CANADIAN THESES ON MICROFICHE

THESES CANADIENNES SUR MICROFICHE

e

. l National Library of Canada
Collectiong Development Branch

Canadian Theses on

Microfiche Service sur mlcroﬁche

Ottawa, Canada
- K1A ON4

NOTICE

The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possibile.

It pages aré missing, contact the univérsity which granted the

degree.

1

Some. pades méy have indistinct print especially if the original
pages we?e typed with a poor typewriter ribbon or if the univer-
snty sent us an inferior photocopy.

Previously copyrighted materials (journal articles, published
. tests, etc.) are not filmed.

Reproductlon in full or in part of this film is governed >y the
Canadian Copynght Act, R.S.C: 1970, c. C-30. Please re:
the authorization forms which accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL 339 (r. 88/089)

Bibliothéque nationale du Canada
Direction du développement des collections

Service des théses canadlennes

AVIS ‘_

La qualité de cette microfiche dépend grandement de la qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction.

S'il manque des pages, veuillez communlquer avec l'univer-
sité qui a conféré le grade.

La qualité d’impression de certaines pages peut laisser a
désirer, surtout si les pages originales ont été dactylographlées
a l'aide d'un ruban usé ou si l'université nous a fait pawenlr -
une photocopie de qualité inférieure. -

Les documents qui font déja I'objet d'Uh droit d’auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmés.

La reproduction, méme partielle, de ce microfilm est saumise
~ &la Loi canadienne sur le droit d’auteur, SRC 1970, c. C-30.

Veuillez prendre connaissance des formules d'autorisation qui
accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVCHS REQUE

Canad"'



Bl etonallioary  Bivlothéque nationale | | —

) of Ganada . du Canada ' TC - /
s 7 Ottawa, Canada ‘ ; R
: K1A ON4 : N oS- ova -l

CANADIAN THESES dN MlChOFICHE SERVICE — S‘ERVICE DES THESES CANADIENNES SUR MICROFICHE
PERMISION TO MICROFILM - AUTORISATION DE MICROFII MER

* Piease print or typé — Ecrire en lettres moulées ou dactylographier
AUTHOR - AUTEUR -

L ‘
Full Name of Author — Nom complet de I'auteur *
ELiz4BeTH Ann SmRecy .

Date of Birth — Date de naissance Canadian Citizen ~ Citoyen canadien « . .

14 - l'l" S5 B . . Q’Yes/Oui ‘ DNO/NOH
' Permanent Address — Résideqce fixe : I
- . 3525 4l Avenue
CanAA Eelfnon fon, Alberta
' | \ Camada TeL SS5,

T

THESIS~ THESE

Country of Birth — Lieu de naissance

r

Title of Thesis — Titre de la thése - )
A §.+UClj of the Germin ation ?equl'rémcn+5 of 58
‘ Forb Species Native to So‘\uH\crn Alberta

Degree for which thesis was presented ¢ Year this degree conferred
.Grade pour lequel cette thése fut présentée ' Année d'obtention de ce grade

Name of Supervisor ~ Nom du directeur de thése

of Alberia D Edﬁg\v— Too

University — Université

University

AUTHORIZATION — AUTORISATION /

/
. L'autorisation est, par la présente, accordée a la BIBLIOTHEQUE NATIONALE
DU CANADA de microtilmer cette thése et de préter ou de vendre des ex-
emplaires du film.,

Permission is hereby granted to the NATIONAL LIBRARY OF CANADA to
microfilm this thesis and to lend or sell copies of the film.

The author reserves other publication rights, and neither the thesis nor exten-
sive extracts from it may be printed or otherwise reproduced without the

author’s written permigsion.

L'auteur se réserve les autres droits de’ publication; ni la théseni de longs ex-
traits de celle-ci ne doivent étre imprimés ou autrement reproduits sans
l'autorisation écrite de I'auteur:

’ : . ATTACH FORM TO THESIS — VEUILLEZ JOINDRE CE FORMULAIRE A LA THESE ?
<) -
Signatur, ; -

G bt e [ i ex

. NL:91 (r. 84/03)
C&H i

D



THE UNIVERSITY OF ALBERTA

A study of the germination requirements of 58 forb species

native to southern Alberta.

~

. by

Elizabeth Ann Smreciu

A THESIS
‘ SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

.

OF Master of Science

DEPARTMENT OF PLANT SCIENCE

"

w

EDMONTON, ALBERTA

SPRING 1985



THE UNIVERSITY OF ALBERTA
RELEASE FORM ‘
NAME OF AUTHOR ,EIizabeth Ann émreciu
TITLE OF THESIS . A study of the germinat&on reqqirementé
|  of 58 forb sbecies native to southern
_ Alberta. ‘ )
.DEGREE FOR WHICH THESIS WAS PRESENTED Master of Science
' YEAR THIS DEGREE GRANTED 1985
Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this
the51s and to lend or sell such copies for private, .
scho;»rly or sc1ent1f1c research-purposes only.
The author reserves other publication rights, and
neither' the thesis nor extensive extracts from it méy

be printed or otherwise reproduced without the author's

(SIGNED) 422%%Faéé%g%iééééﬁﬁjwééii“c“”
PERMANENT ADDRESS:

® & 0 0 % 0000 s 000 0 e s e s ae0n

f%ﬂm/.., Pz

TEL IS

® 0 0o 8 0 a9 0 ofe 8 2 0 0 066500080000

written permission.

' DATED (6., .19 8%

LI * e o0 ® o s 0 0 0 0



THE UNIVERSITY OF ALBERTA
FACULTY OF GRADUATE STUDIES AND RESEARCH

<4

The undersigned certify that they have read, and
recommend_;o the Faculty of Graduake Studies and Research,
fér accéptande, a thesis entitled A study of the germination
Jrequ1rements of 58 forb species natlve to southern Alberta.

submltted by Elizabeth Ann Smreciu 1n partlal fulfllment of

the requ1rements for the degree of Master of Sc1ence.

. " c?ﬁi§‘r/s<\,5p<;7v1sor:

‘Date.. U/é' // (7 57ﬁ



A'BS‘TRA(\IT

T germlnatlon potent1al of 58 w11dflower spec1es was
studied to determine which, if any, have potential for mass‘
production for replanting and restoratien.proéramsﬂ;The
reffect of pretreaﬁments (specifiéally cold stratification
‘and scarlflcatlon) was determlned and .related. . to dormancy
type. For 5 species (Besseya wyommgens:s L i thospermum
nude_r'ale, Opuntla_polyacantha, Pens_temon nitidus, and Ziz)'a
aptera), the anatomy of .the seed coat or periearp Qas
studied. Two commonly used tests (i.e;.xetrazolium staining.
~and x-ray photography) were employed to determine seed
viability. o '
Tetrazolium stainihg‘was.an effedtive test for
viability. Although sgaining was found to be erratic in sohe
seed lots, viabilitflcoﬁld be determined by observing the
extent and degree of stain and/or by examining embryos fo
determine if thei,were firm and healthy looking. X-ray
photography Vas_faéid and effeetiVe, especially for'ferger
seeded species. Some difficulg& was encountered when using
it with very small seeds. |

Most species demonstrated at least one type of organic
dormancy, Thlrteen spec1es had 1mpermeable seed coats- a
'condltlon wh1ch was effectlvely overcome by»mechanical
scarification. Germination Jf 27 spec1es (1nclud1ng two with
impermeable seed coats) 1mproved if seeds were. cold |
stratified. This was demonstrated by an increase in

u

germination percentages. Pretreatments were unnecessary for

iv



germination’ of 1? species.

Most species.of the families Com ositae,
pecies. e ke positae

/ P .

SCFbthlar{aCéa@% and}Caétédeae~gepminated best if
stratified whgrgés those.qeranqnéuléceae ahéjRoSaceae
required no pgetreatment. Seeds of nost memberé.of the
,Legﬁminosae(ﬁeré éxogénqusly dormant, and required
scarificati B for prompt, uniform‘germina£fdnr Reaction of-
Liliaceae species to pretréatmentS'var&ed, Yucca glauca
germinated/well with orbﬁighouﬁ‘treétment; Alljum species
_germinated/best if scarified but for oné (A7 ium téxtile),'
stratificAtion in coﬁbinationwwith‘scarification was thé
L L . , ,
most effective treatment. Germinatioh,of‘SMi]aCiha Steflata
ihp:oved with cold stfatificatién. ' - N o
Germination of over 60% was obtained for seeds lots of
42 specfies. These species should bresent,no'problems for
product/ion of.large numbers of seedling plants. Maximum
germination obtained for 9 species was between~31—60%.
Pretré:tments used were not sufficient to overcome all

dormancy. Further study is recommended for 7 species for

which germination never exceeded 30%. y

[P
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I. INTRODUCTION

k]
- s oy
" : .

' The objectlve of th1s study was to determ1ne the LT

-

germ1natlon requlrements of nat1ve forbs whlch have

Py LN
potential. for use 1n revegetatlon and restoratlon programs

i

in grassland reglons of the prov1nce of Alberta.

i

The grassland whlch_onoe covered vast areas of,North
. Coe e

America from Ffprrda in the south east to Alberta in‘the'
.‘north'west, is rapidlyudésappearing with inéreaslng |
| agriculture and urbanization. In Alberta, grassland once

extended to the foothills in the west and to the aspen

HY

parkland in-thé north. Inoreased-publie interest in
environmental issues has led to an outcry to preserve
natural grass"l‘an-d‘ar‘eas.g Futhermore, public‘demands tor
additional natural areas have,increased the need for quality
restoration and'reclamation programs: Thls 1nterest has
stlmulated both government and commerc1a1 agenc1es to /'
explore the p0551b111ty of restorlng grassland to 1ts natlvef'
stable state. -'f Lo I3 |
Areas of undisturbed grass&and"which still'erist inﬁt -
,Alberta, support ovar 460 forb species. Many)have potentlal.‘

for use ‘in restoratlon programs in the prov1nce (Currah et

al. 1982) but few have been con51dered pr1mar11y due to the

lack;of 1nformat1onlon the1r ecology and reproductlve

1 Y

blology " As demand for good quallty nat1ve plant materlal

has 1ncreased so has the demand for 1nformat10n on. all

' In Manual of Plant Species .Suitability For Reclamatlon In
Alberta (Watson ef. al. 1980) only 12 forb genera (6 of
which are native to Alberta) are presented as’ p0551ble‘
ch01ces for revegetation programs in Alberta.

.

1



aspects of the biology of graSsland.communities and the
component species. This‘étudy,is a contribution to the
understanding of germinaf}on réquirements of 58 species
native to the grassland regions of Alberta. ‘

-

Literature Review

Because several aspects of méthodology in determining
seed viability and germination are problemétic{_a brief
discﬁss%on of seed testing p;bcedures and terminology is .

-presented below, .

There are a number of procedures fof-testing viability
of seeds. The moét commoh method is ﬁo germinate a sample
from a seed lot under cbnditions moét suited' to that
spécies; and count seedlingg. This is taken as an indication
.of viability (Internat;onal‘Seed festing Aséociatién (ISTA)
1966, MacKay 1972, u~nner 1974, Gordon and Rowe 1982). This
method;allows for a detefmﬁnation of viability and an
assessmenﬁ of seecling juality (MaéKay 1972). Therc are in
place standard éethods;for germinating seeds to test

A

vigﬁility,,and §tand?¢8§me@hods for seedling evaluation for
maﬂy agricultural species (ISTA 1966, Association of
Offiéial»Seeds Analysts (AOSA) 1978, Canada Department of
Agriculture i979).

There are alsd a number of léss direct methoas'of
testing viability and two are discussed here. Tetrazolium

(TTC) salts are used as a vital stain. The salts, in a

colourless solution, are reduced to a red coloured formazan,



by dehydrogenase enzymes in living tlssue (Cottrell 1948,
Lakon 1949) Viability can then be assessed on the basis of
the distribution of the red colour in the embryo (Lakon
1949,\Moore 1962, Bonner 1974). The procedure for testing
seed viability with tetrazolium salts varies with plant
species; the Association of Off1c1al Seeds Analysts (1970)
has published methods for conductlng tetrazolium (TTC) tests
for many individual species of agricultural seeds.

Anothet viability test uses Xx-rays. Unfortunately,
there is little information on the use of x—ray~photography
in viability testing although it is routinely used for seeds
of trees and shrubs (Hellum, personal communication). It is
not mentioned in the ‘Rules for Testing Seed (AOSA 1978) and
may be considered of limited- se since it is generally used
only to distinguish filied from eémpty seeds.

Seed '‘dormancy' is the non-germination of apparently
viable seeds. Various types of seed dorméncy are common in
temperate zone plants and, in many cases, probably ensure
the survival of spec1es during extended perlods of
unfavourable climatic conditions. Dormancyltypes are
classified according to various systems which do not employ
a standard set of terms. Nikolaeva s system (1977) is the
most comprehensive and takes into account both factors
involved-in inhibiting germination and the treatments which

overcome the inhibition. Her terminology is adopted for this

study (TABLE 1).
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Some authors refer to 'dormancy' as non-geriination

\
caused by some innate property of the seed‘(Villiers 1972), \

and use the term quiescence to denote seeds which do not

germinate due to unsuitable environmental conditions.

Nikolaeva refers to all non-germinating seeds as dormant and
. v T

distinguishes between imposed dormancy which is due to the.

absence of suitable external conditions such as water, light

and temperature, and organic dormancy, due to some innate

property of the seed. Imposed dormancy is variously“referred
to in fhe.literature as induced (Brenchley and Warington
1930), environmental (Bibbey 1948), external (Hartmann and
Kester 1959), ectogenous (Barton 1965a) or enforced (Mackay
1972) dormancy. Orgénic dormancy is discussed by yarious
authors as natural'(Brenchléy.and Warington 1930); inherent
(Bibbey 1948), internal (Haétman.and Kester 1959),
endogenous (Barton 1965a) or innate (Mackay 1972) dormancy.
Nikoléeva recognizes 3 categories of organic dormancyf

exogenous, endogenous, and combined. Exogenous dormancy is

caused by-properties of the outer covering of.the seed and
is refer;ea to as seed-coat dorﬁancy by Hartmann and Kester
(1959) and coat-imposed dormancy by Waring et. al. (1973).
It can be physical (impermeable seed coat)} chemical |
fgerminainn inhibitors in the seed or fruit coat), or
mechgﬁical (a‘seed coat acting as a barrier. to embryo
expansion). Endégenousvdormancy is caused by conditions
within the embryo and has been referred to as embryo

dormancy (Hartmann and Kester. 1959, Waring et. al. 1973).

\

\



Uhdeveloped embryos (morphological) br the presence of

inhibitors and/or absence of growth promoters

(physio;ogical) may be involved in this type of dormancy. .
Endogenous, physiological dormancy can be further

sub-divided into shallow, intermediate, or deep depending on

the pregermination treatments required for complete and
normal germination. Combined dormancy refers to instances in
which both the outer covering and the embryo contribute to

dormancy (i.e. a combination of both exogenous and

endogenous dorﬁancy). Primary dormancy is used in the
literature to mean dogmanéynwhich exists at the time that
seeds are shed (Villiers 1972), whereas secondary dormancy
is induced by subjecting seeds‘to some unfavourable
condition follo&ihq;imbibition (Viliiers 1972, Pollock and
Toole 1961)t Nikolaéva refers to the latter as induced
dormancy.

While it méy provide plant spe;ies with a mechanism for
survival, dormancy ‘presents a problem for nurserymen Who are
concerned with growing lafge quantifiés of seedlings in a
short period of ti%e. Their objective iS to overcome‘the
dormant condition B& the simplest and most effective method.

