peace .
'Rlver area as the Agropxron StlBa Association and

suggested it be con51dered an elghth association 1n the

‘grassland formatlon of North Amerlca, This area, close

“to the northern edge of Alber*a s Rocky Mountaln reglon,
!\

",fmay 1nfluence grassland communltles. In addition to most

of the spec1es already mentloned a Peace River Prairie

ghgrgsggi;i is readily found’

Vthroughout.the mountains.

© 10

o

&



\~ Jasper. He pointed to the close affinities the mountain

r ,factors. These assoc%atlons are the

ALPINE GRASS COMMUNITIES

.
- - ot

& S
The'numberlof alpine‘(treeline and above) grass

T species is smaller than gﬁat of the prairie assoc1at10ns

1

and the synecology less complex. On mountain summltsv

l

capable of supportlng plant ll% , the followlng grasses

have been reported by Ogllv1e (1969) and Moss (1955).y

b) Poa alplna
c) Phkeum alpinum

d) Fesfnca sax1montana

f) Festuca brachyphylla
'g) Festuca baffinesis

=== =ssmdo=sc

———amsneloso xS

These alfine irasses have been tied to various alpine

communities by Ogilvie (1969) and their.environment is

K]

indeed rigoroﬁs. At Banff“ at 3000 ‘m, the frost free period

is’ only 7 days and .the grow1ng season may be as short as 45

»

‘days. ' | - _ I

ADDITIONAL CCMMUNITIES
Stringer (1969) studied the grasslands at low
" elevations in the national parks of Haterton, Banff and
grasslands,had with the large surronnding grass R
assoc1atlons. Strlnger proposed three new assoc1at10ns

~for the mountalns, two of which, he suggested could be

N
-

due to heavy gra21ng and a complex of env1ronmental

IS S “oL B RS ¥y A e . -
o o . . . N @ o v
b4 a . . .. . b . -

<o

',J'\: . -
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Koelenia;Calamagrostis Grasslands found in the Jasper“

area and the Koeleria-Geun tgiglggug Grasslands found in
l .

Grasslands are found throu out the mountains in small

a

parks surrounded by conlferous forests. Included in this

group are also the spec1es Agropzrgn das is_aghxug and -

B. METHODS AND MATERIALS . . - o .

3

. Plan+ materlal was collected in the form of seed during

’

‘the. summer months of 1974 to 1977 Hhole plants were '

collected during 1974 and 1975 only. A method in whlch

Q

leaves and culms are Cllpped to:10% of their orlglnal
helght descrlbed by Whalley -and Brown (1973) for the:"'“ D

collection and~transport of native7gra5s'plants'was

~

unsatlsfactory. Rather, another method Has. used whlch kept

4..»' Lo

mortallty to about 2% and some plants were -able to complete

- el e o

o

productlbn‘df‘v;dble seed the same YEar as” they w%re
. cdllegted B ”"5
Selecﬁed spec1mens were dug Hlth an adequate amount of"

.

root and transported in plastlc bags.AWater vas.. added to -

moisten the soil. Surv1val decllned rapldly if plants were

kept 1n bags more than three days. Collection trips were

e

!
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13

-therefore short 1n duratlon and transplantlng at the nursery

-at Ellerslle was 1mmed1ate. CL
After transplantlngp the leaves were sprayed wlth a

’.wllt-retardant spray1 which coated the leaves Klth a
harmless plastlc, thereby topplng water loss by

transplratlon. More extreme measures were taken for plants

[

-uhlch had lost a large portlon of thelr roots. Plastlc bags

yWere placed over the plants ‘thus produ01ng a greenhouse

effect 1n the field. An 1rr1gatlon system was used vhen raln

vas 1nsuff1c1ent to keep plants growlng v1gorously.

Seed materlar was establlshed by germlnatlon in grovth
'ohambers 1n tree Seedllng contalners2 in early March and
\ transplanted to the fleld in early June ; transplants were

elther space planted 1 m apart or ‘in’ rows d m apart Ehls

'procedure allowed enough +1me durlng the growlng season for S

:the plants tc produce seeds by the end of the summer. SlnceA*

grasses seldom. set seed the flrst year when seeded dlrectly

'1nto the . ground a, year was saved in generatlon tlme.‘

Na e e ow e

e DYern v o -

19iltproot ‘made by, Green Cross Products ¥ "?'?’3?‘~” RN o

2Spencer Lamaire Industrles, Edmonton.

AR
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ENVIRONMENT_AL- Q’AE_A. T o | H o _ '.

?'4

’ Data on the phy51cal env1ronment from whlch spec1mens

were taken was gathered accordlng to Bennett 's method

1

(Frankel -and Bennett 1970). Source locatlons are llsted 1n },,;~

. - ,,._Av»"‘"

_the]Appendlx. Altltude vas. measured wlth a’ Thommen pocket
altlmeter. Aspect and degree of slope were'measured by a
Sllva compass whlch had an; attached cllnometer:‘501l samplesb

'were taken rn many locatlons fof\analysas by the Alberta

”Soil and Feed Testlng Laboratory in- Edmonton. A descrlptlon
of'the'nature of the site (eg. v1nter range of Blghorn
Sheep,.abandoned coal mlne) was also recordede“)

| IDENTIFICATION OF SPECIES = . L

"ﬁsoeCies-were 1dent1f1ed u51ng Moss (1959raas pr1nc1pal

reference but heavy r°11ance was also placed on Hulten'

o - e ,.,...p L

jﬂ?f?(1968), Hitchcock (1935), Hltchcock and Crongulst-{197u),

‘Uw

«d

"”ﬁ (1966). %ants whose 1dent1ty was : rdoubt were Bl .

= mounted‘znduadv cevwas sought from ﬂhe Staff of the

~fﬂUn1verslty of Alberta Botany Departmemteﬂerbarlum and the

o

_Canaaa Department of Agrlculture Blosystematlcs Research

'-nInstltute in Ottawa.

14 |
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| “'.-};_'_*,-_,'.;"Table 1 2.

ST,
e

n$o§hCES:f
S Approx1mately 150 geographlcally 1solatea 51tes
;ftom Waterton Natlonal Park north 750 km to Grande Cache?:
‘fwere searched for SUltablc plant materlal The Append1x1~h
’ ﬁ{?”iﬂcOntalns a llSt of sources and +he1r phy51cal

_descrlptlons.f'

. SPECIES"’
The collectlon contalns 38 spec1es representlng 15

'tgenera. A complete llst‘of spec1es and the‘number.of.n.

ﬁfﬂlocatlons from which each was collected is containédﬂinf

el  ',



TRANSPLANT MATERIﬁi

otal of 2y 500 plants were dug from thelr

. ,;mountaln habltats and transplanted to the Un1vers;ty of-'ff“g“

'Tfmo#tallty rate at the tlme of transplantlng was less‘”

Jf.Alberta Genetlcs Fleld Laboratory at Ellerslle. The -j??!%ﬁil
. }' o
”fthan 2% and the surv1vors have per51sted ror three yearsﬁ}?75
- at the tlme of wrltlng. i
3sLED MATERlAL . !f‘ o ﬁf{'J“QJV SR
Nearly 20 OOO plants were establlshed at the

’-Ellerslle Farm from seed materlal collected from

\

mountaln localltles.



_.!Table 1.2
T SRR Mou.mtal.ns. o

,, }ﬁgrcpxron,
im{Agrogxron
- T,Agrogxron'

'”_gropyron griffithsii Scrlbn.
Agrogxron trachxcaulum (Llnk) Malte~

.~ Aqropyron subsocundum (Link) Hithc.
'._grggxron latlglume

,'fCalamagrostls purpurescens R.\Brsgi
. Calamagrostls 1nexgansa A. Gray

. Danthonia‘ parryi ‘Scribm, -

- Danthénia intermedia Vasey

[

'QDG§QQ§EE§£§ gaesg_tosa

© Elymus’ canadengis L.
‘E‘ymus inpovatus Beal”

Us-e@fnereus’ Scrlbn.

- -FeZtuca scabrella Tort..

(L.) Beauv._

sax1montana Rydb.

”Hellctotrlchon hookeri (Scrlbn ) Henr{

'7rKoeler1a cristata (Lo ‘Pers, .

- Bhleum alpingm L. - .
Poa alfima"L. - " a'f"~ﬁg_“ﬂ\5u]z
'Poa arctica R.  Bre ’ IR

~«  Poa canbyi (Scrlbn.) Plper o
© . .. Poa cusicKii Vasey .. oo
S jPoa-lnteglor Rydb., T
.. . Stipa compata Trin. & Rupr,

b rStlgaﬂsgartga Curtiseta Tfin. .-

- Stipa'columbiana Macoun RE
. vstipa viridula Trln..,‘. !
"JStlgajrlchardsonll Llnk

sErasetg* sglcatum

‘8 Smlth

. OrCyzopsis hxm:noxdes (R.& s, )'Rlcker'{s.

Spec1es collected from tha Alberta éééry"?éh'“.

_-wheatgrass ”jfgf%

._northern Wheatgrass i ==
“alblcan wheatgrass-~“~

13Gr1ff1ths wheatgrass
_“'.'slender . vhea'tgrass
. bearded uheatgrass
(Scrlbn. 8 Smlth) Rydb.- : :

"n_,aﬁ»o@'—oa Lot

.»&.o L o-n

g ed. g1 ' o
'ipurple reei grass %g[i,. RPN
. morthern reed-grass.. . .\ .
- Parry oat. grass='i~~ﬁ“z-~?~“*
- I “timber - oat ‘grass

’VD@scham951a arropurgurea (Wahlenb.) Scheele '

mountaln halr grass

tufted hair grass
~-Canada‘wildrye

halry wildrye

;. -giant wildrye
.y o . .rough fescue .’ S
'Festuca 1dahoen51s Elmer: . ;,,&H'*'V'pbluebunch fescue EPEE
‘ o ~alpine fescue .-
Hookers oat grass
. June grass‘ ‘ S
Indian’ rlcegrass R
alpine. ‘timothy . -7
- alpine bluegrass;, = .. .
_arctic bluegrassi R
~ Canby .bluégrass -

Cusicks: bluegrass
interior: ‘bluegrass

Spear grass
‘POrclupine grass S
.>Columb1a needlegrass .

splke“trlsetum
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N

” Aggggz on trachycaulum, and Agrogzron subsecundum'

—— bttt bt D Tt -3
e ©

o are common or presen+ in most of the grassland areas;
of the Alberta Rocky Mountaln reglon.:In addltlon,,ﬁ

‘Ethese Spec1es are Very common plonéer plants 1n.?ﬁ5

[T A S T, y “ e A N vé ﬁ"'l L

dlsturbed areastunder901ngjnaturai*revegetaflon.%s;€ﬁf§f

z

fAlplne grass spec1es commonly found above the treeffi?..
‘ - Y o

e -

75llne are also very ‘common ploneer speCles 1nvad1ngrfggff

vﬂf[“fﬂg ;dlsturbed areas ln the sub alplne. Of spec1al noteft

CR

alg a and Trlsetum

are F guca sax1montana,AP a

o Stlpa columblana, however, was wldespread ." ©

'd,"Stlga comata uas found in only. +Ho localltles,
Jasper Natlonal Park along the north side -of the

Athabasca Rlver and the Kootenay Plains. However,w

-~ . f» he more - m01sture—lOV1ng Stlpa sgartea curtiseta was
'found growirng on slopes from waterton to +he Smoky
aner slopes at Grande Cache.

“« . . Yo .v_-_-..—‘ e

gAgropyron sm1th11 was not found 1n the mountalns of

-ugﬁlberta.ﬁg,o~ IRAREI

‘g_lFestuca scabrella Has found 1n mountaln valleys and A

t

Acdas;en' I
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drier steep:south—fac1ng slopes characterlstlc of

Blghorn Sheep wlnter range areas."

T — — o o

g. Festuca 1dahggg§;§ vas not found further north than o

"'espec1ally on the more xerlc 51tes.;;;“'

'7-‘i;“fmost glass spe01es transplanted from the mountarns TR
and grown under 1deal condltlons of adequate : {y'ff'~°&‘¥"l

.”fm01sture, nutrlents and o competltlon responded byv-*-‘r”““

1ncrea51ng markedly 1n 51ze. The blggost change,
«hewever, uas the very large 1ncrease in- seed

rlproductlon over that- observed 1n the natural state.”'“

o ‘. 4

-
[a]

. D. DISCUSSION

The topography of the moug&alns creates wldely varying

> .

' micro- cllmatlc env1ronments wlthln very short dlstances l;;fggj o e

(Bllllngs 1@78). South fac1ng lepes have a hlgner 'ff?hfiwfitA
'evaporatlon and run-off rate, thereby reduc1ng the effect of
rainfall amounts. Also, the approx1mate1y 30% of . yearly
m01sture whlch falls as snow does not remain on: the steep
'slopest

Vegetatlon den51ty also affects m01sture avallablllty.
VOvergrazed grasslands and dlsturbed areas- have hlgher
_evaporatlon Iates due to 1ncreased a1r movement .at. the 3011
_1evel (Daubenmlre and Colwell 1942). Mountaln valleys vhlch

run’ parallel to the dlrection of the prevaﬂll_ wlnds, such

,,the Jasper an& Kootenay Plalns} often have so m ch alr

e . R AN



- s

movement durlng ¢he summer mdnths that evapOratrOn rateslf*

‘w K on

'exceed ralnfall amounts.“f']‘f_;?ft.ml.;;.;t.» .

N ..

EQ

Crainfall.per
Y AR

year (Best et al.,1971). ThlS grass was‘

e

commonly found 1n open mountaln valleys with moderate wlnds-

and gra21ng pressure such as the Haterton area and the Ya Ha

RSN

T »‘J -._~-,.'__,~‘o”.-.‘,~,_‘_

Tlnda.,Alsq, Festuca scabreii (as found .to be common 1n the

i

mountalns at the bottom of steep grassy slopes where snov

.

wlnds or have been destroyed by flre. Examples 1nclude the

Kannanaskls, Barnany Rldge,'and Sheep R1Ver. ThlS grass was |

not found as.an 1nvader on dlsturbed lands probably because

: |
Of ltS very strmct m01sturle requlrements. FOI thlS reason,

ggstuca sc brella can be" con51dered a poor candldate as a _
» - ....,"b__.u,

reclamatlon spec1es. Irn add;t;on, ltS poor record as a seed

L '_-

pgpducer (Johnston and MacDonald ﬂ967) vould make seed

supplles unrellable\and expen51veul;g;titiiff

5 . S e s e [T

The grass speCles of the Mlxed Pralrle are precllmax to

candldates ecologlcally for ploneerlng vegetatlon 1n an

»env1ronment capable of supportlng Festuca scabrella. Most of

these grasses are present in the Festuca Assoc1at10n but do

not have the competltlve advantage to become domlnant except

e - -
-——-——.—

Daubenmlre) between the two assoc1at10ns, the domlnance of

v?_ggstgga gb ella belng determlned by. gra21ng 1nten51ty,

A

. -
) 1]

'

R accumulates and vhere trees are unable to survlve wrnter_«f»T“

*%. the Fescue Pralrle (Coupland 1961).,?hey would make better'f‘”

vhere drler condltlons prevall The sub-alplne areas of the §"



'”bfappear to beldng to two assocra 1ons. Rangeland slopes 1ngfrffrr dfi
hf;.the Rocky Mountaln feglon such as the Smoky Rlver, Rock LI SR
. . R R : ) '."-’~-w'nﬁ"""“_"" ’

-{-,Lake, Greenock Mountaln, Ya Ha Tlnda

ﬂpcct,~and exposure to wlna.;f_u_.__rw

ralnfall 1ncllne, a

7Plgeon Mountaln, nghwood Barnaby Rldge, and W1ndsor Rldge‘ :

are all domlnated by the Agrogzggg_and Stlga génera. ThlS

W o -Jy e
- a,,h,_.,.m .

'comp051t10n could be the Stlga-Agrdgxron Fac1atlon of the,ﬂ;»

iMlxed Grass Pralrle descrlbed by Coupland (1961) for the- :

dark brown 3011 zone of the central plalns, or 1t could bei

e .
P

_—_—menas

”‘the Agrogzron Stlga A55001at;on descrlbed for the Peace

term-grazing exclosures to determlne +ne cllmax composmtlon

Rlver Pralrle by—Moss (1955)._It lS imp0551ble ulthout long

T ,...V“"" e - .,-4-'

P SRS

of the rangeland slopes._,j*idf;':f;;’{;

RN ~*.,._"-~.\.; ‘ﬂ_'.“.
f

k».,~ A : ; : - ” l'a-_:’ -

o

‘Qw““ﬂ Yﬁe(nost w1dely found grasses 1n the xerlc env1ronments

e e ww o= o e A
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7”ff-were Agrogﬂron dasystachyum, Agrogz g: hxcaulum,.:
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”curtlseta, Stlpa columblana, and Stlga r;gha_ Qg;i and less

_—_——_-—-—- v . e eRSess=sa=

o e e TR
frequently, Danthonla 1ntermed1a.‘_‘ ‘ ‘

The most ccmmon grass sch1es found on dlsturbed ground?ﬁ]h
fﬂsuch as abandoned strlp mlnes were alplne sp cles. Frequent’fi'j:”

flnds were Poa alplna, Trlsetum sglcatum, an ‘g tgg l\- s

saxlmontana. It is not clear whether the presence oﬁ these

— — s s . i s . s &

spec;es 1s a- result of the lack of better adapted specres or"“

whether alplne spec1es aie natural ploneers when out51de',f;

Lt "
RN B . o g’
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;rGrotto Mohntaln, ":ﬂﬁg;rli}?~~
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thelr usual/habltat above the tree llne.»In an hlStOIlcal

S L) : .
R pers%ectlve, 1t lS certalnly p0551b1e that the ground lald
T bare by the retreatlng glac1ers of the perlodACglceﬁagesgyasﬁi‘
‘Ea;: T:a ; g . » ) L ; w:;i’ o I
o n vegetated by alplne—atctlc spec1es.jj
.‘1 - 5 .’_\.; : v v : L
i ,\ 7‘ |

UOO% when fertlllzed Mlth 450 kg/ha of nltrogen. ThlS

fertlllzer appllcatlon was, on natlve range._The present

o,

- study is s1gn1flcant ln showlng that a: ulde range of natlve

grasses have been successfully grown far from thelr-source

57*-_‘fleff\of ecoldglcal adaptatlon and, 1n addltl n,ethat the seed

RS Tl . R "‘-.""4\‘ "‘4<~bf~‘u.~-

point

Ject Oﬁwbhe thIrd unlt of»thastaAQSbfiﬁt:t'i

‘fwheatgrasses.'Agroaisegfgeezezesii Agrgexg
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et splcatum, Pg .é;gina are wldespread 1nvaders of37

:7'ed1£turbed ground 1j“é

produce seed at agrlcultura"

. «‘*“‘-'"o '-"'. k . ': e —— - . i
f]y&.» Po- ;_t 1or and Poa cu51ck11 are two natlve bluegrasses

’whlch grow well at agrlcultural elevatlons and are

2 L

JORS

S .f,* T:common 1n the Rocky Mountalns of Alberta.-ef?+~Je
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A. INTRODUCTION °

There appears to be a wldespread though poorly

-

‘documented bellef that all native plants are 1nt1mately

adapted to thelr env1ronmenrs so that thelr removal to Other
locales wlll be unsuccessful. The exact narrowness of such
adaptablllty has not been well deflned An exceptlon is
”Schumacher (1975) who has spggested the dlstance of 240 to
480 km as a range that native grasses can be moved north or
south of their site of ofigin. This was in reference to tne
Great Plains area of the United States and his dlstances
were based on the trial and error experlence of the Soil
Conservatlon Serv1ce. Since the Rocky Mountaln region of .. ‘fu
Alberta is some 750 kn long in a north wedt dlrectlon, it is = .
p0551ble that restrlctlons to movements of some spec1es
exist, i

If this is in fact the case, then senarate varieties of
each species will be necessary for each“ecologicalﬂregion.
Such a r%quirement wouid add significantly to the cost of
research and development of reclamation vardeties of native -
grasses, Furthermore, ecotyplc varieties whose adaptablllty
is reStrlcted to certain latltudes or elevations would not

be as simple to use as one varlety and seed productlon uould

be more expen51ve because of lower volumes.
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It is p0551ble to speculate on reasons for thev

1nablllty of plants to survive’ new env1ronments. Mlnlmum

l : =

temperatures become 1ower and’ growlng seasons shorter mov1ng

northuard on the North Amerlcan contlnent. Tolerance to low
. ¢

wlnter temperatures Hould certalﬁky be’am essential: . - -

a&aptaﬁlon possessed by ecotypes of species in northern or

alplne climes. Such an adaptatlon would not be essential in’

ecotypes of the same spec1es from less extreme cllmates.
A second env1ronmental ‘factor that could pose an

LY - .

ecologlcal barrler to . the successful movement of native

grasses to new locales is drought. EcotypeS'not adapteﬁ to

the summer drought period experlenced on the central portion

of the Great Plains areas of North America could not be

erpected to have a wide ecological tolerance.

o The:. plants in the collection made durlng the course of
thls study were chosen fronm the Rost extreme cllmatlc
regions of thelr range. Many acce551ons came from very steep
south—fac1ng slopes at hlgh elevations in the Rocky

Mountains. Others were chosen fron high elevation areas o

'whose sorls were‘&kastically disturbed. This was done in the

1

hope that the plant specimens collected would possess

-2 : _
extreme tolerance to cold and drought in order that these
two environmental factors would not present physiological

)

barriers.
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, ,PHENOLOGICAL BARRJ.ERS L s

-Another reason that native'plants may mot be able-to
tolerate a move_ from thelr 51te of orlgln is dlfferences 1n_>
‘phenology. Phenology is concerned W1th perlodic blologlcal

events 1n thelr relatlon to seasonal cllmatlc changes. Some

‘rttexamples of blclogical‘events are the Seasonal mlgratlon of 7

"flowerlng, and fall dormancy changes in plants.

