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Abstract. .
it is observed in many northern hemisphere plant species
that'polyploids\fend to have a wider, and often more
' northern distributton'than diploids. An explanation which

has been’offered, suggests that either the polyp101ds are

. more tolerant of env1ronmental extremes or that they are

.~ better able to recolon1ze disturbed sites viz. -those

glac1ated dur1ng the Ple1stocene V1ola adunca, a perenn1al

herb 1nd1genous to Nor th America and represented by a
diploid and ‘a tetraplo1d race, was subJected to
eco- phySIOlog1cal scrut1ny in an attempt to f1nd the basis
for its two part d1str1button Plant material was
collected in an area of sympatry 1n southeastern Alberta
Results of the controlled env1ronment experlments
conducted here appear to suggest that the cold hardtness of
. mature plant leaf t1ssue, whole seedllngs. and 1nc1piently
'germ1nat1ng seeds, is the same for both the diploid and the
tetraploid. Tests indicated that hardened leaf ttssue could
withstand temperatures less than -20C, hardened seedl1ngs
‘“temperatures less than 16 C and ‘cold- treated 1mbibed seeds |
ts;peratures less than -20C. The d1p101d mature plant
however, wh1ch often d1splays a more compact growth form,
may be ‘able to wlthstand sl1ghtly more severe cold stressing
 for short permods on account of a reduced suscept1b1l1ty to
heat loss A second except1on appeared in unhardened

' seedl1ngs where d1plovds suffered a 47% mortal1ty at a'
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stress temperature of-~-6C, but tetraoloids none. On the
other hand, seed product1on which occurs. pr1mar1ly by way
-of cle1stogamous flowers in both races, is d1$t1nctly more
prolific in the case of the tetraplo1d The same is true of’
- the germ1nab1l1ty of those tetraplo1d seeds, and of the net
-‘product1v1ty of the ar1s1ng seed11ngs under favourable
growing cond1t1ons The root: shoot rat1o of the tetrap101d
seedl1ngs was also s19n1f1cant1y h1gher at 57 days than that
of the d1plo1ds (.40 as opposed to .34). The alternative
mode of regeneration, whereby shoot'tissue_arises from the
root stock of-the previous year’s growth, appears to be more
rapid (occUrrjng_about 10days earlier) in the case of the
diploid, a phehomenon interpreted hereras a tyoe of
wentreﬁchment behaviour A cons1derat1on of the possibility
that rh1zospher1c associations w1th n1trogen f1x1ng
m1croorgan1sms might be assisting the colon1zat1on process
on the nutrient- -poor glac1al t111 led to a brief ’
j 1nvest1gat1on via the acetylene- reduct1on assay. The results
| obtalned confirmed the ex1$tence of such assoc1at1ons. but
fa1led to attr1bute them solely to e1ther one or the other
'chromosome race. Sofﬁ mo1sture is thought to have an effect
on_ the degree of adt1v1ty of the fwxers which 1ncluded
‘C10str1daum spp.

' It is suggested from the synthes1s of the data gathered
) ?that the apparent success of the tetraplo1d race of

: !; adunca 1n the g]ac1ated reglons of North America can be

'-attr1buted to its super1or prOpagat1onal ab111ty, whereas |

<
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Preface.

In March 1977 thls project was -officially launched under
the financial motive force of the Boreal Inst1tute Grant BAR
5530019 to Dr. J.M. Mayo. In September of ‘that year, hav1ng
been persuaded through c1rcumstance to set aside temporar1]y
my fancied obsession with xerophyt1o water relations, 1
stood as a neophyte on the periphery of cytotaxonomic
phytogeography, assured only by my oonf1dence in Dr. Mayo as
guide and mentor

What evolved can' be descr1bed as an exc1t1ng and

ecc]ectlc personal journey in space, time, and _the other
u d1mens1ons which define Botany as a d1sc1p11ne <The resu]t
is a type of sketch in phys1o]og1ca1-eoo taxonomy. (I trust
that the nebulousness of this des1gnat1on sets it enough
apart so as not to be construed as a trespass on areas more

:.forma1ly delineated). This Journey however, has not been v
without its troubles:: t1mes lost, Tike Bunyan’s. p11gr1m, in
mires of uncertainty and sloughs of despond. .But once‘
committed to an objective search, such trials are
tnevitable, as epitomised by the Zen story dealing with
learning: A o S .

Haku1n used to tell hls pup1ls about an old woman

- who had a teashop, praising her understandIng of
Zen., The pup1ls refused to bel1eve what he told them
and would go to the teashop to f1nd out for <

themselves

VAR B
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Whenever the woman saw them qom1ng‘she could
tell‘at once whether they had come for tea or to
Iook'1nto her ‘grasp of Zen. In the,former case, she
would'serve them graciously. In the latter, she
would beckon them to come behind.her screen. The
instant they obeyed, she would strike them wtth a
fjre-pokef. " : f_.

k]

, Nine‘out of ten of them couid not escape hef
" beating‘; u ‘
To be cpntent with an intuitive grasp of the truth
(drinking the tea without overt enquiry), is the more serene
option,'but the nature of objective science forces us to
submit/OUrselves to the pain inflicted by the poker, perhaps ‘
to enJoy w1th a fuller understand1ng the cup of tea at a
flater date. And SO for me, V1o]a adunca will eventually
return to its rea] but obscure role in what we arb1trar11y
call the North Amer1can Flora, but hopefu]ly, from th1s
work, a part of its essence will have been extracted for
future use by interested‘parties. )
V'In this academic extractioh_process, 1 have receiVed
.he]p‘from,many quarters; direct and indipect. TheYSetJof
names ﬁentioned beiow by no meahs constitLtes a complete
list but it does 1nd1cate the main supports w1thout wh1ch
this phase of the - character1zat1on of Vwola adunca could not

have happened 1 wou id 11Ke to thank Dr. Mayo for h1s Key

role in prov1d1ng 1nformat1on 1nsp1ratjon}_mora1 support

o Reps,AP, (comp11er¢ Zen Flesh, Zen Bones . Pelican. 1971.

1.X



, and_the.financia%'wherewithal; Rud§\§roon, Herménn Barthel
~and Bev Taylor for propagatind and perpetuating ’and putting
up with the weedy ub1qu1tousness of, this specwe ) Dr. Doug
Wh1tf1e]d for 1n1t1ally encouraging me to 1nvest$qgte the

- avenue of Botan1cal academia; and Dr’ s Bliss and Ke1th
Denford for be1ng helpful adv1sors on my thesis: comm1ttee
Other people to whom 1 owe thanks are: Ann Stebner Aand

Dr. Cook of Soil Science for'checking the identity of

possible nitrogen-fixers associated with'Vio]a‘s-roots; Phil

Wright and John Konkin for their patience and skill in

dealing with not-always-cooperative growthtcabinets; John

Harter, 8111 Russe]l and Pat Seymorgﬁof this depar tment, and

Andrew Pierce of the Denver Botan1c Gardens for the 11v1ng
plant material from locat1onsvbeyond the scope of the

‘project’s budget; Sco{t Russell for his help with the

B

photdbraphic'plate_making;}Dr.~Pawan Bassi of Ptant Science

for checking the ethylene standards used in the gas -
chromatography; Elfte Poerrbecker for .total cooperation in
the'bcrrowing-and lending of this and that; and the many
students and staff members who helped to}create an |
atmosphere of st1mu1at1on good humour and ph1}osoph1ca1
flex1b1l1tx T | o L

~ And then there are the personal acquaintances who
deserve<my thanks. They are the close friends who were made
to endure erratic hours and the presence of the daemon V1ola

" in their m1dst, and espec1ally Stacey, ‘who. bearded the

computer to help in gett1ng the bulk of th1s text comm1tted

&
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And lastly but- foremostly there are my

“~who once searched the karoo for Mesembs.
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I. Introduction.
In the study of the evolution of the angiosperms, an.

important role has been attributed by many authors to the

_phenomenon of polyplo1dy, wh1ch occurs at a’ frequency of

approximately 30% in the dicotyledonous species of this
piant group, and eYen higher j;)the mondcots.(vae, 1964) .
G.L.Stebbins, ome of the foremost proponents of this
viewpoint, has‘suggestedﬂthat extra replicates of the basic
genome tend to increase the ecolog1cal ampl1tude of the
possessor (1971). This he bases on the observed geographlcal
d1str1but10ns of some well known genera and species
represented by both diploid and polyploid sub-taxa, which

generally exhibit a wider d1str1but1ona1 range in the case

| of the polyplo1d often encompa551ng sites d1sturbed by the _

Pleistocene glac1at1on

« -

>

| Strlct autoplo1dy, Judglng from the results obtained
for artificial polyplovd1zat1on (Ellerstr&m and Hagberg,
1854; Stebbins, 1976), tend to be limiting with regard_to'

fitness,-and it would appear safe to assume that at least

'some'degree'of'hybridization (segmental alldploidy) is

3

necessary durlng format1on under natural cond1t10ns, for the

man1festat1on of adapt1ve advantage in polyp]ovds The main

}‘advantage of the mulprl1c1ty of ‘genomes is thought to 11e

in the ability of the plant to take advantage of new
gene- comb1hat1ons when the need arises, whlle ma1nta1n1ng
the functions adapted to the ex1st1ng env1ronment (de wet,
1971) |



©

, .

In-order'to consolidate our understanding however: and
to clarify ourvideas on'polyploidy as an evotutionary
mechanism, much experimental work will be needed to_bridge
the gap between the set of observations offered by the
cytologists, and that which describes geographical

‘distributions. This in other words, points to critical

experimental work withtn the. broad seectrum of plant‘ ’
physiologyr from gene-related enzyme'studies, tc-genera];
ecological characterizations of plant function in tts‘
natural environment. _

One of the first suggesticns‘that linked ploidy leve]‘
with adaptivé ability, was that cf,Hagerup'(1931), uho'
proposed that there existed a pcSitive correlation between

the trequency of polyploidy and enVironmental seﬁerity

. Subsequent work by var1ous researchers (see Johnson et al.

1965 for a. synopt1c rev1ew) helped to develop the idea that

-an observed increase 1n'thetfrequency of polypleidy with

latitude could be attnibuted to the suberidrity of
polyploids in tolerat1ng env1ronmental extremes (e g.
T1schler, 1935 L&ve and vae, 1957) dohnson and Packer
(1965) 1n a survey of the ang1osperm flora of the Ogotoruk
Creek area in northwestern Alaska, show a correlat1on
between the frequency of polyplo1dy and edaphlc '
env1ronmental sever1ty, whwch c01nc1des on a local scale to t‘
the global model based on Hagerup s work. They reported that'
the frequency of polyploidy was 88% at one extreme of the »

) env1ronmental grad1ent (50115 w1th fine texture high



: m01sture, low temperatures, shallow permafrost and high
. d1sturbance) while at the other it was only 43% (on soils
with cparacterrstlcs antithetical to those listed aEgve)
Another observation: arising from the Ogotoruk Creek study,
is the fact that the overall polyploid frequency'for that
flora is lower than for any area of equivalent latitude in
Eprope. The authors attribufe the latter to the fact'that
the area}was~not subjected to glaciation during the
Pleistocene and that the relétively highlfrequency of
diploids is a relxct reflection of the Tert1ary flora.
ObservatIOns such as these have po1nted to the
complexyty of-the relat1onsh1ps between ploidy levelspand
their environments;vand to remove the narrow focus from the
- role of hard1ness per se. In their review, ‘Johnsph‘et al.
\(1965) suggest the alternative hypothes1s to explain the
ror thern spread of polyploidy, which is that polyplo1dy
confers.advantages on angiosperms that allow for an improved
ability to colonize the areas laid waste by the Pleistocene
'g]acﬁations, or that such an ability might be acting in
conjunction with improved tolerance to env1ronmental
‘extremes. - ‘ . |
Briggs ane Halteps (1969) point out that another
.feature of polyplpfdy is the freduency'wifh which }t is
‘associated with apom1x1s They suggest that the hxgh
1percentage of polyplo1ds in the higher lat1tudes is perhaps
‘noth1ng more than a reflect1on on a whole flora level of

the1r greater tendency towards apom1x1s, an adaptat1on we]l__



suited to the colonization of dlsturbed sites. (This does

not seem to be of importance in Viola adunca, as vegetative

neproduct1on is not thought to be a major propagational
strategy with respect to colonization in either race).
Much of the work referred to.above has, owing to a )
fundamental'lack of data, a somewhat scholastic air about
it. Statements regarding tolerance. of extremes, coloniziné
ability. and reproductive modes, are all inferred_from |
cytogeographical observations based for the most part on
whole floras, and species composition is no%uoenerally taken
into account. The data requ1red for the development of more
prec1se and more compelling hypotheses than those se far
available to us, must necessar1ly help elucidate the causal
“links between cytolog1cal and d1str1but1onal observat1ons
That is, more 1nformat1on regarding the med1at1ng
,phys1olog1cal processes is needed.
J A strong bias in biological reseahch of the past few
decades has directed much effort towahds attempts at
understand1ng the complex relationships between the- organlsm
and 1ts environment. Ref1nements of approach in thls
discipline. of ecology have led ‘to the establishment ofithe
" now well entrenched. sub d1sc1pl1ne of phy51olog1cal ecology,
a tool well adapted to develop1ng an understand1ng of the'
- chain of events linking the two poles currentty of‘1nterest'
to us. A fbuitful though by no means exhaustlve approach
has been to conduct comparat1ve 1nvest1gat1ons 1nto the .

behav1our of closely rekated taxa, dtfferentIable pr1mar1ly



at the.pﬁoidy leVel And even now when insight into a
l1m1ted number of species and situations has been afforded .
by exper1menta] research "it is evident that a s1mple
unifying hypothes1s may well be underm1ned by the ]arge
number of except1ons. and that each species, subspecies, or
Vrace can ®nly be accounted for in terms of its own pecu11ar
autecological strateg1es

Two relat1vely recent stud1es can be used to 1llustrate
this lagt point. The f1rst by Hall (1972), discloses that-
the roots of autopolyploid rye seedlings require more oxygen
for normal respiratory activity than do diploid seedlings.
_This is characterized by the critical temperatures for root
apioal meristem aotivity, which are 22C and 15C for the
' diploid and the tetraploid respectively This might suggest
that warmer soil temperatures are less eas1ly to]erated by
the polyploid. Jackson (1976) in his review of polyploidy,
suggests that this work may po1nt to a reason for the
distribution of the diploids and polyploids observed‘by
Johnson and Packer (1965) in the Ogotoruk Creek flora
- mentioned above. n

A second study, also deating withsgraminoid-seedlings,
is that of Tyler et al. '(1978) who showed a complex pattern
of seed and seedling ecology in the chromosome races of
Festuca gratens1 . 'The tetraplo1d F. gratensis var -
agenn1na which is found only in mountain grasslands above

1500m was found to produce seeds which required a cold

treatment in order to germinate. The d1p]o1d of the lowland
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grasslands, on the other hand, could be propagated via seeds
not exposed to a cold treatment. When germinated seedlings
were tested for cold hard1ness after an acc11mat1on period,
it was found that the tetraploads were far more suscept1b]e
to cold than the diploids. The authors proceeded to propose
that the two ploidy ]evels exist w1th1n their respective
ranges by virtue of d1fferent strateg1es, that is, the

diploid is able to outcompete the tetraploid at lower

- altitudes by the late-season annexation of space coup led

g

./

"avoid the lethal winter temperatures of the higher altitudes

with an ab1l1ty of its seedlings to survive the m11der

‘winter temperatures, whereas the tetraploid has adapted to

-by adopting a strategy of spring germination.