Severalvmethod;:ére available‘for overcéming dormancy
and these vary according to dormancy type. Imposed dormancy
can be overcome by placing seeds in an environment with
adequate moisture and aeration, at suitable temperaturés in
appropriate light conditions. Organic, exogenoué.dormancy

can be overcome either by breaking down or removing the seed

“



7
covering or by leaching out inhibitors with running water.
Seed coats can be broken down by mechanical scarification or

by soaking seeds in water, concentrated acid or organic

solvents (Kester 1960, Krugman et. al. 1974). Seed coats can

\
|

also be softened or broken down by placing seeds in warh
moisﬁ»coﬁditions (Gordon and Royé 1982). Methods used to
oyercome endogenous dormahcies inclﬁde, exposﬁre of seeds to
light, or to warm and/or chilling temperatures in the

. presence of moisture, or the apblication of a growth
promdtor such as'gibberellic acid (Ga,).

The most commonly used pretreatments are cold
stratification2 or scarification. Cold stratification
consists of placing seeds in a cold (usually just above
f}eezing), moist environment for several days tG.Several
months (Bonner et. al. 1974). THe mode of aétion'of this
treatment is not completely understood but it may result in
a change in the balance between growth promotors and growth
inhibitors in the embryo (Khan 1980). Koller (1972) and
'Lewék.and Rudnicki (1977) refer to the processes which occur
during stratification as 'afterripening.' Nikolaeva (1969),

however, reserves this term for changes which occur in a

seed during dry storage. Scarification is the breaking down
of the sedd or fruit coat by mechanical (abrasion), chemical
(acid or prganic solvents), or physical (heat, scalding)

means.

-

* referred to in this study as cold stratification or
stratifiication. Pretreating seeds in moist warm c¢ tions

‘will jf referred to as warm stratification.



Virtually no studies on germination and viability have
been done with the grassland wildflowers of Alberta, even
though there have.been several studies with native
wildflowers from other regions of North Amefica (Niéhols
©1934, Blake 1935, Griswold 1936, Tolstead 1941, Greene and

8 . ‘
Curtis 1950, Pelton 1956, Maguire and Overland 1959,

Sorensen and Holden 1974, Salac and Hesse 1975, Voight 1977L
Sabo et. al. 1979, Hoffman et. aJ. 1980, Kasper and
McWilliams 1982). These included only a few speéies which
are also native to grassland regions of Alberta. Primarily,
these stﬁdies were conducted to establish the effect of
specific environmental factors on germination of seeds of
different species.

Nichols (1934) studied the winter temperature
requirements of 200 wildflowers from eastern Norfh America
and grouped species according to their germination response
after exposure to winter temperatures. Soil was used as the

germinating medium, but the author made the recommendation

that tests carried out in petri dishes could.be better

controlled. Mo. »ntrol could also bevéxpected if seeds
were germina.=d - laboratory conditions rather fhan
oufdoors at amuie.  .inter temper=ztures. Nichols observed
that exposure to . - nper-ture improved‘gefmination
percentage and/or dec::: 2d the time for germination for

many species. For som: species, exposure to winter
temperatures had a detrimer:-zl effect on germination, while

for others there was no effect.



Blake (1935) 1nvestlgated germ1nat10n of grassland
plants native to Kansas and Nebraska She concluded that:
ﬂl) v1ab111ty was low in seeds collected from natural
populations, (2) for many seeds gerhination percentages were
greatet in the spting than in the fall immediately folloWing
harvest, (3) seeds of some étassland ;lants exhibit a
dotmancy period which can be overcome by dry cold storage,
(4) stratification (moist, cold stdrage) was more effective
than cold, dry storage for overcoming dormancy of most
forbs, and (5) optimum moisture for germination was
one-third to two-thirds of the saturation level of soil.

Griswold (1936) investigated the effects of alternate
moistening and drying on seeds of érassesA forbs and shrubs
native to Utah and concluded that some specieS'reacted
positively and othersanegatively to this treatment. For some
species, the treatment had no apparent effect on
germination. The speed at which seeds were dried also had
either a beneficial or detrimental effect dependent again on
the particular species beiné tested.

‘Tolstead (1941), and Greene and Curtis (1950) examined
the effect of wtntet temperatures on germination of speeies
collected in Nebraska and Wisconsin, respectively. They
observed that exposure to yinter temperatures improved
.germination in many wildflowers but proved detrimental to
otners._Greene and Curtis (1950) made some correlations
between effects of stratlflcatlon and taxonomlc aff1n1ty

Most plants in the famlly Comp051tae responded positively to
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stratification &hereés those of RanunculaCfae were
unaffected. | |

| In a study of germination of 18 Specieg of'Coiorado
plants from high elevations, Pelton (1956) found that 7
species lacked a dormant?® period, 4 sbecies required
scarification, 2Aspecies required stratification and another
5 species.did not respond to either ﬁréatment. He concluded
thaﬁ although these spécies all oriéinatg from an area of
similar climate they do not exhibit the same dormancy
mechanisms and each species must' be studied individually to
determine optimum germination reqhirements..

Méguire and Overland (1959) tésted germination of many
species native ts Washington under!various tgmperatﬂre and
light coﬁditioﬁs and observed'the_reaction of some species
to stratification. They found that germination response
varied within families for the moét part but dormancy which
could be Qvercéme by stratification occurred in many members
of the Compositae. BecéuSe results were baséd on a single
sample of 100 seeds, one cannot be'certain that observed
responses were due to the trea£menté and notuto-large
'variation within seed lots.

‘Sorensen and Holden (1974) studied 23 species of
wildflowers from the tallgrass grassland fegion of South
Dakota. They identified 4 legumes which benefited from
scarification based on an observed increase in percent and a

decrease in time for germination. Stratification, for 1 to 3

3 Organic'Dormancy in Nikolaeva's terminology:—-
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months, resulted in imprOVeé germination for 8 species and
treatment with gibberel}ic aeid (GA,) increased germination
in one species. No-attempt was made to explain or speculate-
on the mode of action by which treatmeﬁts improved
germination, or to correlate observed responses with the
ecology of the species. |

Voight (t977) also investigated germination B
requ1rements of. 20 grassland forbs and observed that w1thout
pretreatment inz 3 species germlnated well, Twelve
germinated better following stratlflcatlon and 4 beneflted
from scarlflcatlon Seven germlnated best following a
combination of scarlf;catlon followed by stratifieation»
whereas 7 others showed no improvement with this treatment,
Application of Rootone‘ improved germinatioh of 5 species
whereas pota551um glbberellate application 1mproved
germlnatlon of 2 species. V01ght d1d not specify whlch
growth regulators were in Rootone norrdld he discuss his
reasons for choosing this treatment.

Saiac & Hesse (1975) studied germination of 4
wildflower species from Nebraska and observed tﬁét
germination of each <pecies was stimulated by
stratification.'Specific photoperiods and alternatingA
temperature regimes also inflbenced germination They noted
that germination of wild. seeds was poor compared with seeds

from cultivated plants of the same species. Variation in

germination within ang between seed lots was taken into

‘* Alchem ProdUEts, Inc.
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account by the experimgntal design  and analysis.

| Hoffman,. Hogan, and Stanley (1980) undertook a study of
the germination requirementé'oﬁ'14 plant séecies common, to
reserQoir shores in South Dakota. They studied the effects
of winter temperatures ;n dry and moistened seeds, autumn
versus spring germination, and gerhination ;nder light and
dark éonditions.lOne observation of considerable interest
" 'was that most species gerﬁinated beﬁt-in spring rather than
in the fall, suggesting that even if specific pretreatments
are not required, a period of reét (afterripening) might be
required for maximum germination. This, along with
observations made by Blake (1935), indicate that if maximum
germination is to be obtained, the most appropriate testing
time is spring rather than fall immediage;f following
harvest. . , ' .

Kasper and Mcwilliams (1982) tested the germination of

4 forb species at different temperatures. These authors |

found that each speéies_had'an optimum germination
“

temperature. Sabo et. al._(i979)-détermined the optimum
germination tempefature, exfernal.water potential, and light'
regime for 19 species of grasses and shrubs native to New
Mexico. Some species germinatea over a wide range of
temperatures and water'poﬁentialé while others had mofe
specific requirements. In s&me\céses;’light stimulated
germinatioq. ) | |

| A hajor problem with many of these studies is that

there is no analysis of data and no discussion of
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variability within or between samples (Nichols 1934, Blake
1935, Griswold 1936,‘Toistead 1941, Greene and Curtis 1950;
Maguire and Ovefland 1959, Sorensen and Holden 1974, Voight
1977). Gepetalizations made by these authors in the
preceeding papers may be of limited value since, in many
cases, tests refer to a small number of seeds and methods
vary frém germiﬁé}ing seeds in sand out of doors, to
germinatiné seeds in petri dishes in the laboratory. Some
observations and conclusions, howe?er, were made by several
authors and were consideredvbefore-setting;ﬁp this study.
These include: (1) cold strafification is the most effective
treafment_to overcome dbrﬁancy displayed by’temperate
plants, (2) legumes often have hard (=impermea51e) seed
coats but scarlflcatlon is effectlve for obtalnlng complete
and rapid germination, (3) seeds are often dormant when shed
but some of this dormancy is lost over time resultlng in
better germination in spring than in fall,.(4) germination
is variable within species for seed lots of differeht years
and from different populations, (5) some seeds germinate
within a narrow range of temperatures and moisture

. conditions, (6),species which propagate and giow in similar
”environments do not'necessarily have the_samé germihation

requirements.

Objectives

S

There is very little information on the germination

requirements of many grassland wildflowers and’virtually no
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information based on studies of species from northern
Agrassland regions such as Alberta. Since both stratification
and scarlflcatlon are commonly used as pregermination’
treatments for many temperate plant species; the
effectiveness of these treatments were tested on forbs
native to the Alberta, grassland. |
’ This study of 58 grassland wildflower species native to
Alberta® had the follow1ng objectives: ' ﬂ
1. To quantlfy germ1nat10n of seed lots collected from
wild populations of each species.

2. To determine the effect of stratification on

germination of seeds of all 58 species and to

determlne the effect of scar1f1cat1on on.

germination of seeds wh1ch appeared hard

(1mpermeable) |

3. To establlsh if taxonomic affinitf can be used to -
oredict germination requirements

4, To 1dent1fy spec1es which require further study in
order to develop feasible méthods of mass
propagatlon. o

5. To evaluate tetrazolium sta1n1ng and x- rajs for

‘thelr usefulness as rapld tests for pred1ct1ng

germlnatlon in seeds from wild populatlons.

* species discussed here have been considered for use in
vrevegetatlon projects in Alberta by Alberta Environmeht.

-



I, MATER”iA‘LS AND METHODS - -

Seeds‘ were collected from southernlAlberta plants” in
‘1980: 1981 and 1982 by removing the rlpe seeds dlrectly from
- the plant or by plac1ng the cut seedustalks in papqr,sacks'\
where the seeds dropped as the stalks dr1ed Seeds were
-drled at room temperature, separated from the chaff by hand;
and stored dry in paper envelopes at 3-6°C. Germination and
viabillty tests were conducted in the spring'and summer -of
the year following collection. |

Only seeds which appeared full (plump) were used 1n
v1ab111ty and germlnatlon ‘tests. Select1on was made by ‘
applying slight'pressuretto the seed wlth forceps.aIf there;
was resistance seeds were considered full. ﬁnless otherwise’
noted, germination tests done in 1951 consisted of 4 -
replicates of 25 seeds each whereas tests in follow1ng years'b
consisted of 4 repllcates of 100 seeds each Lo

Two v1ab111ty tests were used for seeds collected 1n
‘1981 namely tetrazolium” sta1n1ng and X= ray photography ﬂ

Seeds were soaked in 0. 1% solutlon of 2 3,5- trlphenyl

tetrazoliumchloride (TTC) solution at pH 6-7 for'up to 24 C

hours in the dark before the embryos were examlned under: low _'A

*magn1f1cat1on (AOSA - 1970)

X-ray photographs were prepared by'placihg seedsnon
Kodak X-OMAT‘TL.film platesbahdrexposlng theﬁrto;25 kV'for 7
secohds. Negatives.were'ekamined on a light table. Seeds ’

¢ 'Seed' refers to both true seeds and seed like fru1ts such
as achenes, mericarps and nutlets. o
7 Botanlcal names follow: those used by Packer (1983).

15 o .



16

Al

v .

were considered viable if the embryq was intact and not
;;runken or ;Priveled (Hellum, pé;soﬁal communication).

Petri dishes with a single layer of moistened filter
paper-werevused fpr testing germination. All éeeds wefe
treéted with é slgrry (1gm/100ml) of Arasan 75 (teframethyl-
thiuramidisulfide) to cohtrol fungal growth (Sorensen 1972),
Dishes were covered and ‘placed in germination cabinets at
”22°C in the dark.for 30 days. Germinated seeds were counted
in the light and removed daily. Water was added as
necessary’. Seeds were considered germinated if a radicle
emerged'through'the seed coat.

Sevéral pretréatmeh;s were used including stratifica-
éion, mechanical scarificafion, qcia scarification, soaking,
and alternatiﬁg temperaturés. StraEification consisted of
plac1ng seeds in petri dishes and storlng them m01st at
1-6° C for 2 or 3 months in the dark.

, Seeds were mechanlcally scarlf;ed by abrading the_seed
coats. with sandpaper (GR=80,or 100) until scratchés could be
seen on the coat surface under low (X40) magnification. For
very hard‘seeds, a file wés used to scratch or nick the seed
coat;.Acid-scarified seeds were soaked in concentrated acid
(e1ther H,S0, or HCl) until the coat appeared disrupted
(approx1mately 45 minutes), seeds were then washed for

several hours with running water prior to the germination

test.

*distilled water was used in 1981 and tap water in follow1ng

~ years. -

“



17

Seeds given the water-soak treatment were placed in a
1§rge amount of water at 80°C where they remained in the
‘'gradually cooling water for 24 hours at room temperature.

Seeds subjected to alternating temperatures.were placed
ih'a growth chamber in the dark for 8 hours at 5°C followed
by 16 hours at 30°C for periods of 3, 4, 5, and 6 weeks.

To determine if seeds contained water-soluble
germination inhibitors, 5 grams of seeds were plaqed.in 200
ml boiling water and allowed to remain in the coéiing water
for 24 hours. Seeds were then removed, washed in running
water for sevetal hours and téstedﬁfor germination as
previouélx described. Soak-water was retained and used to
moisten filter paper on which lettuce’ seéds.were pIaced.
Germination of lettuce seeds moistenedlwith soak-water was
-comﬁared to‘germination>of lettuce seeds moistenéd with tap
water. Lettuce seeds were tested in the dark.

Anatomical investigations of seed coats of some species
were carried out by examinatidn'of ffeehand or microtc =
sections sfained with 4% Sudan IV in ethanol (Johansen
1940). ﬁicrotome sections were prepared by fixing seeds in
formalin-acetic acid (EAA), dehydrating in ethanol-tertiary
butyl alcohol series and embedding them in.paraffin
(Johansen 1940). Seed coats were also examined with a
scanning electron microscope (SEM). Seeds were.first frozen
in 1liguid nitrogen for up to 30 secéndé, then fractured and

mounted én stubs. A coating of gold was applied with either

*cultivar 'Grand Rapids'



a Nanotech or Edwards sputter coater. Seeds were then
examined with a‘Cambridge S—250.SEM and photogr;phed.

Viability and germination data were analysed usiﬁg

Analysis of Variance and the 'F' test.

18



I1I. RESULTS

Data from viability tests is presentéd in TABLE 2.
Germination results are pfesented by botanical family in
TABLES 3-12. All germination results with statistical
comparisons, are included in APPENDIX 2.

There was no significant difféfence between results of
TTC:tests and x-ray tests for'31 of'tﬁe 35 species tested by
- both methods. Results of these two tests were significantly
different for the remaining 4 species (TABLE 2). Results of
x-ray tests corresponded to observed germination for 19 of
34 species and TTC results were comparable to germination
fo; 17 of the 37.teéted.-Viability and germination results
were in closer-agreement fof speciés wi£h high Qermination
percentages. As germination percentages decreased so did t&ed
precision of x-ray and TTC tests.