.blrds, the hlbernatlon of animals, and the sprouting,

2 P -

The pattern or geographlcal advance for a glyen phase
‘in the llfe cycle of plants, such as the)beglnnlng of
flowerlng,lls llkely to dlffer among spec1e s, and even’among'
.dlfferent genotypes of the some. spec1es. However, many

dlfferent kinds of plants tend to follow somewhat the same

U g 9

bgeneral pa;tern of geograohlc progre551on 1n the sprlng for
any glven.developmental phase. This is partlcularly true of ¥
those- plants ‘and phases which are respon51ve to 51m11ar
env1ronmental factors such as temperature and day length,f
Clausen (1940) publlshed'lnformatlon onrmean'dates of
first‘flowering of clonal transplants formnumerous'speéies
~grown at three differentbelevations.along a latitudinal
transect near. 38°N in Callfornla. His vork has.shown ‘that
tlong establlshed natlve plants of a glven spec1es groulng at
two’ dlfferent cllmatlc extremes are likely to possess
contrastlng dlfferences in thelr genetlc response to

»

'env1ronment. In the area ‘of- cllmatlc tran51t10n between

'these two zones of cllmatlc opp051tes, ‘these natlve plants

 tend. to possess a genetlcally controlled response that is

~

e m
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"7intermed'ateﬁhetneenfrespOnses of. the plants of that s£e01esu]x'“
v growlng at elfher of the cllmatlc extremes. In other words,t»
natlve plant sPec1es that cover a'w1de area of contrastlng

env1ronments may con31st of 1nd1v1duals that change 1n thelr

-

_gene+lcally controlled response to env1ronment in conformlty

N . R . - - Ay o
™ ‘(,g_ EA .A.u < " - R P o_‘

ywitn tne gradlent of the env1ronment 1tself

‘e

Also uslng the technlque of clonal transplants, ' ‘\ ”.fo
Mcmlllan (1965) has demonstrated ecotypes wlthln speC1es for
several native pralrle grasses that possess a north south

'gradlent for tlme to flower .and shatter. Plants from the -
N |

colder north did. net bloom untll the long day season, even”
when there wers prlor perlods of warm weather.%These.piants
were more adapted for surV1val ih the north where‘they'are'
less llkely to expose thelr sen51t1ve flowers whlle the . : ‘A?"

danger of a frost: 1njury ex1sts. They are also able to

.mature seed in a shorter perlod of tlme before the onset of
crltlcally cold weather."

Plants of the same spec1es from southern latltudes,“

g

whlch do not poscess this long day rapld maturlty response,-
would soon perlsh if transferred to northern reglons. Thls

fact was demonstrated very clearly by Klebesadel (1972) who‘_

——— e T e S e o, 2

and Poa pratens;s were 1nfluenced by art1f1c1ally shortened

Bl

nyctoperlods (duratlon of dlurnal darkness) 1n Alaska.

W1nter surv1val and subsequent amount of headlng were

Bl

affected negatlvely. In contrast, m1d temperate adapted

PRELIS. varletles of the Same sFec1es suffered the least w1nterw

R

KA

W
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x yliujury and headed the most after exPosure to artlflclally

e

'5h'ilengthened nyctoperlods uhlch more closely resemble the_?ln*f

‘;dlurnal condltlons durlng autumn at 1ts latltude of""'

;-adaptatlpn. Klebasadel concluded.thaﬁ the number of}hours oi{"x'

m'“;.v.-..f,.:i»o A * R

"Qdankness#affects wﬁhter sur?iﬁal and}H darg°of grasses tne

e

VL

—followlnguyear,}u]“”_hT ',l&,:- ;f» ,:,\. ‘
gPrimgle_et ] (1975) have found that ecotypes of

m derlved from far northernglatltudes ff

5
I+
(o}
[1o]
b
g]
10
I
e
B a]
Ry
e}
{l=nd
e
[le}
1}
/=
A= -
It:

“have a‘reduced capablllty of produc1ng seed culms 1n'"
':env1ronmept< wlth less than contlnuous llght ThlS
charaCterlstlc 1s a partlal ecologlcal barrler to the :‘”.
‘”movement of this spec1es, 51nce the reduced reproductlvg
‘aballty would select agalnst 1ts surV1va1 ﬂ
a Other ev1dence that loaal populatlons of wldeSpread
fspec1es are phy51olog1cally dlfferent was shown by Olmsted

(19&4 1942) wlth Bouteloua cur ipe _ggl , a commOn Amerlcan

pralrle grass. The populatlon uas made up of photoperlodlc
~§cotypes wlth those from North Dakota requlrlng longer days-d'

éor flowerlng than those from Texas. Bllllngs (1971) found a R_EQ"'

-

(photoperlodlc 1nduced flowerlng response in the

arctlc-alplne dlstrlbuted Oxxrla dlgzga;_h:
“In Alaska, Hodgson (1966) found not- only photoperlodlc

ecotypes, but also a dlfference in the’ develcpment of. the TE

.

1nflorescence~ Indlgenous spec1es 1n1t1ated 1nflorescence
_development 1n the fall Lnd overwlntered in this state wlth

“,_llttle ym]ury, whereas grasses from more tempeaate latltudes

d

dld not 1n1t1ate untll sprlng. Hodgson suggested that for

Ah'.




.GlAICth reglons, a partlally developed :Lnf.lorescence,1 ready;afg,”

i Kb

"ffto commence development Hhen favorable sprlng temperatureS??"m"

N“Tf{occurred would have a Very decxded select1Ve advantage.p;fﬂﬂwlf
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Adap 1bns to local env1ronments whlch may restrlct

'5'movement of Hldely dlstrlbuted spec1es have been -

“A_Alberta°

]

”demonstrated by a number of workers. The experlments 1n thlsf*f“

'unlt were de51gned to attempt to answer .a, very oa51c

;questlon,,Are there any ecologlcal barrlers, phys1ologlcal£W“"”

-

'lor phenologlcal whlch ﬁoul& llmlt thevmovement ofpnataveiﬁfpxl-

'fAlberta grass spec1es Vlthln‘the Rocky mOuntaln reglon of

X3 Ry

:,' "h‘ TS st . .

*lﬁ; METHODS AND,HATERIALS

. Hhole plants of - natlve;grass spec1es were du§ from many
ﬂ_ locatlons in Alberta 'S Rockp Mountaln reglon and
atransplanted to experlmental“plots at Ellerslle durlng
197& 76 Detalls concernlng collectlon, plantlng techhlques,
.and sources of pateria have been descrlbed 1n Unlt I- of
this manusqript..mhisjz

aterlal was needed for transplant

studles and seed collected from these plants Has used for -

growth chamber and mountaln transplant studles.z v' -b'ﬂim~%—;—“

<~ BT



Growth chamber studles were conducted at the Unlver51ty
’ ‘ . _0‘,_| ‘ :
ﬁﬁof Alberta Controlled Enilronméntal Fac111t1es in the

Say

'wf.Blologlcal Sc1ences Bulldlng. Each chamber has separate

controls for temperature,-humldlty, dlurnal temperature '*7~4?

B A B

e

ichange, and*photoperlod.7nax1mum llght WaS“QBOO*foot caﬁdles :

/

_prOV1ded by a mlxture of fluorescent and 1ncandescent llght

; 'buﬂbs. A dlurnal temperature change was malntalned

#Temperatures uere 22°C for 12 dayllght ho}rs and were 13°C S

u:durlng nlght. N

3 './

Pottlng sorl ‘consisted’ of 1 part Alberta doam: -1 part

=

—'iperlute- 1 part vermlcullte. A very low rate of nltrogen

m:fertlllzer vas: applled bl monthly to malntaln steady growth.

\,.

:Pot 51ze varled (10 to 25 cm) dependln% on the s1ze of the

‘plant.

uinlmum REQUIRENENTS FOR FLOWERING |
Slnce 1974 the varlous grass speC1es llsted ln
"Table 2, 3 have been groun 1n growth chambers..To 1nduce

Jflouerlng 1n plants, thch had already produced seeds,

the followlng four pre-treatments were applled ‘to’ potted

*';plants. s ' C :
L 1) -SlX weeks of 12 hour days plus 4 weeks at

: ~ 49C in total darknéess. R

'2) -Six-weeks . of 12 hour. days. S f

L 3)... Six weeks of 12 hour days plus’ 4 weeks at :v"‘
S T '_~'belﬂw 0oC. (plants burlqgkln SNOW) « , =
- "Q).LFour Heeks at 49C and' t al darkness.@

i
After pre-treatment, plants ‘were returned to growth
‘vchambers Hlth elther 12 or 16 hour dayllght periods.

[P \_

\



fMAxruUh TOLERANCE'de”?LOW?RlNG-

~

The followlng experlment was performed to determlnee;ﬁ

; if natlve Alberta grasses could flower under a llght

BN

reglme brought about by a drastlc change in latltude.

“Grouth chamber° were programmed %o simulate the dally

i

/

hfllght reglmes of three dlfferent geographlcal lo?atlons.

in North Amerlca.,The three locatlons were at latltudb

659N (Norman Wells), latltude 559N (Grande Pralrle). and’

Jf:latltude 4598 (southern Montana). Table'4.1 has a llSt

of dayllght and twlllght hours experlenced at each

~ location.

' Table-2.1

Duration of Treatment

June -1 to

- June 1% to
July 1 to
July 12 to
--August 1 to
August: 15 to.
1 tor

September

-

Alberta grass species used in
the collection described in Unit I.

spec1es were cloned by d1V151on to produce. three specrmens

15 -
30

15
31

15
31
15

Montana
latuyson
hr.d/t

15.2/.3
15.5/. 3

15.5/.3
15.2/.3
14.84. 3

ME.0/ 3
" 13.0/. 3

'Albertav

lat 559N

»hr.- a/t .

16.8/.3
17.3/.3

17.0/.3

. 17.0/.3

16.0/.3
15.0/.3
14.0/43

Four' plants of each

for 1nclu31on in the three llght regimes, ’

3.paylight (4)-

incandescent llght.
from Thomas {19533).

3 ~

Hours of dayllght (d) and tw1llght (t)
‘ chamber floworlng studies., 3

Arctic

1at65°N,
‘hr.d/t

21/3"
2272
22/2
20/4-

- 18/2

16/1
15/1

was - 2700 foot candles of fluorescent and

incandescent light. Twilight (t) was 500 foot candles of
Data on hours vs. latitude werf taken.

in{growth

this experiment came from'



southern: Fontana.-'Tundra' bluegrass 1s a llcensed varéety
. of Poa glgggg from. above ‘the Arctlc Clrcle in Alaska,
recommended for tundra reclamatlon (Mltchell 1978).»An

unllcensed varlety of ‘Festu ‘.ggnggg ace

a from the Arctlc

Clrcle in Flnland was obtalned from Golden West Seeds of

oo - - . -

Calgary. The same flrm also supplled an unllcedsed varlety‘
of Poa alplna whlch came from Iceland (latltude 65°N). Four

natlve grass spec1es from southern Montana were obtained -
\

from P. Brown of” Logan, Utah and from C.-Strobeck of

Edmonton, the collectlon 51te belng the Beartooth Mountalns

-4t ‘an elevation of 3300 m; At least flve plants ot each

Approx1mately 1500 plants representlng 29 spec1es
’transplanted from dlfferent geographlcal dreas of the Rocky
Mountalns to the Genetlcs Farm at Ellerslle were used in
this study. Table 2 3 contalns a list of spec1es studled and
thelr sites of collectlon. Data on the seed shatterlng dates
of each plant was collected durlng 1976 under the uniform
garden condltlons provided.at the farm. Splkes from
1nd1vldual plants were hafvested as and vhen they began to
shatter._A complete déscription of. the collection 51tes is
contalned in the Appendlx; The number of plants in each.
spe01es source group varied from 3 to 25, dependlng on the

material avallable. ',‘ R L

T ;1 ‘h Also, control spec1es were 1ncluded from the Arctlc and\

i

‘l\\ |
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(HOUNTAIN TRANSERLANT STUDIES ' icoo

5
w—ad
O

75, a’ program of field testlng natlve grass x s

'spec1es 1n “the mountalns wvas begun to determlne if natlve

grass spec1es could be moved to dlfferent locatlons wlthln"

-5tne Rocky Mountaln reglon of Alberta. One source locatlon

was chosen at random for -each spec1es in the collectlon

l'except for two spec1es. Agr_px on .da 1__ach1um and ngleria

o -- —— - ke e

Cristata are cross-polllnated specres and 51nce there was nQ

—— . e s s S

y
- -, . v

control over 1ntermpolllnat10n between plants from dlfferent

sources,-a prov1nce wlde mix was used. Transplant 51tes were

chosen throughout the Rocky Mountalns of Alberta whlch

.represented a wide varlety of elevatlons, latltudes,

' aSpects, soil types and 1ncllnes.

‘(seedlng rate, mulches, ueather, mlcrotOpoqraphy,'etc.)

RN

To ellmlnate the varlables of seedllng establlshment

seeds were germlnated in grow+h chambers, transplanted to

contalners (41 cc Spencer Lemalre tree seedqlng contalners

A

in 1976) and planted in mountaln test sites in July. Sixteen

plants of each specres were spaced 25 cm apart in a one

square meter plot. No 5011 amendments of any. klnd were used,
Two parameters were monltored blannually in the rolloulng

yearS' (1) plant surv1va1 and (2) ablllty to. produce heads.

2

'Such characters as helght, percent cover and magour Here not

'recorded because the spec1es used were not of ‘ene. genotype,

L3
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B LA S
T1975;EStéblishments -

Géenera and their species Source . ..., % .. Elevation

Do

- laropyron dasystachyus - Grotto Min, < - 1524

Deschampsia caespitosa :Whitehorn' Mtn; 71829

m
itosa | | . m
Stipa columbiana . . . " Pigeon Mtn. - . .1829m
‘Irisetum spicatum: . Mt; Rae . o 2286 m
T . Mt. Rae . . o ,2286 m.
estuca saximontana . Mt.Rae . . S . 2286 n

LA i e ——— S amadoxSd

‘j1976 Estahlishméﬁfsnm

Genera ahdftheir'Species":SOurce o - Elevation

Apropyron dasystachyum Province-wide mix T
Agropyron-latiglume . Peyto Lake . . 2286 m
Adropyron trachycaulun- Banff Flats . o 71385
Agropyron subsecundum - Kootenay Plains . 1385

B

- Bromus pumpellianus ~/Province-wide mix ST
. Eestuca saximontana . - Caw Creek Ridge -~ 19871
" 'Koeleria cristata . .- Province-wide mix . = - B
Phleum alpipum = - Peyto.-Lake . . 2286 m
Poa alpipa . . .. .. Whitehorn Mtn. - . 1829 g
Poa interior - - - Whistlers #4tn. 4 2347 n
‘ m
n

B

=]

. Stipa.columbiana - Pigeon Mtn. -~ 7 1829
~Trisetum spicatum Mtn. Park Pass Y 1981

————seme——— 2l

.

4 -



''Ca RESULTS .

Results from both growth chamber studles have been

comblned and are summarlzed 1n Table 24 3.'“

. ) . . . ya

%MINIMUﬁ RLQUIREMENTS FOR FLOWERINE'u Jl'}j;hQ«f
Tb 1nduce flowerlng,'most Alberta grasses regulred
'only 4 Heeks at Q°C in otal darkness before belng
;'returned to the grouth chamber..51xteen hours of llght
;%:per day vs. 12 hours of llght per day had no measurable
;7affect cn. the ablllty of the plants to produce tlllers.

P-——

Exceptlons were the members of the genus Festuca..Af

Other treatments whlch 1ncluded a 12 hour
'iphotoperlod treatment to 51mulate fall daylengths were "

"_successful only 1f a- perlod of cold temperatures uasf

o -

ilncluded. Photoperlods less than 12 hours per day aref

) generally not experlenced 1n the‘mountaln reglons of

Alberta 51nce a kllllng frost is usually experlenced

before the autumnal equ1nox..The results of thls N

1
\ |



;,jﬂﬁ€llght reglmes Of latltudes u5° 55°w-and 65°N. The genus

"hftggstgca contalns spec1es whlch appear to have complex

4

experlment suggest that photoperlod does not affect o

;_flowerlng but cold temperatures ‘in’ late seasom do.tpthﬁ:?i‘fff:ﬂ,f

TR

'.'_f'--MAXIMUM TOLERANCE FOR FLOWERING B NI
The results presented 1n Table 2.3 demonstrate that L

- B o
most Alberta grass spec1es were able to flower 1n the -

! ‘ ! e

-'regulrements for flouerlng and none produced seed headsvf.’g‘fj‘;\
in the latltudlnar growth chambers. One fescue spec1es

“(zg§§gg ag;m t ) d1d flower in- the constant 16 hour'

'_dayllght/s hour%nlght growth chamber for several '%’ -

- Mf«q
art1f1c1al seasons but not 1n the latltudlnally adjusted

'-J

7p.growth chambers. It ‘is p0551ble that the clone 51ze was

e -

'z’toovsmall or recovery from the clonlng operatlon Has

".,slow, for thls spec1es.;-j_» ,“iE"pﬁl -3;71:d}fi{¢¥
Two Arctac spegies were able to flower only under

'Mthe 51mulated llght reglmei?f latltude 65°N. The ar&tlc f‘bvfm.lﬂ\

i - SRR
'genotype cfpg_ lplna dld not flouer 1n any latltudlnal “;_,ﬁﬁfg
chamber. -ff“.;*.‘ :;:,,v L N 1'”ffx*’ ST BT I R,

1

The Montana genotypes of géé gip; a, wlth the

:exceptlbn of one clone of the total 23 d1d not produce

tc.