These two.studies, in their vastly different
expresstons of the same phenomenon of polyp[oidy. serve to
accentuate the danger in holding too rigidly to the belief
that there mightkeXist a unifying theory to\explain the
differential distribution ot chromosome races of the same
species. The notion that we ‘may be able to generalize with
any prec1s1on about the distribution of. dlfferent species
{and h1gher taxa) w1th respect to plo1dy, a]so becomes more
remote with the acceptance of th1s reallzat1on

Other studves on plants d1ffer1ng in p101dy level
include: the observat1on that autotetraplo1d tomatoes
(Lxcggers1con esculentum) are able to- conserve water and
amass dry weight under saline cond1t1ons better than their .

. diploid progen1tal stock (Tal and Gard1,~1976) the fact

-1



that triploid Tha1ictrum alpipum is more'vigorous with

respect to photosynthetic capacity than diploid members of
the same populat1on collected from the Ogotoruk Creek area
(Mooney. and Johnson, 1965); whereas tetrap]o1d and d1plouy

Viola adunca show no d1fferences with respect to ‘either

photosynthet1c capac1ty, or certain aspects of their water
relat1ons under vary1ng temperature and moisture regimes
(Mauer et al , 1878).

Another paper wh1ch although not pr1mar1ly concerned
with ploidy, had cons1derable influence on the development
of this Viola project, was that of Débereiner et al. (1972)
which dealt with the act1v1ty of bacter1al nitrogen- fixers
in. the rhizosphere of the trop1ca1 grass Paspalum notatum.
In their wor\\they observed that only a tetraploid cultivar
was able to estabtish the. necessary association, and not the
d1plo1d Coup]ed with a reference to n1trogen fixation in
the genus Viola (Alexander, 1977), and others to nodulation
of V. graemorsa (Farnswor th and Clawson' 1972' Farnsworth
- 1979), it was decided to include in the project a cursory
Took lnto the pOSS]bl]lty of nitrogen- f1xat1on occurr1ng.
with the recogn1t1on that an ab1l1ty to establvsh an )
association with nitrogen- f1x1ng mlcroorgan1sms could well
serve to assist a p1oneer species in recolon1zat>on of the
barren glacial till. S

Mauer’s thesis work (1977), which constituted a

comparative eco- phys10]og1ca1 tudy of the chromosome races
E 4

- of Viola adunca and formed ‘the basis for the paper mentioned:
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above, was performed in the Dept. of Botany here at the
Untversity’of Alberta. For this reason it was decidedvto'use
the plent material already avai]ébie, and'to ettempt a
furthering of the physiological characterization of a
spec1es already ‘partially Known.

Mauer, through a rigorous mon1for1ngw was able to
- describe fa1r1y fully the behavtour of " the species with
regard to photosynthet1c capacity and water relations. A
summary of h1s f1nd1ngs is presented in Table 1. The
cons1derat1on of productivity, dea]t with by Mauer invterms
.of net asswm1lat1on was Kept open in this study as a )
poss1bf§ area of- d1fference between the races and marked for

‘ 1nvest1gat1on at ‘phenological stages other than the mature
plant. o .

As ievmenttoned above,. the initial aporoach to
expand1ng the comparat1ve character1zat1on of the chromosome
races of Viola adunc s to broach the spec1f1c questwon
of cold hardlness in an attempt to test the Hagerup-based
hypothes1s that plo1dy implied a greater tolerance of
envifohmenta] extremes. After a period of observation of
some. of the . behav1our ofnthe two p101dy level populat1ons.
however 1t was cons1dered most profitable to mod1fy th1s
approach, and to investigate the two major, and less rigid]y“ '
defined categories of: ‘ o - - o
| a. ‘Cotd adaptednees, and f

b: -Productiyity, .

*f]both of whtch were used as frames of reference for.
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Table 1. A summary of the results obtained by Mauer (1977)
in his investigation of the companative‘eco-physiology'of)v
the chromosome races of Viola aduhca. None of the results . _

showed any significant difference between ploidy leve1§.

——------—_--—----———-_——----—_——-—-—-—_—-------—_-—-—-—
——-—-———-_—_-—-—--_———-——--—-——--—--——--—_--—-_----——w——

Polyploid  Diploid
(3N"& aN) -~ (2N)

T M s e e e e e e e e e e o e e .

‘Maximum net assfmilation , ' _ .
of carbon dioxide at 20C ) ’ ‘
and 500 uEinsteins.m-2.g-1

(mg. (g dry wt.)-1.h-1) 2 . 23

" Dark réspiréfioﬁ of - } A e
carbon dioxide at 20C I L
{mg. (g dry wt.)-1. h-1) ‘ 2.2 2.0

'ﬂgan max. water |
potential for both o : ‘ v &
ploidy levels (bars). .- : -7.9 -

- : i
- Mean min. léaf»resistance
- for both-ploidy levels. S ‘ .
(s.cm-1) ‘ o - 3.6
R4
o T R . .
Water potential stress S ' N .

.threshold for riet assimilation > .
for both ploidy levels (bars). = - - -14

——

-——-----—-d——‘——---‘---—---—-n-----—q-—-_-“'—--—-- -----
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: polyplo1dy w1th latltude These poss1b111t1es. wh1ch should

nbt be cons1dered as mutually exelus1ve, are

-a. that polyploady allows the deve1opment of a greater
b ad
- tolerance to env:ronmental extremes, and

«

b. that polyp]o1ds are better able through some

-areas disturbed by the Ple1stocene glac1at1on

' ’ oo . - L2 2 1 23 3 3 0
AL bl

The gener§1 scheme thus establlshed-for what mIth ée

o

cons1dered a. cqmparatfve §utecolqglcal study of the .

. chromosome races of Vlola d ng can be descr1bed

“’k
B
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fa,-f‘eaf tissue from mature plahts,f'

‘x’
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Seedlings, B
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‘;}fdﬁf Whole mature plants .’ﬁ?”_ffeﬂ,;;‘f Tle el
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Seed production, t::;"ﬁFhf{_’ittf?j¥;~. fizﬁttgt'” “
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- Fig. 1. The propagational strategies of Viola ‘adunca. These
~are: seed production via (A) chasmogamous, and (B) the
obligately selfing cleistogamous'flpwers;,Given'suCcessful
- germination (C) and -seedling survival (D), this appears to
be the major .channel for the regeneration of mature plants.
Vegetative reproduction from overwintered root tissue is

observed in the spring and early summer (E and F). =

s v : - ) °   
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b. Seed germination;
c. Seedling productivity;
d. Vegetative propagation.

3. Nitrogen fixation by associated rhizospheric

microorganisms.

4k 3 o o ok ok

A profile of Viola adunca.

The development of this project into a somewhat
deécriptive autecological study necessitated (and partially
arose out of) a fairly detailed look into the natural

history of the species. As a background to the experimental

'work descr ibed below; a profile. is provided here which m1ghtv

help to explain some of the eXperimehtaljdesignwdecisiOnsvv
. o ‘) .
made. '

.Viola, the type genus for the fahily Violaceae, is-

. distributed globally, and.is represented by speclestranging’

.from.the familiar woodland hérbs,"to-small shrubs,-the
latter con51dered to be evolut1onar1ly relict (Valent1ﬁs
1962) Although the genus 1s systemat1cally complex w1th
much hybridization to blur the boundarIes between spec1es,‘
V1ola gggggg has been ass1gned a. d1str1but1on pr1mar1ly
North Amer1can w1thout any spec1f1c l1nks w1th European

;v1olets, as was or1g1nally supposed (McPherson and Packer.
»-1974) R,

B
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Viola adunca is a perennial herb, represented by two

chromosome races over its range (2N = 20- and 4N = 40), and
is found in a wide diversity of‘habitats Not1ceab1y
d1fferent env1ronmental parameters 1nclude soil mo1sture;
soil organ1o—matter content; so11 texture; shadedness ot\the-//
'site; and associated species. (e.g. From the arid
grass-covered hills overtooking the Red Deer River near

Drumheller,‘to the shaded leaf litter beneath an aspen stand
| in the Cypress Hills, to the open, sandy disturbed sites in
the jackpine-lichen woodland of northeastern Atberta)

~ In their taxonom1c contribution, McPherson and Packer

descr1bed the d1str1butlon showing the respect1ve domains-
of the chromosome races (see Fig 2), as well as
»character1z1ng a number of morphozog1ca] dlfferences, on the
- strength of which Lbve .and L&ve (1975) proposed full species
status for the tetraploid. These d1fferences are in the size
of both guard cells and pollen gra1ns (in both cases the
4N-size. is s1gn1f1cantly larger than that of the 2N), and
the morphology of the set of protuberances on the rounded
‘(head of the style, a feature typ!cal of the genus Although .
opth races show great var1ab111ty in the size and frequency
of these stubby hair-like appendages, the 2N extreme is one
of obv1ously greater dens1ty and length than the 4N. The
function of these appendages is genera]ly consIdered to be
‘that of gu1d1ng insect v1s1tors past the style over the

?stwgmat1c cav1ty, and §0 to the nectary whxch is housed 1nﬁ

hthe spur (see Fig. 3) Th1s is the picture presented by
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 F1g 2. Dlstr1butlon of the chromosome races of V1ola adunca .
'1n North America (o~d1p101d and o-tetrap101d), show1ng the B

max imum extent of the wisconsin glac1at1on (= - — ),7 

(After McPherson 1972 McPherson and Packer.,1974)



Flg 3. The f]oral character1stics of zygomorphtc V1ola

' flowers show1ng anthers (A); lateral petal ”beards “(B);

15

the st1gmat1c cav1ty (S) the ovary (0); and the nectaryl

"w1thin the characteristic spur (N) (After Beattle,;1974)} 

e
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Beattie (1974), who has done much of the work on the
polTination and seed dispersal habits in the genus, and has
observed in his studies that 89% of the insect visitors to
Viola gggggg are sternotribic? (1b18) The "beard" ha1rs on
the lateral peta]s of the zygomorph1c flowers are cla1med by
Beatt1e, in the same paper,. to present secure grips for the

insects reaching the nectary from this otherw1se awkward

position.

.". "

As w1ll be made apparent in. the presentation of results
below open (chasmogahous) flowers were not found to be the
maJor source of seed. Instead seed is produced mainly via .
the ob11gately self- po]llnat1ng cleistogamous flowers, which
are entirely enclosed w1th1n their~grrowhead shaped calyx
~until swelling of the gynoec1um be91ns The mature Capsules,
which are 1dent1ca] to the chasmogamously produced ones, are
three valved and can conta1n up to 30 dark, hard -coated |
endospermous seeds approx,lmately 1nm in length and ovoid in |
»shape (Seeds of both chromosome races were found in this
current study to have a cold requirement for germ1natlon )

-The seed capsule is pendant wh1le ripenlng, but Just
1 pPlOP to openwng W11] adopt an upr1ght pos1tlon such that
,when the valves separate, the seeds are arranged perched .
- atop three radlal arms before being. forc1bly d1scharged by

2 Sternotr1by descr1bes the s1tuat1on where 1nsects mainly
the solitary. bees, alight on the top of the flower and ‘

- attain the nectary by reaching right over and inserting

their probosces from an inverted position, thus making
- contact with the st1gmat1c area w1th the ventral SIdes of
_thelr bod1es , _ :



Hg 4. ﬂgj_a_ aduuca (l) A twiul g plant dmmying ' haMt sore ce-.ct than the ﬁ. which more cn-only

~ produced trailing shoots (u 13 seen in b) under greenhouse conditions. {c) Sesd awnu of Yiola ‘adunca,

" showing the idoption of an nprid\t posftion_just Mm dehiscence, (d) and (@) Plants subjectsd to winter out
of doors tended to regenerate mcut!nly fru root tinuo of tbc previous y-r's M all abovo-gmmd

tissue huinq died bcct . .
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Seeds thus discharged can travel about three or four metres,
and each is equipped with a small caruncularAelaiosome (sic)
which is po§sibly connected with further dispersal by ants
(Beattie and Lyons, 1975). : . >

"Cleistogamy as a fléwering,habit has been Knowh for
some time, and was described in detail for a number of
genera by Darwin‘(1892)3. In the same essay he lists 46
geneba of dicots, and 10 of monocots displaying cleistogaﬁy,
and deals in detail with five species of Viola. Based on
typically metiéuioQS'observafions, He regards cleistogamy
partially as”an'arrestihg of thévdevelopmental processes,
but points out thatfiﬁ many’caseé specific adapfations to
this mode of self;poliination can be discerned. (Aﬁ instance
of this is "the Hook-§h§ped pisti]_in Viola ... by which the

b e .
stigma is brought close to the fertile anthers". The species

of Viola héﬂdeais with in his survey are:'ggnina,'gggfata,
hirta, gggg, and Roxbuﬁghiana,'the\last.two being species
indigenous to india).'Most cémmonly aséociated with weedy
annUals but often with other pioneering species of
compoéites and grasses (Jain, 1976).-se1f*pollinatiop is a
habi t whicﬁ. when manjfest in its extréme form 6f
cieiétdgamy, aT]oﬁs a‘higher,turaner of propagulés atré
reduced cqst.(SchemsKe}1978). The relevance of these
:'observations.fo'yiglg-adunca forms part of the basis of this
study,.and/therjmplicatiOnsvare considéréd below in the |

e e e e e e e = e

3Darwin in turn gives most of the credit for the recognition

and documentation of cleistogamy to the German workers, Hugo

von Mohl and Dr. Kuhn.
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Discussion.

Plants used in this study were co]]ected in the Cypress
H1lls of southeastern Alberta,.and had been under greenhouse
cultivation (at the.U. of A., in the Botany greenhouses ) |
from September 1975.until the commencement of this study in
September 1977. Between the two studies, they were
propagated accidentally by seed (presumably mostly
cleistogamous), and intentionelly by cuttings. The gross
morphology of these plants cultivated.undeb identioal
conditions, showed one etriking difference betweehvthe
chrohosome races. Tetraplo1d plants consistently adopted a
somewhat trailing habit, producing shoots up to 30cm in
length, whereas the dip101ds were mostly more cushion-1like
in abpearanee, Qith much shorter cauline shoots (see Fig. 4
on page 17), although trailing shoots were sometimes
observed in the latter race. (Vouoher speoimens of each race
of the greenhouse material have been deposited in the
- herbarium at the Un1vers1ty of Alberta ) Ne1ther race rooted
iread11y from shoot tissue which did not include at. least
some .of the crown~tlssue, and therefore the tra1]1ng Rabit
of the 4N should not be considered as a candidate for -
stolon1ferous propagat1on ‘

| A certain amount of propagat1on seems to occur very
locally in the spring by means of shoots propagated from the
root. system estab11shed in previous years (see F1g 4).

Under severe winter cond1t1ons the dense crown " from. wh1ch

the monopodial, alternat1vely leaved shoots arise, w111 die
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back, and growth be resumed by the newly formed plantlets.

(See Discussion for the details of this phenomenon).