Germination'of some species was much lower than
expected frbﬁ via£ility,tests. These included AChillea
millefol ium, Astragalus drumﬁrondii, Besseya wybmingensis,
Coryphanthavivipara, Glycyrrhiza lepidota, Grindelia
squarrosa, Heuchera richardsonii, Musineon divaricatum,
Opuntia polyacantha, PenStemon nitidus, Thermopsis
rhombifol ia, and Zizia aptera. Heterotheca villosa
germinated better than predicted-by viability tests.

Germination of most legumes improved if seeds were
mechanically scarified (TABLE 3).,Hét yatef pretreatment

also improved germination of most legumes but was not as

effective as mechanical scarifidation. Stratification proved

19
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beneficial for germination of some legumes but results were

inconsistent. For collections of Thermopsis rhombifol ia from

7

all 3 study years, scarification resulted in gn_increase in
germination. Tests following both stratification and
scarification were done on only 2 seed lots. Higher
'germination peccentages were Qbserved'for one seed lot but
nét for the other. Soaking seeds‘in hot water did not
_incréase germination over untreéted seeds., Both Glycyrrhiza
lepidota and Lupinus argenteus germinatea ?est if 'untreated.
Untreated seeds of HedysaPUm albinum germihated as well as
scarifed seeds fo;»éach of 3 collections, and the effect of
stratification varied from no significant effect to a slight
inhibition of germination. ‘

Germination results varied‘amdng species of the
Compositae (TABLE 4). Stratification increased germination
percentages and/or decreased the time for germintion for
Achillea millefol ium, Grindel ia squarrosa, Haplopapb&s |
spi-ljulosus, Hel ianthus s:‘ubr-hbmboideus, Heterotheca vi‘llosa, .
Hymenoxys richardsonii, Madia glomerata, Ratibida ]
columnifera, and Solidagblnigida. Results varied from year-
to year for Ar*nica ful'gehs', Gaillardia aﬁ‘l’stata and Liatris
punctata. Stratified anégﬁﬁtreatgd seeds of Coreopsis
tinctoria germinated podfly whereas seeds of Senecio canus
germinafed well regardless of treatment.

Germination of Anemone cylindrica and Anemone multif ida
wascgeherally unaffected by'stratificatién (TABLE 5,
'APPENDIX 2) Anemone patens germinated poorly-regardless of

|
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tfeatment although untreated seeds gerhinated significantly
better than strétified seeds. For all three species,
germination did not éommence for at least a week after being
placed in germinators. |

Germination éercentages were high for both Geum
aleppicum and Geum triflorum. Stratifying seeds sometimes
decreased the germination time (TABLE 6). »

- Stratification increasedkgerminafion of Allium cernuum
(TABLE 7). This treatment in combination with scarification
.was most effective for germination of Allium textile.
Smilacina stellata germinated best if stratified, whereas
Yucca glauca seeds germinated as well if either stratified
or left unﬁreated.

Germinatibn results of ééctaceae species varfed from -
collecéion to collection (TABLE 8). Coryphantha“vivipaﬂé
seeds collected in 1980 gérminated well but seeds collected
in 1982 germinated poorly. In eitﬁer case no difference was
observed between untreated and. stratified seeds. The 1981
seed lot germinated best if stratified. The time required
for germination was inconsistent from colleéfion to
collection and among treatments. In most cases seeds éwelled
(imbibed water) even when germination was poor. Opunfia
polyacantha seeds collected in 1980, germinated best if
either stratified or scarified but germination in both cases
was extemely poor. Soaking Opuntia seeds in hot water had no

effect on their germination. The 1981 seed lot germinated

. _ ~ ) o .
poorly regardless of treatment. The best germination for
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this species was observed in seeds collected in 1982 with
highest percentages obtained when seeds were stratified for
2 or 3 months. Obuntfa polyacantha seeds which were
subjected to alternating warm and cold temperatures
germinated significantly better than{untreated seeds (TABLE
9). No differenee was noted between germination‘pereentages
of seed lots which were subjected to 3, 4,A5, or 6 weeks of
alternating‘temperatures._ |

.Germination results for Umbelliferae'species are
presented in TABLE 10. Zizia aptera germinated poorly in all
tests but 2 year old seeds germinated with highest
percentages following~2 or 3 months of stratification.
Musineon divaricatum seeds also germinated poorly, however,
2 year old seeds germinated best if stratified for 3,months.

Penstemon nitidus seeds coilected-in 1980 germinated
- poorly regardless of treatment (TABLE 11). Seeds collected
in 1981 and 1982 germinated best if stratified; for the 1982
coliection; 3 months of stratification was better than 2.
‘Maximum germination of 2 year‘old seeds was observed
_follewing 3 menths stratifécation. Seed lots of Penstemon
procerus cel;eeted in 1981 and 1982 germinmated best if
stratified although this treatment did not increase
germination of seeds collected in 1980. Untreated seeds. of
'Besseyalwyomingensis germinated poorly. The 1980 collection
also germinated poorly if stratified. Seeds colleeted in
198f germinated significantly better if stratified‘but

germination percentages were still extremely low, 4

{
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écarification had no apparent effect on germination. Seeds
of the 1982 seed lot germinated best if stratified, with 3
months being more effective than 2. Soaking seeds in hot
water resulted in no increaée in germination. Two year'old
seéds germinated best if stratified for 2 or 3 months.

Germination results for the remaining species are
presented in TABLE 12. Germination of Anénania céngesta var.
lithophila, Cleome serhdlata, and Viola adunca i-ncreaégd if
seeds were stratifiéd, althoﬁgﬁ»germination of Cleomevwas‘
low regardless of treatment. Seeds of Arenaria congestagéér.
lithophila which did not germinafe were hérd (impermeablga;
~showing no apparént imbibition.\Untreated_seeds of Heuchera
Pichansbhii and Plantago purshii germinated significqntly
better than stratifed seeds. Collomia IineéPiS and
Sisyrinchium montanum failed to gefminate regardless of
‘."t‘featment. Dodecatheon conjug}ens g'erminated best if
stratified. Germination pefcehtages_never exceeded 31%.
Stratified seeds of Eriogonum flavum germinated better and
faster thaﬁ threated seeds for the 1981.collection.lFor ‘
seeds collected in 1982, no significant differences in H
vgermination were observed between stratified and untreated
seed lots. | |

Seeds of Lithospermum ruderale’ germinated best if
stratified. For all 3 collections, seeds failed to germinate
if untreated. Removing seeds from the fruit covering

resulted in an increase in germination but germination was

still extremelyvpoor.
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In the 1980 collection, maximum,germination of Monarda
f istulosa var. menthifol ja was recorded if seeds were
stratified, but in 1982 there was no significant difference
between untreated seeds and stratified seeds. Oenothera
biennis seeds cohsistently germinated- best if stratifed.

Soaking seeds of Besseya wyomingensis, Lithospermum
ruderale, Penstemon nftidus, Opuntia polyacahtha and Zizia
aptera in hot water had no effect on their germination. In
each;case there was no difference in germination performance
between soaked and untfeated seeds. When the soak-water from
these seeds wés used to moisten lettuce seeds, no
significant effect was observed on the germination of the
lettucé (TABLE 13).

Anatomical features of seéd coats vary émong the five
species studied (Besseya wyomingensis, Lithospermum
rudenéle, Penstemon nitidus, Opuntia polyacantha, and Zizia
aptera) . B ‘ : L

‘The outer epidermis of Opuntia polyacantha is a
multiseriate layer of thick-walled, sclerifiéd célls (FIGURE
1A, FIGURE 2A). The inner épidérmis is composed of 2 layers;
the outer is pigmented. A waxy Iayer is present between tﬁe
inner epidermis and the endosperm.

The seed coat 6f Besseya wyomingensis appears waxy'én -
the surface and consists of a single, apparentlf n
non—celﬁﬁlar'layef (FIGURE‘1C,'FIGURE 2B,C); This cugicular

\

layer is unévenly deposited on the surface of the seeéds L

(FIGURE -2E). The endosperm is to.the immediate inside of the
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cuticle. . | h( .

The seed coat of Penstemon nitidus is composed of 2
layers: the outer‘ which is papery and a hard inner layer.
sectlon of the seed coat: shows that the outer layer is
composed of thick- -~walled eells Cells of ‘the inner,
unlserlate layer. have thickened end walls next to the
endosperm (FIGURE 1B, FIGURE 2D).

The fruit wall of. ZIZla aptePa is waxy on the surface,
and is punctuated by stomata. The pericarp consists of
numerous‘layers of parenchymatous cells interrupted by
vascular bundles and 0il ducts (FIGURE 2F, FIGURE 3A). The
seed coat is made up of several layers which are somewhat
compressed (FIGURE,3B)._Thé'pericarp of Lithospéﬁmum :
ruderale is very hard _and thin sections were impossible to
-obtain. The pericarp-is composed of a thick outer layer of

tighly'éiffj;t cells covered by a cuticle (FiGURE 2G). The
1

innermo er next to the embryo is thin and papery.

A
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TABLE 3 Germination percentages and time requ1red for

germination for seed collections of spe¢1es in the
Leguminosae. Germination percentages are given as,
averages for replicates. For the number of seeds
and replicates used and for the statlstlcal !
‘analysis refer to APPENDIX 2.

Collection
1980 1981 1982
Germ. Time' Germ. Time' Germ. Time?"
(%) (Days) (%) (Days) (%) (Days)

Astnagalus blsulcatus

untreated 4 28 23 30

stratified . 26 28

scarified 76 29 93 23 -
scarified/stratified ' ' 90 8

soaked = .- 39 30
Astnagalus cnassrcarpus

untreated 11 28 ‘ 11 23
stratified 7 30 _ 14 13
‘ scarified 97 14 100 30 .
scarified/stratified I , : - 80 0%
Astragalus drummondi i : ' f\
. untreated 5 30 T
stratified 8 25 i
_ . . scarified : 55 13 ;
scarified/stratified ‘40 23 f
Astragalus gilviflorus
untreated 33 28
scarified 92 30
‘ Astragalus pectlnatus s
' untreated 29 30 21 30 0o --
stratified ) -7 29 0 --
scarified 90 28 95 14 1 2
scarlfled/stratlfled 89 5 0 --
soaked 75 29 -
Astragalus striatus ' ' o 4
' untreated 11 - 29 -9 29 20 29
stratified ' 19 30 3 17
scarified 97 24 99 5 . 80 5
scarified/stratified , 85 28 78 4
- soaked 47 29 - : .
Glycynnhlza lepidota ' o
untreated 31 30
stratified 1 26 gy
scarified 12 29 oo
scarified/stratified 14 19 S

T T T T T e e e T T e o e e el e > = = - —— " = — = - —— - -

‘days for all germinating seeds to germinate
all seeds which germ1nated did so ‘during pretreatment

a4

continued



TABLE 3 Germination percentages and time required for
- germination for seed collections of species in the
Leguminosae. Germination percentages are given as
averages for replicates. For the number of seeds
and replicates used and for the statistical

analysis refer to APPENDIX 2.

30

o

.'days for all germinating seeds to géfhinate

ﬂfall seeds germinating did so during pretreatment

v Collection
1980 1981 1982
Germ. Time' Germ. Time' Germ. Time'
(%) - (Days) (%) ~(pays) (%) (Days)
Hedysarum alpinum , . '
untreated 92 30 89 30 97 . 29
stratified _ 66 30 87 - 23
: scarified 100 10 96 15 88 10
scarified/stratified , 9% 6 72 03
' soaked . 78 27
Lupinus argenteus
; untreated. 54 27
scarified - 34 6
, soaked 10 13
Oxtropjs monticola
A untreated 19 28 4 16 12 19
stratified o o 43 27 7 24
-scarified. = 82 28 98 17 98 18
scarified/stratified : 91 29 91 1
_ soaked = - 40 30
Oxtropis sericea var. spicata .
untreated T4 29 17 28
...  Stratified 33 27 12 27
o scarified 93 22 94 8
- 8garified/stratified’ 84 23 85 1
‘Petalostemon- cand idum . ' ~
untreated 72 26
- .scarified 96 8
LT soaked 74 17 #
Petalostemon purpureum - - ‘
~ ~ ' untreated “ 50 30
" stratified 49 28
. .scarified 96 10
scarified/stratified 57 14
Thermopsis rhombifolia : : ,
. .*.. untreated . 9 30 5 29 4 24
stratified ~ 14 7 11 30
.scarified 77 30 45 30 §7 30
scarified/stratified . , 53 19 . 67 6
o soaked 13 29



/
/

TABLE 4 Germlnatlon percentages and time requ1red for
germination for seed collections of spec1es in the
Compositae. Germination percentages are given as
averages for replicates. For the number of seeds
and replicates used and for the statistical .
analysis refer to APPENDIX 2,

37

collected at Milk River Ridge Reservoir

R Collectiony
1980 ' _ 1981 .1982
Germ. Time' Germ. Time' Germ. Time'
(%) (pays) (%) (Days) -(%) (Days)
Achlllea mlllefollum v _ A
untreated 33 29 22 20 40 26
" stratified 77 12 64 16 77 29
Antennaria nitida
" untreated 10 27 16 30 100 7
. ) stratified 88 22 82 30
Arnica fulgens :
untreated 79 27 64 28
stratified 91 25 898 10
Copeopszs tinctoria
untreated 1 2
stratified 0 --
aillardia aristata? o
~ untreated 78 15 81 30
stratified 68 10 82 24 )
Galllardla aristatas
untreated 58 30 46 29
: stratified 40 23 . 64 7
Grindel ia squarrosa
untreated 6 26 11 30 5 29
stratified 3 .5 64 15 30 30
Haplopappus spinulosus *
untreated 86 15
stratified 95 8
Helianthus subrhomboideus o
untreated 0 --
stratified 54 23
Heterotheca villosa : :
untreated 95 16 88 29 96 16
stratified - 100 8 99 6 92 7
Hymenoxys richardsonii - : .
untreated 80 10 79 7 67 21
stratified ' 95 6 86 9
Liatris punctata ‘
untreated 99 7 96 8 77 8
stratified 99 3 98 18 99 6
‘days for all germinating seeds to germinate
*collected at Elkwater Lake’ . .
continued
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TABLE 4 _Germlnatlon percentages and time requ1red for
germination for seed collections of species in the
Germination percentages are given as
averages for replicates. For the number of seeds
and replicates used and for the statistical
analysis refer to APPENDIX 2.

Compositae.

32

1980

Collection

_ 1981 11982
Germ, Time' Germ. Time' Germ. Time'
(%) (Days) (%) (Days) (%) (Days)
Madia glomerata
untreated 37 27 ‘
stratified 68 4
Ratibida columnifera
untreated 17 20
stratified 38 3
Senecio canus :
untreated 83 30
stratified .72 30
Solidago rigida .
untreated 83 30 - 34 29
stratified 88 S 71 14

'daYS for all germinating seeds to germinate
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TABLE 5 Germination percentages and time required for
germination for seed collections of species in the
Ranunculaceae. Germination percentages are given as
averages for replicates. For the number of seeds
and replicates and for the statistical analysis
refer to APPENDIX 2. R \

. Collection
+1980 1981 1982
Germy, Time' Germ. Time' Germ. Time'
(%) (Days) (%) (Days) (%) {(Days)

Anemone cylindrica o
untreated 74 30 . 72 30

stratified . 70 28 2 75 30
Anemone multif ida , ‘ o
- “untreated 1130 - 85 30 83" 29
stratified 2 27 B6 30 82 29
Anemone patens .
untreated 10 30

stratified 1 29

'days for all germinating seeds to-germinate
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Germination percentages and time required for
germination for seed collections of species in the
Rgiaceae. Germination percentages are given as
averages for replicates. For the number of seeds
and replicates and for the statistical analysis
refer to APPENDIX 2.

Collection
1980 - 1981 1982
Germ. Time' Germ. Time' Germ. Time'
(%) (pays) (%) (Dpays) (%) (Days)

Geum alepp icum

Geym tﬁiflqnum

untreated 98

6 100 12 - 100 17
stratified 100 4 100 6 100 16
‘untreated- 95 9 97 28 : 897 29
8 99 8 99 19

stratified 96

'days for all germinating seeds to germinate

”~



TABLE 7 .Germlnatlon percentages and time requ1red for
germination for seed collections of speczes in the

Liliaceae.