‘flowers under ‘any treatment. ThlS 51ngle exceptlon was

B p‘able to flower under alethree llght reglmes. It lS

f3p0551ble that gemetlc varaablllty for the flouerlng
- response to daylength ex1sts Hlthln the populatlon from
the Beartooth Mountalns 1n Montana and 1s expressed 1n

‘vthlS spec1men. None of the Montana genotypes of tlf» . B



°
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uséd in this study_and, of,theséﬂuthree'ciones-produced

: . : ,'/' f :‘ ‘,l - .
flowers in all three chambers and” two did not flower at
all, = Cooen o E

r
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Table 2.3  Ability of the species studied go have flowering
induced in growth chambers with light regimes
sipilar to three locations in North America and
of a constant 16 hours of light78 hours of
darkness during a 3 month season. ‘

Light Regime.‘

Source of Material ' 16 hr.l arctic ‘Alberta Momtana S
Genera and their Species /8 hr.d lat 659N " lat55°N latu50N -

Alberta Genotypes B S o o

» .

Agropyron latiglume .t yes 1 .yes. yes . yes

AgPbpyron dasystachyun “yes ¥yes - . .yes yes ‘

Agropyron spicatum yes yes yes = yes

Agropyron subsegundunm ©oyes-  yes Yes . yes

Adropyron trachycaulum yes yes yes yes

Agrostis scabra - yes . yes yes yes

Calamagrostis purpurescens no - yes' ., yes yes

Deschampsia caespitosa no °  yes yes yes

Festuca rubra Boreal _ no no no no \

Festuca idahoensis ~no - no . no no .
~ Festuca saximontana ' Yes , no no no

Koeleria cristata . no no yes yes

Phleunm alpinum . yes | ye® yes n/at S

"Poa alpina . Yes . no - yes - Yes

Poa interior . Yes yes Yyes ' yes

Poa cusickii yes - . yes ."yes . yes

Stipa comata yes - yes ~ yes yes

Stipa columbiapa " yes yes yes yes ,

Stipa spartea curtiseta .yes yes yes yes R

Trisetum spicatum yes ‘yes - yes no

| ) B
,Arctic Genotypes

Festuca arundipaced - n/a yes no no

Poa alpina © - n/a no no no

Poa glauca Tundra - n/a - . yes no no

Montana Genotypes

Deschampsia caespitosa n/a - no . no no

Poa alpina : - n/a .no no no

Pod cusickii _ - : n/a “yes yes yes

Trisetum spicatum n/a " no - no -~ no

*

tdata not a#allable
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' Data on the date of shattering of approxlmately 1500 ¢
plants representlng 29 spec1es (collected from dlfferent
geographlcal areas) grovn 1n Ellers ae are glven 1n Table
2.4, The shatterlng date indicates that one or more plants
from that gecgraphical source. began to shatter seed on that

s

day. ‘=f | Lo : ST ::' , L
N The observed variationsiin the numheraef days to riﬁen
seeds can be divided. 1hto three types.

1. Iﬂtra;plant varlatlons- Skme speagies such as'§tipg

lgm iana’ and ghlggm alg' num have an‘indeterminate
tlllerlng hablt 1n which seed heads ripen one at a time
-throughout the growlng Season so that there is no 51ngle
'Aday on which the majority of the seeds can be harvested
Dates 1nd1cate whem peak rlpenlng per10ds=occurred.'Most
Q'other/mative/é;ec1es have a less severe type of
indeterminate Eiilerlng hablt in which the heads may
ripen for a period® of a few days to several weexs.

2. Inter—plant variations Ulthln a qeographlcal area: Most
of the species show a great deal of variation within a
geographical area with Lespect to the date on thCh
shatterlng beglns. For example, plants of Koeleria
gg;stgtg collected from Cat Creek shattered-on July. 12,
19, 27 and August 18. This population‘contained the

) “earllest and latest rlpenlng Plants of the species in

the collectlcn. Other species which displayed a wide

range of shattering dates included Agropyron
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_trachycaulum,-Poa alglna, Agrogzron dasxstachxum. Most

———— e et emde om0

spec1es had varlable shatterlng dates wlthln a - al C
collectlcn source whlcb dlffered by about 2 to 3 Heeksr7
Inter geograpglcal varlatlons- The shatterlng date

varies between dlfferent ‘sources for some spec1es -and

~ »

>i~
n0t for others. For example, all plants of Fe stu

sggb_ lla collected from Waterton in’ southern:Alberta to
Caw. Creek Rldge nortq of Grande Cache rlpened seed on
July 9. Moet other specles showed a less remarkable'

synchronlzatlon.‘leferences occurred in the growlng

season betueen the sources of most of the- spec1es but

'these are generally no greater than the dlfferences

.observed within each collectlon source. For. example,

plants of Poa alpina shattered seed on July 9, 19, and -

August \18 in the plOtS»from Barnaby xidge (49°Nf4and<
similar\y those from Pyramid Lake (53°N) shattered on
July 9, 119, and August 18, There appears to be no

-

cons1stent correlatlon between shatterlng date and

fcollectlon source or latitude of’ sources.



Téble'z.u
Gencra and Spec1es

Mtn.
'Sunshlne 8

dlpinun

'Pnggg

Festica

—— e D e e i =

~Cat Creek - - |

~Fortress Mtn.
,‘fLat Creek
'E:Barnaby Rldge

Mt.
"Barnaby Ridge

' Source :\;'”

um ' Peyto Lake\‘
-, Whitehorn )

Mt.: Rae, =
Grassy Mtn. ‘
Park- Pass

Coal Valley

Sunshine

- Caw . Creek

Grassy Mtn.

Sunshlne-'
Rae .

Pyramid Lake

, Coal Valley

—_—_—Smemmm AR o=Em=s

—-_—-——.--

. Grassy Mtn.'
s Mtn.

Park -

Coal Valley

Caw Creek

Snow Creek
Sunshine

Pyramid Lake.
Ribbon Creek
Barnaby Ridge -,
Forget-Me—-Not Mtn.

Highwood House

Clearwater -

-Beauvais"
Héterton ;
S

avely sub-stn.
Clearwater
Ya Ha- Tinda
Cat Creek
Porcupine Hills
Whaleback - Rldge
Snow Creek

- Caw Creek’ Ridge';

Highwood House °

Forget=Me=-Not Mth.

Whistlers Mtn.

» Shatterlng dates 1n 1976 at Ellerslle-

Dates Hhrvested

3”June
. .June
;- June

July

July
“July
-Aug.,.

‘June
July
CJuly

July
Jualy,

Aug%y

_ Juiy”

July

- July

July

© July.
July

Jualy

-July

July
July:
July
July.
July
July
July

- July
July
July

July
July

. July.
- July
-July

L42

16, 17, 3 -18.

29 . ° .
29

12,20 -

19 N i ‘ . SR
19, Aug. 6,20
6 ot

30, 'July. 5
120
12, Aug. 18
12, Aug. 18
16, Aug. 20

20 ’

b

6 AR

9, 13, 19

19

19

20

7, Aug. 19

7, Adgf‘édzo

7, Aug. 6
8, Aug. 6 -

8, 'Aug; 6
8,19, "Aug. 6,18
9,19, Aug. 18
9,19 R
9,19, Aug. 18 °
9,13 Co
9

19




“'Table 2.4 harvest dates in 1976 at. Ellerslle.
: ’ : v ) S
~ Genus and Spec1es : Source : :' ‘ -'}Dates Harvested
gg;glgg g; t Cat Creek . July 12 19 27 Aug. 18-
L ‘ Sheep River . July” 12,27, Aug 18 .
~ Athabasca-Ranch ©.Jduly 12,19, 27 T
: " Waterton: . _-July 19
K Ya Ha Tinda ©July 19, 27'
‘. *i Yarrow Creek: © o July 19
»mBeauvals Lake, . . dJuly 19 .
- Pincher: Rldge-. - -Jdyly 19
: Drywooed Creek .,July 19 L
‘¢ Mt. Stearn. o _’vJu1y319{27vr -
- . Snow Creek S0 July 19,27
" . Ram Mtn.. L July 197 -
~'Devona Loakout Aug. 20
Adgropyron Mtn. Park : : 'AYJuly‘13 19,22,
latiglume o, Y auge,20 T
i Caw Créek ., July 16, Aug. 6,19,,_;
- Festuca £QQQQQB§15 Waterton © . July 13,15,19
- Windsor Rldge ' July 14,15,19°
Stavely sub-stn., July 15, 19
‘ Porcupine Hills July 15
Agrostis scabra ® Grassy Mtn. “July 15, Rug. 20
- Adropyron .. Grassy Mtn. - July 15,20, Aug. 6,19
_gggggzggg;gg Barnaby Ridge - July 15,20,22,3uq. 19
| - Mtn. Park - July 16,20, aug. 6,19
. . IMt. Stearn’ . July 20,28, Aug;.5,19 3
SR Kootenay Plains July 28, Aug. 5,19
Clearwater July 28 -
Greanock Mtn, . . July- 28, Aug. 5
Athabasca Ranch . Aug, 19 o
Waterton = _Aug. 5,19
~Porcupine Hills . ' pug. 5,19
Agropyron Kootenay ‘Plains ~ July 28, Aug. '5,19
subsecundum Clearwater o ‘July 28, Aug. 5,19
Rock Lake - Jyly 28, Aug. 5,19
Ram River Falls - July 28, Aug. 5,19
"Greenock Mtn. Aug. 5,19 .
Athabasca Ranch - .. Aug. 5,19
- Cat Creek ‘Aug. 5,19

. Smoky River ' “Adg. 5,19
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Harvess dates in 1976 at Ellerslle._Q,"'

Table 2‘#
GGDUb and Spec1es Source L : Dateb’Harvestea
Helictotrichon sheep River S oguly 15
hookeri - ‘ Waterton - o duly 15 : e
' Porcuplne HlllS\ July 15 \'_ A ._f‘_ f@
Stipa richardsonii Pyramid Lake ‘ July 16, ‘Aug. 6
. Cat” Créek, ' “July ‘16, Aug. 5
|, Porcupine Hills - . Jguly 16 VT
. W. Grassy Mtn." . July 16, ‘Aug. 6 ‘
Stlga gggggg y',Kootenay Plalns L .Jhly 16 20,28, <Aug. 5
: Greenock Mtn.- July 20, 28 Aug.-S- -
IR e . } : |
‘§_{§% spartea . | reenock Mtn, J'ul'y"','20,, Aug. 5 |
o B : 'Forcupine Hills July 23 _
‘§§&Eé gg;ng;égé Barnaby Ridge July 16,21,28
Cat Creek July 21,28
Rock Lake A July 21,28 —
Greenock Mtn. July 21,28
Pigeon Mtn.. - July 20,28, - -
' . «' -Aug.’ 7, 18, 371
4.Calamagros£is jAthabasca Ranch '.Jhly;16{ Aug. 5
Egggg£g§ggg§ ‘Plateau Mtn. duly 16 \
, Clearwater o July 16, Aug. 6 .
Kootenay Plains’ July 16 L
- Brule Lake = = guly 16 : '
_ y ‘Mtn. Park Pass = Jguly 20, Aug. ‘20
Danthonia Smoky River ‘July 19
intermedia - :
Danthonia parr -Potéupine Hills July 19 :
&SEQBXEQQPQLQLQ QE Kootenay Plalns‘ July 21,23, 27, Aug. 3 B
, Smoky River July 26, Aug. 20
. Brule Lake Aug. 3, 18 ' ,
A Ny - ‘Greenock .Mtn, Aug. 3, 18 e
v ) . . o ) :

\



e

- Table 2.4

ﬁ'Genus and Spec1es

| 'Asr021.991§2;§§
o i :

\

-Aéfogx_on :
hxum

——— i

e ==

!

l"

Source

Yarrou Creek
€at Creek. .
Hlndsor.Rldge'"
Waterton

'Ya Ha .Tinda
Smoky River
. Mt. Stearn.
Cat Creek 4

Porcupine BAills :

Sheep. River.
- Kootenay Plalns
Waterton

‘Athabasca Ranch

Disaster Point'
~Devona Lookout

rium Smoky River
" 'Kootenay Plains

~Cat Creek

Disasfer Point

Athabasca Ranch

Rock Lake
Kootenay ‘Plains
-Cat Creek

Fortress Mtn. | - .

_Ribbon Creék
"Ya Ha Tinda

w*,Ram Mtn,

Qoal Valley

N

 pates

_July
July
“July

Harve§ted

21,

23,

U Rug. 3

 July

July-

July
July
‘July
~July
Aug.

Aug.

. Aug.
Aug.
Aug.

Aug. :

"Aug.
Aug.

eJduly

July

oduly.

July
July
- July

"Aﬁg.

Allg.

-AUge
Augf

23,
26,
26,

26

27,

217,

AU E W

w W

Harvest dates 1n 1976 at Ellerslle.

AﬁgQ

2ug.

26, BAug.
5,20

3

Aug. "
Aug-

Aug.
Aug.

28

28

28
28

RGN, RT, RV, P

,'28, :

- 45

3

5

5

21,23, Aug. 3,18
3.



Percent mean survival and percent of survivors

‘flowering were ccmpared to determine what,. if-any, changes

were taking place Hlth time in the past 3 Years of

ooservatlons. The results are shown in Table 2. 5. ] 5

Table 2.5 Results of mountain transplant studles accordlng
to year of transplanting and year data taken.

Year Established

L]

1975 »-1975 1976 1976

Year Data Taken % Survs % Flwrs % Survs gglwrs ,
1976 . 8719 ~ 56439 = 5 |
1977 . 81£18 67+31 88+18 = 31:39
1978 - 79129 7340  80%25 49141,
No. of Plants . .s2¢ 1,920 .
No. of sSites - o ‘ u , B 12

-

The trend of the results suggests that surv1val is’
-decreas;ng sllghtly with time. Most of the decrease can be
attrlbuted to external ‘disturbance unielated to cllmatrc.
adaptation to the environment For example,_all of the
plants of ggg';gtggégg were selectively grazed and destroyed
‘by.elk at the Joknston Creek site. Death and decrease in
flowers by'érazing was also ev1d£nt at the Highwood Pass and
Kootenay Plalns sltes. The percent of plants whlch are
flowerlng shows a deflnlte upward trend as plants become |

\older and netter estabi/shed.

i
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The sc1l enV1ronment may play a role in the surv1val
' and ablllty?$o flowerﬂgg the spec1es. The results of 5011

analyses'at’some.of the test_sitesiare g;ven'in.Table'Zfé.

Tablef2,6' ~Soil analyses forﬁ mountHin. test 51tes. Numbers
_ N refer to;availabIa™ ajo‘wplant nutrients . .- _“= s
" nitrogen (N), phosph rw& A®) ,~and potassium’ {Kl .
exrressed in kg ha in the. top 15§24 cm of sodl'
Relatlve étldlty of the soil is expressed as pH. R

- Test Site = - N P , K . pH
.Grassy Mountain 2 24 105 '£§.8
Snow Creek Pass 3 31 266 1.6
Bighorn Danm 4 1 83 - 8.4 :
Cuthead Creek 4 11 147. 8.2
Mountain Park f 1. 2 85 7.5

. T -
Key low ‘low - i low “ normal
S ' 0-20 -~ 0=-30 0-150 6-7.5 "

The resolts.of'soil,analyses'at SOme.of the sltés.’
reveal that low nutrlents levels .are common, although "the pH
varies from ac1d1c (PH=5,8) to alkallne (pPH=8.4) , Close
examlnatlon of the rates of surv1val and ablllty to- flower
of the varlous‘spe01es 1nd1cates a tolerance for lou nutient .
levels andffor a wide range of soil acidity levels. Dama on
ife‘percentage of plants surV1v1ng and the percentage of
survixors that flouered after transplantlng to'mountaln test
51tes are contalned in Tables 2.9 to 2.19. Each specieS‘uas
returned to a su1table test site of approx1mately the same
elevatlon and latltude as its collectlon source 1n addltlon
to a a wide range of other elevatlons a%g latltudes.

Generally hlgh survival rates for all spec1es and the

ability of scme species to flower ft many sites appear to



 4g

-

“

'\1nd1cate ‘that the most lmportant factors regulatlng surv1val
and ablllty tc flower are pLobably (1) the sgec1es and (2)
-the weather condltlons. Tolerance to low temperatures and

drought hardlness are suggested as p0551ble tralts possessed

by those spec1es whlch are able to survive . and flower at the

<

many test 51tes.

. . i : .
¥ , o ‘ . //
. N '
. ) ; S .
El . - B . ‘
.
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tTable'2;7 'Percent’ surv1V1ng and percent swrv1vors Lo

. Qﬁ‘flowerlng after transplanting’ to mountain test -
LN T sites of 1975 transplants of" Agrogl_on :
TR 'Qgsxsgggggum from Grotto Mtn. (el. 1524 m, lat.
519 3'N) and 1976 transplants from an, o ‘

open-polllnated ‘malti- latltudimal nix as of

August 1978.;

S

. site

'Plants ) Survs. % Flirs .Year. .
. N . ; "Est., -

- Bighorn Dam Site . e R ' S

el, 13#1 my- lat. 52° 0t N'TL*32' 97 o3 7 75876
. Caw Creek Rldge 33 ';A,";f- L o o
“el. 1981 .m, lat. 5#0 4y 23200 75 0 75876

‘Ht. Stearn Sheep Range REE o S :
- els 1128 m, lat, - 53949+N 16 81 .23 " 76

Cuthead Creek Roadbed ",  {F~$i¢ . SN

el. 1853 m, lat. 51020'N - 16 19 33 76 ¢
Grassy Mtn. Coal Mine - :

el, 1829 m,. lat. 49042y 16 . . 81 0 76

nghWood Pass Roadbed - : . .

el 2206 m, lat. 50023ty 16 75 33 75

Johnston Creek Corral ‘) ‘ : o

el. 1969 m, lat.- 51915'Nﬂﬁ 16 62 . .0 - 76

Maligne'Canycn‘Roadbed N . RS T
el. 1981 m, lat, 52050'N 16 94 g 76

Matmot Basin Ski Area _

®l. 2237 m, lat. 5.247'N 16 . 88 " 0o - 76

Mountain Park Coal Mine ‘ : . o

el. 1798:m, lat. 529056'N - 16 100 . . 0 76

_Racehorse Creek Coal : » ,

el. 1981 m, lat. 4904: 1y 32 69 73 . 1576

_Snow Creek Pass Coal o | o
.-el. ?200 m, lat. 51°38'N | 16 88 . . 0 76
Tent Htn, Coal Mine . | S

el. 2073 n, lat 49934 N 16 - 94 0 - 76

Totals of 13 Sires' - 2586 - 76 . ' 11



eHidhwood

.PaSS'Rbadbed

el. 2206 m; lat. 50°23'N. 16 .10 . w00 75
Johhston Creekfcérralv . o o =
-el. 1969 n ]lat..51915'N 16 100 100 - 76
Marmot Basin Ski Area » ; » o
el. 2237 m,-lat. 52°47'N 16 100 .. 88 . 76
Mdunfain Park Coal Mine , - a ‘ C
el. 1798 m, lat.A52°56' ' 16 , 94 ' - 100 76
RacehorSe Creek Codl S T e , \
el. 1981 m,*1af¥?E§5u8 "N 16 100 . 1000 76,
- + ‘b
Snow Creek Pass: Coal < . S
el. 2200 'm, lat.” 51038 O 69 ., .64 76
Tent Htn. Coal Mines< R el T }
el. 2073 m, lat. 49Q34' 6. . - 100 . 94 - .76
Totals of 11 Sites -. 208 96 - 86

.,, ‘ ‘\;‘:—: 0 . f M. x
L X s
< . L . < S . \,\. A
Table 2.8 'Percent surv1v1ng and percent surv1vors' TN
: aflowerlng after transplantlng 't mountain test N
© ‘'sites for. 1975 transplants of Poa- alglna from -
f‘Mt. Rde (#137°2286 Wy lat, 50°37'N) and. -for" 1976
) v_'-transplants from Whltehorn Mtn. (el, 1829 my
-‘lat. 31°27'N) .as of August 1978.,0 L - ",
esﬁtem' 1P1ants '%vSurﬁs‘ % Flwrs Yeér B
Vo . . o . . ST :
"Bighbrn Dan Site. : e “ o R
13“1 o, lat.,52° O ¥ 32 | 100 - 85 - 75876 .
 Caw Creek Rldge ' , ' o B ‘
el. 1981 m, lat. 540 4N ~ 32 97 . 93 - 75876 -
Cuthead Creek ROadbed . ' TS ’
el. 1853 m, ‘lat. 51020 N- 16 100 100 wwf‘fs.
- Grassy Mtn. Coal Mine - . - . e
el. 1829 m, I, 490a21y 16 S 81 15 C 76



‘Table,2.9~"Pencent surv1v1ng and percent surv1vors . :
BT S -flowerlng after transplantlng to mountaln test : g
i sites ‘for 1975 transplants of Trlsetum sglg_tum -'1-,
: from Mt. Rde (el. 2286 m, lat. 509377N) ana 1976
'transplants from" Mtn. Park ‘Pass’ ‘(el. 1981 m, :
1at. 52°53 N) as: of August 1978. .