II. Methods and materials.

A. Cold adaptedness.

1. Leaf tissue.:

Cold hardiness of leaf t1ssue was determ1ned for plants
under var1ous growing’ reg1mes (for details see Table 2 on
«page 46). During the course of the investigation, two
methods were employed for the determ1nat1on of lethal
stress The f1rst wh1ch was later abandoned “for a s1mpler
and more practical method, was s1mtlar to that described by
Steponkus and Lanphear:(1967). Here tissue samples in the
form of leaf discs were‘excised from cold stressed shoots,
infiltrdted under vacuum ln a triphenyl- tetrazol1um chloride
(TTC) buffer solut1on,.and 1ncubated at 30C for 15h. The
reduced TTC, a red formazan, was then extracted with hot 95£
ethanol, and the extract made up. to 5ml1. The absorbandies of
these~solutions were then measured on a Beckman
spectrophotometer (DB-G) at 530 nm, and TTC reduction
expressed as the ratio of the absorbancy at the. stress ;
temperature to that of an unstressed control. The control
plus each stress temperature was represented by 5 leaf dics
from 5 different plants, the stressed absorbancy always
being compared to the controi absorbancy for the same plant
Thls procedure wasﬁbaralleled for each ploidy level, the
choice of leaves for stress1ng be1ng standardlzed as-"mature ~
and non senesc1ng ' Leaves were p1cKed from the test plants,

wrapped in alum1n1um fo1l to prevent de51ccatlon and then

: N 21 - . U
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‘subjeoted to the stressing cold by being placed in an M3
controlied enviroment'cabinet (CEC) with good cooling
capabilities. (For details of the_controlled enVironment
faciltties.used, see.Appendix I1). For OC stress, the
temperature was held at freezing for 2h, after which time
samples. were removed, and’ temperature control turned to the
remote controller This was equipped with a cam cut to g1ve
a decrease in temperature of 1C per hour. Stress sampies
sets were then removed at approximately 5C intervals, the
Towest temperature reached being -21 C. Also inside the CEC
were open thermos flasks one for each stress temperature,
into which samples were p]aced and the 1id closed before
remova | to the cold room at 3C + 2C where the samples were
1eft to thaw for 12h Samp]e temperatures. were moni tored
using fine wire thermocouples (.12§mm; Omega Engineering,
Stanford,,ponn.) in conjunction with a Fluke digital
thermometer (model 2100A). It was determined that sample
temperatures co1nc1ded closely with dir temperatures inside
‘the CEC, and that warming 1ns1de the thermos flask occured
at between 3C and 5C per hour This was the method used for
one experiment, an est1mate of cold hard1ness belng obtained
for unhardened plants at the start, and then aga1n after 4
weeks of‘short days (8h), and progress1vely coo]1ng
temperatures in an M7 CEC. (See Results Fig. 10 on page 49,
for the deta1ls of light and’ &emperature) The usual way in
'whlch this method is cal1brated is for TTC reduct1on to be

compared to the root1ng ab111ty and survival of cuttlngs
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Viola adunca however,.proQEd to be an erratjckrooter from
cuttings, which made calibration of the method by this means
difftcu]t. It was therefore decided to caltbrate the TTC
method against the survival of leaf discs floating on
full-strength Hoagland’ s solution (Hewitt, t966) ‘This
v1sua1 rat1ng of stress damage proved successful and
conservat1ve enough with respect to the amount of-tissue
required, to be adopteq as the prlmany test (see below for
detai]s). Calibration points-obtained by this means, and a
few more from whole potted plants (see Flg 5) did, however,
indicate a correspondence to the callbrat1ons of Steponkus
and Lanphear(1967) and W11K1nson (1977) ‘both of which gave
50% absorbance as the critital ratio. Results for the two .
‘hardiness values obtalned in this manner, and the method of
interpolation are shown in F1gs 6 and 7. For all
subsequent cold hard1ness tests on leaf tissue, the

disc-on- Hoagland’s means»of evaluat1on was adopted. This.
type of browning test}is regarded by Stergios and‘Howellvin 4'
- their review of cold hardiness tests (1973) as highly
-'aceurate The brown1ng of the t1ssue is normally attr1buted

to the action of polyphenoloxwdases whose substrates are
Glnmy,

S

released from the vacuole on d1srupt1on by cold stress of
the tonoplast (Mayer and Harel, 1979). In add1t1on, it was
decided to change to a more prec1sely controllabﬁe ‘method ofv
stress1ng, by employing two ava11able temperature bathsf
(Polysc1ence) For th1s method Ieaf discs Gmm in dlameter

[}

were exc1sed from unstr ssed test plants by means of a

.0

b
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sharpened cork-borer. The sampling patternvwas o

the same as that described'above for the TTC test, only
where p0551ble juvenile leaves not yet fully expanded were
p1cked in loto, and formed a parallel sample set. Discs
(plus. juvenile counterparts when present) were then wrapped
1nd1v1dually n aluminium foil, and all such samp les for any
one treatment wrapped in a second foil envelope. These were

then wrappped ound cylindrical brass heat sinks 3cm in

masking tape, and

“

diameter and 4 g\cm high, secured wit
placed 1n a l1dle¥s alum1n1um cannister 5cm in d1ameter and

8.5 cm hlgh. One or two f1ne/w1re thérmocouples were placed
_in dummy packages as® for leaf_discs, for the precise
v'monitoring of temperature. Once equllibrated, this
temperature was. found to follow very closely (& O‘SC) the
temperature of the methanol in the temperature bath. The
cannisters were placed into the methanol such that they were
‘ﬁartlally submerged (approx1mately 6cm) the temperature ”
bath hav1ng been pre-set to 0C. Samples toon approx1mately
30 m1nutes to- reach free21ng, and were Kept at this - ¢
temperature for a further 2h. After this, samples
‘representatxve of . a OC stress were removed and the
temperature bath. set for coolIng at approx1mately 1C. per
hour, This decrease was achleved by mechanlcally coupl1ng an

appropr1ately geared synchronous motor (Cramer) to the j

'-}thermoregulator control Stress samples were removed at

~temperature 1ntervals (3C to 5C) over a range w1thin wh1ch "

R J :5_‘75'7' L

o
!
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- the critical stres$ temperature was thought to Tie. When a

P
!

N
;

‘
AN

sample set reached its nominal stress temperature, the
~cannister was tnansferred quickly to the second methanol ;-
cold bath pre-set to that stress temperature. The oy
temperature of this second hath was then raised at a ratefof
3C to 5C per hour in the same fashion, u51ng a d1fferentlyx:.
geared motor On reachlng a temperature between 0C and +3C
the cannlster was moved to the 3C cold-room mentioned above,
whére a 12h thaw period was once again allowed. To.determine
injury, each thawed tissue.sample was placed.in a Scm petri
dish;containing full strengh Hoaglands’ sotution and visual
assessment made after 10 days in a. germinationfcabiHEt set
for a 16h light period at 20cC, followed by a dark per1od at
'10C The 8 fluorescent lamps provided approx1mately
f75m1croE1nste1ns m-2,s" ' of photosynthet1cally active
~radiation (400- 700nm, PhAR) (see Appendix II). The .set- up
might be desc1bed as two matrlces, one: for each plo1dy
:level, the rows be1ng stress temperatures, and the columns
being test plants. (The first row, as for.the‘TTC test. was .
~an unstressed control, subjected to each»step of the'
dprocedure exdépt stressing) T1ssue necrosis was usually

_ un1form across a d1sc but where patchy. the area of o
.necros1s .was est1mated In this way a ”percentage necrds1s
‘;for each row was eas1ly determined and an est1mate of the
stress temperature gtv1ng 50% necros1s 1nterpolated Th1s
estimate was taken as the “50% Lethal Dose +(LD- 50),}and

,'regarded as a. measure of the cold hard1ness of the leaf

P
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tissue.

2 Water relat1ons assoc1ated with harden1nq

For one exper1ment during which plants were hardered °
~off in an M7 CEC with decreasing temperatures over a
four-and-a-half week period (see Fig. tQ on page 49) leaf
‘.samples Were taken at 7 to 10 day intervals, and their water_‘
‘potentials determlned Th1s was done by the ba111st1c method
of Spanner (1951) in stainless stee] chamber - psychometers
(Mayo 1974), whwch had been ca11brated aga1nst f1lter paper
d1scs soaked in sod1um chlor1de solut1ons of Known water
potential (Slavxk 1974) . For each data po1nt;‘a samp]e leaf
d1sc 5mm in d1ameter -was taken from one mature non- senesc1ng
1eaf from each of five plants Th1s was done for each plo1dy‘
level. The ten loaded- psychrometers were then placed in
polythene bags and allowed to equ111brate immersed in a .
st1rred but unheated water bath. Dutput potentlals were
measured after 6h on a Fluke m1crovoltmeter (mode] 845AB)
‘linked to a cus tom built sw1tch1ng- and cool1ng circuit (see'
Fig 8). A coolwng current of TmA was passed through the bead
for 10s in order toq&yfect the condensat1on requ1red for ‘the:
' estab11shment of measurable output In order to determlne

:the component of water potent1al attributable to matric and

osmotlc forces chambers were removed from the psychrometer u,tf'

| after the 1nit1a1 total. water potential readtngs wrapped
| qu1cK1y and tightly in alumin1um fo1l,‘and 1mmersed in

A,'/J
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chromel-—

' F1g 8. Schematic d1agram for the cool1ng and read1ng
o crrcuits useq,with the tissue psychrometers in. the S
. determjnatlon of- leaf water potent1al (After Spanner.

oy
1951)



31
| liquid_nitrogen (-196C) for 10 minutes. After removal they
were alloWed approx. 15 minutes to equllibrate to room
,temperature and then unwrapped and returned to the1r
appropriate psychrometers The measur1ng procedure was then
repeated for these membrane d1srupted samples After this,
chambers were emptled,,and alt psychrometer parts washed in
'd1st1lled water and drled in a stream of warm air suppl1ed

by a hair- dryer (440W). They were stored in a dust free =~

' env1roment whén not in use.

3. Seed cold hard1ness

Seeds were pre- treated in the fash1on descr1bed below
under Productivity - Germ1natlon In the initial p1lot -
'studyr (m015t) strat1f1cat1on was l1m1ted to the 3 weeks in.
the cool trop- arctic greenhouse and the seed coat of each
vseed nicked w1th a razor blade at the chalazal end such that
the the endosperm was just vis1ble (treatment 11 in Table 10
'on page '68). In each of several petr1 dishes, ten such
-seeds were placed on a’ double layer -of no 1 f1lter paper
-(Whatman) which had been soaked 1n a suspens1on of Captan
‘(1g per l) to suppress fungal 1nfect1on Excess mo1sture was
fdra1ned off so that the f1lter paper was no more than damp
A complete sample set one for each ploidy level consisted
| " of 3 petr1 dishes per temperature treatment and 6 '_
| f.unstressed controls Stress1ng was accomplished tn the M3
}”j.CEC described above, by simply presetting the temperature to3j
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the stress potnt; and placing the sample set-inside for 6Bh.
Immed1ately after th1s, the petri dishes were placed in the
germination cabinet where they were left for the following 2
weekKs, be1ng mo1stened with d1stllled water when necessary.
At the end of the 2 week period, germination success was
determined.

A second more comprehens1ve test was carrled out with
seeds collected from the CEC product1v1ty run (see
Productivity below), as opposed to the first test where
seeds trom‘outdoor plants were used. StratifiCation was .
.augmented by a 6 week)period in thev+3C cold room (treatment
111 in Table 10 on page 68), and seed- coats were not ’
’art1f1c1ally broken “In add1t1on, stress1ng was achieved by
equilibrating the samples at OC for 2h and then sw1tch1ng to
the remote controller which was. equ1pped with a ~cam de51gned\
to lower the chamber temperature at 3C per ‘hour . Dn reach1ng
the nom1nal temperature, the cam was reversed, and the CEC .
~temperature raised at the same rate to a temperature betweenﬁ
0C and 3C. From here samples were moved to the 3C cold room
and allowed to thaw for 12h before be1ng placed in the
germ1nat1on cabinet. The exoept10ns to this procedure were-
~the 0C and -5¢C sample sets, ‘both of which were given 5h at
0C in order to compensate for the duration of stress. A
complete sample set, one for each p101dy level, was ‘a 7x7
- matrix, columns be1ng random sets of 10 seeds per element
and rows representat1ve of 6 stress temperatures and one |

control Germ1nation success was aga1n assessed after 14

C
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days.

A third test was conducted on seeds subjected to- an

=3

even longer and colder stratification, which cons1sted of

(e

the 9 week per1od described ‘above, plus a ‘storage per1od of

6 weeks at -3C (treatment IV in Tab]e 10).

8

4. Seedling cold hardiness. ‘
a). Unhardened seedlings (14 days old).
Seeds from an intermediate scarification treatment

(treatmeht I11 above) were germinated under equ1tab1e

_cond1t1ons in the germination tabinet. After 2 weeks,

germ1nants were placed in 2 common beakers (one for each
plo1dy level), conta1n1ng Hoagland’s solution, and then -

picked . out one by qne at random, and placed in 9cm d1ameter

) petri dashes. 5 seed]1ngs per dish, on fresh f1lter paper

soaked in Captan suspension. For each stress temperature,.
samples of 3 dishes were taken from each p]o1dy level set,
and subJected to cold stress 1n the M3 CEC. The temperagere
was lowered at 3C per hour to the nom1nal stress

temperature and then ra1sed aga1n at the same rate

- Survival was assessed after a further 14 days 1n the

germ1nation cabinet.

b).'Hardened seedlindsit7-8 weeks old).

'As in (a) above. seedl1ngs were germlnated and seedlings
rearranged randomly 1n petri d1shes after 2 weeks, this ttme |
_9 seedlings to a d1sh These were then returned to the : |
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germination cabinet where they were kept moist with
Hoagland’s solution. After one week the seedlings were
transferred to fresh Captan soaked filter‘paper,'and -
returned to the germination cabinet for another week. The
dishes of 4 week old seedl1ngs were then transferred to the
M7 CEC- set up for the follow1ng regime: a 16h" light period.
(250 microkinsteins.m-2.s-1 PhAR. ¢ 10%)_at 12C + 1C,
followed by aidark period of 8h at 7C * 1C. After 10 days
the-light and dark temperatures were reduced to 7C and 3C
respectively (% 1C) Between the twelfth and seventeenth day
- of th1s cooler reg1me dishes were removed and stressed in-
the same fashion as the second seed test\above Sample sizes
were eJther 2 or 3 petri d1shes per plo1dy level for each
stress temperature Surv1val was assessed after 14 days.
(There was some problem with algal growth - spec1es not
determ1ned - once Hoagland’s solution was ‘introduced, but‘
_ seedllng growth did not appear to be affected) Seedlings
were 1nspected aga1n after a further 14 days before be1ng
‘d1scarded o ‘

' Because of the unava1lab1l1ty of C?&"fac1l1t1es aqd the
v need to share space w1th other users. } was not possible to”.‘
‘ shorten the photoper1od of th1s hardenfng reglme But th1s
s1tuat1on, 1t was felt prov1ded the opportunlty to
v1nvestlgate the degree to whlch seedlings could be - _
temperature hardened dur1ng the equ1valent of the early part

of a growIng season, when unseasonal frosts might occur 1n

~.nature
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§;-Whole glant survival.after cold stressing_

' Although the leaf t1ssue hard1ness tests were able to
reveal some aspects of the hardening ability of mature
- plants, they left untouched'the important question of the -
hardiness of the perennating parts of the plant-viz‘ the
crown and the root system in the intact plant. For th1s
reason, a set of exper1mental plants were. propagated by
cuttings from plants of Known chromosome number that having
been determined by the root t1p squash: method descr1bed in
Append1x I. Cuttings were made ‘in November 1978, treated
with a rooting hormone (Rootone No.2; Amchem Products,
Ambler, Pa.). and set to root in flats of sand. These flats
were placed in a propagat10n greenhouse w1th supplementary
.l1ght1ng,vwh1ch consisted of a mixture of 400W Lucalox and -

400w Multivapor (General Electric) at approx1mately 1.3m

- above the bench, and fertilized weeKly w1th Hoagland’'s

solut1on (Hew1tt 1966) After 7 weeks the flats were placed
in the cool trop-arctic greenhouse (254 degree hours per

| day) under natural llght condit1ons for 4 weeks,oin'order to_
vernallze the surv1v1ng rooted cuttlngs Plants thrived on “
their return to the propagat1on room and cuttwngs were f'
potted 1nto 6cm diameter clay pots in, a standard pottlng mix
(2:2:1), after a further 7 weeks On March 16 they were
placed in a standard greenhouse under natural l1ght1ng and
}g1ven an’ appl1cat1on of NPK fert1l1zer (20 20 20) . Between ?

dune 2 and 9, sample sets’ of 3 plants for each plo1dy level

',iwere chosen at random with. the a1d of a random numbers tabledl 3

>

v
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(Fisher and Yates, 1948), , - and subjectedfto the same stress
}and thaw procedure as were the seeds and seedlings descrIbed |
above. A so1l thermocouple indicated that the soil
temperature was the same as that of the air in the CEC at
the termination of the stress-period. Instead of being
placed 1n the germination cab1net plants were returned to
the greenhouse and given the1r regular water1ngs as before.
Assessment of damage was made after 14 days, and then again
after 7 weeks A similar procedure was adopted for |
"hardened" plants these being plants of the same batch
-treated-with short days and cold temperatures for a period
prior to testing. The hardening regime conststed of 4 weeks
of short days (8h) at 15C with dark periods at 5C, the '
latter 2 weeks having 2 hours of -2C frost in the mid-dark f~/
period. Light throughout was 275mlcroE1nst1ens m- 2 s‘1 f
(PhAR) and relat1ve hum1d1ty, though not. controlled was at
‘approximately 50%.