35

Germination percentages are given as

averages for replicates. For the number of seeds
and replicates and for the statistical analysis
refer to APPENDIX 2.

Collection '
1980 1981 1982
Germ. Time' Germ. Time' Germ. Time'
(%) (Days) (%) (Days) (%) (Days)
Allium .cernuum
untreated 9 28
stratified 26 30
scarified 88 15
Allium textile
~ untreated 7 30 4 30
stratified 28 30 19 27
scarified 63 11 9 29
scarified/stratified 82 22 44 7
Smilacina stellata
untreated 86 30 60 30 e 0 --
stratified 82 30 12 30
Yucca glauca
untreated 84 30
stratified 89 28

-'days for all germinating seeds to germinate
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TABLE 8 Germination percentages and time requ1red for
germination for seed collections of spec1es in the
Cactaceae. Germination percentages are given as
averages for replicates. For the number of seeds
and replicates and for the statlstlcal analysis
refer to APPENDIX 2.

»

Collection
1880 1981 . 1982
Germ. Time'  Germ. Time' Germ. Time'
(%) (pays) (%) (Days) (%) (Days)

Coryphantha vivipara - : _ .
untreated - 72 26 _ 4 21 - 1 13

stratified 77 12 24 30 1 18
Opuntia polyacantha : ' '
untreated 0 -~ : 0 -- 2 21
" stratified. (2mo) 6 30 ° 1 12 38 29
stratified (3mo) ' 36 - 24
scarified 1 25 1 29
soaked 0 -- 60 --
acid(H,SO,) 0. --'
acid(HC1) 0 --
Opuntia polyacantha(tested 1983)
untreated 0 12
stratified (2mo) 7 27
stratified (3mo) 7 16

'days for all germinating seeds to germinate
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TABLE 9 Effect of alternatlng temperature treatment on
the germination of Opuntia polyacantha seeds
collected in 1982.

Treatment' Average Germlnatlon Germihation Time
(%)? (Days)
Untreated 4,25 a 30
.weeks : 15.75 b 30
weeks . 16.00 b 29
weeks 13.50 b 30
weeks : 12.00 b 30

OOl W

‘temperature alternated between 5°C for 8 hours
and 30°C for 16 hrs.

*percentages followed by the same letter are
not significantly different at p<0.05.
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TABLE 10 Germination percentages and time required for
germination for seed collections of species in the
Umbelliferae. Germination percentages are given as
average$ for replicates. For the number of seeds
and replicates and for the statistical analysis
refer to APPENDIX 2. ,

Collection
1980 1981 1982
Germ. Time' Germ. Time' Germ. Time'
(%) (Days) (%) (Days) (%) (Days)

Musineon divaricatum ' ,
untreated 0 -- S 1 16

, stratified 7 30 1T 12
Musineon divaricatum (tested 1983)
untreated 0 3
stratified (2mo) 2 21
stratified (3mo) 5 8
Zizia aptera L ' -
untreated 2 2 0 -- 0 -
stratified (2mo) - 12 16 2 12 0 1.
~stratified (3mo) 1 10
- soaked 0 --
Zizia aptera (tested 1983)
' untreated 0 --
stratified (2mo) 10 14
stratified (3mo) 11 15

'days for all germinating seeds to germinate
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TABLE 11 Germination percentages and time required for
germination for seed collections of species in the
Scrophulariaceae. Germination percentages are given .

/7% as averages for replicates. For the number of seeds
{+~" ~and replicates and for the statistical analysis
refer to APPENDIX 2. ‘

: : Collection
1980 1981 - 1982
Germ. Time' Germ. Time' Germ. Time'
(%) - (Days) (%) (Days) (%) (Days)

Besseya wyomingensis

untreated o -- 0 30, - 2 26
stratified (2mo) 2 7 2 9 64 30
stratified (3mo) 72 .13

scarified 1 21

- soaked : 0o --

Besseya wyomingensis (tested 1983)
v

v untreated . 2 28
stratified (2mo) - 79 24
stratified (3mo) 82 21

Penstemon nitidus ' ‘

- untreated 7 27 : 1 29 -2 27
stratified (2mo) 0 -- 15 6 19 10
stratified (3mo) . o . 56 6

soaked 1 02
Penstemon nitidus(tested 1983) ‘
| _ untreated | 1 30
stratified (2mo) . 21 8
stratified (3mo) - 45 21
Penstemon procerus : _
untreated 32 29 . ‘6 28 7 28

stratified T 45 11 63. 26 15 14

'days for all germinating seeds to germinate
*all seeds which germinated did so during pretreatment
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TABLE 12 Germination percentages and time required for

germination for seed collections of -species
representing several plant families. Germination

bercentages are given as averages for replicates. .
For the number of seeds and replicates and for the"
statistical analysis refer to APPENDIX 2.

40

Collection

1980 1981 + 1982
-Germ. Time' Germ. Time' Germ. Time'
(%) (pDays) (%) (Days) (%) (Days)
Arenaria congesta var. l1thophiTla -
untreated 55 27
stratified 71 14
Cleome -serrulata
untreated 3 22
- stratified 20 1
Collomia linearis
untreated 0 --
: = stratified 0 --
Dodecatheon conjugens -
) untreated 0 -- 27 0 --
stratified 5 23 ‘31 29 16 14
: scarified 2 29
Eriogonum flavum ’
untreated 88 28 31 30
“stratified 88 13 47 28
Heuchera richardsoni i o
untreated 33 29 57 30 90 29
o stratified 3 14 3 14 25 22
Linum lewisii )
: untreated B4 26 71 30 89 30
stratified 96 2 81 15 92 6
L ithospermum ruderale . ‘

- untreated 0 -- 0 -- 0 --
stratified (2mo) 31 22 2 11 4 1
stratified (3mo) : 0 0

embryo removed 14 28
soaked 0 --. 0 --
Monarda fistulosa var. menthifolia
untreated 78 S . 83 22
stratified 95 6 .78 22
Oenothera biennis
‘untreated 1 5 18 26 43 30
stratified 30 5 80 12 92 14
Plantago patagonica var. patagonica ‘
untreated 58 13
stratified 26 28
Sisyrinchium montanum
: untreated 0 --
.stratified 0 --

'days for all germinating seeds to germinate

continued
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TABLE 12 Germination percentages and tlme requ1red for
germination for seed collections of species. ‘
representing several plant families. Germination
percentages are given as averages, for replicates.
For the number of seeds and replicates and for the
statistical analy51s refer to APPENDIX 2.

- Collection
1980 1981 ° 1982
Germ. Time' Germ. Time' Germ. Time' |
(%¥) (Days) (%) (Days) (%) (Days)

Viola adunca v
untreated 230
stratified 74 14 A

‘days for all germinéting seeds to germinate
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TABLE 13 Germination of lettuce seeds tre§ted with rinse
water from soaked seeds of native forbs.

Treatment : Lettuce Germination

‘ (%) '
, _

‘ : =4

Tap Water 96.25 a

Rinse Water from Besseya wyomingensis 94.5 a

Rinse water from Lithospermum ruderale 83.25 a

h&inse Water from Opuntia polyacantha 93.5 a

“Rinse Water from Penstemon nitidus 94.25 a

Rinse Water from Zizia aptera ' 86.25 a

'percentages followed|by the same letter are not.
significantly different at P<0.05. :
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FIGURE 1 A. D1a ram of a cross. section through the seed coatv\\.
puntia polyacantha. x186 o
B. D1agram of a cross section through the seed coat
of Penstemon nitidus. x570
C. Diagram of a cross section through the seed coat
of Besseya wyomingensis. x830 , .

oe - outer epidermis

ie - inner epidermis
cut - cuticle or waxy layer -
endo - endosperm

pl - pigmented layer

¢
ot
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FIGURE 2 A.

m O O W

[

Cross section through the seed coat of Opuntfa
polyacantha. x295:
Cross section through the seed coat of Besseya

- wyomingensis. x1000

Scanning electron m1crograph of the seed of
Besseya wyomingensis. x650

Cross: section through the.seed coat f.Penstemon'
- nitidus. x700 :

Scanning electron m1crograph of the seed surface
of Besseya wyomingensis. x320

Scanning electron micrograph of a cross section

of ‘a mericarp of Zizia aptera. x140

Scanning electron micrograph of a cross section

through the fruit of Lithospermum ruderale. x125

cut - cuticle or waxy layer
endo - endosperm ‘ K
fc - fruit coat
ie - inner epidermis
‘od - oil duct
oe - outer ep1derm1s
.'sCc - .seed coat ‘
. vb - vascular bundle N

27






FIGURE 3 A. Diagram of a cross section of a mericarp of
- Zizia aptera. x20
B. Diagram of a cross section through the fruit and
seed coats of Zizia aptera. x750

cut - cuticle
endo - endosperm
emb - embryo
" fc - fruit coat
od - oil duct
sc - seed’coat
vb - vascular bundle






IV. DISCUSSION

Several problems were enconntered.with the
interpretation of staining patterns in the TTC tests'with
seeds used in this study. The 'Tetrazolium Testing Handbook'
(AOSA 1970) states that dicotyledon seeds 'completely or
mostly unstained' have to be considered non4germinable; 1f
this were true, many of thé,seed_lots tested would have had
very low viabilities. This nas not confirmed by germination
test results. Moore- (1973), more rationailyh snggests that
"qolonr intensity and staining patterns are of major
_importance in evaluation, ... correct evaluation,requires a
commonsense appraisal of presence, location and nature of
normal, weak, dead and fractured tissues- Condition and
colour of tissue must sometimes be usea jointly in
evaluation."'Moore‘s criteria were more applicable for nost
species tested. for some species; only a'fewbseeds inyany
lot stained. Unstained seeds were considered viable if the
‘embryos were firm rather than shrlvelled and wh1te rather
than grey or yellow (e g. Anemone cyllndnlca A. .multifida,
and Linum Iewisif). The viability of these seeds was
confirmed by hiéh germination percentages. -

One of the}reported’advantages<of using tetrazolium
stain as a viability test'is that‘dormant'see&s‘can7bet
t tested WIthOUt prior pretreatment (Hartmann and Kester
1959). Physical, exogenous dormancy, however, does 11m1t the

..use of vital sta1ns 51nce the staln must enter the seed

. Seeds with impermeable coats must be prepared by soarrrng or

49
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removiﬁg the coat prior to staining. It is therefore
important fo be awere if this type of dormancy is typical of
seeds to be tested. Justice (1972) notes that tetrazolium
stain is not accepted as a universal test fof viability
because of (1) the difficulty in stadning seeds of some
species, (2) poor agreement of results with germination
results of seed lots of low,Qiability,.andY(B) no dniform
standard of interpretation df,:esults. |

To determine if TTC tests can be used effectively for a
given spec1es, it would be useful to compare;a large number
of TTC test results w1th germination test results carried
out under optimum germinating .conditions,. following
eppropriate pre;reatments}

Another rapid test of viability is the embryo exeision'
method (Heit 1955, Bonner 1974). The embryo is removed from
the seed and placed on a suitabie moist medium such as a
bblotter or filter peper. After 2 to 15 days. seeds a%e
considered Qiable if the embryos have started to grow,

+ turned green;.remained f;rm and white, or have enlarged.
Non-viable'seeds are those for which ‘the empryos have
"moulded, deteriorated, or discoloured. Presumably, this
method is limited only by the ab111ty to remove the embryo
from the seed. This test is less rapld than TTC but may be
used to determine if seed lots are dormant.

' Dead tissues and small deéd'éreas in ehbryos are not

: always detectable by the use of x-rays, but embryos will

often shrlvel when dead and this c8n be detected V1ab111ty
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counts by this method might be slightly greater than by
germination counts. X-ray photoéraphs,are often used bécause
(1) they are rapid, (2) little seed préparation is |
necessary, and.(j) certain types of damage such as cracked
and. shrivelled embryos or 1nsect damage can be detected A
problem was encountered w1th the appllcatlon of. thlS method
to very small seeds such as Heuchera Plcﬁardsonll and |
Coryphantha VIVIpaPa.,The resolutlon,was such that no detail
of the embryo could be seen on the negatives. X—tay results
give no information as to the presence or.absence of
dormancy. |

Since viability was the same for 31 of 35 species
tested by both methods, both TTC and Xx-ray photography can
'be considered‘eqUallyAefticient for measuring viability. It
is interesting to note that there was a greater correlatijon
between germination test results and those of rapid tests
(x-ray and tetcaiolium) for species which had high observed
germination percentages. For muny seed lots germination was
lower than predlcted by viability test results. There are 2
explanatlons for this. The first is that a/few seeds in any
given lot were weaker than others and could not germlnate_
yithin the environmental conditions~given, and secondly,
‘pretreatments applied were not of sufficient duration to
overcome dormancy in all seeds. Either of these could
explaln the dlscrepanc1es in results for spec1es where__m_ﬁv-

germ1natlon percentages were only sllghtly less than

v1ab111ty results, such as Antennaria nitida, Gaillaﬁdia

-

it
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aristéta (collected at Elkwater Lake), Linum lewisii,
Monarda fistulosa var. menthifolia, Oenothera biennis, a‘n'd
Oxytropis sericea var. Spicata. For species where there was
allérge/difference between results of germination and rapid
viabili@& tests, it cbuld have been due to dbrmancy which
was notrévercome by fhe pretreatments given (e.g;'
Ainapprobriate.pretreatment)vor to an imposed dorhany due to
uﬁsuitable environmental condifions. This could be the
explanation for results obtained with Besseya wyomingensis,
‘Conyphantha vivipara, Glycyrrhiza lepidota, Grindelfa
squarrosa, Musineon divaricatum, Opuntia polyacantha, and
Zizié aptera.

The most suitable test for viability depends on a
numbef'of facﬁors, including, accuracy required, spegiés
being/fested, and the time limit involved. A broblem with
'théAuse of rapid_viability“tests'is that even if seeds are
fod;é to be viable,VQErmination may only occur under very
specific environmental conditions, so that viability is not
nedessarily a measure o% germinability undér field‘or
greenhouse conditions. The most accurate determination of
germinability is échieved if a sample of a'givén seed lot is
gerﬁinated under suitable enviroﬂ;eﬁtal conditions following
appropriateipretreatments. In undertaking.this test it is
aifgyed that germinationvreqdirementS‘are'known and tﬁe type
ofxaormancy for a species is documented. |

A count of fuli seeds can be obtained rapidly from

x-rays. Certain types of damage can be detected quickly
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without extensive seed preparation. X-rays can also detect
the presence of multiple embryos. This method is difficult
with very small seeds, but is used extensively with large>
seeded tree and shrub species and worked very well with most
of the wildflower spec1es used in this study.

. TTC staining ¢an be used effectively in combination
with dissection, but embryo exc151on might be more useful 1n
obtaining 1nformat10n)on endogenous dormancy .TTC stalnlng
is more rapld‘than the embryo excision method.

Since legumes are widely used in agriculture much work
has been done on establlsh1ng methods for breaking seed
dormancy in this group. Dormancy in legumes is generally
exogenous (due to seed coat structure) (Crocker & Barton:
1953, Esau 1960; Barton 1965b, Villiers 1972, Brant et. al.
1971, Fahn 1974, Roiston 1978, Werker 1980/81). Seed coats

are composed of an outer paiisade layer made up of
macrosclereids which have particularly thick outer wallsmand
often covered'with a waxy cuticle, a.subepidermal layer of’
osteosclereids, and an inner parenchymatous layer (Esau
1960, Hayward 1967, Cutter 1971, Fahn 1974, Rolston 1978).
In a study of treatments of hard seedsfof Cononilla
varia, Brant et. al. (1971) found that remoyallof the
cuticle by soaking seeds in‘organic solvents was not
effective in increasing seed coat permeability Similarly,
Burns (1959) found that if seeds of Lupinus angustlfolrus

were soaked in a dye, colour penetrated the cutlcle but not

the palisade layer. Effective pregermination treatments such
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as mechanical abrasion, acid scarification and hot water
soaking, resulted in disruption of the thick outer layer of

macrosclereids (Brant et. al. 1971, Liu et. al. 1981). Since

the macrosclereid layer is responsible for the

'abré51on. Both treat&ents resulted in ‘increased germination
for most legumes, however” mechanical scarification was moref

effective than soaklng Abradlng seed coats resulted in very

o
co

high germ1nat1on for most legumes.