S

[

\\S_-€51te;r: T ._\: _f‘Plants-, % Surys.;% Flwrs™ Year
SN TR ,N N e 4‘.;;°'1Est,. |

7;Bi§hbrh'Dam Site _t\ ai ST ; ' 3. Lo Lo
el. 1341 m, 1at.'52° Q!w. 32 .91 .. 90 75876 L
o . L ).“ - RN .v,.l:..' . . : S . ] . PR
Taw-Creek Rldge L T PR Co R
el. 1981 a, lat. S4o 4en. o 32 84 . .68 - 75876

fth. Stearn Sheéep Range - LR - 'ﬁ:.‘ﬁ 71
cel. 1128 ‘m, lat. 53949y 100 19 78 e

'-'Cuthead Creek Roadbed o N“:f',.',.‘ . R A
© L. 1853 m, lat. 570200 o6 9. 00 76 |

';Grassy Mtn. Coal Mine '{f,‘*>~'a¢.<~ D o e
~el. 1829 m, 1at. 9°u2 N .16 8T 18 . 6.

. nghwood Pass Roadbed L el T
“el.’ 2206 _‘1at. 50023'N, ; 5'~'f;?00 <. 87 75 -

'Johnsth Creek Cortal
*el;’1969- -lat. 51015'

B T T S T8

‘fnallgne Canycn Roadbed ;*%%‘ o N o
el. 1981 n, lat.,52°50 N@%; 5? Soo100 0 1000 7s

Marmot Ba31n Ski. Area ggf’ X ' P
el. 2237 m, lat. 52047 N <160'£‘“.,50uv . 25 .16
R AR '
. Mountaln Park Coal Mine oo e :
el. 1798 m, latl 52056 N ? ‘Bp 16 '\‘ ,’ 56 : 0100 - 76 .

. \»‘:'."5

Racehorse Creek Coal

el. 1981 n, lat. 49048 ;a4;163*- 100 76

Snow Creek Pass Coal PR A
el.-2200 m, lat. 51038'.;'fA16

© Tent Mtn..Coal Mlne e .o
el. 2073 m, 1at..49°3u1N, 16

1/

A T
Totals of 13 sites . 200 74 gg



p—y

. Table 2.10 Percent surviving and percent survivdrs , |
S '  flowering after transplanting to moufitain - test
sites for Festuca saximontana from Clw Creek
Ridge (el. 1981 m, lat.. 5404'N) and H975!
. transplants fron Mt. Rae  (el. 2286 m, ;a#.
50937'N) 'as of August.1978. - .- |

!

t

Site ; : Plants % Survs. % Flﬁrs/ Yeéar
' o - Est.
‘ ' L t . - a
Bighorn Dam Site . - - o .
el. 1341 m, 'lat.. 520 Q'N 32 70 73 75876
~ Caw Creek Ridge . ' ) .- e . R
el. 1981 m, lat. 54° Q'NA. 32 S4 . 16Q- 75876
Grassy Mtn. Coal Mine o | s ' )
el. 1829 m, lat. 49042y © 16 S 14 .76
.Highwood Pass Roadbed : - ’ e
 el. 2206 m, lat. 50023y -16 25 0 - 75
Johnsfbn Creek‘Corfal' | C _ .
el. 1569 m, lat. 51915ty 1% - 9y - 14 .76
Marmot Basin.Ski Area o :
.el., 2237. m, lat, 52947\ 16 100 100 76
Mountain Park Coal Mine , o . : -
el. 1798 m, 1lat. 52°56fN'_" 16 _ 88 100 - 76 .
Racehorse Creek Coél' o - .
el. 1981 m, 1lat. Q99U8'N 16 . 4y 43 76
Snow Creek Pass Coal B
el. 2200 m, lat.®51938'N RRERS 1% . 69 - WO . 76
. Tent Ntn. Coal Mine S T -
el. 2073 m, lat. 49934'y 16 13 1007+ 76

Totals of 10 Sites 192 70 73

-

| ,,' sz
ol

et
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Téble 2.11 Percent surv1v1ng and percent survivors

' flowerlng after transplantlnq to mountain test
sites. for Koeler;a cristata from an

open- polllnated mix as of August 1978.-

' Site'.° Plants % Survs % Flwrs Year
' ' ‘ Est.
Bighorn Ddm Site . , ; ' .
el. 1341 -m, ldt. 520 Q'N 16 100 56 76
- Caw .Creek Ridge - : S : . .
“el. 1981 m, lat. 540 4y 16 100 - 81 76
bl . -

Mt. Stearn Sheep Range

el. 1128 m, lat. 530491y 16 . 100 -3 76
Cuthead Creek Roadbed ) '

el. 1853 m, lat. 51°20'N 16 31 80 - 76
Grassy Mtn. Coal Mine - B i _

el. 1829 m, lat. U49942'N 16 100 - 6 76
Johnston Creek Corral : o S
el. 1969 m, lat. 51°15'N 16 Uy 0 16
'Mallgne Canycn Roadbed )

el. 1981 m, lat. 52°50'N 16 100f 25 76
Marmot Basin Ski Area . : A

el. 2237 mw, lat. 52047'y§ 16 100 0 76
Mountain Park Coal Mine -
el. 1798 m, lat. 52°56'N 16 100 19 76
Racehorse Creek Coal ¢ ,
el. 1981 m, lats 49048y 16 75 83 76
Snow Creek Pass Coal ¢ o
el. 2200 m, lat. 51°38'N 16 88 0 76
Tent Mtn. Coal Mine o

el. 2073 m, lat. 49934ty 16 . 100 38 76
Totals of 12 Sites o192 86 38

é
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' Table 2.12 Percent surv1v1ng and percent survivors.

, flouerlng after transplantlng to mountaln test

—_——delm R e

open- polllnatea nix as of August 1978, ° . ¢

kS

Site .. Plants % Survs ’%ﬁFlwrs'EXeéé
. ’ : Est.
Bighorn Dém Site ’ - ' o e CT e
el. 1341 m, lat. 520 O'NH 16 . 94 7 _76A
Caw Creek Ridge , N
el. 1981 . .m, lat. 540 4'n 16 100 0. " 176
Mt. Stearn Sheep Range o e . o
"el. 1128 m, lat. 53049\ 16 88 .0 76
Cuthead Creek Roadbéd : ' ' »
~el. 1853 m, lat. 51920'N .- 16 bo 0o 76
-Grassy Mtn. Coal Mine - K ,”
el. 1829 m, lat. 49°42'N 16 75 0 76 -, .
Johnston Creek Corral : x o ) C
el., 1969 m, lat. 51°915'N ., 16 ) 81 - 0 16 7.
v . R .- \
Maligrne Canycn Roadbed . . ‘ -
el. 1981 m, lat. 52050°'N 16 100 .- 0 76
Marmot Basin Ski Area  ° - ' !
el. 2237 m, lat. 52047'N 16 94 0 . 76
Mountain Park Coal Mine ' .
el. 1798 m, lat. 52956'N 16 - . 100 ‘ 0 76
Racehorse Creek'Coal : , o 4 e
el. 1981 m, lat. 49°48'N 16 81 .- T 76
Snow Creek Pass Coal . : _ A
el.-2200 m, lat. 57°38'N 16 81T 0 & 76
Tént Mtn. Coal Mine - }
'el.'2013 ‘m, lat. 49934y 16 100 , 0. 76

Totals of 12 Sites 192 85 10



& v
. . Table 2.13. Percent surviving and percent survivors . . ‘
s ‘flowering after transplanting to mountain test
. " _sites for Poa interior from ‘Whistlers Mtn. (el.
v . 2347 m, lat. 52950'N) as of August 1978, - -

Site D Plants % Survs % Flvrs Year
L Lo S R . Est.

QwBighorn Dam Site- ' '*;;g;;;,;‘ ;' %_‘ _U ' j:‘w/”5
?Qfél,ll3u1Lmj lat. 529{91N¢;L316 - 100 H&ﬂﬂooﬂj“w/76f S

”iﬁw Creek Ridge ) e
., 1981-m} lat;‘Suo,Q'N 16 100'” 100 0 76

Mt. Stearn SheepiRapge e SO e
el. 1128 m, 1at. 53°%49*'Ny - 16 .88 - 93 76

CutﬁeaﬂvCreek Roadbea‘ : : S e
el.. 1853 m, lat. 51920¢N 16 by 29 16

Grassy Mtn. Coal Mine S
el. 1829 m, lat. 490421y 16 37 g 76

Johnston Cteek’Co:rai . o
el.. 1969 m, lat. 51915\ 16 0 -0 76

'.‘paligne Canycn Roadbed = : e e
el. 1981 m, lat. 52050'N. 4¢ 100 - -°™M00.:1 76
o ) T ) o R PN .

Marmot BaSin“Ski Afea S wi : .
" el. 2237 m, lat. 52047y -1 *,LWOO 160 76

Mountain‘Park'Coa; Miae o . | .
el, 1798 m, lat. 52°56'¥ 16 ©100 . 94 - 76

‘Racehorse Creek Coal "' } B
el. 1981 m, lat. .49048¢y 16 .83 8a ‘76

Snow*Creek Pass Coal . . ';"ﬂﬂ;\ﬁ;. N
el. 2200 m, lat. 51°38'N, .16 100 69 BN

Tent Mtn. Coal Mine S : : :
el. 2073 m, lat. ude3yrs 16" 83 - 100 .76

Totalé of 12'Si£eS'> . 192 : 81 87



..‘."_ -

Percent survivi

.Plaﬁ£S 

16

16

‘Table 2.14 urv
‘ ' flowering afte
2286 m, lat. 510
B osite
' , ’Tiff
. Bighorn Dam Site -
. el. 1341 m, lat, 520 O'N. " 16
" Caw Creék Ridge - }
el. 1981 nm, lat. 540 4y
Mt. Stearn Sheep:'ange <
Ql? 1128‘m,_lat. 3049 'y 16
Cuthead Creek Roddbed
el, 1853 m, lat. 51°2Q'N
”Graésy‘ﬂtﬁ},Coa Mine.
el. 1829 m, la¥. 49°42'N  1¢
, Johnéton_Cree Corral ‘
~el. 1969 m, 1d4t. 51915ty 1
'Maligne bénf n Roadbed -
el. 1981 m, flat. 52050y 16
Marmot Bas‘ﬁ Ski Area
el. 2237 p, lat. 52047N 16
Mountaiy Park Coai Mine - o
el. 1798 m, lat. 52056¢N 15
" Racehorse Creek Cbal :
el. 1981 m, lat. 490148'N 16
Snow Creek Pass Coal _
‘ele 2200 m, lat. 51938'y 16
Tent Mtn. Coal Miné - :
el. 2073 m, lat. 499341y 16
e o ’ L eSS
Totals of 12 Sites 192

g and percent survivors _ S
, -transplanting:to mountain test
.sites for Phldunm alpinum. from Peyto Lake (el.,
1942'N) as of August 31978,

N e

% sSurvs % Flwrs‘ Yeaf

94

94

94

94
38

g

100 -

100

100

75

88

- 76

Est,. -

80 6.

'-Jv87 76
100 -, ?6
‘ 100 | 'iis
| S
17. . 76
0 76
9y 76' 
4y 76
3 4;f7§5;
.100" ;75
0 76
21 76
56



"Eable'2.15 Percent- surv1v*ng and ‘percent surv1vors
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flowerlng after- transplantlng to mountaln test
sites for Aqropyron subsecundun from

— . cme o o s

Kootenay

Plains (el. 1385 m, 1at? 52°0'N) as of August

1978.

Site .. Plants

Bighorn Dam Site o
els 1341 m, lat., 520 O'N. 16

Caforeek Ridge> o :
el, 1981 m, lat. 540 4y 16

Mt.:Stearn Sheep Rang

el. 1128 m, lat. 5304 rns'f 16" ..

”tCuthead Creek Roadbed N

el. 1853 m, lat. 510208 16

'Grassy Mtn. Coal Mine ‘
el. 1829 m, lat. 49042y 16

Johnston Creek Corral . = .
‘;el; 1969 m, lat., 51°915'N... "

‘Mallgne Canycn Roadbed
el. 1981 nm, lat. 52050 Nv

Marmot Ba51n Sk1 Area
el. 2237 m, ‘late 52°47'

'Mountaln Park Coal Mlne
el. 1798 nm, lat. 52°56 N

Racehorse Creek Coal

: el."1981 m, lat. 49°48'N 16
"Snow Creek Pass Coal .
el, 2200 m, lat. 51038'N 16
" Tent Mtn.-Coal Mipe - ,

Tdﬁals of 12 Sites' - | 192

81

62

94

75

88

94

81

% Survs

»

% Flwrs.
36
30

73

17

29

S

100

27

33

Year -
. Esta

76

76

763

76

76

76

76 -
76
76

76 .

76
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Table 2.16 . Percent surviving and percent survivors .
B flowering after transplanting to mountain test
~ sites for Agropyron latiglume: from Peyto Lake
(el. 2286 m,.lét.]51°42'N)fasﬁof%Augusg;EQ78.'

L Site ' S};" Plants 4§'Surv§_<% FlWrs  Year

. o : ‘ ’ ‘ : RN Est.
Caw Creek Ridge - .~ -+ e |
.el. 1981 m, lat. 540 4oy 16 100 100 76

Cuthead Creek. Roadbed '_i SO }? o A‘, .
el. 1853 m, lat. 510208 16 -~ 94 73 76

Grassy Mtn;vdbal‘mine o S , _
el. 1829'm;'1a§.>49942'N 16 - 8§i o 36_ o076

el. 1969 m, lat. 519158 16 . - g8 88 76
~Marmot Basin Ski Area ‘ S

el. 2237 m, lat. 52047'N 16 100 . . 6 76
Mountain Park Coal Mine . .
~el, "1798 n, lat;_SZ?SE’NY 16 100 56 . 76

Snow Creek Pass Coal 'H‘;—,_p _— |
el. 2200 m, lat. 51°38'N 16 %o 88 - 0 76

: .Tent Mtn. Coal Mine S o o i
~el, 2073 m, lat. 49934*N 16 9y - 33 76 .

. Totals of 8 Sites 128 83 49
" Table 2.17 Péfcent-surviving’and percent survivors.

flouering-after transplanting-to:mqﬁh;ain‘teSt
sites for Deschampsia caespitosa from Whitehorn

‘Mtn, (el. 1829~m, lat.‘51°27'N)_as of Augustﬁ - S

1978, .

'Site_ ' o - Plants % Surys - % Flwrs Year

‘ Highuood Pass Roadbed - o - , o
el. 2206 m, lat, 50023'N 16 . .88 100 - 75

Caw'Créek,Ridgel sl : s Co o
l. 1981 m, lat. 54° 4'N - 16 94 gg 75

Totals of 2 Sites 32 91 . 93



Table"2.18”“Percent‘surviying and percent;§urvivors _
L - flowering ‘after transPIanting.to_mountain'test
'sites for Stipa columbiapa

_ a2 from Pigeon Mtn. (el..
1829 m, lati 5101'y) as of Augdst 1978, |

Site : o " Plants ’f% SurvS;\ﬁ Fﬂ%rs. Yedr

Bighbrnfbam‘site R : . o el
+ ele 1347 m, lat. 520 gry 32 . 69 "68 75876

Caw Creek Ridge '
el-_1981_m,vlat. 540 41y 16 0 -0 - 76

Mt. Stearn Sheep Range - R - : . :
el. 1128 nm, ;at. 53949y 16 - 69 .. 73 76

‘Cutheadibreek Rdadbed e
el. 1853 m, lat. 51°20'N° 16 94 N R T

Highwood Pass’ Roadbed = = T
el. 2206 m, 1at.~50°23'N 16 *, 69 82 75

Maligne'Cahjc f}éﬁdﬁed[. T . o o e
el. 1981 m, 1 t;{52°50'N' ez 94 27T 76

Totals of 6 Sites 112 L 66 54

‘Table 2.19 Percent surviving andg pertent survivors
S flovwering. after transplan ing to mountain test
sites for Ag;gpyggg,gggggxggg;gg-f;dm_Banff
- Flats (el, 1385 m, lat, 51912'N) as of August
1978. s B R

[

.,.  Site SRR Plénts % SUTVS % Flwrs. Year
Mt. Stearn Sheep Range o e, o
el. 1128 m,.lat,;539u9'y 16 100 100° 76

’ Maligne'CanYCn Roadbed o ,  E - . ot
el. 1981 m, lat, 52950°'N 1% 100 25 .76

Racehorseereek‘Coal‘;'  e o
el. 1981 m, 1lat. Lgosgen -~ 16 - -9 109° 16

.. Totals of 3 sites - 48 TR . ‘75
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D.  DISCUSSION =

GROWTH gﬂamggz stopIEs - J
‘The _results obéalned in this study Suggest that
populatlons of natlvejorass sPec1es collerted from'dlfferent
.geographlcal reglons of Alperta's Rocky: Mountains’are\“
-51m11arxw1th regard to thelr Tequirements fcr lower ge
Most grass spec1es used in the study flowered after zEI}
four weeks oﬁ treatment at 40C in total darkne%s. This is in

L
marked contrast with many cool season grass sqgc1es in North
Amerlca which have been ‘investigated. (Olmsted f?&u Pringle
et 1 1975, Klebasadel 1977, Hodgson 1966 Cooper\\nd

Calder 1964, Canode et al. 1977 Rotsettls 1372, D rvrat
N

1966). These researchers found that most-grasses réqulred a
"decrea51ng photopea’od durlng the late growlng seison to
1nduce flowerlng the followlng séason, Moreover, the number
" of hours in the photoperlod and the rate of change as the
‘days shorten is often 1mportant, although these specific /ﬂmz/
condltlons vary betueen spec1es and genotypes dependlng on
thewlatltude.