6. Outdoor plants.

Mature plants in mid- grow1ng season whose: chromosome
number had been determ1ned d1rectly by count1ng, were moved .
" from a standard greenhouse to a south- facing. alcove on. the ‘
roof of the B1olog1cal Sclences bu1ld1ng (at the east end- of '
“the sixth floor,greenhouses) 1n late duly,‘1978 Here, the1r
}7cm d1ameter pots were embedded in the peat conta1ned in

large frames where they rece1ved regular watering The
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d1plo1d and tetraplo1d sets of plangs consisted of 10 and 11
.plants respect1vely These plants were left here for.the
winter of 1978/1979, accompanied by‘a maximum/minimum' |
thermometer (TayTor) lylng close to hor1zontal on the ,
surfacelof the peat. The lowest w1pter temperature recorded
by *the minimum rjder wa% -32C. New growth was observed 1n'

the unusually late spr1hg of 1979, a careful watch belng

Kept for germ1nat1ng seedl1ngs These were ruthlessly weeded

out when occurring 1ns1de the pots. On July 11 all plants
were depotted in order to 1nspect the subterranean

morphology. > vj

. B Product1v1ty : »[ | A o y | ;
1. Seed groduct1om ny;le1stgg gyfi‘ : 7;“9 ’ .u ~

From the outdoor plants described above" seed capsules
were collected at two or three day 1ntervals in the late'

summer and early fall The three -valved capsules were

considered ready for- p1ck1ng once they had assumed an erect .

position, before wh1ch lvke the flower. they po1nted »

downwards {See F1g 4,on page 17). Plants of each ploIdy ¥
level populat1on were<sampled collect1vely, and capsules |
- placed in small paper envelopes where they were allowed to

deh1sce(approx1mately 24h) Dur1ng the follow1ng weeks,.ﬂ :

- envelopes were opened and seeds and capsules counted A

'second and stat15¢1cally moce r1gorous measurement of séed
product1v1ty was made on another set of plants whieh had
been propagated by cuttsngs from stock of Known ploxdy

(Rl
R Ry
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level These plants in mid- to late grow1ng season were
moved from the greenhouse and placed 1n the CEC under long

day cond1t1ons (For details see Fig. 15 on page 62)
An explanat1on of - the compl1cated changes 12;§he regime

_1s warranted After apprOX1mately 2 weeks, the 1

started to bleach, so one th1rd of the l1ghts were swltched

| off the assumptmon be1ng that 16h at 475

m1croE1nste1ns m“2 s~ was an overdose of ltght-energy
After 51x weeks. although plants were doing sat1sfactor1ly,

there was a tendency for the soil to dry out in sp1te of

.,‘regular waterIng Th1s po1nted to a problem w1th the

humidificatlon system in the chamber. wh1ch was unable to
raise the dew pofnt above 14C (approx1mately 65%rh) ‘due

- perhaps to the deress of bu1ld1ng air dur1ng the wtnter"'

[

months For thts reason a cont1nuous 20C was adopted forf
three weeks for both dark and l1ght perlods followed by,l
]OWeP temperatures to lead plants 1nto dormancy Seed
capsules were picked as before but th1s t1me the number

harvested from each plants was recorded thus enablIng an:

B estimate to be made.for the number of seeds produced by each

plant B s U P U R SURPS SR




39

(during the winter), before commencement of germ1nat1on
tests Preliminary tests revealed that a cold treatment was
essential for germination, as well as other factors which
-appeared to influence succegs Byta\serles of trial and
error experiments, the following standard;pretreathent was
arrived at: | .& ' " <§
' a. _tumblxng in a rotat1ng drum l1ned with coarse .
sandpaper, w1th about 2cc of coarse sand at 120 rpm.
' . for 12h _ ] ,
- b. 24h imb1b1tion under vacuum in a .05% Triton-X
- solution; . © - _— ,
" .c. . 48h leaching in 200ml d1st1lled water w1th :
- _continuous agitat1on and ‘ '
d. 3 weeKs of strat!flcatlon under. natural w1nter l1ght
lrln the cool trop arctlc greenhouse h
Thts last step had seeds in petr1 d1shes on 2 sheets of |
f1lter paper GWhatman No. l), soaked llberally w1th a Captan o
suspens1on (1g per 1 1n dlst1lled water) to inhib1t d
pathogen1c fungal growth. From here a number of routes were

takeh Germ1nat1on tests were carrled out at this stage on

f; seeds w1th 1ntact and cut seed coats or they were subgected;m:

to a further 6 weeks in the 39 2C cold room before being
3 laid out for germinatioﬁ For the results presented in Fig
17 sample sets consisted of 5 petri d1shes per ploidy mﬁ."

level each cootaining 15 seeds All other germination tests!ffff}

were conducted in conJunctwon WIth cold hardiness tests and [fffﬁf'

-

o are described above under cold adaptedness °"‘P89e5 ?§7
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3. Seedling Productivity.

Successful 14 day oldtgerminants of unstressed_outdoor

seeds were transplanted to compartmented'seedling'trays,

into a mixture of sand and vermiculite (1:1), one per

compar tment, which measured 3.5 x 2.5'x 5.5cm deep. These

were soaked in Hoaglands’ solution and then placed in the |

propagat1on greenhouse on a heated bench approx 1.5m

beneath a row of 400watt mercury lamps at im centres, wh1ch-

C were switched on for 18h per day between 0200h and 2000h

Samples were harvested after 50 and 57 days, (in Apri) |
1879), washed clean of soil, and dr1ed overn1ght in an oven
at 70C. Roots and shoots were then separated and we1ghed
separately on a Mettler H10 analytlc balancé to y1eld

1nformat1on on total pnoduct1v1ty. as well as_root: hoot o

: rat1os A second and s1m1lar experlment attempted to seek

» 1nformat1on about the relat1onsh1p between productlylty and.

<§mﬁerature reg1me For thls.-21 danglgjgerm1nants of the

seconds more comprehens:ve cold stress tests (see above)
were placed in common pools and p1cKed at random for trans-

plant1ng to seedl1ng trays as before but the med1um th1s

.t1me was a 1:1 peat/verm1culate mixture w1th better water

holdlng propert1es Planted seedlings were sprayed thh

';approximately 2ml each of methylmercury dicyandiamide 5
asolutlon (5ppm) about the roots to combat fungal 1nfecti0n;ﬂ:\'
f_One tray (12 seedllngs) of each plordy level.was p]aced ln*i

e -



| Hoagland’s solutlon

"4 For details of the trop-arctic. reg
“ . 5This GC.was of the portable" type; -
. " Services at U,-of A. accord1ng to the

- €.S.Mallard, H.S5.Holfield, and T.A. LaRue - at. the Prairle
<. Regional’ Laboratory of the National Resarch Council of

-each of the trop aPCth greenhouses‘. and harvested as
before after 50 days. Th1s experlment was conducted under
natural lighting between late. dune and late August. The soil

was Kept mo1st by standing the trays in saucers of

C. Nitrogep Fixation.

 The preliminaryrinvestigation into the possible .
association. of V. adunca with nitrogen-fixing soil
microorganisms‘was conducted in-two part5‘ The f1rst was
1n1t1ated in late August 1978 when a trip was made and

lwing plants were'brought back from locat1ons m Alberta

_and British Columbia (see Fig. 9) These plants were kept
" under standard greenhouse cond1tions in. plast1c pots: in .
d their native so1l. and watered only w1th dist1lled water
’<Add1tlonal plants were obta1ned from Colorado. Montana and

” Sterco - Alberta by people v1s1t1ng these locatlons (see jf\

Preface for acknowledgements)

,¥ The method used to assay n1trogenase activ1ty was the

'xthe abilwty of nltrogenase to reduce acetylene to. ethylene,:

-

thus allowlng measurement of n1trogenase activity by gas
d'chromatography (Hardy et‘al 1973) In December. with the B
f;availab1lty of a. gas chromntog_aph (GC)s samples were takenifjf'

’ —-.------—1'.¢--p--;--—

see Appendix II
- ,ilt by Technical .

”'..Q,LCanada, A Saskqtoon

'rsame as that used by Dbberewner et al (1972) wh1ch ut1lizes°

>

design of. T. M. Mallard';fl'f
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-g fFig 9 Collection sites in Alberta and British Calumbia of
x:fplants usad _ :n. the assessment of rhizospheric;""””
f‘,,?nitrooen fixation 1n _J_q g &g__g (See Tables fa and..14
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from the roots of these plants con51sting of a clump of
roots w1th the closely adhering soil. The samples were "
placed in 1nd1v1dual 32ml screw- top v1als Samples were
]mowstened liberally w1th sterilized double distilled water.
and then sealed w1th snugly fitting rubber serum stoppers,
;the internal pressure being equalized by piercing with a
'fine syringe needle once the stopper was 1n place Air (5ml)
vwas removed from each v1al with a syringe’ fitted Wlth a fine
needle and Sml acetylene 1ntroduced in its place. The |
_ samples wgie then allowed td’incubate for. approx1mately 48h
at room tenperature in the dark with continuous agitation
At the end of the 1ncubat10n period ‘a imT. sample was |
5'extracted by syringe from each and introduced 1nto the |
\sample port of the GC, the peak height at the approx1mate
| retention time for ethylene recorded and this compared to
‘-w~ethylene standards of Known concentrattoh““ln order to check'i .
| that _the. ethylene.was not endogenously«produced. rather than tnﬁﬁﬂ%
the product of acetylene reduction vials were opened after vl
rthis assay,{flushed out with air, and allowed to stand open
;overnight before being resealed The assay procedure was o
ithen repeated only this time without the 1ntroduction of @i;;)
t'acetylene samples being taken and run on the G C: | | .,.
_?jfapproximately 48h after resealing This test indicated that
_‘t251gnif1cant endogenous ethylene production could be :‘v, ;'..n 
' discounted. A further introduction of ‘acetylene. shoued;.;_,
iﬁj?renewed (although supressed) ethylene production. thus;ii;ffyfiuf”d
oonfirming the result L S
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>

A second field trip was undertaken in late June 1979

~

o when ‘some of the Alberta and B C. 51tes were rev151ted by

§amples of root. tissue and adhering soil together with
rrootless s01l control samples were collected at each s1te. |
»'placed in vials m01stened and sealed as before These were
then stored in test tube racks above 1ce in.an 1nsulated
chest the air temperature 1nsrde fluctuating diurnally
between approximately 2C and 15C as indicated by a _ ‘
maximum/minimum thermometer This arrangement was in effect
:until returning to the city 48h after the first collection._
when the samples were transferred to a refrigerator, where
.they were ‘stored for 12h at approximately +2C. Follog,pg an
equilibration period of 3h at- room temperature each apart'
from one root sample from each site which was kept as an :’
_:endogenous ethylene control was innoculated Wlth 2 5ml of o
'»_5_acetylene The subsequent assay procedure ‘was’ identieal tO‘*"”f“‘

that described above Calibration gases were: checked on a

‘p'more sophisticated GC (Hewlett Packard 5830A by courtesy of :f
’a(the Dept of PlanthCIence)a In order to standardize the

B j;results. the root tissue in each experiment was separated

‘*"_analytic balance

A from the adhering 5011 both entities oven dried at 7OC and
'.the dry weights obtained by weighing on a Mettler HlO

IR

o ) 4.'6;. : 0 Ce e



A. Cold adaptedness

1s presented in this chapter Interpretation of these is. \v;

left for the DlSCUSSlOﬂ in Chapter Iv. In al7 figures (w1th.

_the exception of Fig 11); where plotted points represent

the mean of a data set, the vertical intervals deftne the ‘

95% confidence lim1ts as determined by the Student’s t- testf

1 Leaf t1§sue e S . : N

Although V. adunca is not a wantergreen speCies at

ej ther p101dy level under normal 01rcumstances. 1t displayed

ia the cold hardiness tests, a remarkable degree of

’ hardeningﬁability in the leaf tissue In Table 2, ‘a summary

of these results, the temperatures estimated~to be u*f~s-5ﬁ

oy

representative of LD 50 values.;range from -SC to 527C the.

‘Jatter value having been obtained w1th plants subjected to e

B cool temperatures and\short days Others viz, D exposed to -

»_shortening days in a standard greenhouse but with no fp‘

*Wtsreduction tn ambient air temperature. also indicated a

'fithardening of their older leaves but equivocal change in the

"fhardiness of younger leaves Plants grown out of doors were gEeS
_:,[less hardy than expected in August “but more so. in September_'gf
e G).,thereby highlighting the plasticity of v m

J”hf;f?and frustratfﬂg the experimental d°‘19"

From the sumarized resuits, a saup ‘.e= set of

e .




"Table 2. A summary of LD-50 cold hard1ness values for the

leaf tissue of mature Viola adunca plants subJected to '
different growing;regimes Abbreviations are:GH = standard
greenhouse; CEC = control]ed environment ‘chamber ; o

. Trop-arctic = cool greenhbuse. (For details of - the‘

- facilities used. see Appendwx II)

- A. GH; mid-April;

--—--------------.'—---.-.---------------_---_----’-—----

,natural ‘Tight.
1;(start of CEC)

'
1
-t
N
1
'
—h
o
o

E S ;L
B. CEC; 4weeks SD;
' cooling temps .

o nhﬂht frost. - f +16ﬂ0 e -18.5

C. CEC; 2 weeks LD; .

warm temps "0 =T7.0. “tSLOnnUnfS.O

”..,‘Dw.GH}llatéﬁNbv;;“._"..

.natUﬁalilight, n‘fio'b:;vﬁ‘%foi:.T”ﬂf7;3o } <f15 of‘

B VUL LT U BT

E. Tr -arotic (4 FSn; ntfﬂ}ltf?::'fio5*17f:;f:o?fn’Z'f ’ :jn ,:f
e -wegﬁs) imid-Dec; o o

natura] light _,-18 33;}}526f7;;;p‘f20n9'j,117;8ﬁ;5f;ﬂ“ﬁlﬁ77i

-,7F;w0utdoors mfd-'- ﬁnfﬁfffﬁﬂ:3°ﬁ?k”fi; : : :

\ 7
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(Table 3), with ‘the null hypothesis that the mean dlfference
' was not dtfferent from zero. Th1s hypothesis could not be
‘reJected at an 80% level, Implylng that the tests were
unable to resolve with any reasonable degree of certa1nty, a

'd1fference between plo1dy levels W1th1n the context of the

‘exper1ment

.Y

g;'Water relattons dgrtng hardenigét' |
. During the course of the hardenlng effected in the CEC

(A and B in Table 2 ‘represent start and £inish |
) respectively) leaf water potentlals were: obta1ned and
the1r components established as descr1bed in Methods and

Materla]s These results are represented in graph1c form in

.: F1g 10, One of the str1k1ng, a]though not surpr1s1ng

features of th1s. is the overall 51m11ar1ty in water o
potent1al values between the ploidy levels. The other i
jnot1ceable feature is the dlstlnct and statist1callly‘ .
)‘s1gn1f1cant (98% by the 2-sample t- test) decrease in the »"V
'>(osmot1c + matr1c) component over the four and a- half weeks'
of hardenlng" ' ‘

-----—-----—‘ .-

& (The change in the OSmotlc and matrtc connonents over the..&]f .
. hardening. period, tc ther with the relatively stable total =

- water potential, implie an increasing. tur?o This is
~_.contrary to the observati ons of Wilkinson 977
x!‘that turgor decreased-during the hardening ,,
. I i This result is. likel ‘to be: at east -
due to a difference in oell wall etastictty

N 7¢5ﬂff;‘ﬁﬁé
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Table 3. A comparison ijma;chéd,pairs from Table 1, .
together with the statistics which permit the statement that
~ there is no overallfdifﬁerence‘in*cold hardiness of mature

plant leaf tissue-betweenichromosbme races. This null
hypothesis.~according to Student’s t-test, cannot be
rejected at*anything'aboye‘the‘80% confidence level. -

-------—m-----—-----—-------------_-—;---a-----_-----

-----------—-‘----——---—-—--—-—----—-----—--

125 7 00 -

“meahfdifféhence=f1;99 SRR
' std. deviation= 3.70
degrees of freedom= &

i

R e R T T S Fp L




i e e TIME (weeks)

- _,.'._v,_‘”'the aeSOciated leaf tissue cold hardiness above the plot
."“.Afver ca] bars indicate the 95% confidence interva] SR

COLD HARDINESS (C)

| -125 e -15.5_ .
[100 — 85 |

R R S— 4§

A!RTEMPMtC) RN N
. 25/15 15/5 15/-_5'4'frost L

I

- Fig 10 Leaf water potential vaiues determmed
,psychrometrically over a period of hardenmg’**f%diploid end' :
f;o-tetraploid) The teuperature regime is given beneath and«" |

T
A
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3. Seed ¢old hardiness.