A hard_seed’coat did not limit germination of either.
Glycyr'_nhiza I'e;"'j‘iidota or ’Lupinus argenteus. Germination
percentages were lower in scarified seeds than in untreated .
seeds. Germination of Lupinus-argentéus seeds soaked in hot-.

‘water was also 51gn1f1cantly lower than germlnatlon of.
untreated seeds. Stratification may have been required for
complete germination or seeds may have been non-viable.
Stratlfication, however, was detrimental to germination of
Glycyrrhiza lepidota. | ‘

Hedysaﬁum alpfnum also réquired no abrasion;velthough
some degree of hardseededness was present in seed lots,
since seeds germinated in a shorter period of time followino

, »
scarification. Stratification was detrimental to
germination. Seedsawhich;&é%fed.hard coats and were harmed

by stratification, may under natural ¢onditions,  germinate
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soon after dissemination"and overwinter as seedlings rather
than as seeds. Berton (1965b) reported that hardseededness
is related to many faétors such as seed matﬁrity, influence
of climatic conditions at the time of seed formation, rate
of drying, end'storage conditions. Tests with seeds of these
leggmes after being'retajned for long periods of timevmay
show that the seed coat becomes more. impermeable wﬁth
storage especiélly if conditions of moisture fluctuate
(Villiers 1972, Barton 1965b). A hiéher percentage of hard
seeds could be expected in natural situations because

moisture conditions are more variable.

{ S, . .
The most common type of dormancy in the Leguminosae, is

_prsicalt-exogenous dormancy. This-dormancy may_als0“be*““”"““*"

combined with endogenous dormancy as observed in Thermopsis

rhombifolia. Germination of Thermopsis rhombifol ia increased

with scarification.indicating the presence of‘a hard seed
coat. A second, endogenous dormancy is sometimes éresent,'as
sﬁgge ted‘by increased germination percentagee observed in .
S (collected in 1982) which were also stratified. A .
large number of seeds in seed lots of Astﬁagalus 0xytPopIS,
and Petalostemon species were exogenously dormant

Disruption of the seed coats by abra51on resulted in

extremely high germ1nat1on percentages. Other types of

-dormancy were notably absent‘ R

Hard seed coats are slowly broken down in nature

-through one or more of thekﬁollowing methods: by microbial

actidn, -by passage thrgu@h animal digestive tracts, by -the
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scarifying effect of soil and sand particles, by exposure to
high.temperature, and/or by exposure to alternating cold and
warm temperatures. Because these methods are not precise'and‘
depend on a number of factors’and because some seeds are
harder than others, germinationris spread over time and not’
all seeds of a 51ngle plant germinate at -one time. |
Species other than 1egumes demonstrate exﬂgenous'

dormancy in the form of a hard seed coat. The 1ncrease in
germination observed for Allium cernuum and Allijum textile
following scarification indicate that these species are

hardseeded. Alllum textlle also has an endogenous dormancy

Sorensen (1972) noted that the outer covering of seeds of

germination occurred. The disparity between results obtained

in this study and those reported‘by Sbrensen, might be due’

/

_to ‘the presence: of an endogenous dormancy. Since seeds used

.

by Sorensen were not scarified and stratified the lack of
germination which he observed, was likely due to a
requirement for stratification. | “
Mechanical scarification was used‘etfectiyely tol
overcome dormancy and Tncrease permeability in a number'of
spec1es which displayed phy51cal exogenous dormancy Acid
treatment may also be employed to 1ncrease permeability, but
tests must be carréed out prior to treatment to determine
the most appropriate soaking period ‘for various seed lots,

E,

_ 'With the exception of. Sepecio canus, endogenous

.dormancy was found to be present, to'some'degree, in seed

Yy
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lots 6f most Compositae Th1s can be seen by the increase in
germinatiqn percentages or by tne decrease in tlme to
'germlnate for seeds whlch were strat1f1ed

Each collection of Achillea millefol ium dlsplayed a
hlgh degree of endogenous -dormancy and germlégtion 1ncreased
significantly when seeds were stratified. These results do
not agree w1th observatlons made by Sorensen and Holden
(1974). They found that 1 month of stratlflcatlon d1d not
1ncrease the germination percentage nor decrease the time

/

for germlnatlon to occur for Achillea ml]lefollum Both

"h,

Sorensen a@d 'Holden, and Magu1re and Overland (1959)

K
y'; T

obtalned germrnatlon with percentages of 80% or higher- W1th
unstratlfled seeds. The latter authors did not’spec1fy the
1ﬂtime beriod over which the'germination tests were conducted’
and no 1nd1cat1on of germlnatlon rate was given,’ therefore |
it 1s dlﬁﬁlcult to determine if there was: 1ndeéd some
dormancy whlch could have been overcome by stratification or
if none ex1sted. Villiers (1975) notes that the amount of
dormancy can vary from population to populatlon depending
udn environmental conditions such as photoperlod,
temperature,_and m01sture. D1fferences in resulrs between
»studles mlght ‘be due to this natural variation between

populatlons. Results with Achlllewynﬁllefollum support the

observation that dormancy is often greater in seeds from
. ‘ . )

e

b

more northern populations (Nikolaeva 1é69) “ﬁ
¥

‘Hel ianthus subnhomDOIdeus seeds d1d not é%émlnate
8

unless stratified but after 2 months treatment,upnly 54%

¢
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germlnatlon was obtalned M\ second dormancy might be present

"y

in seeds of this spec1es'or feeds might regquire a longer,

stratifieation perrod (l e. phys1cal endogenous dormancy may

.
a,

be intermediate or deep rather than shallow). ~ }3'

Seeds lots of Haplofappus spinulosus and Madia .

Y

glomerata exhibited some dormancy and germinated better and

faster if stratified. Hymenoxys richardsonii, Solidago -

'v.ffgida and Heterotheca Vlflosa all displayed varying amount-~ °

/‘

& -

s
_:v':&""';:

R

of endogenous dormancy as observed by either an 1ncreasé”1n
‘ s

wgermlnat_lon percentage-or a decrease 'n the tlme requ1red
“for germination after pretreatment
Results obta1ned with Antevnarlﬁ‘nltlda and Galllandla.

aﬂlstata demonstrated that the amount of dormancy var1ed

~with each seed lot Seed lots of Arnica fu]gens collected in.
ke J’ l .1"’{

Ve

2L

1982, dlsplayed some dormancy whlle results from seed lotSJ~*

collected ‘in 1981:sh0wed a tendency toward dormancy (therez
was a- large var1atlon among samples maklng the dlfference |
between stratlfled and untreated seeds results ‘ A;
1n51gn1f1cant) - Two of 3 seed lots of ‘Liatris puﬁctata

<

showed,small amounts of dormancy

The preceedlng examples suggest that the amount of
e
endogenous dormancy in Comp051tae is varlable The’ amount

4

aﬁd depth of this dormancy mlght be détermlned by

- env1ronmental factors (temperature, photoper1od and
\‘: }, “
155m01sture) prlor to and followlng release from the parent .

~,piant and to genetlc dlfferences in seeds from dlfferent

parents._Barton (1965a} and Aust1n (1972) report that

. o c : i
3 Y e

N . !



59

dormancy periods are shorter for seeds which are.produced
during dry seasons{than for those produced during wet

seasons. This phenOmenon may account, for difiererces S

b

observed from year tb\year and for seeds collected at

e

dlfferent s1tes 'fdant? ' W
/;“ R R T ~ ' - " ﬁ
. @

A phenomenonﬂwhlch is reportedly common in the

gjeed pof;morphlsm (Bewley and Black 1982).

Polymﬁfph@c seeds are seeds whlch exhlblt dlfferences in

R ‘n\ o

'ﬁ:slze, sh§pé and colour (somatlc polymorphlsm) and/or

4 '-’1!‘4‘.

dlfferenCes in dormancy (i. e seeds oj a 51ngle plant fall
/!'J .
into two dlscont1nuous populat1ons (Roberts 1972)) In

Comp051tae,‘ray and disc flowers can produce different types
of seeds, Seeds of Grlndella,sqgarrosa-appeared to‘be of 2
morphological'types-'onebtypexbeing larger‘and more gounded
than the’ other. A dlfference in dormancy between these s
apparently dlfferent seed type59could account for the lower
l. than expected germlnatlon percentages 1f the strat1f1cat10n
perlod was only suff1c1ent to overcome the. dormancy in one

’)3"_4 _a
,type of seed Further studles areeneeded to determlne if

,w

thése apparently d1fferent seeds can be separated into 2 _"w_{

dlst1nct groups b%hthelr dormancy type.
A COPeopSls tinctoria seeds falled to gérmlnate if
stgat1f;ed ‘but untreated seeds also germlnated poorly. In

the-wild, thlS plant is often found in great masses in one’

£§ear and then completely absent for several growzng seasonsupigﬁh@

fLooman ghd Best %979) S1nce this annual. relles on seeds ’?;

.. m g "
. fon:propagat1onj the observed lack of plants in some yearsJ

13



60
is iikely due to seed dormancy. There are a number of
possibilities for this va-iation in population from one yga#
“0 the next:'(15 an  'r~ “=able pericarp,. (2) leachabie %ﬁ%
inhibitors in the embryo or perlcarp, or (3) a ﬁ‘@ﬁgﬁ
morphologlcally or’ phy51ologlcally immature embryo Further‘
- tests w1th seeds of this spec1es should include germlnatlon
followlng the dlsruptlon of the perlcarp, tests at regulary
1ntervals follow1ng harvest, tests following warm‘ -
stratification, and tests after leaching seeds in. runnlng
water. Kasper and Mchlllams (1982) determlned that .
germlnatlon oﬁ@COPeopSIS tlnctOPla occurred over -a range of
temperatures, from 15-35°C in the llght and found lltb&e orJ
no dormancy. Seeds used by Kasper and McW1111ams were ’
iobtained from.a supplier and-storage conditions prior to
‘testingymight have resulted in the rqpoval»of dormancy.

vw
Li ht mlght also stimulate germ1nat10n

y Results of this study and those of other fnvestlgators
(McGu1re and Overland 1959, Pelton-1956 ugzrensen and Holden
1974, V01ght 1977) show that many Comp051tae (from temperate
reglons) exh1b1t some degree of. endogenous dormanoy but that
moest are not deeply dormant. Other types of dormancy such as
‘:those caused by 1mpermeable coats leachable inhlbltors and
~lack of su1tab1e llght temperature,'and m01sture might be
;nvolved in the fallure of seeds of certain spec1es to

l . v

germlnate.\ o

T

Morphologlcally 1mmature embryos can be a cause of

delayed germlnatlon in some members of the Umbelllferae.

o
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(nustin et. al.‘1969 Villiers 1972) and may be responsible
for the poor germination performance of Zizia aptera and
Musmeon divaricatum. Greene and Curtis (1950) found that
’germlnat1on of Zizia aptera was poor if seeds were
unstratiﬁied but following 5 months stratification
germination greatly<lmprovedr Thiswiong period of -
_StratlflcatLon may be requ1red for maturatlon of the embryo

Warm treatment would be more appropriate if embryos are

morphologically immature. A long storage perlod overcéme

dormancy in few seeds. -
Because seeds' of Zizia aptéré are dlspefsed soog'afte?

ripening and because all seeds from a single plant do not

{

rlpen at the same time, seeds in-each collectlon varied in .

colour from brown to green, No d1fferent1at1o: was made in
tbis stndy'between completely_browngseeds and those which_
were still somewhat"green, since both appeared well‘
developed and full. Al;h0ugh séeds were apparently v1able,
dlfferences mlght have ex1sted in the- degree or type of

.

dormancy exh1b1ted by green or brown seeds. A comparlson of

germination of each colour may show some dlfferences in
bthe1r germ1nat1on requirements (ji.e. in env1ronmental
’condltlons or. .in, type and duration of pretreatments)

For many spec1es with 1ndehlsgent fru1t such as the

schizocarp found in the'Umbelllferae 1nh1b1tors may be -

present in the outer coverlng of the fruit (Heydecker 1977).

Since seeds of ZIZIa aptera, that had been soaked and rlnsed-

in water prlor ‘to testlng, falled to germlnate, the P-e .cnce
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of a water—soluble inhibitor does not seem likely. Further

ev1dence of the absence of soluble 1nh1b1tors is that water

in which Zizia seeds had been soaked did not hlnder the

germination of lettuce seeds. ?he pericarp andvseed coat

have no apparent hard layer of cells (such as the palisade-

sﬂ@uldﬁrestrlct the movement of

water into the embryo (FIGUﬁE 3b). The 1nnermost~layer.of
the seed coat, however, appears waxy and may- interfere with
the movement of water 1nto the embryo or the leachlng of |
inhibitors from either the endosperm or embryo. To determine
1f dormancy of Zizia aptera and Musrneon dlvar'lcatum is
exogenous, embryos could be. removed from the outer cover1ng

and tes%;d for germlnatlon If exc1sed embryos,_ germlnate

rapidly and completely?, dormancy would be attributable to

some property’of the outer covering of the mericarp..fj@~

embryos fail tojgerminate, dormancy could then. be considered

(at least partially) endogenous and studies of the embryo
) N

'§LOUld be undertaken to determlne wh1ch factors are involved

B
!
¢

" in ma1nta1n1ng dormancy

v o A
L NlChOlS (1934) observed little difference in &

NS

e

germ@natlon beEWeen stratlfzed and untreated seeds of both

"Anemone cyl mtjr‘ fpa and Anemone multlflda. Greene and Curtis
5[(1950) goted the %ame for A ‘eylindrica and A patens, and

these authors concluded Ehat Ranunculaceae were unaffected

.’a*

P by strat1f1catlon- Results of thlS study agree w1th these’

vfrndlngs Germlnatlon was delayed on@ to several weeks even

when a suitable env1ronment for germination was prov1ded.

Sl
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’ I'.\ "-3';{}’ !

Many species of the family Ranunculaceae .(including some a
.Amemone species)uare reported to have rudimentary embryos
wnen‘the seeds‘are shed from the parent plant (Bewley and
Black 1982, Mayer and Poljakoff—Mayber 1982), and a period
of afterripening is reportedly necessary'prior‘to
germination. If embryos are immature when the seeds are shed_
they may'reguire several weeks or months of storage before
germination occurs. This could not be determlned from
results reported here since all tests were carried out the
spring and summer following coliectingh To investigate this
pOSsibility; seed lots should be tested at weekly or
biweekly 1ntervals beginning shortly after haryest. It is

likely that an afterrlpenlng is m‘t necessary but that SOme

changes take place follow1ng 1mbré

5tion rather than in‘dry
storage 51nce seeds that were stored for up to six months

,pprlor to ‘testing stlll reqguired the one to several weeks‘at
moist condltlons before germlnatlof occurmed These changes
A probably proceed best at temperatures hlgher than 3-6°C
- since stratlflcatlon dia not decrease the t1me required for
'germlnatlon to occur. ThlS may vary from population to
populatlon however, since Sorensen (1972) found that
strat1f1cat1on decreased the required time for germlnatlon
for Anémone cyllndeCa and Anemone patens. h
Yucca glauca seeds requ1red no pretreatment and
germlnated in suff1c1ent numbers to recommend the use of_ﬁ.‘

this spec1es as a nursery plant. Some seeds. of SmllaCIna

stellata were dormant and required a stratification period
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2
for maximum germination. Unly 12% of the seeds collected in

1982 germinated. It is pOssible‘that this difference in

germination could be attributed to differences in. dormancy

due to spec1f1c c11mat1c conditions under which seeds were,r

formed but more llkely low germlnatlon was due to a high
percentage of dead embryos (s1nce many of the ungermlnated
seeds moulded) |

| Many rosaceaous seeds demonstrate endogenous dormancy
énd require long cold stratification periods for complete
and normal germlnatlon (Mayer and Poljakoff Mayber 1982).