The results obtalned %&pm growth chamber experlments,
~which drastlcally altered the photoperlod normall#

experlenéed by Alberta grass spec1es, adds further evidence

that some of the specres lack the llght regulrement for
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flowering and rely solely on a perlod of cold for 1nductlon.“

B
A

Such a wlde tolerance for latltudlnal change was not evident
from the response of the genotypes from Montana and Arctlc
sources. - | ' -;.'<gx" |

It is p0351ble to speculate on the. reason why the grass‘

genotypes from the mountaln areas, have a dlfferent mesponse.
tNone of the researchers studying photoperlod response used
espec1es or genctypes from alplne sources. Also, the
1ntermed1ate location of Alberta between- latltude 659 and

459/in a location Hlth short gé&ulng seasons and extremes in
cllmatlc condltlons may be 51gn1f1cant. It 1S‘probable that
alpine env1rcnments have such short growlng seasons and
f.wldely variable groulng condltlons (shading from mountalns,
Lla\e and early bllzzards, snowhollows, etc.) that a
photoperlodlc response for. rlowerlng 1s a luxury enjoyed.
only by plants occupylng cllmatlcally more predlctable
env1ronments. N
‘ Most of the Alberta Rocky Mountaln‘natlve grass specres
flowered readlly under a. ulde range of photoperlods. From a
practlcal point of v1ew, thlS is a most useful flndlng. It
means that these species may be utlllzed over a wlde range
of latltudes,eas are most commercial agronomic and
horticultural grass varieties. The large>3cale seed
production of a wldely adapted var;ety would make the

marketing of reclamatlon varletles derlved from natlve

grasses economlcally fea51ble.
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Plants transplanted from many dlfferent latltudes in
Alberta to a. 51ngle locatlon at. Edmonton dlsplayed a range
of growth patterns. Some spec1es, 1rrespeft1ve of the source
latltude, rlpened seed on the same day uhlle other spec1es
possessed more lrregular grovth patterns. In most cases it
appeared that the crlgln Of the materlal nad no apparent
influence on the length of growlng season. leferences 1n
daylength exist bet?een the northern and southern ends of

the study area which couIé 1nfluence the spklng 1n1t1at10n

' of. flowerlng (see Table 2 20).

\

Table 2.20 Hours of daylight at two locatlons in Alberta.

Date ' } orcuplne Hllls : Granae Pralrle'
[( i _atltude 50°N N latitude. 559N

May 1 / k g 14,6 . : 14.1
May 15 o . 15,4 . 1641
June 1 . 15.9 16w
4 June 15 O [ R . 1704
July 1 1601 T 1761
July 15 o v o 16.0 T 1T.0 .
August 1 , ‘ . 154 2 v 1640

7

“from Thomas (1953)



'[k-crops are produced 1n a 51ngle seasbn under fleld
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: 3 T ":>'~.'L;f P a vi”. o
1n1t1at10n. ThlS 1nformat10n adds further support to theo'ﬁ'm |y”
results of grouth chamber studles whlch concluded that R
Alberta genotyes from the mountalns po?sess ‘a neutlal

photoperlod response for flower lnduct'dni;n the fall.»

One of the spe01es, Poa 1nterlor,'has dlsplayed a most

unusual reproductlve pattern 1n that two complete seed

;CODdlthDS. The flrst crop rlpens about the end of June (see

ﬂquable 2. 4) and a second’ crop about 51x weeks later._Thls

. !

hgpattern of seed productlon was repeated. durlng each of the’ _
-dtest years 1976 1977, and 1978. ‘Under growth chamber;iﬂ_fp: ‘-}ﬁﬁv
\ condltlons, Fotted plants of this spec1es contlnued to '

produce seed wlthout 1nterr&ptlon ln lntervals of tWo to
\f’:

three months. The llght reglme ‘was 16 hours of llght ger day
~and a cold or short day perlod was not 1ncluded. Thls result

‘suggests that Poa interior does not requlre an external

=== -———.—-._.-

' stlmulus to 1nduce, 1n1t1ate and develop flovers.v

Inter plant varlatlons pose a partlcularly dlfflcult

,<

harvest problem in that some spe01es exhibit a broad ' o

——t

rlpenlng'perlod. Phl um aipinum and Stlga columblana are two'

'durlng flouerlng. Thls perlod mayiextend for example for
St_p gg;gmggggg durlng a mlld fall, from late July untll
late September. thtle genetlc varlatlon of ‘this tralt was.
v1sually apparent among the acce551ons of thlS spec1es and
the p0551b111ty of 1mprov1ng this unde51rable hablt through

S ' o
selectlon seems remote, - N
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J“Most other spec1es shoued narylng degrées of 3yﬁ”-ﬁn
_1nter-plant varlatlon Jlth regard to shatteang date whlch
idlffers greatly from plant to plant and presents an |
opportunity_for 1mprovement of the agronomlc quallty of the
speciesffélantSHVhlch exhlblt a "tlght" harvest perlod could
bedgronped uith”other members of thelr spec1es which have a-

similar'growing season. Thus theiloss due to shatterlng 1s

.mlnlmlzed and seed guallty not reduced by the presence of

:unrlpe seed. U '_ff?v‘

MOUNTAIN TEANSPLANT STUDIES

The surv1val rate of establlshed ‘native. grass plants‘
v_transplanted to dlfferent localltles 1n the mountalns Has
’~hlgh At the end of the 1978 growlng season 80% were allve "
and 51% had flowered The analys1s of variance of. surv1val

of species is as follows. :,}"ll . - :ﬁ:‘: pffﬁl“”

Table 2.21 Analysls of variance of % mean\survival of.
mountaln transplants. S : ,

- .Source = - '.%__. S.S. H.s. D:F.  F
Between species. | 9159.5  763.,3 .- 12 ° 1.331.

Wlthln species '/j 5962.5  573.2 . 104

Ihe F value is not 51gn1f1cant (P—.21) and dlfferences
\

between the . ablllty of the varlous spec1es to surv1ve a wlde ‘

3

variety of env1ronmegts when transplanted are mlnlmal. Thls

jsuggests that seedllng establlshment 1s the most 1mportant



S

e

lfq%problem 1n“thebsuccessfnl utlllratlon of - natlve spec1es.g.'\
a Most 51tes selected uere elther dev01d of or: sparsely ”'A ‘
»vipopulated ulth natlve ploneer plants andlthe ease wlth uhlchgrl”f".
\‘fthe transplanted grasses surv1ved Suggests that the lack of iii;‘g;;;wé

rploneer vegetatlon could be due}to eariy seedllng mortalltyrfxgﬁﬁkfdf'

. #An ‘her reascn for lack of vegetatlon on the dlsturbed sxtesf,

fti’ lack of a. seed sourcesf”observatlons of these plots 1n o

jDifferences in the;anii fof the-spec1es to flower 1n B

=Ad1fferent localltﬁes are apparent The analysrs of Varlancefif‘%7;7f3

~ AR

is as’ follows.f-- R LR

W S e : Lflﬁ,.

. Table 2;22 Analy51s of variance of pengent,mé&ﬁifioﬁg;;ngfT"
oo cf mountaln transplants.' L BT ST '

- |'Between Species . o 85535 _f 7127 i 12 U 6a4T8
. Hithin”Species' . ,1122;9 B 1 ’ K

IR T ’ B ""v*K.Q
{ Some spec1es were more successful (P<0 001) ln

i

flowerlng than others. In general the alplne spec1es,;

'"‘whether they were collected from an alplne locallty or not;r_f“

“luere the most succesful species to flower. These results;may

'be sxgnlflcant 1n deflnlng an,area of adaptatlon of natlve

SPGCJQS in the Rocky Mountaln reglon of Alberta. In thls'fjj;:e;{,g_

«bfrega;q. alplne grasses appear to be excellent ploneer

;-SpeCies for all elevatlons ofﬁ;“5”

\

‘”ocky Mountaln reglon.;.ﬂ '

In?the 1920's Gote Turesson iSweden began some
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“

.l . .\ " 0 - ’ P .
studies, now considered to - be classic experiments, using the

technlgue of transplantlng plant material to unlform

' env1ronments. He found that local populatlons were adapted

to a'spec1f1c type of environment and possessed slmllar

adaptlve characterlstlcs. Turesson use& the term ecotype to

" describe such locally and slmllarly adapted populatlons.“

'thle each lccal population. wlthln an ecotype :varies

soﬂewhat Hlthln and between IOCalopopulatlons, they have

greater 51m11ar1t1es to each other than they do to

4

populations frcm other ecotypes oF the samevspecies.

Althgugh longer term results are necessary to make

o

.definite concluslons, there does appear to be a trend

v;suggeStlng that Tlants from different locales can be moved

)

',successfully Hlthln the mountaln regions of. Alberta. If thlS

4
trend contlnuesiln subsequent years of plot observiylon it

‘ would then appear that almost every one of the grass spec1es

]

iound in dlfferent loCales of klberta's Rocky Mountaln

-
¥

region belong to a single ecotype,‘wldely adaptable to many

‘dlfferent habltats. The lack of a photoperlcd flouerlng

response would further substantlatefthls conclusion, R

© . . . - .. . .
k. - ? . a

5



: populatlons With regard~to the number oE days to ripen :f o

E. CONCLUSIONS

Growth chamber studles have demons@;ated that native

Alberta grasses from the Rocky Mountains appear to have a

neutral photcperlod response for flouer 1nductlon. Thls _Was
, : \
'conflrmed by the: ablllty of most spe01es to flouer under

\

light reglmes characterlstlc of“localltles far removed from

,

thelr source ‘of collectlon. ‘Harvest date studles have snoun

Lo,

that a great deal of genetig varlablllty ex1sts in natural .

Lo l

' seeds. However, it does not appear to be 1nfluenced by the
.latltude g& the source.-Thls varlablllty d%es pose a problem'
to economlcal seed productlon because a 51ngle rlpenlng day

does’ not arise Hhen the ma]orlty of the. populatlon .can be,

[

harvested However, thls problem can prpbably be solved by a

plant selection program thch groups plants Hlth 51mllar

-
{
gI‘OHng season

Mountaln transplant stu%aes have demonstrated that mostN\
('S
Bz the mountaln genotypes of Alberta grasses collected in

. : ’ . e

_thls study can be successfully moved substantlal dlstances -

from ‘their 51te of’ orlgln wlthout loss }n v1ab111ty\\) v

.y ;
flowerlng ablllty. Houever, 'since a. rlgorous selectlon
proceg%re uas employed to’chose unusually robust and:
repaoductlvely superlor spec1mens, these ;Bnclu51ons may not

-

‘apply to. the populatlon as a whole. - '”ﬁ . .

N



'[‘ . L \ l'
From a/practlcal stand p01ni, these conclu51qns seem tol_

\

-~

-

suggest tha a 51ngle varlety of each grass specxes sultaole"

'for reclan tlon could be developed for ‘use in a wld range'

‘of mourtaincus env1ronments. However, to ensufe a wlde range

"nvof adaptablllty and to av01d the dangers of a monoculture, a

multlllne varlety of each specles composed of 1mproved ol

1geuotypes from several locales is: de51rable.
The followlng spec1es -Were found to be superlor in
thelr ablllty to surv1ve and flower in a wlde varlety of

‘env1ronments in the Rocky Mountaln reglon of Alberta:

1) Poa alpina . -

2) “ié_g';g;g;;g_a B
3 gestuca saximontana . o /
u) izlsszggﬁsniséﬁgm o L .

5) gropyren latigluse -y

A
‘*hlsoﬁexcellentffor.elevations below treeline were::
L : . ° CE o . B

‘6) Agrogz 1 .dasystachyum

7)\\§grcpyron'trach1~aulum

S8y AdIopyro D subsecundum -, .

—_———s=sTRs=

'ng ﬁgelerla crista ata d | 4“.k‘



III. GENETIC VARIABILITY

 UNIT THREE -

e
of
| THE GENETIC POTENTIAL OF -

4N3TIVE.AL3ERIA“GRRSSES

. OF. THE _ROCKY MOUNTAINS ..
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A. INTRODUCTION

' . S .o

The pr1nc1ples of genetlcs and modern breedlng methods_ﬂj"
/ : -

euapply equally to the 1mprovement of grasses for reclamat;onfg‘V'
tas they do to other crops. However, the evaluatlon"‘  fT( . N
,procedures for reclamatlon grasses may be much morf complex'ﬁ:_;
-because of 1nteract10ns between plantEand env1ronment as e
‘uvf hwell as between plant and gra21ng anlmals. In addltlon,
characterlstlcs de51rable for eff1c1ent agrlcultural seed
yproductlon may be at odds w1th those for reclamatlon. For
n‘example, low shatterlng of 1nflorescences at narvest tlme 1s
ﬂfiulf &ender the varlety |

1 m%ﬁ .
'less able to reseed 1tself 1n a reclamatlon 51tuat10n.-Even‘

1mportant 1n max1mlzlng yle« ]

rlpenlng of seed Hlthln the varlety is- also an efflc;ent

.

agrlcultural characterlstlc but would undoubtedly be .a- e
| dlsadvantageous feature of.a wlld populatlon.'A hlghly |
jcompetltlve straln 1< advantageous in’ agrlculture nhere
:aweeds are a. constant problem. uowever,_reclamatlou 1n harsh
;cllmates usually requlres great effort to achleve any sort
'hof ground ccVer and the ultlmate objectlve of returnlng the
a:dlsturbance to natural vegetatlon may be hampered by a 5"
vfhlghly competltlve reclamatlon cover whlch does not yleld to

; 1nvad1ng natlve spec1es._LongeV1ty, tolerance to low sorl

'?fertlllty and short growlng season are not characterlstlcs fjg

.._.vﬁ N v'

f,;of prlme 1mportance for agrlcultural Eorage grasses but are
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in demand ln reclamatlonv 7"y '_1”:_

In‘order to develop varletres for vhatever purpose, a
cv'plant breeder must have, 1n the gene pool wlth thCh he is’
M-Horklng, an adequate amount of genetlc varlablllty. Although
'7var1ablllty has been extens;vely studled 1n annual crops

“'such as cereal gralns,'the domestlcatlon and breedlng of
. ( :

e perennlal grasseg 1s, by comparlson, a more, recent event

'vareedlng of grasses began around the turn of the century and

'jthe number of generatlons or cycles of estahllshment are
R LS :
only 10 or 20 for the earllest varletles of B;gmus n ;_15

4land Ag.opxron crlstatum (Knowles 1969). Most grass breedlng

“work 1s dlrected towards 1ntroduced spec1es from other

. L |
greglons of the vorld.i_' ’

5vThere are'only three varletles of grass llcensed for

\

t';commerc1al productlon 1n Canada that dre natlve to North

Amerlca. ThlS 1s unfortunate 51nce 1nformat10n 1s almost

ng on the genetlc varlablllty, breedlng_

-

fsystems, evclutlonary development, and populatlon dynamlcs

““completely lackl

Lo

':on natlve Spec1es thch are v1rtually on our doorstep 1n
vast areas of grasslands.q‘r}f o
There are flve varletles of the natlve spec;es 1_,h_alax:

. - 4
"‘a;gngggaggg on the market, Most were derlved from natlve

-_”collectlons, although the most recent release was produced

rat Beaverlodge, Alberta, from a four-clone synthetlc

', derlved from very small seed 1ots orlfrom151ngl§'plant5a§;‘

Coels . . ERR i R




gAgroEX raghzggulgg‘var. ﬁ9venue was developed at:

\.fi(Ha,nson' .1‘97'0):'.‘f L e N

A varlety of - Agropyron rlpar_u' alled 'Sodar'

of 1ts close I

(Dewey

S

"Conservatlon Serv1ce at Pullman Hashlngton, and was derlved

Tlocatlon (Hanson 1§72)."f'

Only ‘one sgggaes ‘in the present study has been

;prev1ously examlned in Canada and llcensed for productlon.

Saskatoon for use on saline 501ls in the black and dark

broun 5011 zones of vestern Canada (Crowle 1970). It

S b4
“3resulted from the seed of a 51ngle plant, although a totall

':of 750 plants were screened over a 10 year perlod.A~

T As a result of the llmlted number of nat1Ve spec1es

A;_llttle publlshed rnformatlon 1s avallable on. the extent of

-

e genetlc varlablllty wlthln wlld populatlons of natlve

¢

'davallable 1n Canada and 1s 51gn1f1cant to thlS study because

7from the best plant out of eleven collected from a 51ngle R

,whlch have been examlned by plant breeders 1n Canada, very*'

who studled‘Agropz on sm1th11 (not 1ncld€ed 1n the«present;ﬁ

ashid

fstudy). Four: hundred and srxty-elghtfplants uere
ftransplanted to a nursery 1n Lethbrldge and examlned for a .
P

,vlde range of aétonomlcally 1mportant characters.uij}]ﬁf{f“‘

] i o

51gn1f1cant amdhnt of varlablllty for characters such as

?t“f-seed yleld, forage ylehd. colour, days to matur;ty, andf

Lo

:_ffertlle florets per headv,was reported 5f note was~the fact

";1965) It vas developep @t the Plant Materlals. enter, Soil' X

”ﬁgrasses. An’ exceptlen 1s a study by Johnstom et ‘al. (1974);;7j,




~‘that approx1mately 10% of the plants coﬁﬁected Here later
‘flvdlscovered, cn the bagls of chromosome count dlfferences and
-Jf'shorter growlng season evldence, to be Agropx

:“dasx a_hx m 'Apparently, genetmc varlatlon in morphology 1s'

’_‘;present in. pxrg; dasystachyum to the extent that even

' Expf§denced researchers encounter taxonomlc dlfflcult:%‘ S
T

he study by Johnston and hls co-workers demonstrated

Tt

'an adequate amount of genetlc varlahlllty in’ agronomlc
'jfgehetlc 1mprcvement1fea51ble. The purpose of thls SeCthD of
;5ythe present sﬁudy ls to examlne the collectlom of natlve

grass spec1es (transplanted from the varlous sources in- the :

”'ROCKY Mountalns of . hlberta) for genetlc varlabllltyjand to-f""

5assess the pbdglbllltles for thelr genetlc 1mprovement.

o L. . R . o _n - T e

", B. MEPHODS AND MATERIALS . ' T S

. N Co B ,fga
The breedlng system of the varlous natlve grass spec1es

df;was determlned 1n grovth chamber studles by growlng plants’

f7f1n pots and bagglng emerglng heads in” gla21ne envelopes.”j5

<

#fGrowth chamber fa0111t1es have~been descrlbed 1n Unlt II..
R S 7 g

,A;*;enyelopes we“e\tapped~perlod1cally to ensure polllnatlon.,?;_ﬂ

'§5 <Four pots of each spec1es wlth 1 plant per pot vere used and
: § ] :




‘unbaggeqd heéds'and“phése were ¢
" linators, |
SHATTERING Darg .
: v
v

la.