Figs.‘ll, 12 andj13 show . the effects of stressing
temperatures on the germination success of incipiently
germinating¢(imbibed) seeds. The influence of the
strat1fy1ng reglme s sever1ty is distinetly dlscernfble by
Athe shift in surv1va temperatures, although no claim can, be
"“made‘for a d1st1nct d1fference between plo1dy levels..
. : \
4. Seedligg-ggig hardiness.
a)! Unhardened seedl1-gs

The s1ngle test on 14 day-old unhardened seedllngs showed
surv1val at a stress tempera ure of 6C but none at -12C
(see Table 4) Also .hotewor thy 1s the fact that the 2N v
populat1on showed ofily 53% surv1val, as compared to the 4N'd
100%mat -GC. a dlfference not - able to be validated
stat15t1cally, however )
b). Hardened seedl1ngs
The comb1ned(effects of age and exposure to a harden1ng |
"reg1me can be seen in the results obtained for the 6- 8 |
week-old hardened seedltngs (see Table 5).: In comparvng the
‘two sets of results for the unhardened and hardened | :
, seedlings..lt can be seen that at least 10C more of frost 1s:
: able to be tolerated by the latter B ‘ |

FR



51

| | n_o,ambﬂ-o pue. Eo_aﬁ-:_,_.._,._
Ammg:m{ 49430 [|e ui se. _m>g35 30USPLIUOD %GE B JOU~ -

pue ‘spass m@dfumm 884y jO ueaw 8Y] - JO JOJ4J2 puepuels ayy .-
. sjussauded’s.Rq |edL]4dA By) 3oy} 3)ON) *S}eoo- -paas :0xo.5,.\.
x:mpoc:t_m Y em mvomm nmwmmﬁm Eoo mo ,m>~>,5m ; “Brg

() dnal mmuEm
| @,_m—,u, op.. o mn o » Qo._wcou

o _ow._

Paad

. (%) | NOIlVNlWHEQ ':,_ L

. ln ""h
Q
a0




R

%

. *seunjeJedue) Bujzae,
. o,“_, _vmu‘omnm:m ”.mu...m.m...u._uow

X
R

%4

ik

g




S4BQ Leo1jJuep - (pididedyay=o. pue
POt J: .,u...uEnEo:M_ ' S@unjesaduo
‘031 Pe198(gns spees pessauis pi




.. Table 4..Cold hardiness of unhardened’ seedlings 14 days
- after the initiation of germination. Most seedlings were in
e -':..‘v',:the;'ear,‘ly;,_s.t,age_s-*of-_ production of .the first true leaf.
Co F‘io:r_e.s represent mean percentages of 3 sets of 5 seedlings
‘each. . I A n C
'A:’ é:::=:::;;;E==§.é:=%;====;=g=:;;=g§£=====;==:=_,:éz.:,‘ o
Stress Temp. - = . Survival (%) - o7 TR
oLl e N
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Table 5. Cold hardimss of _7-&;eek old hardened seedlings. .~

(See lethods and Materials for details of : 1in, o

gures represent vme‘ ercentage
ach oentaininq 9 s




‘.~.'Tébie.éﬁ Response of unhardened mnture Viglg ggggggypIAnts;“
& -2 and 7 weeks after ‘experimental cold stress, where n is the

‘number of potted plants constituting the sample Sample _(
) .sizes are the ‘Same for both ploidy levels _ , e

------b:---q;--------;--------- ..................

}‘,O',v3 No damage to any plants: - As for 2N
R stily flourishing after .-' _
7 weeks.

=5 _ 3-{At 14 days older leaves o -All aboveground R
- . on.all plants yellowing; = shoot tissue =
. young crown leaves majn-'qv*jquite dead .
- -taining a -green co- - DR
'iglour One p t partially' . T
At 7 weeks,,wilted plant SR o
. now dead;other plants: ¢”_,, RIS :
L .g-struggiing with only two _f;«f' R L e e T
-+ and four small.new leaves S e e e
,.=,urespectively all other Lo L : o
._".tissue dea

j.L--tO 3 At 14 days. All above oo o -Ascfori2N. -
R ‘/ground shoot tissue dend,tvf-w'\,,,*_.',”zﬂ
:; ”t No regenerhtion of shootﬁ_*};u;“-i.f;,'~ "
tlssue after 7 weeks R e,
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Tab!e 7 Cold hardiness of hardened mature plants at 2 and 7
weeks after stressing. Sample sizes are given by m and n for,
_2N and 4N samples respectively

=10

oo For -both ploidy Tevels: .Crown area. - -
100Ks.:turgid and viable, but’ growthfz’
"slow relative tO'-10C¢samples

IR 7 weeks “‘-¢~av . ST
e ln 2 plants somez,‘;As for 2N with~3yaf'
-7 stunted .growth . one doing well PR
‘-~ -leaf .tissue,but - .and the other. -

'14 days “'_,' R
= As for control As for 2N for

Good new growth 7*1QGood_neW”Qrowth:

- of leaf tissue ¢ from crown and
,from crown. ' s’>also trailing

'7 weeks R
ALY plants of both ploady levels : SR
. showing good growth | » -._> O Ty

some . shoots

- for_2 plants, .= .
some retarded - S
rowth on 3rd;" R

";1..7 or R q; >ﬁ-+;‘:ff{#§j“‘ff
' ;i‘-All plants of both ploidy levels e e
'T,_doing well with good shoot grqwth, L

e e T S

.

| ?ifﬁcrown decomposed ~ “pooriy. in’ th1s ff$f};3¢f;{5{ffﬁfofT

.. and" these shootswx:isample of 2.

L not- rooted well. : o iy
S Well developed '
. leaves and buds

S s i wel Y rooted ‘:h;;~-.
"q~'f3rdzplant ,,.f;;”




“One. poorty rooted 4N plant showim
stunted growth'.: a” others dead ng

e-ground tfssue'dead in both
ploidy Ieveis ' :

»--—Q-‘.—----




B L e T D RO PR

59
ff;L.ng_eau_q..c.g__L_g_ns__ari e e
t,, A deta1led descrlption of the conditrons of the test
l’rplants is given in each of the Tables 6 and 7 In summary,}
. it can beiseen that uhhardened plants el ther survived
~ poorly, or did not survive at a1l when subjected to a -5C
| 'Q;fstress temperature On the other hand surv1val of plants i

L hardened under an arbitrary regime of short days and cool
'temperatures, was good at -10C and poor at -150 l} .f

_Qy__ggg_ g]ants . : - : . /\
Although no quantitative results were obtained for the ,

L cold hqr‘dmess of plants exposed t° the natural elements, :_i’t‘
:‘:1s ev1dent that both races are, m a. total sense. extremely

:fﬁ?hardy All of the plants of both pooulticns we“e ab‘? to
‘:"frégenerate new growth ln the spﬂﬂg/early summer of 1979
B -v_':'.;'.vit-after a winter when the mininun tenperature recorded at

| 'tground level was’ -32c Due to the shallow embeddinq~of the

‘v .""‘j';pots (approxmately Scm maximn) in the peat it is likely
”tlfffthat the entire plant. including the'“oot mass. was exposed
:{v;f‘to a tenperature close to this. mode of reoeneration is




60

plants were producing more seeds than their 2N counterparts,
The seeds collected were COunted and data are presented in ‘
Fig. 14 nopmalized Wlth respect to the number of plants and'
ff time. In a final analysis however. it was found that =
approx 55% of the capsules in each population had dehisced- h
before capture. thus making Fig 14 an underestimate of RO
absolute seed production but not upsetting it as a ",' : “F ;
comparative measure ~An . analysis of the differences betweena
paired weekly figures. allows rejection at’ the 99% level of o
the null hypothesis that the mean of . these differences is
zero Ibis allows the.concluSion that on a weekly ba51s,fu‘
the 4N was more productive than the 2N, | | ,“.t |
| The second and more rigorous investigation of seed
production was that executed under controlled env1ronmental s
conditions (see Methods and Materials), and yielded»T'%,data .ﬂf“
presented in Fig 15 This time the escaped seeds are"‘j;: =
_ included empty capsules having'been picked simultaneously ‘
with the ripé ones..and an average estimq}e added in for the L”fl
1315 number m1s51ng Statistical analysis of the pa*red data g

points as for the Outdoor plants. reveals that the mean %;f57

weekly productivity ofvhhe 4N plants isgpignificantly
greater than that for 2N plants This statemént is made on L
the grounds that the weekly differenc. "tueen ploidy¢levels ;f:f;,fff
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© . TFig. 14,,Seed_product1044of outdoor,planjs_duping the .summer
. .~ and fal1Of'1978,g0wing*to:thetnumbéhtof1seeds'eSCaping'ﬁw L

- capture, it is estimate that*thg;quahtities;above are: -
. representative of only- 5%_othheﬁtrUejproductivity DR T

fo (e=diploid and*qétgﬁrapIOiq); ;i
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inside paper envelopes, 1t was: pOSSible to obtain estimates
for the number of seeds per capsule Although occaSIOnal
observations were. made of capsules containing up to 30
iseeds, the usual. number was much less than. this. In Table 8
the means of values corresponding to the data p01nts in

:Figs 14 and 15 ‘are given showing a significant difference

f'in outdoor plants, but not so 1n thoseé in the CEC

‘zf,ia;’Fl owering. »
S The above section as was mentioned. refers solely to

'cleistogamous seed production Although often observed open
'(chasmogamous) flowers seemed rarely to produce seed even'_kf

":when cross pollination was encouraged by simulating \33\'

“pollinator activ1ty with camel hair paint brushes Dne very
distinct flowering response was noted and ls shown in

'Fig 15 Under the condltions described 41t was only the 2N

fw.‘population which flowered It should be’ pOinted out ‘as" well

'5f3that these were late season plants and that the same L

' ‘phencmenon was observed in the late se son plants oF the CEC f;f’

””mrun referred’to in Fig 10. although the latter was not 7p

“gquantified Although both.were apparently late season

fﬁresponses to being moved frOm the greenhouse to a CEC 1t

}‘;‘should not be attributed directly to daylength as in one fjfgff"
'hjlinstance the daylength was 8h (see Fig 10) and in the

ti; frother.,lsh cher enviromental varialbles;were comparable ,inffﬁ
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R ' o T T ‘ L s
‘Table 8. The mean number of seeds per capsule for o
- collections made during. the prqductiyity‘study; Also show
. the,standard,deViation-(SD).gand‘the.sample size (n). In-
" the comparison of means for ploidy levels, outdoor ST
populations were different at'a 99.9% level, whereas a null
. hypothesis»claiming.noidifferencevcould not be rejected at
. the 80% level for the CEC plants. e T

Outdoor plants ~13.6  .3.2 15 L2 2.4 a

A

T S e R Ty T
CECplants 145 4.4 7 465- 1.9 7
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; occas1ons in fleld plants 1n their tural env1roment once

HJIn a populatwon mos t probably te&traplmd“7 Spr1ng flowerIng.‘ ff
the norm assoc1ated with v1olets,‘was a l1ttle more \, o

. equ1tably shared between the two chromosome raoes although

- as F1g 16 shows, the 2N was, d1st1notly moreeprol1fic in the

p

o early days after removal from thetr cold perlod In sp1te of

i .()j,

the s1mulated pollinator act1v1ty. the. chasmogamous flowers s
L produced relatlvely few seeds, ‘and a h1gh proport1on of

-2

wholly abort1ve capsules (see Table 9).

. (‘ . '
~ o . e o
T ]

-

w o

B 2 Germ1nat1on B :
| Dur1ng the course of . experlmentatlonl,datatwere tera;uwu;;
gathered concern1ng ma1nly the effects of cold stress on the

germ1nab1l1ty of seeds pretreated 1n var1ous fashlons. These -g‘ .

. are dealt W1th*above 1n Flgs *1. 12, and 13.° The controls,‘_‘~':g
together Wlth prel1minary results however were useful in. !

. comp1l1ng a, comparlson between the effects of the treatments .
themselves Th1s compOSIte analys1s is presented in Table _:=;f'};

10, together w1th the stat1stlcs of compar1son in Table 11 ;ﬁf{
The\povntsawh1ch emerge from this are 3;_’jn %Jg'53~s?'nf:ef_””'
4”‘-_,.aB that seed coat 1ntegri?§ 1s hlghly 1nfluential in ,
L Dhthe supress1on of germvnation for both races, and ‘d}lg:;

| ﬂ;;;fbff“that extended low temperdture treatment aftgr Tff'A J

imb1pitton s1gn1ficantly promoted germination

“fff7 One member of th1s northeast Albertan populat1on L
‘(R1chardson Fjre Tower) gave arroot tip chromosome c0unt of

R @t R
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] N in omass pcoduced sbut itiis seen
‘tha;t,_ 1t lngs' signfficantaly‘ behind.;. a ,_*both 50

: & N, as is.reflected by
the s1gnifi’ant]y higher'root ‘hoot atiQS;for the former.
o fIﬁRSsults for the exper
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productivity, it is worth noting how this process manifests fj
itself in time Based on the overwintered outdoor plants,‘

spﬁing emergence

_ln:the late spring of 1979) of plantlets
regenerated;from the previous year s root system Was
monitored (See Fig 20) The advancedness of the 2N

population can readily be seen. until early duly when it was'7’

evident that all of the plants survived and each was

represented by at ieast some above-qround tissue. even

though 1n many cases the plantlets formed were no longer J*?ffa

materially attached to the parent plant
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Table 13 EthKIene production nanomoles (g véot dry

wt)" hour= 1.’} for root &
the laboratqry in August 1978 See Fig.