N g.',\;

'Geum species, however

xggu1re no pretreatmebt although some
;%dormancy was present in seed lots of“Geum trifiorum as noted
yby the decrease in the time requ1red for germination ‘
~nfollowlhg stratification. Sorensen and Holden (1974) also

found that germination pretreatments were not required for

Geumftniflonum-seeds collected in South Dakota. Both Geum

'alepplcum and Geum tFlflOPum exhibit great potential for -

further ‘use as nursery plants because germ1natlon was found
~toibe- con51stently hlgh for all 3 collectlon years.

' Some seeds of Heucheﬂa PlChanSONII were~§armant but
the type of dormancy could not be determined from these
stud1es Phy51ologlca1 endogenous dormancy was not V

lndlcated because a ch1111ng per1od was detrlmental to

e DO

germ1nat1on. Perhaps warm strat1f1cat10n would decrease the

t1me required for germination and/or 1ncrease'the !
~germination percentage (j.e.. seeds exh1b1t morphologlcal

endogenous”dormancy). Dormancy may be 1mposed on seeds by
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the test conditions (i.e. lack of light, unsuitable
temperature). If seeds are light sensitive, maintaining
seeds in the dark in an imbibed state mightbresult in an
ifuced dormancy Seed coats might be hard or 1mpermeable in

N

which case they wOuld beneflt from scariflcatlon. ‘That seeds

' ‘of this species are harmed by stratification indicates that

some could not surv1ve cold winter temperatures. Seeds. may Fa
gerM1nate 1mmed1ately after release and overvinter as |
seedlings rather than seeds.

Germination of OenothePa biennis 1ncreased after 2
months stratificatlon with germlnation percentages being
relatively high. Greene and Curtis (1950) found that neither
1yuntreated nor stratified seeds of Oefotheﬁa biennis
germinated It is reported that seeds of this spec1es have a
requ1rement for light (Kinzel 1926 as reported bwaayer and ‘
‘Poljakoff-Mayber 1982) but germlnation results from this
study do not corroborate these findings. Although light
might stlmulate germination in some seeds under certain
env1ronmental conditlons no absolute requirement for light
was noted , a ‘ F— a

Germination of Mbnarda flstulosa var. menthlfolla

/

varied with collections. Seeds of,the 1980 collection were .
. dormant as indicated by the increase in germination ‘
tollowing stratification. High germination percentages

indicate that this plant has good potential gor commercial

use.

[N
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Lithospermum ruderale seeds (actually nutlets) were
very hard and germinated poorly. Either stratifying, or
'removing-embryos from the pericarp, improved germination
significantly, but getmination percentages were still low.
When removed from thei:'covering, some of the embryos
deteriorated quickly, an indication that'the«tissue was dead
(Heit 1955). No evidence of the presence of soluble
germination inhibitors was found since germination did not
increase following soaking and rinsing seeds. The slight
effect of soak-water on the germination of lettuce seads may
be an 1nd1cat10n that a weak 1nh1b1tor is present hc.ever,
a weak inhibitor does not adequately account for the very
poor germinationr The thick outer layer_of closely packed
cells in the fruit coet may be effective in restricting the
flow ‘of water into the seeds, however, this also does not
adequately explaln the poor germination of thhospeﬁmum

.y!: .
ruderale seeds, and espec1ally of embryos removed from the‘ﬁ

6
fruit coat. An in-depth study of germination of Lithospermum
ruderale must -include tests~witn excised embryos to
detetmine’jf the embryos are dead or‘merely dormant. If
aormant, tests must be undertaken to determine the type and
cause of dormancy. Since.neithenxstratifyfng (for up to 3
months) nor removing the embryos resulted in significant
improvements .in germination severalnfactors may combine to
malntain dormancy. A combination of two or more treatments
such as, remov1ng embryos from the perlcarp, rinsing them qn{

water and stratlfylng them for various perlodsg may result

.
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in greater germination for seeds of this species. Salisbury
and Preston (1949) state that Lithospebmum fruits are
notorious for delayed germination; dormancy is often
ma1nta1ned for several years These authors do not make
recommendatlons as to the cause of dormancy nor the
treatments reqnired to overcome it. Possibly a prolonged -
afterripening period is required. , . o
Tqumonths cold stratification 51gn1f1cantly increased
germlnatlon of Dodecatheon conjugens seeds, however,
germination pe¥centages -were still low.'The seed coat is not -
a barrier to germination since scarification did Tnot a
significantly increase germination over that obtained for -

7 f
untreated seeds. Other exogenous dormancy factors such as

inhibitors in the seed coatb might be present. T
Both Viola adunca and Arenaria congesta var. Irthophlla
seeds dlsplay some dormancy which can be overcome by
stratlflcatlon for 2 months Seeds of the latter'tnat did
not germinate, did not sv ! (were exogenously dormant) and.
should be scarified prior to testing. . |
Cleome sePPufata seeds germinated beet it stratified,
however, germination percentaées were extremely low. Becaose
this 1s an annual species wﬁ%ch 1s dependant on seeds to ’
perpetuate 1tself from year to year, one would expect

germlnatlon to be hlgh Heit (1946) worklng with C.

~hat’ seeds germinated at— 20 30 C if treated

glgantea, foy
ta551um nitrate under l1ght condmtlons. The role
)

of pota551um nitrate in germlnatlon 1nduct%%n is not

wlth 0.2% pd

B



68

completely understood however 1t is thought that it can
replace the requirement for, or enhance the effect of, llght-
on germination (Evenari 1965, Maguire 1972, MacKay 1972).
Light (and/or KNO;) might also be a requirement for
‘germination of the native Cleome.. |

Seeds of Eriogonum flavum displayed some dormancy
although not all seeds in a lot were dormant. Germination.
was'good‘prior to stratification but this treatment was
e;%ective in breaking dormancy for seeds collected in 1981,

Seeds of .the 1982 collectlon germlnctef poor]y and b

overgrown qglckly with fungl ‘

Sisyrinchium montanum seeds were completely dormantf
Although manyelridaceae~species reguire a-chilling period
(Mayer and Poljakoff Mayber 1982) 2.months s%ratification.
did not break dormancy A longer stratlflcatlon perlod may
be necessary Dormancy may be exogenous 51nce the coat
appearednhard For some Irldaceae, 1nh1b1tors located in the
seed coat' are respons1ble for dormancy (Bewely, and Black
1982). Removal of the seed coat may be an effectlve
pretreatment for Sisyrinchium.

Germination of both‘cactus specles was variaole. Each
seed lot of Conyphantha VIVJpaPa collected at the same site
for 3 years reacted dlfferently to stratlflcatlon. Many of
the seeds of the 1981 -lot vere dormant. The time of
collection may haye hadéavslgnificant'effect on the

germ1nat1on of Coryphantha VIW?pan@ seeds. Seeds” collected

in 1980 and 1981 were collected inlate August and early

L

. » R : )

‘?3 . ’ co v T s C ’ =
5 . s L ;
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b}

September, while those coliected in 1982 were not'collected_
until late September. Differences in climatic conditions
(eugé temperature and moisture) prior to harveéﬁ ﬁay account
fbr varying amounts of dormancy. A longer‘(or.Shofter)
'period of stratification could be required. Seeds are not
hard since many which failed to germinate had imbibed water
during the test. i
- Seeds of Opunt ia polyacantha germinat :d best if
strétified, but germination was extremel:, »w. Si' ce the
seed coats.are thick and highLy sclerified, dormancy might
be due to an inability to také up water. If the odtervcoat
of sclerified tissue or the éuticleiléyer were responsible
~for the inhibition of germihation then the breakdown of'
these should iead to greater germinatibn percéntages;
'Scarification°(acid or mechanical) did not increaseAl
germination to any significant degfee. No e?idedée of the
présence of soluble germination inhibitors was found. That
the highest germination'peréentaggs were obtained with .
'stratified seeds indicates that at least one type of
ddrmancy is endogenous. Stratificatioq)combined with other
\iat;;aﬁmehts might be effective in breaking the dormancy. A
period 6ftaltefnating temberatures was partiqlly effect{ve
.in'bfééking dormancy in seeds of Opuntia polyacantha; Since
no difference was noted betweenkseeds placed in algernating
temperatures for 5,4,5, or 6 we%}s it would seem‘that only 3
weeks (df'péssibly legs) 1s necessary. Improvéd germinatioh

perférmance might be observed if Opuntia po7yacantha seeds
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were given a short, single, warn:stratification (e.g. 1-2
weeké) followed by a period ofvcold moist stratification (to
- overcome both a morphological and physiologi:al dormency).
Seeds of Opuntia polyacantha produce nucilage when
placed in water. Mucilage, produced by seeds,umay function-/
in several difterent ways. It may‘serve to disperse the |
_seeds to orlent tHe seeds on the germlnatlng medlum to-
rmalntaln m01sture around the seeds om«as a barrler to the .
dlffu51on of oxygen (in cases where excessive m01sture is
present) (Mayer end Shain 1974) 0. polyacantha is a dryland

spec1es natlve to the most arid reglons of Alberta and the

o
,fproductlon of muc1lage mlght be an adaptation to- prevent

-seeds from germ1nat1ng in’ unsu1table locatlons (i.e. wet
areas). To determine if seeds are sen51t1ve to exce551ve
m01sture, a series of germlnatlon tests should be conducted
on media of various water potentlals.v . |

Another species which produced mucilage when wetted was
Collomia linearis. This annual species did not germinate if
seeds were untreated or }f stratified jordz'months. One |
would expect relgtively high germ{nation of these seeds
since in the;wild it is an early invader of disturbed open

P

groundq Mucilage may be reéponsible for'maintaining dormancy

- in these seedS' and may also Be a result of eressive

moisture condltlons durlng testlnggonght mlght also be

requ1red for germlnatlon of Collomla since 1n natural

51tuatlon§zit grows on open areas.

N
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Linum lewisii and Plantago patagonica seeds also .

:. producedpmucilage upon wetting. For Lfnum\lewiSijg mucflage .

did not interfere with germination. These seeds displayed

only a small amount of dormancy and this could have been

either endogenous (since stratification decreased
lgermination time) or 1mposed (since seeds. germ1nated at low
temperatures during treatment). This spec1es should pgpsent

no germlnatlon problems for nurserymen who wish to produce,”

container plants. Plantago patagonlca (tested for only one
year) germlnated best if seeds were untreated Tolstead

(1941) describes this species as a w1nter annual vh1ch

germlnates in the late summer or fall and overw1nters as a

seedling. The observed reduction in germanatlon foIlow1ng

i - A
A

stratlflcatlon supports To@stead s observatlon. ';@

| MaGu1re and Overland (1959) concluded that seeds of

-t’

spetles of 'the Scrophularlaceae germlnate RIS o 1f glven

alternatlng temperatures of 20 and 30°C and 4. weeks of moist
Y . (): FRIS

chllllng to 1ncrease germlnatlon percentages Some varlatlon

- -

from year to year was observed in the germgnatx@ﬁ of

Y -

Penstemon spec1es ~ Penstemon procenus seeds were dormant
and thlS ‘could be partlally allev1ated by 2 months cold
stratlflcatlon. Penstemon nitidus seeds also qerm1nated best

after strat1f1catlon with 3 months of treatment mqre

i

effectlve than 2 months. Nelther of thesg spec1es germlnated

2

beyond 65% and both mlght requ1re a longer stratlflcaflon
Tests for soluble 1nh1b1tors were negative for P nltldus.

The inner epldermls.of the seed coat is thick-walled and -

£
A
-~

"

-

L
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‘mlght 1nh1b1t some uptake of water.

© for 2 years,.germlnated well SErat1f1catron foE 2. or 3

l.mon%?s was the most effectlve treatment‘for bre

o
. v

.51ngle plant (Crod&er and Barton 1953) The control of

Loy e

8.3
(S

L)
Water soluble germlnatlon 1nh1b1tors do not appear mﬁ
play a role 1n the: dormancy of Besseya wyomlngenSls 51nce Q@

v
v

germlnatlon d1d not 1ncrease after soaklng and r1n51ng seeds

_1n ‘water, nor dld soak water 1nh1b1t germlna§§on of lettuce

ERN b % . X

seeds. The seed coat is probably not respons1ble for

dormgncy 51nce remov1ng thls lager does not 1ncrease

N

'germlnatxon. Because thejSeed coat of Beséeya wyom7ngen515.

i wh

is very th1n ‘one mlght expect it to prov1de-11ttlej

iprotect1on of the embryo andaseeds mlgh“ oS r1ab111ty X

- “w

. . . B
- o u LY *

ng
dormancy e i' " %_Qf*f,“ e '@, ) . :g ‘;

Y

GermlnatLon reg

S L

”rapldly Th1s was not the®case 51nce seec a1ch were stored :f

“ngments of seeds from w1fﬁ populatlonsj

can ‘be- hlghly va 1able e\tﬁer w1th1n a 51ngle populataon or"

among, dlfferent populé%lons (Blake 1935) D1fferences in

dormancy d% not only occur among seeds collected frOm

Y

different plants but often amonq seeds collected from a-:

'dormancy is probably a complex comblnatlon of genetlc and

'env1ronmental factors. thtle 1nformatlon)1s ava1lable on ‘9

ISy

the effects of" Spec1f1c enV1ronmental COnd1tlons prevalent

dur1ng seed set and seed maturation, but factors- such as - low
: mo1sture, varlatlon in . temperatures and photoper1od affect

1dormancy (Bewley and Black,ﬂ982) Other fagiors 1nclude the'

'degree of maturlty of the seeds when harvestec and the

>0>.' § .

-

p y . " . o f o L . : : Lo ._: T
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nature and duratlgmiof post harvest storage. In sp1te of the

lﬁ¥ge number g; factors which are 1nvolved Ain the. cdhtrol of,

dormanuy, 'ffformggermlmptlon of seed lots ¢an often be

obtalned ‘,hﬁ:;treatlng seeds. The benef1c1a1 effect, of cold

j'” 01‘
stratlflcatlo

) warm strat1f1cat1on,‘scarlflcatlon, and seed

RS \"

be seen w1th varlous spec1es in thlS study

"w ':_)

Pregermlnatlon treatments are- éffetttve not only in
) \ '«\.', E o ‘ .._“- ¢ o *\’L -

1ncrea51ng germ}natlon percentages$@ d-decrea51ng the tlme
edswtdﬂ oo

requﬁred for germlnatlon, but also#

gemmlnate over a. w1dbr range of env1ronment@1%§onu1t1ons ;ﬂﬁ
e, e, S

Yleolaeva 1977 Baskln and Baié?n 1979) ", @h;s 15xespec1ally

1mportant for nurserymen who m@st obtaln md&1ﬂnm<ﬁerm1nat1on

, g »

' of ‘seed lots in a short pergod ofatlme. Other&gaed Lol .'ff

I
b vl

i e
L J“"f

treatments m1ght also be valuablefgor maxlmlzlng seed
germlnatlon for the nursergman x\(econdltlonlng %prlmgng, .
-~ ¢ N A zz‘” :

&oemocond1t1on1ng§ CODSIStS hf égfrhlng seed% in an osdbtlg\..

g@solutlon of 1norgan1c salts sugars or polyethyﬁene ycol- .
.Tat low water potentlals for a perlod of 1.to 2 weeks (Khan
1980). The, process shortens the t1me from sofgng to

emergence and is used to obta1n plants andgro;s of unlform

v

age and;maturlty It’ 1ncreases the rate® of germ1natbon and

allows 'slow'-seeds to germlnate at thé SQme t1me as 'fast'
-0

seeds in a seed lot (Khan 1980) It could @e used to

m1n1mlze the test t1me for varlable seed lots espec1ally

-,

' those from w1ld populatlons,i

. . [ERRSERCE

v



i

et . ~

W, concr.usm'ns

B A

The advantage of TTC sta1n1ng as a test for v1ab1111ty

is that 1t 1s rapzd results can- be obtalned in 24 hours. A

oy
‘ ; e
dlsadvantage is that sta1n1ng is often. erratlc andgﬁ ]

N 1

1nterpretat16h 1s~ebtremely‘drff1cult. Interpretatlon is N

Ly
often a subgedtgve determlna%%ph of the condltloh of the-

‘3!ty of seed coverlngs”

'.seeds or to drfferences 1n perme;bk

L '3 A ‘ ¥ “Qd/‘ N ;jt’ s

T X~ ray phbtos of %eeds are. rapld and seedS%requrre o . .