SSified as self-

v
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§§rg-¥£rrg‘f’,7.:'; ST s
| .Data on.the seed 'yield and- number of tlllers was‘eu
collected frﬁm approxlmately 1, 000 plants representlng 10

.spec1es of natlve grasses transplanted from varlous sources

in the mountalns to the nursery at. Ellerslle. Ind1v1dual

L rplants weré harvested by hand as theybrlpened and were

M Vs

threshed by hand wrth rub bars and mats. Seed was cleaned
"v1th a New Brunswick Seed Blower and welght of seed Has‘:‘k
recorded 1n gr%ms. Informatlon on. each plant has not been
recorded here because of the large volume.of data. Lnstead,v
seed yleld and number of tlllers has- heen reported,as~the'
mean obtalned from .each collectlon sourcevand the varlatlon
found wlthln each»source descrlbed by the standard dev1atlon
“of each mean. . The numher of plants of each spec1es:rrom the
various. sources varled accordlng to the avallablllty of
materlal ;f '.tﬂ ' o h 'f?~" _;3 .fj"‘ .1 -;\_;
‘Based on the resul S obtajned 1n 1976 on seed yleld and
appearance (as well as gbllen fertlllty studles, R. S. f‘;‘ ’
LSada51va1ah, unpubf?ghed data) of the populatlon |
transpianted frcm mountaln sources to Ellerslle, plants were
//selected for 1ncrease 1n 1977.20ne hundred and 51xty-nrne,u
plants representlng 18‘specres were plcked for S .
v.characterlstlc of superlor dlsease re51stance, v1§our,f
-tunlformlty of Zaturlty wlthln the plant, and seed yleld.

_ Seed from these selected pdants Were Bermlnated 1n grouth‘ R

“chambers 1n late wlnter and transp¥§nted to(the Ellerslme.*:

nursery in’ late sprrng. One’ hundred and flfty of the most



s

‘ulgorouslseedllnps of each llne were establlshed 1 i} apart_'.
1n 150 'y row=‘ Seed uas harves%ed and“yleld data collected
as descrlbed above.,The large number of plants 1n‘?hls dﬂ_
nursery (26 000) did not allow 1nd1v1dual harvestlng of each
:plant Rather, the plants of each llne were bulked and a

' mean welght per plant calculated Studles were concentrated o

o
Tt

l,‘prlmarlly on u Agropyron spec1es, spec1f1¢ally Agropyron

“daéiézéehxgnv'agrenirge trachYcaulum. Agsonzron §ghsec

- —— —-—-—-——.

L

glgmg; From these results, an analy51s was'’

Q

o]

[}
i
1
=
o
..U..
<
P 1)

to
<]

T
[1:¥

r’-
-

'.made of the varlatlon of mean yleld wlthln and between'
3}-collect10n sources of the’very best plants chosen from the

.,© original populatlon.- ‘ﬁ;]f

. -——_-—-——--- ~---—.—-—-

Statlstlcal analyses of data were accompllshed ulth the

<

-aid of the MTS computen-ln the Gomputlng Serv1ces Department
at the UnlveIS1ty of Alberta.,A programed package was used

for calculatlng means, varlances, analyses of varlance, and

el

A

'Pearson Correlatlon Coeff1c1ents. Slgnlflcance of the

e

resnlts of statlstlcal test 1s 1ndlcated by asterlsks.

~ .
‘o

'51ngle asterlsk (*) 1ud1cates a probablllty of <O 05

'i N
Y

: doublé asterlsk (**) <0.01 an “a trlple asterlsk (***) means :
'WJP<0 001. }:j‘ | | SRR ,tu, BET I
The\experlmental de51gn for the 1976 seed yleld studlés' g?

'i"was as follous. The experlmental unlts 1n thls study were‘:'v

L L

IV”and1v1dual p%ants_of-natlve grasses found growlng at varlous

\ldfdlfferent lé%atlons 1n the Rocky MountalﬁTreglon Of Alberta



2 ',,. .

[

ffrom latltude u9°N to latltudf 5u°N._The number of .

'lexperlmental unlts (plants) varled accordlng the avallabllty:'f“

\ A

J“of materlal frcm 1 to 60 and the number of source locatlons

)' ‘.

varled up to 16 for a 51ngle spec1es (a complete descrlptlon;; ‘

of each locatlon examlned is contalned 1n the appendlx). The

',treatment applled to the experlmental unlts in’ thlS study
e:*was the translocatlon of each plant from the source
- J. .

;locatuons 1n the mountalns to a 51ngle locatlon,ln a nursery

,at Ellerslle, near Edmonton,-Alberta at latltude 53°N..Seed

‘yleld and numger of tlllers of the transpl?nts was monltored/

;1n the years 975, 1976 and 1978 pnder the. nutsery

'lcondltlons. The followlng env1ronmental factors,,whlch mlght

"faffect these two tralts, were elther ellmlnated or mlnlmlzed'

by transplantlng and malntalnlng the plants in a common
nursery. ,gffw“' S ‘[;.f:; o » : "W RN
.va.,,elevationenf

.b{*iralnfall ;;]75f;,a;;~

”@_competltlon from other plants

by m1n1m121ng N
i /‘:'ﬂ L

7

1aI§ow genetlc [ﬂfu”;t_




hy ‘\u- -

'Aorder to achleve thls, plants collected frcm mountaln

locatlons would have had ‘to. be grown for one to two years to

“

| 1ncrease thelr 51ze,_cloned by ledSlon and then o '*-_xi~‘
're establlshed 1n a randomlzed and repllcated experlmental

plot at the nursery locatlon. Thls uould havé requlred at

o

mlnlmum of four years and therefore was noj carrled out.

;Although the exact contrlbutlon of local env1ronmental
factors, such as 5011 and micro- cllmatlc condltlons; to the

yleld results cannot be determlned under the llmltgtégns;of o

L

the experlmental de51gn, 1t 1s assumed that 1t r§_§ma%i/1n‘
co}parlson go that contrlbuted by dlfferences 1n genotype.
The prlmary purpose of the experlment was to selec»t6

”-\obv1ously superlor plants to be tested under more - rldgld f'

[ o .
B !

The amount of: varlatlon ip seed yleld and number of

’CondltlonS%i'

PP

vt

=tlllers between plants (from genetlc sources as well as
'"nursery fleld sources) was measured by the mean and varlance
of each spec1es—=ource comhlnatlon. The pOSSlblllty of

“51gn1f1cant dlfferences betueen sources for each spec1es was

"Ameasured by an analy51s of varlance test.



'f}Agropxron’

'hizBromus gumgelllanus

[

BEEEDING SYSTEM .- = =~ TN

Ve A

3_'*growth chambers are presented 1n Table 3.1..

SR

oy L S

 “Table 3.1 - | Ablllty of 19 spec;es representlng 11 genera of
w0 U Albertahative . grasses-to produce’ seeds from‘
”~enforced self—polllnai;on.kﬂmr;._‘.y '

e

GENERA AND THEIR SRECIES SEED SET

Agrozy_on "Qé§ t ébx;ug 'i.'n-"o. S

AQ opyron-latigl me e Yes =
tra aglum . .- yes”
Subsecundum .. . yes

*_mELonSElcgtum‘ S

AQLOPYIQR

o Calamagrost1§ pu;puresc

- Déschampsia cge521;5§5
».ﬁEl LU cangden51s S

gen51s

*'a crlstata
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Observatloms on the date of snatterlng of the plants of.
F,
uatlve grass spe01és grown at Ellerslle durlng 1975 to 1978

”1nd1cate tnat each plant possesses a unlque grou1ng pattern.~

~

. _anh spec1es has J general perlod of several days to several

‘weeks durlng the summer when shatterlng occurs, but varla-a

f-blllty 1n the haIVest date exlsts between plants. Shatterlng‘

1

' dates ‘of. the varlous spec1es Eor 1976 - are contained in Table

2.4 of Unit I1.

The followlng table glves an 1ndicatlon of the effﬂct

o

“of harvestlng each spec1es on a smngle,day 1n 1975 when the
majorlty of the plants appeared rlpe as oppossed to har-
vésting each plant separately when ripe in 1976. A

cﬂtrelatlon cft seed yleld of each plant’ has'beeﬁ calculated

to mlnlmlze/ghe efEect of weather and age of the plants;
: -~ ) . " ’ and

!
’

. Table. 352 Average seed yield (g) of the same plants‘har—
vested on a single date for each species in 1975 -
and on individual ripening dates for each plant-'
in.1976 together Hlth the Pearson Correlation

Coeff1c1ent. ‘
. b T :

GENERA AND THEIR SPECIES T o I

Sy e el LN 1975 1976 -~ COEP

Agropyrop spicatum 317 1.9 5.0+ 0.29.

A, dasystachyunm - 100 7.1 16. 2 0.10
.. Ay ;gachzgaulum o 20 4,3 S 15.6 . 0412

Fe-;_ca idahoensis T euN €T 7 8.4 > ~0.43

gggl ria cristata. 62 3.8 S.4 0.34
4$g%§.tug“sglgatum 8- 0.2 1.2 "0.36°
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' Ooserwatlons on the date of shatterlng of the 150 }?j‘°ﬂ

plants of the 169 selec}ed llnes revealed that khe progeny

\

of each selected parent had . in" almost all cases, ‘a very
v . e

unlform growlng season. Consequently, 1t wac possrble to'

i harvest all progeny of each llne on a s1ngle harvest day. o

Varlatlon vas strll apparent between llnes, however, and
dates of haJvest uere stretched to almost two weeks for some

spec1es.“, I : _?r
SEED YIELD =

Tne tables on the followlng pages contaln data on'
various aspects\oi\seed yleld collected durlng 1975 to 1978.

Measurements on two characterlstlcs of reproductrye .

»
A

- \ .
capac1ty, number" of tillers and welght of seeds, have'beem

used’ln correlatlon, analysrs of varlance, and gemet167’

‘improv ment studles. IR e o ' LT




..-Adro RYLODn subsecundun .-
”ﬂAgrogxrongsp;catum

- UElymus 1nnovgtus
‘__Elxmus canadgn51s

h v ’<

. e

Y

'ffIébié'3;3u'iPearson Correlatlon Coeff1c1entsﬂbetween the 5!;ff‘f:f

cae

'GENLRA AND. IHEIR SPECIES G

‘ AgroQ1ron,dasxstach1u

Agropyron trachycaulum

'Agrogern,latlglume'.l
_Agrostis. scabra

————-— -———--—-———

@jKoelerla crlstata R
. Poa alpinpa '
'Phleum alglnum

e ——— 2 —-—--—~-

51

Y

109;'f~

16

20 -

29
P

.88
120

58

67 "

“‘number of tillers dnd- ‘yield of 1% spec1es of |
~nat1ve grass 1n ]976 at Ellerslle.ﬂ.'~ _

YCOEF. .

Jﬁfffﬁf”ww“

b4

0489
ole3. i

- 0453
0.89 -
< 0.86 7.
o 0e 69

0.58 . ¢
P0e91
04186

Ve 77
0.78
0.83.
0.66 -
0.66
C0.49

PRI



. 'f,'Athabascaf .
‘*f;;Brule,Lake'_ﬂ.~:

'”*soﬁRéE77““'

"'Cat Creek

"1fel;“Devona Lookout

;:Dlsaster 901nt
-Drywood Creek
' Greenock Mtn. . -
~;Kootenay Plalns

Mti
- “Pincher erge
leorcuplne Hllls
' ‘Sheep Rlver¢e{

Smoky River

 ‘Spionkop Rldge B
Waterton+. ot
Co32

‘EaﬂHa Tlnda

TOtal .a.‘_': “:

L

Between Gfoups"

: nghln Groués

oo ,H

Tecn o
Wyt

Ranch

Stearn . w“

TN

:32
1135aﬁf"
g

“710 “i

_4:{

'i y7~
]’7’

28

,20"_.;

20
‘T22"
e

21

e299;

= \I

' Analy51s of Varlance

o §QURCE OF VARIATION

304292.85
66274167

‘5Sdﬁs'

415 00
315,00

1471200
L1,00
1364000 -
341000 -
164,00
2576, 00 .

"3892.00

388, 00_.
471, OOi.fV
1488.00 "
'£_434‘00jij“
99,00, .
976,007
3oou oo,”;

sum sgs;”

o, 50}*1
1,00

23,0430
69,62

>93 .87

su 62;

nMean number of tlllers/plant 1n 1976 of
eT Agro21ron dasxstachxum

MEA&

78.75
45,97

1784, 25
1“10.93
34,00
- '854.25

1108.67
'.1788.92
207.29
145,52
- 9151.16
C4772.67
23,55 305,63 .
74080 4359,74
19.73. § 177.45.°
133.00° . ©1033.00
46,48 . .1665. 15
.,5307.15

“136. 14
97.00

SN
3899.33

L&D!F;w

.15 20286.19 . .
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s

VARIANCE

979.61*”

04 OO‘"

. MEAN SQ .

8816.50’f5r
"5352,75.

43738 97_ff

N Oouo 0 ) 'I

‘3316.00-37

q5366;75;m¢
243,71
41238, 700
2u7081 430
14318.007
5806495 ..
80

\8283u
¥726. 36

. 2066.00 -

33303 24

1eu521 soﬁ;,}

6627&1 707;°'

86,19 . - F,13
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’Tf(jﬂthabasca Ranch ":50f
f“ﬂfCat ‘Creek

: vaDlsaster Péint.
‘.. i _-v",.."KO
. Mt-

>:?5ﬂPorcup1ne Hi¥ls™

Table 3 5
) dasxstachzum. e

SOURCE Afﬂ:§f 3yN"’U37 SUU¥S?~W“' e
88 63@1 -
7923
179.05 5,6
. \0 05ﬂ;¢3~-"
28466
450407
©2%.31 .
o usu 217

”fBrule Lake. '11@,£;'A7‘ﬁ

S 32
‘Devona Lookou+ : ”;1--g

o 14
- . Drywood ‘Creek: “ifﬁ‘u:ra
'‘Gr'denock Mtn.-W,;?WV
tenay: Plalns 38 .- A

- Stearn ?J«1~.2&. 635,067 -
.. Pincher- Rldge '].f qu:_ 60 15 -1 o
o »;20\ 166 568,33 -
SmOky River i 297 256670 2,707 -
~"'Spionkop.Ridge 1{;‘3 10,48 3,08
“\Haterton‘n': _,{*”' ‘ 2u5,73“]33~. 7
Ya Ha Tlnda 4.';ﬂ‘2 uS&:53;;a'1q.27i;

“Sheep. River

i\

d o Totals f ﬁh"’fiA253  i572 68 ;;fﬁ0;i}‘j55ij§}ﬁ2
'??ﬂe‘;( S AT SERFT S SO T

R O

S Ana1y51s of Varlance Efff;
ffSOURCE OF VARIATIQN sum SQS j{ﬁbgr

10015. 80 L 15
ﬂ”131a5_67 ;4;' 237

'”f Between Groups

; 667.72
.,Hlthln Groups ;Qﬁ,

80.78

282.u9g 3
o 0a535
70055
B Te 220

\z." : o

MEAN SQ

Mean seed yleld (g)/plant'ln 1976 of Ag;ogxgon,f5”

A

”ﬁ“7211 55
. B4T. uegg;';,_
_”513ao 560
T 66421
S UgEr
13730180 v
;u256.15qg”' '

191u5 67{ }71‘1

ez
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f j4:f :ﬂab;éﬂ3;6 ﬂean number of tlllers/plant 1n 1976 of Po

f?{SOURCE -

oson  ’$33N VARIANCEh§f sum SQSVR”Q

t ;”Bafnaby Rldge B f@159;0035i12u,1u°.; 317.81.g f1906 85,?;'
S Caw'reek Rldgﬂ;;)'Sﬁan:F7OQOOa»‘ﬂlu.OOq.* 130,50 -+ = 522,OOJ3“
..Coal Valley 19 1152007 60,63 1912.137;&Bua18;u233.
\Grassy Mtn. = ~$ﬂ_23 1112 00 - 48435 . 206,69 - -4547.25 - -
= ~Mountain ®ark-. 230 1753, oo;w ‘87465 4771”92;‘*90666.55';;4
el - Pyramid ‘Lake -« g4 339, oo 7584007 .. 38,67 116400 . -
o 'Q_Snou Creek Pass -‘20«]; 469,00 23,45 u33.31,?' 8232,95 ¢
~Sun hlne ;2 805, oo 136 59, .; u3s.35j‘ 9163 e32.

1 o '5762 oo “?-02 ’757-“1'f'. 14957: 32’-‘,'.7-."7"'

"*FAf_Analysls of Varlance :73”7’

suM sgs*wyf{D}F;{)EMEAN SQ_R AT

: e; 'Between Groups o 59558, 650 7 58508.38'5_ 6037
R Wlthln Groups r“_‘ 1ﬂ9573 31__-;j_112 1335, 48-0 0w
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, T’fabis‘3;7' Mean seed_yleld (g)/glant 1n 1976 of Poa a;g

G Csuk L mn VARIANCE o osuM sos

Barnaby Rldge . ,,7.~"V13 56&-T{v1 9u L He720 2803074 0
" Caw’ Creek: Rldge \f;Sﬂf- 72 88“3?1,0458";;,'70y65. e 24620 L
~Coal'Validy ~ '"'19  yg 57 o (2455 v 1,870 030,15
‘Grassy'Mtn. o'l 23 - 174,22 V7,57 8,60 " 189411
HMountain Park 20" 127.06 6435 120747 7 242,10

.+ "Pyramid- Lake -“V-f«un" 15474 0 ci3i94 - oigq . Tlglgn

‘Snow- Creek’ Pass S20 ;37;&3;e‘fw1 87”&;:. 1,58 »ﬂV”TUU'08~“V
Sunshlnelf'jﬁ~ L I .53”06&5 24 21gf? 26310 o r‘3'25‘

Totals ]ﬁ]fifhgﬂ’izz?x 472 521,;j{3;37 o 1s2 ﬂ“-j695 61

. ”'AnalYSlf of Varlance'

1f'[SOURCE OF VARIATION - suu SQS"' D.F NEAN SQ ' ﬁ,jsjﬁ,f,

"ffBetween Groups l;vC’ 698 15 fs:¥ f7f"if 99-7“ SRR 3“",s”

;'Hathln Groups "-}ﬂ”:u 5695 61 i :;'11t§“"'6 an J _"***
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 ¢&51§;3¢3;; Mean number of’tlllers/plant in 1976 of Irlsetum_”

-

S ;ﬁf\“sglcatum. S e _ o
U1:;:PF‘ ;’&_.f°? ko ’ S : :

(I //\

..}

-”HfﬁSOURCE ,C;*lg;v.f“*&y”k LoosuN MEAN VARIANCEj”Q SUM5SQS7D

N

gkf,Cat Creek L8 5’360 , 00 QS OO 1022 86 -..7160.00."
¢ Coal Valley. . 21,0.300,00 14,33 1713033 2266.67
. Grassy Mtn.‘,wnﬁj;18ﬁ5f 21300 11, 83 . 199 ah 3390. 50
. Mtn. Park.Pass 5% . 662,00 134.40 s+ 6566.80.  26267.20
) Sheep River . . CA300 B3] OOv; 27.67 . 44,33 . 88467
o, Sumshines 092 327,00 277 250 730.02.  8030.25

Q>Totqls a;”:ﬂ lf”}Q67l. 19Q5.0b» 129.05 1705.65% 47203.28

S T

”feL  -' ) Anaiy51s of Varlance

,xsouncx OF VARIATION | sum SQS D.F. MEAN-SQ A

Betbeen Groups ]‘ R 63369 586 . . 5 13073.91 16,89

_Hlthln Groupt . 47203.28 .67 773.82" RN

.>\,

4

fwsglcatum. - . o

’"Tablé-B}SfJ;Mean seed ylela (g)/plant in 1976 of Trlsetum

J

%. .
SOURCE : N °  suMm MEAN ° VARIANCE { SuM 59s

Coal Valley 21 - 7,53

, 0.36 0.06 1.6
Grassy #tn. 18 11.13

Cat Creek < . 8 - 34Ws k 4,34 €5.66  459.60

Mtn. 'Park Pass 5 - 19,25 - 3.85 6.35 . 25,40
. Sheep River L3 3.67 . 1,22 - 0.59 1.17
' Surnshine - “12 - 6.57 . 0.55 Q.44 4.89

Totals 670 82,91 ' 1.a4 969 u99.35

\

Analy51s of Varlance

" SOURCE ¢ OF VARIATION sSUM.SQS D.F.  uEAN sQ - F

 Between Groups o 140,21 ¢ 5- 28.04 3.42
,Wlthln Groups . 499,38 61 - 8.19 ,‘./#**

N



’~,lffraﬁ1é?3,1o

&

Coem

o,

-,

\; SOUBCE "*»-*.,;w,N”ﬁ.'?f

‘Barnaby Rldge
Cat<Creek" .
Clearwater R.
Mountaln Park ‘
. ‘Porcupine. HlllS;u_

" * Snow: Creek Pass» Y

~ Stavely: Statlon.= 
Caw Creek' -
Ya Ha Tmnda e 2

Y

; Totéls qff-{e, ;"9

4
5
4
3
. 8 .
eramld Lake 7y .2
8
5,
8
7

558 00

P
[ .