. the approximg%g ‘collection sites, and Methods and Mater1a}s
for details C L T e
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In spite of the 11m1tat1ons of this 1nd1rect method in
provid1ng quant1tat1ve results, 1t is clear that f1xat1on.
where it occurs,-1s more pronounced in Table 13 than in-
‘Table 14 The\former set of p]ants. it should be noted, were .
?Kept under greenhouse cond1t1ons foraapprox1mate1y 3!honths,
and kept well watered (w1th distilled water) until the time-
of samplwng Those in Table 14 on the other hand were
”samp]ed dlrectly in the field during the summer of 1879,
Ywhen many of the sites were experiencing extreme]y dry
conditions. This may point to an advantagg wh1ch h1gh soi l
moisture is able to offer the n1trogen f1x1ng ‘
m1croorgan1sms, and lead us to expect a pos1t1ve correlat1on/
between n1trogen fixing act1v1ty and sotl\water potent1a1
. An investigation by P1ght m1croscope of the rh1zosphere
biota of plants from Cana] Flats and Rocky Mounta1n House
-suggested that the n1trogen f1xers were probably of the

© genus Clostr1d1um _ - _ N e



L Iv. D1scuss1on
Before attemptlng to 1nterpret the experfmental resﬁ/ts of
the last chapter, 1t nght be useful to recapitulate the
working hypotheses wh1ch formed the des1gn skeleton These
were stated as be1ng ' - ' \?\\\ij
a. that the rigours of the northern latitudes represent a

'Beograph1cal threshold unable to be crossed by one &f
, he races, but not the other; and \ R
b.; that the post glacial wasteland presented greater |

problems with regard to recolonizat1on for one race than
for the other. . ‘ ' F .0 ’,
_Although severely limiting'tn their inflexib1e'genera]ityi

. they provided a: useful framework for experlmental des1gn and
the gatner1ng of -data. Jo some extent spec1f1c answers can
be. provided for those initial questlons, but only 1n truths
.less than whole Part of the reason for this is that these -
.hypotheses are in ways 1nseparab1e be1ng testable only in
‘éprms of whole plants in relat1on to\thetr environment, a.
vcomplex whole which_usu1ly_defies evgn.partial |
characterization. by.the handful'of'experimental'facts
establtshed _ | _ A | v

” ' An anafys1s of the problem can best be ach1eved by
}1nvok1ng Hutch1nson s. (1958) concept of the niche as an

n- d1mens1onal hypervolume in n- dxmensiona] space However,-
r1n order to make any progress in the 1nvest1gat1on of the_

nature of. such an hypervolume, we need to reduce the number

of var1albles suff1c1ently to be able to man1pulate the

81,
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remainder with an acceptable amount of precis%on. And so, by
fixing m dimensiens. we are able to reduce our n-dimensional
space to one of (n-m) dimensions9 The - f1§lgg is an
intuitive process, and can in no way be achieved totally
objectively. Only trial and error can tell us whether our

choicesvhave been, justified, but that in turn constitutes an

,investigation of the very dimensions ye were hoping to

circumvent in order to-make product1ve headway ' .

To 111ustrate this geometr1c analog, let us assume that

-
W

we wish to part1a]ly characterize two volumes (n-3) which,

- e . . C .
unbeknown to us, are a sphere, and an ellipsoid of

‘revolution about the major axis. If we conducted the

investigation in tho‘dimensiensf(m=3-2;1)-by fixing one of
the‘thbee Cartesian axes for each, we might see identical |
circles and conclude that the tWo.volumes under |
investigation are identical - but . this could only stand as a
tru¢h relat1ve to our perspectlve Shou]d the stat1c

. dimension be refixed such that our plane of 1nspect1on °
1ntersects at another po1nt on the major - ax1s of the 7
e111pso1d we could conclude (quite rlghtly) that, re]ative
“to our po1nt of v1ew. we are observ1ng c1rcles of d1fferent

d1ameters If on the the other hand, we were to f1x an ax1s

. para]lel to the ma jor axis of the ell1pso1d :1t would be

qu1te pla1n that our obJects of 1ntereg%lare of separate " N

spec1es viz. a circle and an ell1pse v
® The inherent weaknesses of. obJect1ve sc1ent1f1c research
l1e ominously concealed behind the words "sufficiently",

acceptable , and “f1x1ng", and can at best be tolerated
w1th susp1c1on



. : ..
. . o . . .
- - ‘ ’ -

~ With extreme caution. let us transfer our attention to
Viola adunca The investigation of the two chromosome races
of the species may be cons1dered as analogous to that of the

sphere and the ell1p510d w1th the except1on that our

. unknown conceptual hypervolumes can only be descrlbed by

probab1l1ty clouds (much as the electron shell of an atom 1s
descr1bed in the terms of He1senberg uncerta&nty) rather

than by def1n1te geometr1c surfaces. But,vpropped up by the

5

'stat1st1cs of normal1ty, we may proceed to regard the

objects of .our scrufuiny'as well-defined (n—m)-dimensional_

‘volumes by fixing those m dimensions which we consider to be .

o

irrelevant to thé study. ,

One of the first var1ables "to have been fixed in the |
worK with V adunca was that of geographlcal locat1on This
was done by choos1ng to.use plants collected solely within a
small range,_at a localIty whlch is reported not to have

been subJect to g]ac1at1on durlng the W1scon51n viz. the.

“,Cypress H1lls (Westgate, 1968) This choice assumes an

1ntersectlon of both hypervolumes at po1nts wh1ch allow for

. valid compar1son much as the 1ntersect1bns of sphere and

ellipse were assumed to be orthogonal to ‘the. axes  Our .

~

correctness of cho1ce is ult1mately untestable, especxally

when based on an 1ncomplete Knowledge of geologlcal and

wevolut1onary events in the preceed1ng and 1nterven1ng time.

Hav1ng thus flxed some of the var1ables, Mauer (1977)

"proceeded to 1nVest1gate the dJmenSJons,ofvnet assimjlationf

and_water‘relations in mature plants (fixing thevdimension

D 3
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of phenology). His concJus1on (see Table 1 on page 9.) was

that he had chosen a perspecttve wh1ch revealed s1m1lar
projections of the two hypervolumes, a null result.‘In the
present study.an attempt'was made to obtain a different
perspective, while holding to some of the assumptions made :
by Mauer. \ . | o | T
The first attempt to extend the Know ledge of\!;_adunca
by” the investigation of absolute cold“hardiness (as opposed
to environmental cold hardiness, a'factor considered below)
and water potentiel-at dﬁfferent seasonal stages in mature
plantshappears to have ledhto a similar nd?l point.}Although
by no.means:a dramatic conclusion it‘proéldes at'leaSt |
part1al grounds for the re3ect1on of the "tolerance of
| extremes v1ewp01nt as appl1ed‘to th1s spec1es (The onVy
.exceptlon to th1s conclus1on 1s the poss1ble super1or1ty of
unhardened seedl1ngs w1thyregard to frost tolerance ‘as 1s'
'shown in Table 4 on page 54., and dtscussed br1efly be )
In further sh1ft1ng our observat1onal standpoint\;iw sl
_‘to allow for an exam1nat1on of aspects of product1v1ty other
“than net ass1m1lat1on in mature plants, some possxble
differences started to become apparent The‘dxfferences in
’ cle1stogamous seed product1on seed v1ab1l1ty and seedl1ng
.'t1ssue synthesis indicate a quantitat1ve super10r1ty of the
4N, whereas w1th requgt to chasmogamous flower format1on
‘tand regeneration of shoot tlssue from overw1ntered roots,
the 2N was more product1ve TqF survey of rh1zospher1c S

":‘n1trogenase act1v1ty once agaln revealed no dJst1nct



d1fferences between the plo1dy levels. although it is- of

"1nterest that thls speC1es is in. some cases a symb1ot1c

f1xer If our assumpt1ons have been corredt, -and the cho1ce; -

of plant mater1al from an area of sympatry 1n ‘the Cypresqyj o

H1lls g1ves us an 1dea of the behav1pur of refug1al
populat1ons of both plo1dy levels at a t1me when the lce 3
sheet was startlng its retreat then we may construct a
verbal model to descrzbe the phenomenon of present day ‘
d1str1but1on At best however what we wlll have is the
descr1ptlon of some of - the processes wh1ch m1ght have been
1nvolved in allow1ng the one chromosome race but not the :
other to occupy the northern part of the range wh1le _
prevent1ng the reverse spread of the 4N into the more
southern doma1n of the 2N. (See F1g 1 on page | 11 for a .
descr1pt1on of the present day d15tr1but1on) | |

Based on the data avallable we must necessar1ly reJect
the first hypothes1s that the 4N is hard1er than the 2N when
cons1der1ng mature plants. (If -anything, the reverse /
s1tuatlon must be recognized with the cush1on-ltke growth
of the 2N plants tend1ng to protect the crown t1ssue from-
br1ef riods: of frost) On the other hand if we are to .
accepjif

: to the oxygen requxrements of the roots, then there ex1sts

| some, explanation for the. 4N be1ng found only on. drler svtes.h'

’ or alternat1vely the colder of the wet s1tes. the latter due,

g

to the hlgher solub1lity of oxygen at low temperatures

Although by no means a: complete eXplanataon 1n our case, 1t

he'hypothes1s of Hatl (1372) that ploidy is related;

-4
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'1s worthwh1le to bear in m1nd that th1s prbposed tolerance
“;‘of an 1nd1rect water (excess) stress may be contrtbutory to
: the overall. scheme o : :
| The xdea that there m1ght be a plo1dy related

d1fference in an ab1l1ty tofestabl1sh nitrogen- fixing

o a55001at1ons also con§t1tutes an. hypothes1s under the

head1ng of stress tolerance v1z nutr1t1onal stress The
results show that tndeed there’ are such’ assoc1at1ons which
would benef1t a spec1es colon121ng a poor substrate“but the
fact that" both races are 1mpl1cated once aga1n causes us to
‘ reJect the hypothes1s as a key factor It should be noted “’
that thls prel1m1nary study\1s not wholly conSIStent w1th |
the main pPOJeCt,.aS 1t 1s a geograph1cally wider survey and
does not restr1ct 1tself to the area of sympatry. thus
vuolattng one of the rules govern1ng our chosen perspect1ve
Nevertheless its contr1but1on to the p1cture can eas1ly be
recogn1sed B |

Turnlng ourpattentlon to the second hypothes1s wh1ch
‘ regards colon1zat1on of the glaCIated reg1ons, a more l1Kely
set of contr1butory facts emerges These facts are all
assoc1ated thh the seed and seedllng stages, where the 4N
appears to be at a dvstlnct advantage over the 2N. By
ut1Tiz1ng the eff1c1ent selflng mechanlsm of cleistogamy,
the 4N 1s able to generate more propagules than its d1ploud
counterpart and these—with s1gn1f1cantly h1gher '_‘
germinab1l1ty Once germ1nated the establvshed seedllngs .

appear to be more product1ve as well (Unhardened 4N



.‘[n. |
seedlings may also be marg1nally cold hard1er than the 2N

as is shown in, Table 4 on page 54, although thls observat1on 3

,requ1res greater experimental resolut1on for ‘a-more- pos1t1v§’

‘assert1on. An attr1bute such as this could‘prov1de 4N
seedlings with a competltive edgevover the'2N’s duringfthe
-sprlng when sporad1c frosts are l1kely to occur.) Iﬁ these
are factors which- occur 1n the natural env1roment the1r
comb1ned effect could contrIbute s1gn1f1cantly to-ﬁhe
presence of the tetrapl01d in the recolon121ng vegetat1on

R4
B

after the Wisconsin glac1at1on

What then of the other observed d1fferences° Flower1ng v'

(chasmogamous) seems to be-somethtng,more strongly

associated with the 2N than with the 4N, at least for g

cond1t1ons encountered by the exper1mental plants Should\\\"'

this aga1n be a feature of plants in their natural °
env1ronment it would appear as though the event of -

polyplo:dy has been accompan1ed by a tendency away from

outcrossing, and, as 1nd1cated'above. towards cle1stogamous '.

selfing In v1ew of the simple models ofathe effects of
.outcross1ng and self1ng on d1pl01d autotetraplo1d and
allotetraplo1d populat1ons of dlfferent plo1dy levels
,presented in Append1x IV this is’ rather 1nterest1ng

Compar1ng 2N and auto-4N for 2 alleles at one locus, 1t 1s‘;i>’

quite ev1dent that relatively more outcr0531ng is required

/,-

to hold down homozygos1ty 1n fhe 2N populatwon. a feature f[ '

~which ay/Rey\loc1 is ass'

f-deletereous‘effectS'on the

trad1tionally to have

»

arer The flyvq\/this oxntment ,.*h
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:_is the fact fhatt according to both Stebbins’ l1976)fviewsff

"( and McPherson's»observations*(1972) on meiotiC'pairing.in'V.

hg adunca, the 4N of this spec1es is un]1ke1y“to\be_§_§tr1ct
autoplo1d thus questioning the auto 4N model’s assumpt1on
that we can freely play w1th comb1nat1ons of four |
-'gene coptes}at our hypothetical locus. The alternative»-
alloploid mode] considers the 4N as a diploid, but includes
"two-loc1 with non- 1nterchangab1e alleles viz. a'diploid
Iwo- locus model The output in Append1x IV shows how this
too differs from the d1p]o1d In all events , it is quite
likely that a d1plo1d-would benefit more from a'sustained

| ab111ty to outcross, than would the tetraplo1d,-and it is
therefore 1nterest1ng to note the more easxly tr1ggered .
anthes1s in the former Whether or not. there is a strategic
v11nk between the two facts could only really be cons1dered
'w1th a much more comprehens1ve data-base.

Another 1nterest1ng point with regard to se]flng,‘but
'th1s time not related dlrectly to plo1dy,_1s the role of 3
self1ng 1n colon1z1ng specues as percelved by Allard (1965
‘ vb975) His v1ew, recogn1sed as one of “tooth and claw

e onomy’°t~1s that selfwng turns th1$ assumed bugbear of

zygos1ty to the advantage of colon1z1ng spec1es by ﬂ

.’wwould also be no prqblem 1n ma1ntain1ng a flex1b1l1ty‘hith1n

rthe genome ~which m1ght allow subsequent raptd adaptatlon to -

10 Personal comment bx\c Strobeck Dept of. Genet1cs, U of i
‘A. N . .

- f"

P



other s1tuat1ons wh1ch m1ght ar1se daln (1976)«1n h1s
‘rev1ew art1cle. regards the atta1nment ‘of an optimum balance |
between self1ng and outcro§s1ng to be a potent1ally
s1gn1f1cant aspect of any propagat1onal strategy 1nvolv1ng

. these two modes of reproduct1on At ‘the same time he negates
the idea. that 1nbreed1ng as such affords a unique colon1z1ng :

strategy W1th the little 1nformat10n which we have

o

' regard1ng the genet1cs of V. adunca, 1t is d1ff1cult to know -

whether these thought§ are applicable to the apparently morev
.successfully self- fert1l1z1ng 4N 1n its env1saged
colonization of the post- Pleistocene till, _

In summar1z1ng this matter of outcross1ng it is —
tempt1ng to conclude that its advantages, made avalflable to
the 2N by more l1beral flower1ng. allow for the adaptive
fine tun1ng of a spec1es to an already well esta ed -
nlche ‘Space, wh1le lnbreeding favoured the coarse and rapld;
adapt1ve character1st1cs of a more op tunlst1c colon1zer
Coupled with Stebb1ns (1974) remarks that "self fert1l121ng_
”spec1es are usually the ends of evolutlonqry l:nes and

' rarely, 1f ever. contr1bute to maJor evolutlonary trends”

an image of the gradual replacement of the 4N by the 2N over

geolog1cal time is is easwly generated Gould (1977)
popular treatxse on evolut1onary thought pb1nts out that
'natural selection d1vested of - 1ts (V1ctor1an) bias of

l progress , can be viewed: solely as a track1ng*of
env1ronmental events Could “tetrapIOIdhess"'1n V. gggggg be“

ﬂ'regarded as merely a manxfestatuon of the spe01es under ‘:f
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~-particular extreme'condithns? |
| One -further point with regard to the relative merits of
chasmogamous and cle1stogamous flowers, is that of the "
| éherget1cs of flowerIng According to Schemske (1978) in a
study ‘of Impatiens, clewstogamous flowers are one half to y
one-third as'costly on a per seed basis as their
chasmogamous counterparts Th1s as applled to V1ola would
.account for an extra handlcap to the 2N 1n any 1mag1ned race.
across the glac1al depos1ts, should it be more rel1ant on
outcross1ng for effecf1ve propagat1on | , '