"f“’s « t.,% . 5

'pre aratlon. Irregularltles %% seeds such as broken or S
K b ’ o &

°shr1ve1ed embryos and 1ﬁ5ect damag%“Can be detec@%d readllyﬁ

\
L1ve and dead t?ssue can not read1Iy be‘%?%ferentlated and’

"Vs) F{ < Lo is s

L & #
o w1th Small seeds- 1nterpretat10n 1s dlfflcult Infsomefcé%es;

.ij E},\.m"

-~

~

«; o
embryo exc151on mgght be ‘a more approprlate test of ¥

.-V1ab111ty 51nce the presence
’@(‘
A

'y thlS method

fome dormancy types can’ be-ﬂ

o
v

' netecte

Whet“er a spec1es 1s worth growlng commerc1ally depends

e

~on. many factors not on germlnatlon alone.AThe germlnatuon

percentage abOVe whlch‘Aarge_scale production is fZa51ble 15'

arbitrary'and depends - on such factors-as seed avallablllty.

Spec1es which" germlnated over 60%, however show some

potent1al for use in 1arge scale productlon on the ba51s of

Ao bJ .

germlnatlon alone. Of the 58 spec1es tested 42 germlnated
above 60% elther with or w1thout pretreatment. These species
demonstrate good potentlal for commerc1al prodactlon on the

‘ba51s of germlnat;on; For 9 species maximum germination .

74 : h .
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-obtained vas only between 30- 60%. Further pretreatment is

"'J'

treatie - in comblnatlon.
deta: ed'investigationZ*T,e\maglmUm germination of these .o

.speciesrwas’1eSSJthan'30% and commerc1al use would only -be

\

tfeasibié if iarge‘numbers of seeds are avallable.
Rec0mmendat10ns for pretreatments are presented in R

TABLE 131 and were only glven for spec1es whlcthermlnated

over;30% Stratlflcatlontlmproved germlnat;on percentages of

24 - specues and 2 other spec1es weregﬁpund to germlnate s "ﬂm*

,sooner : 1f strat1f1ed These 1nclude 12- of the 15 spec1¢§

L . ot \ ;
~'Comp051tae, all 3 members of the Scrophuiarlaceae, éhd both~

4

' spec1es in the Cactaceae. ﬁcarlflcatlon Was benef1c1al to) .

Y s
ngermlnat1on of 11 of the 14 spec1es of Legumlnosae and both

AIZhum spec1es (Llllaceae) Generalb&, members of the

; “m

Legumlnosae have 1mpermeable seed coats (phy51cal exogenous

fdormancy) cnd for some, endogenous dormancy can also be
/

present The members of both Ranunculaceae and Rosaceae

. germlnated well and d1d not requ1re stratlflcatlon Geum

N

tFIfIOPum seeds, however, had some dormancy and

B

stratlflcatlon decreased the t1me of germlnatlon Both

o

Umbelllferae spec1es (Musmeon dlvar'rcatum/and le:a aptena) YL

requlre further study before recommendatlons,can be made as>'“3
_toé;%e most appropr1ate treatment There is some gv1dence S gf

th the embryos of ZlZla are 1mmature and requ1re an -

ra { AY
‘extended afterrlpenlng perlod Or _warm stratlflcatlon

Y



?,JSmIIaCIna stellata gqrmlnated best after stratlflcatlon.,

v . S .

Certain taxongmic groups, such as those families
dlSCUSSGd above, have characteristic dormancy types and
‘reSpoﬁd to spec1f1c pregermination treatments. With:
'differenr_seed iots, dormancy in these}families'is probablj

mod1ﬁged to some .extent by env1ronmental cond1t10ns both

durxﬁy seed productlon and follow1ng seed dlspersal In some

significantly among Species. Each of 4 species of Liliaceae
.'reéctedvdiffereﬁ%ly to pretreatments. Untreated seeds of

:Yucca glauca germlnated asﬁgell as stratlfled seeds but

i~
L
Mgt

Q",ffllllu cernuum andﬁﬂ te?%*le ‘have’ 1mperme bie seed coa.'
: 24

and dlsruthpn of ‘the coat pro&btes»@ermlnatlon. Alilum\j

texflle and (p0551bly/ﬂ cePnuum) respond p051t1vely to

stratlflcatlonsln.comb1nat10n W1th45car1tﬁcatlon..

oow

(D vk e oot — . \

..

]

famllles ~dormancy type anqppretreptment‘requrrements differ.

gl

%
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TABLE 14 Recommended pregerm1nat10n ﬁreatments for seeds of -

native prairie w1ldflower$

. , n
S %\%
Spec1es B

e

Prééermination Tre%p%gnt
f K] ,Y,." N

Achlllea mlllefolium
Allium cernuum
Allium textile

Anemone cyl indrica

Anemone ‘multifida

‘- Anemone patens

Antennaria nitida
Arenaria: congesta var.

. APnICa fulgéns

galus:' b sulcatus

Astragalus pect.ina
- Astragalud striaty
. Besseya wyomineps
CTeome sernulata

Collomia 1inearis .

Coreopsjs tlnCtOPla
Coryphantha v1vrpana
Dodecatheon conjugens
Eriogonum f1avum '
Gaillardia aristata
Geum aleppicum .. -
Geum triflorum
Glycyrrhiza lepidota

.Grindelia squarrosa

Haplopappus spinulosus

Hedysarum alpinum

.7 ithaghi]a

: igalus crassrcanpus e
Astragalus drummond i .;
Astragalus gllv1flonus\,

pgs .

AN
e
ST et .

/

Hel ianthus subnhombordeus “

Heterotheca v.illosa
Heuchefra ,richardsoni i

Hymenoxys richardsoni i
< Liatris puntata

Linum. lewisii
thhospenmum nuderale
- Lupinus -argenteus
MaglangomePata "
- Monarda, fistulosa: var .
Mus ineon divaricatum
‘Oenothera biennis
Opuntia polyacantha
Oxytropis metlcola

Oxytropis sericea*¥ar.’ splcata

. Penstémon nrt/dus'

Y]

mentﬁ%?o?za

/

v
PR

‘Unknown ! LELT
V“Stratlflcatlon

Stratification'“m
Scarification

'Scarnglcatkbn and

'Stradification.

- None Reduired

None Reguired
Unknown 1y

Stratlflcatlon C
Scarificatidn

.Scarification
.. Scarification?

Scarlflcatlon
Scarlflcatlon
Scarlflcaclon .
Stzatlflcatlon"

».5%‘Unknown
- -
'Unknown

Unknown

'Stratlflcatlon'.'a

Stratification?
Stratification
Stratification
None Required
None Requireds. - - : .
None Requirede? y.
Stratification -
Stratification

-None Required

Strat1f1catloni

'Stratlflcatlon
‘None Required

Stratification

Stratification

None Requireds-

‘Stratification?

None Required?

F>Strat1f1catlon
.Stratification -
‘Unknown: _

- Stratification

Stratification?
Scarification

"Scarification

Stratification? ¢

" continued

“
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TABLB 14 - Recommended pregermlnatlon treatments for seeds of
. natlve pra1r1e w1ldflowers. S .
S B '% .

Spe01es . [ ‘,-~,~”3 '~Pregerm1nat10n Treatment
Penstemon procerus o ’ Strat1f1cat1on
Petalostemon candldlumsy w ¥ ... Scarification
' Petalostemon purpureum. i . .4, gcarification
Pf@ntago patagonica var. patagomca .None Required
Ratibida columnifera™ = . ©, Stratification?
Senecio canus ' . % ;7 . None Required
~ Sisyrinchium montanUm L .., -Unknowry ‘
Smilacina stellata” . P Strat;flcatlon :
Solidago rigida, - o T - ."Stratlflcatlon . L
TherOPQIS Ph@mblfolla T Scaflflcatlon -and "’@fw,
, fﬁ‘m udj; [FRUIR ‘. .Sfratification ¥

i ég«adunca -oov v e Stratification. .

_ g]auca " ‘ e T o None -Régquired =+

izfa. apter@ R £t LI Unknown‘ B
,'_______;_ »______.__,*_5_;_' - e 0 [N o DR R
‘3strat1f1catlon might be® de%rlmEntal for, some seed lqts. 2

> maximum germination betweenu30 60%. 1T laE e T

* stratifica&tion-inecreésés germination rate' L I
“3 months smratfflcatlon . N o



el
. R
) ¥
R
‘*. |
BIBLIOGRAPHY
AMEN, R. D. 1963. The concept’oﬁfq§ed dormandy.lAmer. Sci.
51:409-424. ‘ LLY . D
ASSOCIATION OF OFFICIAL SEED ANALYSTS. 1970. Tetrazolium (1

testing handbgok. fér” agricultural seeds. Edited by
D. F. Grabe.-Assoc. of‘Offic.‘Seed_Analy§ts. 62 .pp.’

Gl e

ASSOCIATION OF OFFICIAL SEED-ANALYSTS.. 1978. Rules for
' testing seed. Jour. Seed Technol..“3(3):1-152.

Ll
S

AT
ST .' . ' -,‘@« 3 i . . )
'AUSTIN, R. B. 19783¥Bffects of environment before SREUEE

‘harvesting 6ﬂ}viabili¢y; In Viability of.seeds..
Edited by E. H. 'Roberts. Chapman and Hallf;td.,j

’ . ‘ ' ..... Y. ' . : - ’
AUSTIN, R.-B., . Py _C’-,' LONGDEN and J. HUTCHINSON. 1969. Some .
, effects of 'hardening' carrot seed. Ann. Bot.
v 33:883_895- ) . Y )- : ) -

.
‘«‘v?’:.‘t)l‘," ’
Py k)
Py

5BARTO%§?§& B. 1965a..Geper§i sﬁ}yey.of~dormaﬁcy"typgs in \f 
¥ beeds and -dormancy imposed .by external agents, In .
- Encyclopaedia of plant physiology. Edited by W.
Ruhland. Springer-Verlag, Berlim. 15(2):699-720.

~

| [0 I -
. - . e : X
BARTON, R. B. 1965b: Dormancy in seeds imposed by the 'seed
" coat. In Encyclopaedia of \plant :physiology. Edited"
- by W. Ruhland. Springer-Verlag, Berlin. '
15(2):727-745." S T x




80

~8 BASKIN, 'J. M. and C. C. BASKF 1979. 'The.germination
o ‘strategy of oldfield ast cer (AsteP pllosus)' Amer,
J. Bot. 66: 1-5

T

- S BENCHLEY W. E. .and K. WARINGTON, 1930. The weea séed
: populatlon in arable 5011 Jour. Ecol. 18:235+-272.
o o )

. . : ‘ LN : :
Y o Y . - Lo :
- 10 BEWLEY J. D. and M. BLACK '1982. Physiology and
e . b1ochemlstry of seeds in relation to germlnatlon

1,‘()

Volume II. Sprlnger Verlag New York
o S o

BIBBEY R. O. 1948. Physiological-studies of weed seed
ww“:_ germlnatlon Plant Physiol. 23(4):467-484.

%

@* o , : ' - X o )
14 N

D . ) . : [

12»BLAKE ‘A. K. 1935, V1ab111ty and germination of seeds and
early life hlstory ot pralrle plants. Ecol 'Mono.’
.5:405-460.

-
@

13 BONNER 2 T., B. F. MCLEMORE and J. P. BARNETT. 1974.
Presowing treatment of seed to speed germination.
In Seeds of woody plants of the United States.
Edited by C. S. Schopmeyer. U.S. Dept. Agric.. For.
Serv., Washlngton D. C., Agrrculturﬁﬂ Handbook No.-
450, PPp- 126—135 .

i

. —agS T .
14 BONNER F. T. 1974. Seeds testing. In Seeds of woody
plants of the United States. Bdited by C S.
" Schopmeyer:. U.S. Dept. Agric. For. Serv., -
Washington D.C., Agrlcultural Ha dbook No. 450. pp.
- 136-152. : , ,éﬁ o




81

15 BRANT , R E., G. W, MCKEE and R. W. CLEVELAND. 1971,

"t

Effect of chemical and physical t
seeds of penngift crownvetch. Cro

Q@

16 BURNS, R. E. 1959. Effect of acid scari
.seed impermeability. Plant Physio

SN

17 CANADA DEPARTMENT OF ‘AGRICULTURE. 1979,
procedures for testing seeds. See
. Serv, Div, Ottawa, Ont. 136 Pp.

germinatlon 1nd§$ 290 Ann%ﬁ&ppl

. %{5} .

i

. 18/ COTTRELL, H\ J. 1948 ﬁrg razoli&salt

'9 CROCKER, W. and L. V. BARTON. 1953. Phy

reatments on hard
p Sci., 11:1-6.

Y

flcatlon on lupin
1. 34:107-108.

Methods and
d BlOl LaQ:, Lab.

as a seed
Biol. 35 123—131
e _‘L "“»'5.

siology of seeds

Chronlca Botanica. Company Waltha

20 CURRAH, R. S. A SMRECIU and M VAy D
. °revegetatlon study. The Frlendgyo
of Alberta Devonian Bothnic Garde
-for AlDerta Env1ronment 92 pp.:

-

21 CUTTER oW G '1971. Plant anatomy: expé

m, Mass. 267 pp.

1982. Phase 1T
the Unlver51ty

n, Edmonton. Prep..

riment and -

1nterpn€%atlon Part 2: organs. Edward Arnold, .

London.spp 264- 271

4

2 22 ESAU, K. 1960, Anatomy of seed: plants

Inc. New York. pp. 326- 335.

‘"John Wileyf&pSons;

-_

o

.:ngl



R

82

23 'EVENARI, M. 1965. Light and seed dormanéy In
Encyclopaedla of plant physiology. Edited by W.
Ruhland. Sprlnger Verlag, Berlln. 15(2):804-847.

3

n
“/

“24 FAHN, A. 1974. Plant anatomy. 2nd Edition. Pergamon
Press. Toronto. 611 pp. ;W ' -

. ) i . 1‘ ua .
25 GORDON, A, G, and D. C. F. ROWE. 19821¢Seed manual for
ornatental trees:and shrubs. & téstry Commi551on

3. - . Bulletin No. 593Mﬁer Majesty'st %'”’; !
' London, 132 PP. R ~ AW S
26 GREENE H. C. and J. T. CURTIS. 1950, _Germination studies
: of Wlscon51n prairie plants. Amer. ‘Midsh
43:186-.194." . r =
27 GRISWOLD 1336‘”Effect of alternate moistening and
drylnénbn seeds of western range plants. Botan.
Gaz. 98 243269 B LA L .
S ) .' ' ‘ - i a
» o N B o ;g_ . K
“28 HARTMANN H. T.osahd D.XE KESTER 1959 .Plant propagatlon-
o prlnc1ples and pr ctlces Prentlce Hall" Inc New,gf._fhf
Jersey 662 pp : - - - o &xg
: E : ' ém
‘ e R o S 58

f 29 HAYWARD H. E. 1967 The structure of economic plants.
x Machlllan Co. New York. 647 pp. - s




30

" 32

33

34

. 35

36

83

HEIT, C. E. 1946. Labdratory germlnatlon results with
certain flower seeds. Proc. Assoc. of Official Seed
. Analyst's. 36th Annual Meeting. pp.. 141-149.