Sun?“

‘ 60 OO_‘

164400

96,00
362,00 .

. 64,00

f200 00 .- .
257400,

% s, .00
3012,00'{

MEkN

15, OO
32. 80 -
24,00

120,67

4,00
32.0
114 1%

EREE N
31,00

52.56

-32,04 -

Analy51s of Varlance .fg

PN

VARIANCE
-az,oojT””
229.70

“_390.00

15&@334
18,000 )
2uz.00f';

126+ 93

&
¢

136.80
. 1uo.;2
- 2420,

_887? o

Mean number of tlllers/plant 1n 1976 of :estuca
‘sax1montg_a.,{'w Cn 4 :

sor sas

918.80.
1170 00~

i 3000.67

98.00 -
242,007

2157.77 g);
547,20
2394100
9 62940.67

73715011

A

246.00" 5

v

SOURCE OF VARIATION'?, SUM SQS © D.F.  MEAN sQ R

©.15852,75 - < g,
T 877.56

52674.719 9
73715.11.. . o84

Between Groups,
- Within Groupc

——



”7'I&biéf3;j1j1Mean\seed yleld (g)/plant in 4976 of Festuca

. —-——--—-———.—.

e el / e R

n~fsou§czi*~‘, '”,“_sUp;ﬁ,,QxﬁiN VARIPNCE sum SQsjf:,

I 68.;wi;0;42*A;ﬂfhﬁ 34 j'*s1-o3-i!
”_524.98f }Qu.SQ'“1"0.39_ L2438
U Te69 1,92 - 1e 625 U490
>'11 86 . . 3.95. /86 ¢ - 3,717 .
. 3.08 . 0. 38 . . 0.08 ': ;1f@ 56
7.05° 0 3052 0,36 0, .36
16 00';"'Q_9o o 0.783 ;,,t'1u 137
L3416 0,63 C 04350 04200
SH50097 - 205000 0 L 3,02 . 51 320
-,169 US‘fﬁ)>6 28f]';j32.62 i 8u8.077

-.~'.ﬂBarnaby Rldge
~ .. .Cat Creek - ‘
. . CledTwater R..
,~-Mountain Partk
_,Porcuplne Hllls:”

Pyramld Lake S
~Snow.'Creek Pass. -
_ﬂ___,,Stavely Station
. ;Caw Creek ST
,Ya Ha Tlnda
: Can

© O WEGE

Mo o
Nr@

R

| Totals B .-_1288 ou 308 ,0»159,:-40,_,1-:'. ,,9..»2-7:-:-85'»-’-?7 ’

‘¢

: o . : S S

Analy51s of Varlance ‘

waOURCE oF VARIATION  som sgs:’ f_D.F;’ MEAN so. g jf”@[i*

.- Between Groups4 :*f: ‘ 56&;03' 'M_}qgg,‘“ uS?'OO o : fs;ojfg
' H‘thln Groupc ;. 927,85 e 8&_“ 11.05 e ***_“



1,Tablef3;ﬁ2‘ Mean number of tlllers

A

'1IJQSOURCE ”-ffe ﬁ’fﬂNiﬁtyﬁf

: jAthabasca Ranchgiff

CoCdtoCreek:t
", .Devona” Lookout'T ‘
© - .'Disaster. Point - -
. - .Drywood Creek

G MteStearn
. Pincher’ Ridg
. Ram Mtn., : §

’fsheep River W&
‘Snow- Creek Pass;”
'Haterton IS
aterton. Flats‘r-_u
Ya:Ha. Tinda A
pifYarrou Creek ‘

: SOURCL OF VARIATION

.,;,

'HfBetween Groups ’ fff 330578 62ﬂ” j:
f.) 395681.19 7

'";fﬁlthln Groups o

LR

- 268 00" 67 oom,,
59u 00 “'\ 86,75 5860 50,

3200 - 3. oo= o.oo;_,
.1:“11;99 11.00. o.oo.;,,a

” '*~4198 67" 15702 50 12! 00 7
9uuo3.631wg
13361, 007

5328 001ﬁ1”" B3
&ﬂr 7485 00{“:;, <87 647507

'.eTotals jfg}gflg7:788ilJ8092.oo 191,95

Analy51s of Varlance

sum SQS¢,g7#'"“”

r

0~ 155018 9u40. 36

"4985005';1zu 500 4y 3’67f
-155.00. - .17, 22*f"J307;697,”
1127 OOy_¢140 873523, 27"
9, OOiji-B'OQJE;jﬁ 3.00

S 51188.90w7ﬂ
o3 '“»917.15;f”

348 oo‘

.,K83u7 81

“"]25u29 12

2n42.oo’”

MEAN SQ;{Qfg' -

8347004

/plant:;n 1976 ofv‘”"“  j

fSUm;{fT ﬁéih}fWMﬁiﬁNEEE;gﬁ‘°

24617, 568

“2&662 88wp¢;
' "6 00
7133 43 0
37279+20 ¢

10088, 67

ﬁj32375 33

395681 2ogf5

. »\‘ TR




£13

P Yarrow Creek

SOURCE

Athabasca Ranchma-”
. Cat Creek - o
. ﬂevona Lookout
’ Dlsaster Point:
ﬁDrywood Creek

Plncher Rldge

.Ram’ Mtn.‘mx
Sheep ‘River - e
. Snow: Creek ‘Pass
“Waterton: R

Waterton. Flats RS

"Ya Ha' Tinda ;;fj

" Totals

'.".

S souaca or VARIATION

Between Groupsv
Hlthln Groups

 Mean seed ylela (g)/pmﬂ
- :crlstata.g,,hu S :

'd}oUTQ1ugioy#—\m«4;yoj:fff'¢'-

18435
r»__39 00
'ﬁO 285v;
0443
S 87, 12
SC122491
o3, uug. :
B 62 20 e
1 29 -
;._321 39
',a-27'36;Hy
22400
30 eo;ta*

FERNA
-

”-;;&Jﬁ;OJfl}i

Analy515 of Varlance
SUN SQS {{fh;?},

110109 ;ff°fi§

;q;r, 1281.88 o RS

oSO MEAN

f MEAN SQ/

YARIAN&L'

CU4L597 . 34020
083
9.68" 32
11, 17-} o
8,671 i1
St 16 .7
77T
fﬂOm“3T}vl"

84 70

16 7aiy

oL
A

SUM SQS&

"102 OSW

o 0v60.
-3h259.25
o 256,40
S 55,43
S 100571
“‘;200 86

0 35

;146‘77.“

LLa2kt.es




Sl e

SOURCE ﬁﬁ* iﬁ*;

J:EEAN7 VARIANCE.

qCaw ‘Creek Rldge 367 601,000 16, 6°ffﬁfh 2.964 453, sw
Sunshlne :F:mﬁggﬁj7f838 .00: . 34 92}543090.43;;'11371 83

@5{3 Totals . }fbdﬁg 1439, oo f 23 98 gug, 2.66u;~

. o Analys1s of Varlanceff{f;iﬂf;’: ".
SOURCE OF VARIATION sum SQS *'f_D,r.; MEAN so5ljfjff\

::ﬁsetueen Grcups o 'u781 51 ;“ﬁﬁzai* u781 510 17,37

vf{jtnlthln G;oupc 75925,97.'°']£f58,f* 276 3o§j,¢',;,$#ﬁf’

;’ fmgbié Blﬁs?juean seed yleld (g)/pla
,"-.;‘}f}<-;;V:alglnum.;~

-iijOURCE SUﬁflifiMEAN VARIANCE sun SQS

.fffCaw Creem Rldge'ﬁ 26073 ﬁﬂao 75“5 ;* 0'49 :ﬂfff16 56 | f
o Sunshlne B IR

37 39t 3,;1 63;j 0. 92 gg20.32

0.83 »}fse.as

- _:Between Groups
”;jHlthln GrouPQ
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Table 3 16

L e

v

"r

. SOURCE -
U B
- _-Cat Creek
*: . Clearwater R.

. Smoky"’ River

Waterton Flats 10

»iotals b

‘18
S Porcuplne Hills " " 5 .~
S

L

LI
N

o ”'sUn
766 .00

38 00

2““2*. 00

492,00

/112,00 ©_*
334,00 °

e

! v W

MEAN

“27. 33

r~‘~42 56

22,40

‘423 86
73.80

409,29
1120.03

:37157 |

1.'-o~’. TR : i .o
B ‘.a'.'_-,‘ .':, ';“L

. S ‘ 8 Analysls of Vaplance

SOURCE OF VARIATION

fﬂléBetueen Groups
ﬁgthln Grourps:

' Table 3.17

AR

SOURaC“

_tQ.Cat Creek

‘ }C}earwater R.
Porcupine Hllls‘
" Smoky River

. Haterton‘Flatsi

‘o

95-
14

' Totals T 6

. ' B : Analysis of Variance

//f\bURCE OF VARIATION

Between Groups
‘Within Groupc,,

18
17

10"

SUM sgs -

19242,98 -

84852.96

st
128,96
138,37
:209.73
C,a 723,62

& & -

SUM sQs

1907.08..
7758.419.

243,17
T, 39

D.F._

4 4810.74
60 14714, 22

o

RS
e
P

v- iq.th _
MEAN -g%?ﬁAﬁCE

7.16

f4.30°

1,48
-, 9.%88
©20.97

1. 51
374,79

11.37 .,

..

D.F.

L8 476,77
“ts59

Mean. number of tlllers/plant in 1976 of
& Agropxron subsecmndum.. -

,'il‘;\ﬁ~.

. VARIANCE'

347,30
. 662429
5u28 40

162§;SO

oMEAN SQ .

0364 73
149.93"

I

104.3'1 -

153,42

MEAN SO~

131.50°

- SUM so0s, .

7 8609.71 .

84852.96 .

2398.88

'~77ss.42

93

R

.7‘2‘ . ‘ ‘
» i ,

' 63958.00
19040, 44
1389.20

48855.60-

......

SRR (et AR B kvt L e st 0 aded L

+ . - .
s - v
SNSRI N S RIERPTIRTIY . F. ¥ Wi A

E R
o

suM SQs - %

624,41 -

6. 04"
1355, 97 -.
3373.12




cof . i . . . s ’

' Table 3.18

Agropyron trachycaulum.

,.v\-

SOURCE oy N “som VARIANCE

MEAN®
- Mthabasca Ranch 36  781.00 ,130.17 ° 3558,57
i+ Barnaby Ridge <16 1341.00 83.81 4916. 30
" Grassy - Mtn. 25 1921.00 76.84 . 1354, 14
 Greenock Mtn. 9 ~470.00 52,22  2460.19 -
Kootenay Plains. 12 515.00 42.92 984, 63
Mountain Park -. 16 - 613,00\ 38,31  .635,83.
Mt. Stearn - 2 146.00 73.00 648.00
Ram River Falls 4 96.00 24,00 304, 67
Rock Lake ' 11 816.00 74,18 2124} 76
. Smoky Rlver 8 150..00 . 18.75 171 07
',Totals'*" 109 6849.00 62.83 206147
‘ o]
\
- . |
SR . ‘;‘ﬂ; Analysis of‘Variande
SOURCE OF VARIATION sgM sQs | D.F. . MEAN SQ -
‘Between Groups 77745.35 9 8638.37; -
Hithin Groups 188093.68 99 1899. 94

e g

Mean, number of tlllers/plant in 1976 of

9y

SUM SQS

17792.83

73744, 44
32499,36
19681.56

'10830,91
' 9537.44

648.90
914,00

21247.64
1197.50

188093.68

S 4.55
XK



B

fﬁBe{ween Groups
- 'Within Groups

5

’
Table 3.19 Mean seed yi
: | trachycaulunm.

SOURCE. . . TN SUM
Athgbasca Ranch ' 6  216.90..
Baf%!byfRidge 16 287460
Grassy Mtn. 25 513,80
Greenock Mtn. 9 165.29
Kootenay Plains 12 -+ 149.17.

" Mountain Park 16, .° '96.36
Mt. Stearn . 3. 27.1
Ram River Falls 4 21.95 .
Rock Lake 11 176.71
Smoky River 8. 62.11

95"

d ‘viela (g)/plant in. 1976 of Agropyron

VARIANCE suM SQs
280.62 - 1403.09
331,30 4969.45

85.79 2058.99

331062 7 2492,10

78.02 :° 858,17
22.97 . 344,51
36,09 72.18
16.99 50.98
1€7. 37 1673.74

32. 69 $228.83

184. 21  14152.94

A e 1,

- Analysis of Variance

Totals 109 1716.10°
| A
- e
. ” v
SOURCE OF VARIATION SUM SQs

15926.04

®

14152, 94~

P . .
. L . '

D.Fe.

9

100

MEAN SQ ‘. F
658.45 - U4.65
141.53 kK

Ve



- 96

vo.o

%‘frah1e13.§0f Mean number of tlllers/planf‘in 1976 of

Agrogyron latlglume.,

oy T B _ SR S

SOURCE = . N'..qﬂs SUM- . MEAN vARI§NCE - -SUM SQS

Barnaby Ridge 2 | 23.00 °© 11.50 12.52 12450

.lc"

Caw Creek Ridge - 2u 2327.00 '96.958 2721, .63286. 96

Mountain Park . 24  1089.00  45.37 = 2849, 11 © 65529.°6 %»

‘xf'Snow Cr%?i/Faﬁé,, 3 24,00 © B.00 - 25.00 ;..1 50 00

. Totals .53 3463.00 65,34  3424.10 128879.08

Amaly51s of Varlance ‘.<f_ S

 SOURCE OF VARIATION - snm 50S  D.F. MEAN SQ° P .

-Between Groups : u9220.80- 3 16406.94 6.4
- Within Groups 0128879.08 49 - 2630, 18 A

Tébie,3.21 Mean seed yleld (g)/plant in 1976 of Agr_gx_on
-  latdglume. i = .

o £ .
4 ' . R

SOURCE ‘_ N ' SUM - MEAN VARIANCE ©.SUM SQS .

‘Barnaby Rldge 2 7 1.88 0,94 0.72 0,72

Caw Creek Ridge 24 126430 5.35 14,44 332,09
Mountain Park 024 .55.99 ;2433 0 4,83 - 111,19 -
Snow Creek Pass - 3 2.43 0481 00171 0423

Totals 53 188,60 3.56 11,41 . 444,23

‘ SOURCE OF VARIATION SOM SQS‘ D.P.  MEAN SQ

/j\étween Groups : 14@.09, | 3 49.70

-Analysis of Variance

Within~ Groups, ‘ 444,23 S 49 9.07 .-



Table 3,22

L v-"'Jr.ldahoen51s.-” R
- S o . . f‘_

1{22 oo

36,85
53475
91.25

120 09

Grassy Mtn._‘““‘“"B: _
@orcuplne Hills - 113 L
Stavely Station .. 4"
Waterton : .57
Wlndsor Rldge n “‘22

68 QO :
u79 00'
- 215, 00

5201 00
2642 00
Totals.“

6603 OO 86 90

=}_">'-‘ Analy51s of Varlance

"rfstRCE OF % RIATION SUM Sos . p.E.
Betwsen Grolps S 7891817 PR
Hlthlﬂ Groups

633068.82 94

iT§51553;2§$fMean seed yléld
e U ' :Ldahoensn.s. : ‘
. 1
| SOURCE .. N SUM
= ~f1?ou;
29.06
13,7047 )
312.83 7
105, 54

-_o 35
2,23
. 3.26

3Ggassy Htn, b 3
- Porcupine HlllS’fZJJA,
- Stavely station = 4.
‘Watertan .57
- Windsor. Ridge = @ 22

¢

Totals 99 . 465.51 4.70

Ana1y51s of Varlance

" SOURCE OF VARIATION son SQS bR

181.24" -Afff'¢
2276.41 gy

Between’ Groups
'Wlthln Groups

Mean number of tlllers/plant 1n 1976 of:

VARIANCL' %

\

-

(g)/plant in- 15;6 of'Festuca
..MEAN \yARIANCE

498

,‘MEAN se »,‘F “<-

SR )
'*w&: G :u:gx-"

SUM SQS

, 793 00 '\ 1586 00
3““6.6“ 41359, 69

485,58 1456.75
8525.37“ 477420 ‘56
5297.42 ‘111245 82

724u 32 633068.84.__ 

MEAN so B
18728.54 2,78
6734.77 ks

e

—_-——-—4

~ sum 5Qs ..

\\\ : o

: aklsv; 0. 35

16065 199,70
.95 . 5,847
32,03 . 1793,39

13,20 227.13

25,08  2276.41-

,“ )
A\

Q5.31

’44 22 - o



'jfthe entlre worklng populatLon. e

' v:f.. PN

fffSPECIES

S E 56}4

o el 1007

L A; ¢rachxcaulum-f;]j L1506 F

By subsecundum EOES REPRE b 0 & S |
o sQlcatu\ ~1*”§}.Vjt' 5400
 Trisetun sglcatum Dol a2

“Koeleria cristata -« -~ 5,43 © ;
‘Phleupm ‘alpigum - 1011

. Poa’ al ipipa ..~ . . 3,87
. Festuca. -ddakgensis . 4,70 ¢

N Festuca saxlmontanaf3w%~1,3§Q§”f[§f

MEEeass S s R esmEsms

o

76 MvAN vARiiﬁtE 78 HLAN |

0. 71-pgﬁ*v
\8.85ﬂ \_,
‘~f>;[15 200 0

o983 L
k27
B b IR B
G 389

~a;6 38 s
8.197t

:{1Tabiéf3;?ﬁ. Hean yleld (g/plant) of parents in. 1976 and AT
, LR selected” progeny in 1978 of varions spec1es for_]ﬁvg SR

-VAﬁiANéEJ 'LV*7"' |

Y1390 ?s{““\'




;‘SOURCEﬁ'“Q ﬂ;g“ff”fN- f'5> sum CCMEAN
A S E Y 0 B S :
f;fAthabasca Ranchff. 2 Lo
o 'Brule’ Lake ja L 3
gQFCat Creek - B “_Jﬂ.; ,
',Kootenay Plalns;-;_w_yi
g
5
8

12,88

;35é'uo

" ‘Mt\’Stearn S
‘ i,Sheeb Rlver-:y__‘

3

:fﬁTotals

g .3
AR : o IR wa ey
,'-’0 " ; ) [ . . T \_r.( o
{\ i-/’j / ."4 .

naly51s of Vaklanccj”

< e ‘_ .A\‘.