The other apparent propagattonal attr1bute of the
d1plowd vwz the greater tendency to form plant%ﬁts,from
overw1ntered roots can also be v1ewed as entrenchmennt
behaviour . Formatton of plantlets in the lmmedlate v1c1n1ty
of the prev1ous years parent plant (whlch. as we have seen
will surv1ve mi lder winters intact)' would assure an ;
1nd1V1dual or its cloned offsprlng of cont1nued or even
enhanced presence at that po1nt in space Th1s stategy would

under the more extreme*w1nters of the north, and 1n the

B absence of compet1t1on from the more rap1dly regenerat1ng 2N

(see F1g 20), also be avallable tp the 4N 1n 1ts |
. competition w1th other spe01es e e

R Although far from complete as a model the above set of
:ideas may be composed to form a loose framework for an
understand1ng of some of the poss1ble mechan1sms
-contr1but1ng to what we see "as the d1str1but1ons of the '

‘ chromosome races of V. adunca What these present day
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distrtbutionskare of course, j a 'scenario intersected on-

‘the time axis at tb\/present, and ‘any attempt to exp1a1n
. them 1nVOIVes speculat1ve'project1ons back along that ax1s ,'
‘toward "the Ple1stocene. As has been po1nted-out. a lot has
had to be assumed in order to take- those Journeys through
't1me to the nunatak 1sland of the Cypress H1lls accomodat1ng
castaway d1plo1d and (newly formed’) tetrap101d popu]at1ons
of V adunca am1dst a vast ocean of ice. In all 11ke]1hood ':
thls image is totally incorrect especlally w1th regard to |
the nature of’ the glac1a1 act1v1ty (Ives et al. 1975) ;
In order to proceed any further with the understand1ng
.of the problem, a cho1ce of emphas1s would have to be made,
_1nvolv1ng one: of two general d1rect1ons E1ther an analytic_
‘approach could be—a adopted in wh1ch the assumpt1ons about
'our ‘m fwxed d1mensions would be 1nvest1gated and t1ghtened

" (and poss1bly the number of var1able d1mens1ons reduced even

| '_further to the supposed cr1t1cal ones) -or an attempt could

be made to construct a p1cture as whole as posslble by

:scrut1n1z1ng as many of the total n d1mens1ons as are :
avaxlable

e i i S eant s St s Rt

In the f1rst case. a p0ss1b111ty-wou1d be to atfempt a:"u

ffreconstruct1on of the s1tuat1on at the supposed '}_"*"
'post Ple1stocene t1me when the 2N and 4N were f1rst faced
~<with the1r phys1olog1ca1 un1quenesses in the1r common
,:env1ronment Th1s could be ach1eved by the synthetvc

‘f_productxon of a 4N from 2N stocK These two art1f1c1a1 races

»:could then be subJected to exper1menta1 investigat1on in thehtﬁi



certain. knowledge that the two hypervolumes had not bee

d1storted w1th respect to “one another by ecotyp1c d1verg ce

"over the- 1nterven1ng mlllenn1a The' maJor problem here j

the fact that we would then be work1ng with an autoplo1d

- contrary to the 1nd1cat1ons of McPherson (1972) and Stebblns‘

(1976) ment1oned prev1ously Other hurdles would 1nclude the
expected d1fflculty in obta1n1ng tetrap101ds w1th a f1tness

comparable to that found in nature

The other route of attempt1ng to characterIZe as nearly T

as poss1ble the essent1al n1che hypervolumes of the two o
plo1dy levels, and then compar1ng the tMo construd&s could
well be embodled in extensive autecolog1cal stud1es Ih1s N

approach, amenable to the 1t1nerant ecol091$t well prepared

~with time, ass1stance and equ1pment ‘is. also frought w1th
=2

d1ff1culty, and w1th no guarantee of ult1mate success. The e

".»f1nal scene once ach1eved may well show the perplexed

'uexper1menter attempténg to compare two n- d1mens1onal
Jhuuncerta1nty clouds w1th no def1n1te shape, and only abstraot

ex1sten£e

Undoubtedly the route to understand1ng w1ll reveal.’\v

'rwtself w1th pat1ence and a ded1cat1on to open m1ndedness. .

fand w1ll CODSlSt of many compromISes between the

'i”predeterm1ned approaches of currently accepted

| sub- d1smpl1nesa- lih1s study. -although obv1ously lim1ted din

yscope ass1sts in expandxng the data -base for the

"p(open ended”) 1nvest1gat1on of polypl01dy as an evolutionary

:’mechan1sm

a
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A synopsis of the relative performances of the two

chromosome races of Viola adunca is given below.

:in the cold hardiness of leaf tissue, seeds, seedlings
and"mature whole plahts. Exéeptidns to this were: |
1. Unhardened 14 day-old seedlings subjected to a Stress
| -temperature of -6C gave 45% and 0% (zero) mortal1ty in

2N and 4N. popu]at1ons respectively (page 54) ;

2. 'In unhardened mature who]e plants 2N’s were marginally‘

more sugcessful than 4N’s in surV1v1ng a cold stress of
-5C (page 56) | ' |
2. -Produetivity'

Tetrap]o1ds were more product1ve than d1plo1ds in - the

v
{

.product1oq of seeds (pages 61 and 62), -and also in the -
ab1l1ty of seed11ngs to increase their b1omass (page
72). The seed11ng populat1ons also had s19n1f1cantly »
different(root 'shoot rat1os (4N>2N) at 50 and 57 days;

- {page 72), and these rat1os showed a marked decrease
over an 1ncreas1ng temperature grad1ent (page 75) . |
Germ1nab111ty of 4N seeds was also s1gn1fxcantly h1gher

~ _than that for 2N seeds (page 68)

© 3. Nttrdgenrfixation:‘ o __;_ S

e

T .

o

*
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Although no difference was shown between races in their
wabi]ity io'esfablish‘associétions~with.nitggeh-fixing
microorganisms, the exi stence of . such a_sso‘cia‘tion‘s was

; c-:o‘n_f‘irme'd in ﬁ\an§ cases (pages 78 and 79). ,.

v

e
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Epi logue
The role of polyploidy as an adaptive and evolutionary
mechanism once more appears to be confirmed by this study.
°-wBut”the'details<pf its manifestation seem to be as unique as

Viola adunca itself when COmpared to similar studies with

other higher plant species, defying the notion that’
polyploidy might offer any particular type»of'adaptive
advantage common to all species‘ih.whiCh it occurs. This
"conclusion is not shprisiﬁé when we consjder the degree of ’
disruptipn which st be invoked with a change as great as.
QEZenome. The finely balanced interaction of

!

‘regulatory and structural genes, and the 1ncomprehens1b1y

the doubling of

complex network of metabol1c pathways can only be upset by
an event such as th1s. and any successful equ1l1br1um
subsequent to the catastroph1c event should not be expected
to be anyth1ng but random in its expression. |
In cons1der1ng the spectrum between'strict'ellpploidy
and strict autoplo1dy, it remains: debatable whether or not
there ex1sts a relat1onsh1p between the degree of |
hybridization and the likelihood that a polyploid line will
evo1ve along a path d1vergent from that of its diploid
ancestor In other words, it remalns moot as t0-whether or
not tetrapioid Viola adunea truly represents,ﬁarwinian
‘speciation as is implicit in L&ve and-L&ves’ (1975). S

~assertion that it is deserying‘pf full speéies‘Stétbs;
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In order.to,mihimiZe burdening the main text with

-

unhecéssar{ly detailed information, much‘has been held for

'pkesentation_in}this Chapter, .
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"A. Appendix 1.

Determination'of Ploidy Level.

During the initiatxstages of the project, most effort
swas expended on the'determtnatton ef the racial
categcrtzation of the experimental plants by couhting the’
‘chromosome number of the cells of mitotically active tissue.
This meristematic tissue was obtained by depotting
moderately(crought-stressed plants, and‘excising the youngb
root-tips which were usually plentiful at the inter face
between soil and pot. Ihese root-tips were theh processed
according to the method cf Tijo and Levan (1850), a
procedure commonly employed by the students of taxonomy in
th1s depar tment (e g. McPherson, 1972 WOlf 1977; Elisens, :
1978) . | J
| In this method the eXCised roots are claced
'Immed1ately 1nto test tubes conta1n1ng a 0.002M
8- hydroxy quinol1ne solut1on, and f;xed for two- and ar half
to three hours at 15C * 2C, usually in any ava11able CEC at
.‘that temperature Fol]ow1ng the f1x1ng. and a thorough wash
in distilled water, the samples are. sta1ned in a solut1on of
S parts aceto-orce1n stain to 1 part 1M HC] where the stain
.cons1sted of 0. 22g orcein crystals (F1sher) dissolved in
10m1 glacial acetwc ac1d diluted with 12m1 dast111ed water
(Peacock 1966) Sta1n1ng 1s 1mproved by gently heat1ng with
a bunsen flame of the watchglasses conta1n1ng the stain and

' ,trssue Care has to be taken not to apply too much heat

whlch denatures the nucleoprote1ns. form1ng llttle balls -
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from the chromatids and making a determlnation of chromosome
number impossible. | - o s

Root-tips are then placed on a glass microscope sl1de.
“one ‘or two’'per slide, in a drop of 45% acetic a01d Al
excess tissue is then removed, leav1ng as nearly as possible -
only und1fferent1ated tissue beh1nd A glass cover- sl1p is
-carefule placed over the sample,/and the tissue squashed by
1nvert1ng the sllde and pressing down forcefully with one’s -
thumb onto a- paper towel. The edge is then sealed in this -
.-case with a m1xture of Canada balsam and paraffln wax Kept

molten over a low heat .

-

. Hav1ng followed the aboVe procedure the the root-tip-

~‘preparat1ons\of‘onla adunca were 1nspected at 900x
magnification (under. oil 1mmers1on) on a Leitz Wetzlar _
| compound m1croscope equ1pped with. a green fllter to enhance
‘the image of the red sta1ned chromat1ds The plant from
which any particular sample was taken was then categor1zed
after: two d1st1nct counts had been made on two separate
'root tips, a count of 20 ass1gn1ng it to the diploid
~ Population, and 40 to ‘the tetraplo1d Trlpl01ds (30) were
set aside and were not used in any of the subsequent

. experlments , S : ST _ -
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jabarrier be low wh1ch ‘the suspended bed ‘was set at ;J e

ok, S _ . ‘_ 105

.

Controlled environment facilities

Dur1ng th1s study much use was made of the extens1ve

controlled env1ronment fac1l1t1es (CEF) housed by-the Botany

’Department in the Biological Sc1ences Bu1ld1ng on the

U.of A. campus. The fac1l1t1es, their spec1f1catlons, and

the regimes programmed are deta1led below (or referenced

else7here) i o S ” o -

J
s

Step-ln CEC

3 Manufacturer Env1ronmental Growth Chambers, Chagr1n

Falls Bh1o

Model: M7. “ SR Cow .

L1ght1ng Full l1ghtfhg ‘was prov1ded by 24 cool white.

fluorescent tubes and 10 1ncandescent lamps (100w each),'and

‘_reduced l1ght1ng (" two- th1rds“) by 16 and 6 fluorescent and_

1ncandescent lamps respectively. (Deta1ls of the l1ghting

~reg1mes are glven in Mater1als and . Methods, and Results.

Quantum flux values were measured Wlth a Lamda L1185 meter

w1th a match1ng quantum sensor) The light cap in th1s s

chamber 1s separated from the 1nter1or by a plexwglass heat BRI

s
approx1mately 0. 8m T

:_tA1r c1rculatlon Bu1lt -in fans moved the chamber axr. alwaysv.

_-supplemented with maKe up alr from the extertor, at a speed

- of approx1mately 5m sT1. Deflectors were erected to sh1eld
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'Reach in CEC _ "' _ | - .

_ cam on the/Honeywell cam-and rtder type controller (see N
“Methods and Matertals) ;_ ," ' o | |

lDew—pownt temperature No attempt was made to controltor

'during coolwng RS

the“blants from the full force of this.- - . o 1//(

Amb1ent and Dew po1nt Temperatures When these were remotely

contro]led they were—done so by means of the Honeywell W806

cam-and- rider type control]er, g1V1ng regimes descrtbed in

Methods and Materlals Calibration of these two parameters

was ach1eved by. using a f1ne~w1re thermocouple (0. 125mm,

~ copper - constantan Dmega Engtneertng, Connect1 » t in

conJunctton with a dtg1ta1 read-out thermomete (FtuKe,

(

model 2100A). and a dew point hygrometer of the1

condens1ng mirror type (EG & G model 880). . ;;>".

Manufacturer ~XB above L ' ' ' .7 t ‘ 5‘»

' LIthtng ThTS cablngtgwas used sole]y for cold stressing

exper1ments which were done in darKness

Air movement Air 1n51de the chamber was c1rculated at a f’

s1m1lar veloc1ty to that in the step 1n descr1bed above,

produc1ng air. movement of approx1mately 1 to 2m $- 1 in; the

& e T
v1c1n1ty of the test matertaL? R \.";-' SR “)}‘

S
-

tAmb1ent air temperature When decrea51ng temperatures were_;yf*

requ1red they were contro]led remotely with a spirally»cut

L "q_»

“'.measure this, as saturatlon of the air was usually achteved ':f

: ;1.':'
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. Germination’ cab1net

Manufacturer Coldstream v e
" Interior s1ze 0. 35m3 E "‘/Aj
Lighting: This was prov1ded by two sets of 4 cool white

fluorescent lamps arranged vert1ca11y down each side of the

cabinet, a eparated from the 1nter1or by glass barr1ers

Shelvi within was arranged SO as to glvefan approx1mate
dmaxt. of 75m1croE1nste1ns m-2.s"1 fromfany d1rect1on at
athe,poswtron of the sample. v R

.Ambient airltemperature: The two-step controller uas set to
give a day/night regime of 20710C % 1C.

Humidity: Control of'humidity via the LiCl-senSor and -
.hum1d1stat system enabled axhigh humidity (approx1mate]y

85%) to be ma1nta1ned at al {imes.

s

Co]d rooms

. These rooms. equ1pped wwth coo]1ng compressors, control
mechan1sms and 1nsu1ated s1d1ng prov1ded by the same
manufacturer as for the csc'é aﬁove were kept dark and at
'the constant temperatures descr1bed 1n Methods and

Mater1als Any mater1a1 dep051ted 4n these'rooms for‘any'r*“

"’length of t1me was protected from de81ccat1on by a

”:~,fpolyethy1ene wrapp1ng, thereby obv1at1ng the need to measure:-

wind- speed or Bum1d1ty
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| Standard greenhouse.

' This"refers to any of the standard, double-glazed
compartmegts of thejBotany Department greenhouses. These are
maintained at‘approximately 20C throughout the year,

although air temperatures as hlgh as 30C have been observed
oanart1cularly warm days in the spring before the lower1ng
of the summer shades. These are slatted wooden shades
painted silver and giving 50%,shade.

/

i

Tene,

* Trop-arctic greenhouses‘ | )
| These are similar to the standard greenhouses 1n

: structure but are equ1pped with heat1ng and cool1ng
apparati capable of atta1n1ng and maintaining a wider range
of . temperature reg1mes This machinery 1ncludes a. glycol
heater and a brfne cool1ng system which regulate the air
temperature in the closed loop. Hum1d1f1cat1on is ach1eved

,w1th a steam hum1d1f1er controlled by a Lici sensor. Both
temperature and hum1d1ty, like in the CEC’s, are able to be

- remotely controlled by means of\a cam-and-rider controller.