Y

»

HEIT, C. . E. 1955, The excised embryo method for test1ng
germination guality of dortant seed. Proc. Assoc.ﬂ

of Official Seed Analysts. pp. 108-117. S
' - i et ’
HELLUM, K. 1983, Personal communlcﬁtlon Department of
Forest Sc1ence Un1vers1ty oF»Alberta ST

HEYDECKER ‘W 1977 ~Stress and seed germlnatlon. aﬁ .
agronomic view, In. The phy51ology and blochemlstry
of seed dormancy.and.germination.- Edited by A, A.

. -
ey . .
“ ’m', Q o o
h .

‘ Khan.aNorth~Holland Publgshlng Coug New York. pp.
- .237-282% . \ . ¢
PR R S “ 1,‘ e o kR

HOFFMAN, G. R., M. B. HOGAN and L D, STANLEY. 1980
Germlnatlon of plants spedies common: Lo reservoir
"shpres 'in the northern great plalns.‘BuYI Torrey
" Bot. Club 107(4) 506 513

I 4

« : ’ o BT ’ S

€.

-

INTERNATIONAL SEED TESTING ASSOCIATION f966
International rules “for seed testing. Proc Intern.
. Seed Testlng -Assoc, 31-ﬂ~152 - . .

e
JOHANSEN .D. A 1940.. Plant mlcrotechnlque&sMcGraw Hlll
Newr¥ork 523 pp. '

2

e

»



37 JUSTICE 0. L 1972 Ess
: blOlO . Volume I1I
Academic Press, Ne

]

v 84‘

entials of~ seed testing. In. Seed
I. Edited by T. T. Kozlowskl.
w York pPp. 301—370 :

v

38 KASPER, M. J. and E. L. MCWILLIAMS 1982. Effects.of

temperature on ghe
wildflower see':,

"'y 439 KESTER, D.'E. 1960, Seed

s nursery. pracﬁlcés
L 256 267 ,

ey
\.‘l (i

N,"A. A. 1980 - Precon
perfbrmance of see
" biochemistry of se

40

M LN R <
_ CA
R Y
< - . .
s

germination of selected
Hortscience 17(4):595-596.

R . ’ R T
§ow

Proc‘ Plant Prop Soc; pp

A RN . w
\
N ) e

R a Lol
4 . A L
’ : AL L S

U

dltlonlng germlnatlon and .
ds. In The, physiol~gy and . :
ed dormancy and germination.

-\ Edited by A. A. ﬁp
“Rew York 547 pp

N,

germlnatlon In Se

an. North-Holland Publishing Co.,

0
I

mental control of seed , '
ed biology. Volume II.. Edlted by

% 47 KOL},ER D 1972 Env1ron

e LT, T. Kozlowskl. A
“ : 1*101 :

%@ K-

J,\ » E

- 42 KRUGMAN %;;nf;“w. 1. ST
Blology In Seeds

cademlc Press, New York Bp. -

At
:

VAT L
‘v . 5 .

EIN and D. M. SCHMITT. 1974 Seed
of woody plants of the United

iV,States -Edited by
Agric. For. Serv.,
Handbook No§ 450,

43 LAKON G. 1949. The topo
determlnlng the -ge
Plant Phy51ol 24:

C. S. Schopmeyer. U.S. Dept. _*ﬂn

Washlngton D C.; Agrlcultural
pp 5 33 ‘

,‘}%

graph1cal tetrazollum method for
rmlnatlng capaC1ty of seed$
389 394 j ;

Pt
. El

-

4
K

dormancy and 1t5vrelat1onsh1p to -

0P



F

. 45 LOOMAN, J." and K: F..BE

Y

""i Toronto: 217 pp. | : | ’

0 y
¢ ¥

-44 LEWAK, S. and R. M. RUDNICKI. 1977. After r1pen1ng in

cold-requiring seeds. In The phy51ology and:
blochemlstry of seed dormancy and germlnatlon. "
- Edited by:A. A. Khan. North- Holland Publlshlng Co
New York. pp. 193 217. A

X

1979.. Budd's flora of the

canadian prairie pvalnces. Research Branch, ' .
Agrl @ture Canada. Pub. No. 1662. 863 pp. =

a R

structure of three,woody legume spec1es after
s chemical and phy51cal treatments to increase
germination. J. Amer. Hort. Sci. 106(5):691-694,

Yo

. AE‘:") o b ;
J rs ' ' o L
47 MACKAY D. B. 1972. The measurement 9f v1ab111ty dn R
o Vlablllgy of seeds. Edlted ‘by-E. H. Roberts AR
Y Chapman and 'Hall. Ltd, ondon. pp"172 208 e

!

48 MAGUIRE J.'D. dnd A. OVERLAND 1959, Laboratory L
germ1nat10n ot seeds of weedy and native plants. ,

wash Agrlc Exp Stn Clrc. 349 15 pp. °

ey

49 MAGUIRE J D. 1972 Phys1ologlcal d1sorders in *_ .

o

Co. Ltd., London. pp 289 310

Y

50 MAYER, A. M. and A. POLJAKOFF- MAYBER 1982 The

‘germination 6f seeds. 3rd Edltlon. Pergamon Press,

£

26 EIU N. Y.f H. KHATAMIAN and T. A. FRET@ 1981.- Seed coat

R , . .
L] . f e ’
i T IR ) ] . SR AT AL .,
. . , : oo
i o ' - . ' : ’ E4 L -
. v - . . . . - s .o



OF/DE

<

18

EEEE

m— mm_m_w_muu._“

——
.
/ -

I
i

16

14

—_—— _

I1.25

K

Ve

D



86

51 MAYER, A. M..and Y. SHAIN. 1974. Control of seed
- germination. Ann. Rev. Plant Physiol. 25:167-193,

e o o ¢

52 MOORE, R. P. 1962, Tetrazolium as a universally accepted
quality test of viable seed. Proc. Intern. Seed
‘Testing Assoc. 27:795-805.

»

Ay

.53 MOORE, R. P. 1973, Tetrazolium staining for assessing
seed quality..In Seed ecology. Edited by W.
Heydecker? Butterworth & Co. Ltd., London. pp.
347-366. ' ’

54 NICHOLS, -G. E._1934.‘The influence of exposure to winter
.temperatures upon seed gé:yination in various
native american plants. Ecology 15(4):364-373.

e

55 NIKOLAEVA, M. G. 1969. Physiology of deep dormancy in
seeds. National Science Foundation, Wash. D. C. 220

pp.

56 NIKOLAEVA, M.G. 1977. Fac'ors controlling the seed
dormancy pattern. In The physiology and :
biochemistry of seed dormancy and ‘germination.
Edited by A. A. Khan. North-Holland Publishing Co.,
New York. pp. 51-74. .

-

<
N

57 PACKER, J. G. 1983. Flora of Alberta. by E.H, Moss. 2nd
edition. University of Toronto Press. Toronto. 687
' pp. : . . )




58

59

60

61

62

63

64

- 87

~

PELTON, J. 1956. A study of seed dormancy in eighteen .
‘Species of high altitude Colorado plants. Butler U,
Bot. Studies. 13:74-84, ’

~

POLLOCK, B. M. and V. K. TOOLE. 1961. Afterripening, rest
period and dormancy. In Seeds: The vealrbook of :
agriculture. U. S. Dept. Agric., Wash, D.cC. pPp.-
106-112,

ROBERTS, E. H. 1972. Dormancy: a factof\affecting seed
survival in the soil. In Viability of seeds. Edited
by E. H. Roberts. Chapman and Hall Ltd., London.
pp. .321-359. -

r

ROLSTON, M. P. 1978. Water impermeable seed dormancy.
- Bot. Rev. 44(3):365-396. .

SABO, D. G, G. V. JOHNSON, W. C. MARTIN and E. F. ALDON.
1979. Germination requirements of 19 species of
arid land plants. U, §. Dep. Agric. For. Serv.,
‘Res. Paper RM-210, Rocky Mtn. For. and Range Expt.
Stn., Fort Collins, Colo. 26 pp. '

-

SALAC, S. S. and M. C. HESSE 1975. Effects of storage and
germination conditions on the germination of four
species of wildflowers. J. Amer. Hort. Sci.
100(4):359-361. _ :

/
/ /’
SALISBURY, E. J. and G. H. PRESTON. 1949.\N0te on fruit
size and viability in L ithospermum off iciale. Kew
Roy. Botan. Gardens Bull, "2:153-155, .



65

66

67

68

69

70

71

88

SORENSEN, J. T. and D. J. HOLDEN.. 1974, Germination of
native prairie forbs. J. Range Manage.
27(2):123-126. N :

' ‘ ©

SORENSEN, J. T. 1972. Germination and vegetative
propagation of native prairie forbs. MSc. Thesis.
South Dakota State University.

~

.

TOLSTEAD, W. L. 1941. Germination habits of certain
' sandhill plants in Nebraska. Ecology 22:393-397.

A

VILLIERS, T. A. 1972. Seed dormancy. In Seed biology.
Volume II. Edited by T. T. Kozlowski. Academic
Press, New York. pp. 219-281,

VILDIERS, T. A. 1975.. Dormancy and the survival of :
plants. Edward Arnold (Publishers) Ltd. London. 67

pp.

]

VOIGHT, J. W. 1977. Seed germination of true prairie
forbs. J. Range Manage. 30(6):439-441. ‘

¢

WARING, P. F. 1969, Germination and dormancy. In The _
physiology of plant growth and development. Edited
by M. B. Wilkins. McGraw- Hill, Toronto. pp.
605-644. ‘ gg




89- 

72.WARING, P. F., J. VAN STADEN and D. P. WEBB. 1973.

. Endogenous hormones in the control of seed ,
dormancy. In Seed ecology. Edited by W. Heydecker. .
Butterworth & Co. Ltd., London. pp. 145-155.

73 WATSON L. E., R. W PARKER and D. F POLSTER. 1980.
Manual of plant species suitability for reclamation
in Alberta. Volume II. Techman Ltd. Prep. for Land
Conservation and Reclamation Council of Alberta.
541 pp. + appendices. :

"~

74 WERKER E 1980/81. Seed dormancy as explained byithe
anatomy of embryo envelopes. Is. J. Bot. 29:22-44,



-~

APPENDIX 1 SEED COLLECTION

SPECIES

. YEAR

LOCATION

S

Achillea millefol ium 1980 On@four
: : 1981 Milk River Ridge
~ . 1982 Milk River Ridge '
Allium cernuum 1980  Devonian Botanic Garden'
Allium textile 1981 Milk River Ridge
o . . 1982 Milk .River Ridge
- Anemone cylindrica - 1980 Jensen Reservoir
. 1981 Bullshead
D 52 1982 Elkwater Lake
Anemone multif ida 1980 Michel Reservoir
1981 Elkwater Lake
1982 Elkwater. Lake
Anemone patens 1980 Elkwater Lake -
Antennaria nbtida- 1980" Michel Reservoir
1981 Michel Reservoir
' 1982 Milk River Ridge
Arenaria congesta 1980 Elkwater Lake
var. lithophila - :
Arnica fulgens 1981. Bare Creek Reservoir
- ~ 1982 Bare Creek Reservoir
Astragalus bisu;batus 1980 Cressday
| - 1981 Milk River Ridge
Astragalus crassicarpus 1981 Cressday
1982 Milk River Ridge
Astragalus drummondii- 1981 Milk River Ridge -
Astragalus gilviflorus 1981 Jensen Reservoir
Astragalus”pect inatus 1980 Bullshead
' 1981 Bullshead
_ 1882 Milk River Ridge
Astragalus striatus 1980 Elkwater Lake
1981 Michel Reservoir .
1982 Bare Creek Reservoir
Besseya wyomingensis 1980 Elkwater Lake
‘ - : 1981° Milk River Ridge
' 1982 Milk River Ridge
Cleome serrulata 1980 Bollockville :
Coligmia linearis 1980  Cypress View Reservoir
Coreopsis tinctoria 1880 Cypress View Reservoir
Coryphantha vivipara 1880 Milk River Ridge
. g 1981 Milk River Ridge
o 1982 Milk River Ridge
Dodecatheon conjugens 1980 Milk River Ridge
' 1981 Milk River Ridge" -
. : 1982 Milk River Ridge
Eriogonum flavum’ 1881 Michel Reservoir
: 1982 = Milk River Ridge
GailJardia aristata 1980 "Bullshead ,

continued
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N

SPECIES YEAR LOCATION.
-
1981 Elkwater Lake/Milk R1ver
: .Ridge -
. 1982  Milk River Rldge
Geum aleppicum 1980 Michel Reservoir
4 ) 1981  Bullshead |
. 1982 Bullshead
Geum triflorum 1980 Bullshead 5
’ ’ 1981 .Bare Creek Reservoir
' - 1982 Bare Creek Reservoir
Glycyrrhiza lepidota - 1981 Bare Creek Reservoir
Grindelia squarrosa 1980 Milk River Ridge
' 1981 Michel Reservoir
‘ : ' 1982 Milk River Ridge
Haplopappus spinulosus 1981 Bullshead: -
-Hedysarum alpinum ' 1980 Devomian Botanic Garden'
’ ' ‘ '1981 Cypress Hills
1982 Cypress Hills
Hel ianthus subrhombo ideus 1981 Elkwater Lake -
Hetenothepa vlllosa 1980 Little Bow Reservoir
: 1981 Little Bow Reservoir
- 1982 Milk River Ridge
Heuchera richardsoni i 1980 Michel Reservoir
_— 1981 Bullshead:
~ ) ’ o - 1882 Bullshead
Hymenoxys richardsonii’ 1980 Jensen Reservoir -
. Lot 1981 Bare Creek Reservoir
. 1982 Milk River Ridge
Liatris punctata 1980 Milk River Ridge
: : 1981 Jensen Reservoir
‘ o ' 1982 Jensen Resexvoir
Linum lewisii N 1980 Devonian Botanic Garden'
: ' 1981 Jensen Reservoir e
' 1982 ~Jensen Reservoir
L ithospermum -ruderale 1980 Elkwater Lake _
. o 1981 Milk River Ridge
: 1982 Milk River Ridge
Lupinus argenteus 1980 Elkwater Lake , ;
Madia glomerta 1980 Bare Creek Reservoir .
Monarda f istulosa var. 1980 Elkwater Lake uk>
menthifolia - . o ™,
' 1981 Elkwater Lake
Musineon divaricatum 1980 Bullshead
. 1981 Jensen Reservoir: R
Oenothera biennis 1980 Elkwater Lake . C o R Y
1981 Elkwater Lake ' o
' 1982 Milk River Ridge
Opuntia polyacantha 1980 Cressday
’ 1881 Cressday

~continued



APPENDIX 1

'grown in cultivation

~——

SEED COLLECTION
, ‘/:Am ) . Wt 3 I ) :
* SPECIES o YEAR LOCATION i
, ' 1982 'Cressday : |
Oxytropis monticola - 1980 Elkwater Lake -
‘ 1981 Cypress Hills
1982 Cypress Hills . L
0xytPopIs Seﬁlcea var. 1981 Bare Creek Reservoir
spicata . ) : |
: 1982 Bare Creek Reservoir
Penstemon nitidus 1980 Elkwater Lake o
1981 Cgpress View Reservoir.
: : 1982 Milk River Ridge
Penstemon procerus 1980 Elkwater Lake
' - 1981 -Cypress Hills
: T o, 1982 Cypress Hills
Petalostemon candidum 1980 Milk River- Ridge
Petalostemon purpureum 1981 Jensen Reservoir
Plantago patagonica var. 1980 Cressday.
patagonica -
Ratibida columnifera 1980 . Cypress View Reservoir
Senecio canus 1981 * Jensen Reservoir
Sisyrinchium montanum - 1981 Cypress View Reservoir
Smilacina stellata 1980 Elkwater Lake
1981 Elkwater Lake
. 1982 Elkwater Lake
- Sol idago Plglda 1980° Elkwater Lake
1981 - Bullshead
TherODSIS Phomblfolla 1980 Cypress View Reservoir
1981 Cypress View Reservoir
S 1982 Milk River Ridge ,
Vio]a adunca 1980 Devonian Botanic Garden'
Yucca glauca 1981 Lost River Canyon
Zizia aptena Y 1980 Bullshead
1981 Cypress Hills
1982

Cypress 'Hills
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