SOﬂRCE oF VARIAWION ,: sumﬁ

o

Betweeu'Groups 'Tf;fff°f-97 15  ;'6f7- 1@ 19

(Within Groups R 226:49 25 el 06 ;,4'

A".‘u‘. o

Lo R AT o - S SO

'A'ﬁ¥'Nuﬁbef bf~Pa¢en£a1;Line$ﬁ$Qﬁﬂ;;\jﬁ;'

VARIANCE B

\S4-. _,8 963;7
--f;‘o.oo~1”
2074

&.85 '& 10 auy;.

- '.".,.""Q"' .
SQS D F.;, MEAN SO

SUM SOS

5 99
04060

8223

103 oaﬁ?ﬁﬁr’j
ua 63 ~;~_

226 49‘A_“;



M;:, 100 -
Tf?TaBléIB;ﬁﬁl?ﬁéan.se a- yleld (g/plant) in 1978 of Agrogx_gg f 
B  trachycaulum. = T A o

L2

Y]

(BMSOURCES U, N , ff;ns&n"vARiANCE,;w SuM SQS.

.~ .Check: .Revenue . 1 .53.54 - 53,54 1 0.00 . 0400
-Barnaby Ridge. " . - 3 G- 854920 28,64 ' €7.69 - 175439
 Grassy Mtn, . .0 8 . 1221.07  27.63 2110 147.71
. ‘Mountad4n- Park,.i;A'Ql’.y 35.35 - 8,84 C3.49° 7 L 10,46

Smoky Rlver"b/i 20 8055k 20027 '302.05 . .302..05.

"Sheep River. T 39,64 39,64 1 0.00  0.00 R
; Waterton T RO % I a7* 53.82 © 176.54 . 353,09 o

Totals T 22:,§”537 53 fg:28;98 254,57 988.69

L

Analy81s of Varlance

'SOURCE OF VARIATION o sum SQS  D.F.  MEAN SQ F
Between{groups  _ AV. a3§%@&1 ; '.:6 _. 726.22»;fn_l11.b2.
Wlthln Groupe SR 9é8,69 7015 65.91 L REx

Tee N T T e I

on o - '.'Yévi." (R
k '¢ e .{\,3._., 153‘ woee e leg A
- N=Number of Parental.Lines -

b

By e -
AN 14 IR



v

LT@HLé'B.Z?

SOURCE

Athabasca Ranch“

Cat Creek

Greenock Mtn.,’
'Kootenay Plain
Rock Lake
3 Smoky kiver:
Watetton Flats

v

Totals

+
.- N

!

'Npan seed yleld (g/plant) 1n 1978 of Agrogxron_,
,sgbssgggggm. R :
: : . i

e Nf‘:”\ SUM - MERN VARIANCE ©  SUM SQS

e N : o L
33,07 23,07 . 0.00 - 0.00
15.24 -~ 5,08 _  0.60 1. 19
87.89 29.30 3,77 .. 17.55

P

_WEeWwWw =

.8

N}
e 3

<1
l

. P
.Analysis of Variance

SOURCE OF VAKIATION SUi SQS  D.F.  MEAN SQ - . F

Betweer Groups - ,f31uu3 99, . 6 - 280.66  12.76
- Within Groups > %

T TaoléLB.Zﬁi

SOURCE -

Caw Creék'Ridge & 3.43 : 71
Mountain Park < 4 _ .62 0.90 Ja 39 1.16 .

Totals

SN

too T 26k, 00" 14 18.86

'c".:. R

Lo

¢
»

Mean seed yleld (g)/plant 1n 1978 of Agrogxggg
latlglume. o : N :

‘N SUM - HMEAN VARIANCE  SUM SQS

10 7.05 . 0.71 0.24 © 1.93

"Analysis of Variance

SOURCE GF VARIATION, SUM . SQS D.F.  MEAN SQ F

Between Grbups\\ 20427 : 1 0.27.
© .Within Groups : .93 - 8 v 0,24

N; Number of. Parental Llnes ~~~~~ 'oqlﬂ %,ﬁ;'

¥ "'{jj; [
§

."./,

58.28 . 9.71 . 47,03 235,13 -

.. 604027 15,01 - 6,00 17,97

053479, 0 17.93 1,08 2,150
1094 10,940 0 0,00 L 0,00

819.22 © 15.20 . 85.40 264,00 -

0.57 ~  0.15 . 0.77°

B A A L

™ IR B G ke AT

i e

i

3

i
]

[

ke it




. is an almost certaln 1nd1catlon that the spe01es is

'D. DISCUSSION

o

—--——-_—.. —_—_————=

Isolatlon of heads in bags may 1ntroduce the

p0531blldty of creatlng environmental condltlons adverse to .

®

seed productlon. However, s1nce some spec1 S 'set equal

quantltles .of seed on baggea and unbag ed heads, thlS

poss1b111ty seems remoteQ Fallure to set seed in 1solat10n :e"

‘ o

cross-polllnated. The reverse is uot necessarlly the case
. B )
because cross poll nated spec1es may ‘be self_ﬁertlle. In

addltlon, self pollinated Spec1es whose mode of breedlng 1s

‘\ !

~ma1nta1ned largely by flower morphologyﬂ may be capagle of

o . "

occa51onal crcss-polllnatlon. R
The results of enforced self—polllnatlon studleshf
presented in Table 3.1 1nd1cate that there are sp601es;whlch
are self- 1ncompat1ble, as well-as. -Some whlch are completely

self- fertlle. The self- polllnated nature of A opyron .

o s e s g P s S - 2mn —— s e em e I

' tAggglgaglgg;. grogxron subsecundum, Agrogxron latlglume,

gllggs ggggdggsgs, and the cross polllnated,nature of

Agropyron dasystachjum, Agrogxron sg atum, and Bromus

Qgggelllanus have been reported. elsewhere by numerous

—_— R ees—s

.r

authors and concurrence of results obtalned in’ the present

study lends credence to the observatlons bn the remalnlng,
v "

[
P



unreported spec1es. .

v

.-T Tne breedlng system lnherent 1n a spec1es 1s 1mportantl¥ljvv'“

in‘a genetlc 1mprovement program because breedlng methodsgﬁyfgkijf

- are dlfferent fqr crOSSv and self polllnated spec1es. In ?'gtxfﬁﬁ

addltron, u1th cross-polllnated spec1es, great dare must be'

- . \, . SR

taken that contamlnatlon from unde51rab1e genotypes does not

'.take place. Studles by Knowles (1968) have suggested mlnlmum.”qtff

bl

.dlstances that are requlred for genetlcally 1solat1ng

cross«polllnatlng spec1es under fleld CODdlthDS.

¢ ®

AN

§§A$1§§ING DATE '

.

Table 244 contalns(the shattorlng dates of transplants'

-

.'from the mcuntalns when groun at zdmonton in. 1976. The
’ooservatlons 1nd1cate.that, for some spec1es in. the
collectlon, a great deal of varlablllty ex1sts Hlthln

spec1es and wlthln égilectlon sources. For example, as much
S 6’ : Q,'

‘as a month dlfference exlsts between the tlme that the flrst

[y

and last plant cf Koelerla crlstata from Cat Creek began to

'shatter. Such lack of synchronlzatlon can serlously depress~-’

'agrlcultural seed ylelds. - i A '1

'

Table 3.2 contalns seed yleld flgures for productlon of

fthe same plants when harvested ob a single date Jin 1975 and

\

»on 1ndlv1dual shatterlng dates 1n 1976 Slnce yleld
generally 1ncreases durlng the flrst several years of
establlshment for forage grasses and because weather\*

.dondltlons may have played a part 1n these two years, a

L oS

0



plant for b» hjyears. Correlatlons ranged from 0 10 f0r e

'?” acgjum to O 43 for

.

ﬁ'k;yf;séudiéd. In order to solve thls agrlcultural seed productlon o R

problem, plants from dlffcrent sources »Vthh have 51m11ar

-

shatterlng dates, should be bulked to form an: even rlpenlng

w0 R

varlety wlth a broad genetlc background

".e'gr',é"e 15f-.:5§?€»f914°1°“ Sh°“ld

__uwber of tlllers on a plant and 1ts

e seed yleld. Ihe data 1n Table 3 3 do not support thlS. The
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to have go?d potentlal“for seed productlon on the bas1s of

tlllers but are sterlle. Some of the reasons for sterlllty

1n”the Agrogx §Vhav= been determlned by R S Sada51valah

‘Qof thls laboratory. A plant orlglnally 1dent1f1ed as- uff

n the populatlon of Agroaxron

from the Porcuplne Hllls, a hlgh freguency of

o«

; unreduced gametes whlch led to the formatlon of hexaplords J~x

(Sadaslvalahv l__n977b)ff, i 3~j”!;ﬁ, ,,_;,L~;
rlnvOfder toVauord the:nresenoedof,unpréductlve\plants.~

: 1t 1s Important to rogue sterlle 1nd1v1duals and

addltlon, ensure that spec1es capable of cr0551ng,'are_

‘s ; suff1c1ently separated 1n thehfleld

transplanted from the

~ lgmountalns, reveal the presence of genetac varlab#llty for )
‘j_*fthese twc agronomlc charact ;stlcs wlthln and between
ffsources.'In some cases, the varlance 7as very large

?;fr>d1cat1ng a geat‘deal of varlablllty. All analyses of

a

- o8

. .o . S e
N L . . 8

ﬁt sterlle plants was found to be due t& the formatlon of f”'j



; one

“dSSeed yleld of O 50 however, [iﬁ“

v'dﬂrpopulatlon mean of 10 17{

<

:1fcontr1buted to the low product1v1ty and hlgh varlablllty in:

leffthe Porcuplne Hllls plants.vThe exceptlonal case of Festuca'

A

o

4?1dahggg51s could belﬁ

K4 rr'v . "”\ !

ue to the cross—polllnated nature of

———— — e

zdlthls spec1es,_the restrlctlon of collectnon sources to :,fhf:f}ﬂf

southern Alberta, and the presence of plants Hlth good

}comblg\ng ablllty from each source1§“;;‘JdriQh fff{uﬁf':

i

sources‘durlng°t1mes when v1able seeds could not be

detected and transplanted:to Edmonton. Thls method allowed

‘the 1nclu51on of sterll“”plants. Furthermore, sane fﬁﬂ ﬂf”

.

w

*intérspeCific hybrlds dlsplayln'

nfattracted attentlon.gVarlatlon,

'“g‘rceptlonally robust spec1mens were sought 1ntergenerlc and_

heter051s UBdoubtedly

»

of the 5011 in’ the nursery "fnzf

probably added someuhat to the v,_latlon in seed ylelds.‘In

B order to ellmlnate the effect of 5011 on seed yleld, thej;afﬂann

tlme requlred for the;experlment and thus was not done.¢7 i

[+

srngle plants Hould have had;to be cloned 1n order that"a

fully repllcated and randomlzedx

xperlment was esta llshed. _'5~7

Thls proceedure would have added at least two Years to the

e

Dewey (numerous pub 1catlons), Colllns (1965), and

..
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Allderglce (1965) have reported natural and synthetlc

1ntergener1c and 1ntersch1f1c hybrlds in the Agropxrons.

N

' Varylng frequenc1es of- 51mllar hybrlds have been detected

a

'"‘and studled 1n the natural pOpulatlon of thlS collectlon

>

(Sada51Va1ah et al. 1978)

The selectlon of fertlle and” hlgher yleldlng\plants for

.o [

' seed product;on has resulted 1n a modest ‘inctease 1n/y1eld

v

»

for most spec1es (Table 3. 24). Seed productlon generally

1ncreases ‘wWith age durlng the first several years of
- -
establlshment. Slnce the 1978 data is or plants 1n thelr

.

flrst year of productlon, the 1ncreases -aré. - Q1gn1f1cant when
compared to the yleld obtalned from the populatuon in 197@

whlch were comprlsed of older plants. ‘The vanlance has
n» B 9.
decreased in selected llnes 1n all spec1es (Table 3. 2&).
: BN
The selected progeny’ of Agropx ron- dag st hx__ produced>

o seed ylelds whlch resulted in a lack of s1gn1ficanti

;d;fference betmeen cdllection.sources (Table 3.25). ‘Some

¢

'vsources for this spec1es were ellmanated durlng selectlon,

and the 1nclu51on of only +he best plants from the remaining

B sources hac resulted in lower standard dev1at10ns W1th1n

each source and a 1ack of 51gn1f1cant dlfference between

sources (see Table 3. 5).

The selected progenres”of Agropyr ghsggsg_ggdgm,

;gropxrgg latlglume, and Agropzron trachycaulum showed

_——— e b o ——— ————— e ey e o

.1 (9

s1gn1f1cant yleld dlfferences between sources. Slnce ‘these °
spec;es are self-polllnated each llne is expected to breed

true and retaln the characterlstlc yield performance of the

~

I. . ] N
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parents. Neverthéless, variation within sources has
decreased as.measured by the variance indicating .genetic

"improvement in this trait of;thiypopulation;
R N ' '

1

'E. CONCLUSIONS
y
The breeding systen of_19‘species of native grass%s,

including 12 previousiy unreported\ has been deternined.
Investlgatlons on seed yield and ‘harvest date have revealed
the presence of geﬁetlc varlablllty within and between
sources of collectlon. The selection of . outstanding
1nd1v1dual plants from the wild populatlon has resulted in
nrogeny with characteristics more conducive to economlcal
'agrlcultural seed production, ThlS selected populatlon may
now be further tested for env1ronmentallg 1mportant traits
necessary !or reclamatlon in harsh cllmates. |

<
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IV. CYTOGENETIC STUDIES
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In conjunctlon Hlth the studles descrlbed in thlS
the51s, cytogenetlc lnvestlgatlons to fac1lltate the plant
breedlng work are belng conducted 1n assoc1atlon wlth Dr.;
ij,S, Sadasavalah of the Department of Genetlcs, Unlver51ty
‘of Alberta. Informatlon regardlng chromosome numbers,
evolutlonary relatlonshlps,‘1nterspec1f1c fertlllty,
1ntergenerlc fertlllty, and chromosomal lrregularltles is
belng sought at thls early stage of the plant development/
‘program in order to av01d some of the problems whlch have

AN

plagued plant breeders in the past and have caused‘costly .

o

delays.

S

Chromosome number of varlous spec1es was determlned 1n.ﬂh
root tip cells uslng the Peulgen sguash technlgue..Tbe
procedure for stalnlng and“examlnlng karyotypes has beenr
desqubed by Sadas1va1ah and Rajhathy (1968). Me:;51s
studles were conducted by f1x1ng 1mmature splkes in Carnoy”sfﬁ

'solutlon (6 parts of 95% ethanol' 3 parts of choroform- prf
‘part of glac1al acetlc ac1d) and(stalnlng accordlng to

Sada51ya1ah andoRajhathy (19689~ ChromoSome palrlngvuas -Q»QE

-

- . R s i e :

studled at metaphase I, and 1rregular1t1es were studled at

anaphase I and later lf present.,fl,,fg_“~,gpn,ﬂ_gﬁ1

i e

A naturally occurrlng 1ntergener1c hybrld was -

°1dent1f1ed by cytomorphologlcal studles as belng derlved

DAY

_________

grom\a cross ‘between Elymus igngggtgg (2n—Ux 28) and

Agropz 6g5§gp§ggggggg‘(2h=ui#éé); orphology of the hybrld

PR

ias,intermediate between the two parents but the plant uas:

f . v.‘-."vrvo“_ﬁ."‘-'ﬂ

completely« xerllev HybrldSouerewvery robmst and possessed

- s e,
»

o et e e T

R
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the v1gorous creeplng root hablt of the Elzmus parent. ﬂ;«:*‘

:franglng from 14 ‘to 28 per cell. The presencé of blvalents (0.
V f;to 7) was . 1nterpreted to be due to‘the homeologous

hrelatlonshlp ex1st1ng betweeh the genomes of E, ;hnovg;gg..

and A. subsecundUm. , R R

pAS -_-—_—-—-_—

Although Agropz ) gasxgtaghyn. normally oc%irg as'an“
allote+gap101d (2n°ux 8),;several plants from the Porcuplne,
,,Hllls 1n southern Albe: ta were determlned by cytologlcal
‘1nvestlgatlons to be hexaplord (2n 6x 42). Plants thus
.affected were 1ndlst1ngulshable from the normal tetrap101d
ijﬁiigasi‘ _h1 plants on the ba31sjo£ morphology except for
a hlgh degree of sterlllty. Pollen stalnlng studles uslng 1%;,
facetocarmlne revealed a hlgh percentage of aborted pollenF\
“Vgralns. Percent pollen sterlllty for the hexap101d plantS»_f
fﬁﬂprangedxfrom 13 5 "to 69 3. whlle that of normal tetrap101d ;"
atp‘plants from the same source ranged from 1 1 to 9. 1. On theq
."fffbas;s‘oﬁ chromoscme paﬁrlng studies, 1t ‘was - concluded that

'f{the naturally occurrlng hexaplordstorlglna,ed as)a'result ofi%
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Detalled recults of these 301nt1y researched

[

cytogenetlc studles have been prepared and presented rn thep1;tfﬁ
followlng papers or report5°_f';'”‘fehw'n,h 5

Sad551va1ah, R S., D G.-Halker,_and J. ﬂeljer. 1977.

Research Repcrt on Breedlng Natlve Grasses. Proceedlngs-

of the Twenty-fourth GraSs Breeders Work Plannlng

R .

Conference, Tlfton, Georgla. p; 20

Sgdas1va1ah "R S., D Gu Halker, and JJ

)

iWeljer. 1978 *
, Breedlng natlve grass spec1es for range 1mprovement 1n.
Alberta. Proceedlngs of the Flrst Internatlonal

Rangeland Congress.-(ln press).>afjfilff" NS
Sada51va1ah R S., D. G._Halker, and J.

v

biand melotlc behavrour of hexap101d northern wheatgrass

'?gﬁff{_g pxron dasystachyum).-Proceedlngs of the XIV
’ Internatlonal Congress of Genetlcs,’Moscow. (1n press).
Sada51va1ahq R.S., D G. Walker, and J. Weljer. 1978..‘

Cytomorphologlcal siudles on some natural 1ntergenerlc

. — i e i o it e e

"¥1 §uhsecundum.gProceed1ngs of the XIV Internatlonal

Congress of Genetlcs, Moscow. (1n press).‘

Heljer. 1978. Orlgln -
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-~ meadow
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mine -
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" Drywood Creek
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»
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30
‘south .
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‘ range
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25<Year$
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com)

o - 1d29
C 14027 o

1676

2237

2285j 

2286

2073

1524

steep

1737 - steep’
. :South east .

1676

steep
(*south

ﬁ?@oéfffia;Z{V“.'.,Q;aadgiqekje:~~‘:

1389-[rolllng
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Jﬂoo -
'N'south Hestf

2 o

Steepv~' L
enorth east

Ky

- shallew.
. horth east

350

~_.South

’-rangez'g

eyDescrlptlon S
';of Slte'ﬁs[,ff"'j'

e e
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T.winter ‘
~Tamge—m77—

Bighorn
" winter

range