: Although supplementary l1ght1ng does exist, 1t was not ‘used
{n this project, - -during which the trop'arct1c greenhouses |

'we only used in the summer months. |

The four greenhouses uséd-covered a range of

o temperature reg1mes wh1ch could be represented along a

conceptual grad1ent with units of measurement of degree(Cl

"\_ hours per- day (see Results) whlch d1sgu1ses the fact that .
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the one important parameter of periodicity wae not
standardized The peculiarities of thefindividual'regimes,
which for practical reasons could not be- altered, are |
described below.
3. Cold (134 degree houré per day)
| No thermoperiod ‘but five large defrost peaks per day'
with maximum values of 10 to 15C. ,
Mean ambient air temperature: 5.6C B
Mean dew-point'temperature: oC

4. Cool (254 degree hours per day) i |
No programmed thermoperiod but 1nfluence of solar
‘heating caused diurnal fluctuations in the range 7.5C to
13.0c. o |

- Mean ambieﬁt air. temperature: 10.6C

Mean dew-point temperature: 5.2C

5. Moderate (398 degree hours per day) o
Programmed to give 10h at approximately 12. 5C and 12h
at approx1mately 190 w1th a 2h tran51tion befqre the |
warm period, while the dew p01nt temperature ranged from'
'10c to 12.5¢. . T o |
-Mean ambient air temperature 16 6C:

vMean dew pOint temperature 11 QC

iSl'rWarm (540 degree hours: per day) - ,
B Programmed to give 4h at 20C followed by a 6h
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trans1t1on 40 26C where it remairmed for 10h before
‘return1ng to 20C in 4h

*

Mean amb1ent air temperature 22 7C

Mean dew-point temperature: 15.6C o I \\\\;\//
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C. Appendix III. ~

- Site descriptions.

Site descriptons for the collectIOn of s1tes .of the
plants used in the acetylene reduct ion assay of rhizospheric
n1trogenose activity. Approx1mate map references are g1ven

where available.

1+

Trip of August, 1978.
-a) East of Redwater on the verge of a secondary
road, ailthe edge of a mixed stand of aspen, spruce‘and

pine, amidst young aspen, rose, Arctostaphylos uva-ursi,

Ame]anchier Vacc1n1um myrt1llo1des. Sa]1x various

herbs and grasses 53. 9 N 113.0° w | ) | N
,'b) North-east of Edmonton, 100m off highWay'643 on

a small south facing.hill in an open stand of young
aspen on fine sandy soil with Matanthenum and rose. as
well as grasses. 53.8° N 113.2°W

c) S}erco, Alberta; on coaISpoi1 site of the old
Sterco Coal-m1ne map reference 53 1 N 116 8° w alt1tude-
1408m. | | - o

d) Floodplain of the N. SaskatcheWan River where

" the D. Thompson vahway crosses 1t near. Rocky Mounta1n o

-

House, under Balsam poplar and Wh1te spruce w1th

"Elaeagnu Arctostaghxlo herbs and grasses 52 4° N
',114 9'w ‘ -

1 e) On the west banK of the B1g Horn Dam 2 7 Km

e’
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south of the Cline River settlement on the D. Thdmpson
‘Highway, in a clearjng in a Pinus contorta stand, amidst

. Arctosghxlo 3 Linnaea Qareal1s, Jun1per Sheggrdia,
,herbs and gramlno1ds 52.2°N 116.5°W ' .

f) Oppos1te the entrance to the Tlumber yard at

Canal Flats on H1ghway 93/95 in a stand of Elggg
ponerosa’ w1th Amelanch1er, Sheggrd1 Elaeagnu v
herbs and grasses. 50.2° N 115, 8 v o : o

. g) West (2.7km) -of Coleman on. Highway 3, on a ridge
’vNorth East (downwwnd) of a sulpur. plant site; prev1uosly

seeded with Bromus and Medlcago, relJct nat1ve spec1es ‘

v1nclude Sedum and Artemisia frigida. 48.6°N 114 5'W '
| hl- Cranbrook d1m Smith LaKe camps1te on the crest

of a r1dge to the north east of the p1cn1c s1te under

P1nqs contorta, Larix and Sal1x other spe01es lnclude

rose, juniper, . Arctostaghylos, Fragar1a and grasses
43. 5‘N 115 8°W - ‘

| J) Lundbreck between Plcher Creek and Bellevue, Ny

0. ka up Rock Creek Rda, in patch of Elaeaggu » With _
Achillea and Bromus 49, 6 N 114.3° LR i o
' K) \lloolford Prov pargs along the - bank of the St
Mary’'s R1ver under Sal1x and Balsam poplar,vwith
;_Elaeagnu Astragalu and Thgrmggs1 49 2° N 113.1°W

m) South-west (approx 10Km) of Darby, Montana._lx4~‘
along the T1n Cup Rd in'a very shaded s;ie under _glgg [ﬁ‘-"

and P1nus pond eros | -fi _;’”' DR
n) Denve\‘“Colorado (subspecies bellidifolia,

B E

!
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(Greene) Harrington)., near top of Guinella Pass  to west
of Georgetown_at 11,165ft. on southeast}facing s lope
H(approx. 40" ), soil saturated By melting snowbank 200ft.

- above.

Trip of June, 1978.
In add1t1on to rev1st1ng some of the above sites,
the follow1ng were 1ncluded , ' |
a)East of the Reesor Lake in the Cypress Hills, on
a snady slte}beneath aspen, growing in decaying leaf
Titter. 43.7°N 110.1°W | 1 5 -

b)On a bench area to the nor th east of Graburn '

A

Monument in the Cypress H1lls, adJacent to p1ne, but

améng:t Arctostaghylo ' Llnnaea Sheggrd1 , legumes and

grasses ~49.7°N 110.0; w . ' S
c) 0ppos1te Lodgepole camps1te in Cypress Hills

alongs1de the ma1n road amongst Arctostaghxlo and

grasses 49.7°N 110.3°W . R v

| d) Between Fern1e and Cranbrook 4, 3Km east of

. Galloway, under P contorta with rctostagbxlo 49;3fN

s, 2°W o
e) Arctostgghylo sample from the Kananask1s

'Research_Centre_near Seebe, Alberta 51 0° N 115 0° ﬁ

s
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D.,Appendix Iv. ‘
v ngulat1on genetics. . 4 ‘

' On the following pages are listed the Fortran programs
_wh1ch were written to simulate varying degrees of ,
gutcrossing in otherwise selfihg populations of different
ploidy levels. (An outcrossing 1ape1]ed as 50% would‘mean
'that'allvindiujduals firstipropagate a replacement

population by selfing, and,thenISO% of that progeny outcross
"and'again add avreplecement vaIue to the‘total. That
procedure constitutes one generation). In the deta sets
labeljwd as "OUTCROSSING ONLY", no sekfing occurs.

The output from each program is listed after the.
program 11st1ng. and 91ves the populat1on compos1tlon for
progress1ve generat1ons when starting w1th 100% |
' heterozygos1ty (In the case of the autoplo1d, this means
| two gene*copies bearing'one alie]e, and‘the other two
bearing another. in.the alioploid it is taken to mean
heterozygous at both of the two 1ndependent*+ec*4zé“

These slmple models represent a very meagre sKePeton
- and ought really to be exp]o1ted more . ful]y by 1ntroduc1ng
assumed advantage-welght1ngs for d1fferent
gene comb1nat1ons Even without an emp1r1qa1 set of" observed*
data. further man1pulat1on m1ght show’ up- someth1ng of the
nature of the ma1ntenance of var1ab1l1ty 1n 4N populat1ons
"under cond1t1ons of self1ng A lack of time and eas1ly

‘»mobil1zed modell1ng sk111 has prevented any expans1on of

these 1deas at thvs t1me by the author
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-C PROGRAM "DIPLOID", TO CHECK THE DEGREE OF
C HOMOZYGOSITY IN A PARTIALLY OUTCROSSING -
C POPULATION OF DIPLOIDS AFTER IM GENERATIONS

54

52
53

54
60.

77

56

].__57 :

.29

00 000.

- op

'SELFING OF DIPLOIDS BY PANMIXIS.
- OF 4 GAMETES PER INDIVIDUAL. Jj.;

- 59
66

“'.URITE(G 32) IN, HOM HET
IN=IN+1
'COMPUTE ‘PROGENY GENERATED BY SELFING =
| cgogsxg$ 10 SKIP FOR OUTXING BY SETTINGA
FOU - |

10UT=0 o
FOUT=0, o .
ASSIGN 51 TO ISTAT

60 10 60 |

FOUT=.

'ASSIGN 52 T0 ISTAT'

GO TO 60
FOUT=0.5

"ASSIGN-53 TO ESTAT
GO0 T0 60 :

FOUT=1.0

~ASSIGN 54 TO ISTAT» e

GO TO 60 -

FOUT=1.1"

ASSIGN 55 TO ISTAT

CONTINUE - _ :
IOUT=I0UT+1 ’ : . '

'FPC=FOUT*100.

WRITE(6,77) - -
FORMAT('1’,’DIPLOID' ) .
1F(100. - FPC)59,56,56 ( .

- CONTINUE

WRITE(6,28)FPC
GO TO 57 -

WRITE (6, 66)

FORMAT(“ 0’ ,’ $AGE OF POPULATION

* OUTCROSSING OUTCROSSING ONLY. ’)

CONTINUE
WRITE(6,22)

~ FORMAT (" 0'," XAGE OF POPULATION OUTCRDSSING ‘,F5.1)
-FORMAT (+ 0 22x HOM’ , 9X;"HET =~ ") C

HOM=0.

CHET=100. Y ,"' -" ST

XPOP=0. f'-f A
IM=14

IF (FOUT GT. 1. O)GOTO 11

HOMT=HOM + (2./6. )*HET

 HETT=(4./6. ) *HET - tftfi7f ]}"fang."*

G0 TO 19
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CONTINUE
HOMT=HOM
HETT=HET
GO TO 20
- CONTINUE

ASSUMING THAT THE GENE FREQUENCY REMAINS
CONSTANT (50:50 FOR THE TWO ALLELES),
OUTXING WILL ALWAYS CONTRIBUTE TO THE
‘POPULATION IN A 1:2:1 RATIO VIZ “1/2 HOM
PLUS 1/2 HET. o
THEREFORE WE ADD ON THE CONTRIBUTION OF

OUTXERS, ‘SETTING THEIR REPRODUCTIVE

- CAPACITY AT REPLACEMENT.

~ XPOP=FQUT*(HOMT + HETT)

20

C VvizZ.
23

32

55

HOMT=HOMT + 0.5%*XPOP
HETT=HETT + 0.5%XPOP

. GO TO 23 . » 4gi :
C_ ..AND FOR OUTXING ONLY.

CONT INUE
HOMT=0. 5*(HOMT + HETT)
HETT=HOMT
INSTANTANEOUS EQUILIBRIUM AT 50 50
CONTINUE ‘
Z=(HOMT + HETT)/100.

.HOMT=HOMT/Z

HETT=HETT/Z
HOM=HOMT

HET=HETT

WRITE(S, 32).IN, HOMT ,HETT o
FORMAT ( GENERATION:' 12, 3F12 1)
IF(IN .LE. IM)GO TO 7

- GO TO.ISTAT (51, 52 53, 54, 55)

CONTINUE = | |
END" | » :
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‘DIPLOID

‘%AGE OF POPULATION OUTCROSSING: 0.0

| o HOM HET
GENERATION: 0 0.0 100.
GENERATION: 1 1333 66.
GENERATION: 2 55.6 44
GENERATION: 3 70.4 29

~ GENERATION: 4 80.2° 19
~ GENERATION; 5 86.8 13,
 GENERATION: 6 ,~"cé1.2 ‘ 8.
 GENERATION: 7 94. 1 5.
'GENERATION: - 8 96. 1 3
GENERATION: 9 97.4 2.
GENERATION: 10 98.3 1
GENERATION:11 __éa.fsf 1
GENERATION:12 fd‘sg;zi | 0.

© GENERATION:13 - 99.5 0.
»fegnERATloﬁ;14ﬂ' : %'.99}7 A;“.o
GENERATION:15  99.8 0.

\
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x QIPLUIb_
© %AGE OF POPULATION OUTCROSSING: 10.0
;%\ o T ; e
GENERATION: 0 0.0 100.0
V-GENERA%ION: 1 ~ 34.8 65.2 . w
GENERATION: 2 . 56.0 44.0
GENERATION: 3 68.8 ; ‘ §1.2"
GENERATION: 4 76.5  23.5
GENERATION: 5 81.2 18.8 .
~ GENERATION: 6 " sa. 159
| GENER@jiONi 7 __és.s»k\dh; 14,2 )
- GENERATION: 8 86.9 " 13.1 . -
- GENERATION: 9 87.5 12,5 |
GENERATION:10  87.8 12.1
 GENERATION: 11 88.1 . 11.9 -
_GENEkATLON:12 88.2 . 11.8
GENERATION:13 88.3 - 1.7
© GENERATION:14  88.4 1.6
| GENERATION: 15 - 88.4 - 11.6
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__BIPLOID
%AGE OF POPULATION OUTCROSSING: 50.0

HOM  HET B
0 100.0 -
9 e
2 438
° 36.1
3 32.7
8 31,2:
> ,‘Q3o.5i 
69.8 302
'g IR
0
0
0
0
0
0
0

o
o

GENERATION:”:.
. GENERATION:
/" GENERATION:
GENERATION:
SGENERATIQN3
| GENERATIQNi
R GENERATION:
GENERAT§0N;
_GENERﬁgaeN:
GENERATION:
GENERATION:
GENERATIQN: ,
"GENERATION{:
: GENERATIQNg
 GENERATION: 14
"GENEhATION;;

—
w
™

3.1
30.0 _'; | AT o
300 4
s
o300 -
.m0

BWw N 4o 0O N O U s W N
&
333 3 -

—

(8]

~J
o
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DIPLOID B - B

%AGE OF POPULATION OUTCROSSING:100.0 |

~ ' . : o
. S . e .

GENERATION: 0+ 0.0 100.0

;';,QFNERATibN;j4 \
'GENERATION: 5
~ GENERATION: 6
© GENERATION: 7 -
-
9
0

o

Q

e

| GENERATION:-8 *
 GENERATION: § <
© GENERATION:10 5
CGENERATION:11 ~  62.5  37.
°GENERATION:12 625 a7,
GENERATION:13 ~  62.5 37
= GENERATION14 . 625 .
‘AGENEQAT}O&:155f:f_"jsz.Sf:~ |j':é7;

[¢)]
N
o
w
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DIPLOID

- fXAGE OF POPULATION OUTCROSSING: OUTCROSSING. ONLY.

-

T
| GENERATION: |

~ GENERATION:
| GENERATiON:.
© GENERATION:
:_’GENERATION:
f‘sgnséATION;

+ GENERATION:
 GENERATION:
GENERATION:
GENERATION:
GENERATION:

| GENERATION:

" GENERATION: 3
' GENERATION:
. GENERATION:
' GENERATION:

v o

- O
(8}
o O

(8]
(o)

-
anadhe
S
o .

-, A
o

. 50.
- 50.

i -
L N
»
o
o o o © © o o
34
o
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v

S

7 L
. C COMPUTE GENOTYPES AFTER SELFING,
- C BUT IN ORDER.TDVALLD¥ FOR OUTXING .

;IN=0

e

77 .

59
66

s

PROGRAM “AUTOPLOID", DESIGNED TO COMPUTE THE
DEGREE OF HOMOZYGOSITY IN A POPULATION OF
PARTIALLY OUTCROSSING AUTOTETRAPLOIDS,

" AFTER. IM. GENERATIONS. -

97

GO TO 99
CONT INUE

"FPC=FOUT=*100. _
WRITE(6,77) ' .
FORMAT(’ 1’ ,” AUTOPLOID' )
IF(100. - FPC)59,56,56

\WRITE(6,66)

‘FORMAT (' 0’ ,’ %AGE OF POPULATIONcik :

*OUTCROSSING: OUTCROSSING ONLY' ) .

56

36
57

33

7WRITEKS,BQQIN.HOM.HET31,HETZZ,

GO TO 57
CONTINUE

- WRITE(6,38)FPC .

122

FORMAT (' 0’ ,’ YAGE OF POPULATIDN,OUTCR92§1NG:';F5.1)

CONTINUE |
WRITE(B,33) | | e
FORMAT (0" , 23X, HOMO' ,6X, HET31’ ,6X,’ HET22" )
"HOM=0. | | ,
HET31=0) -

HET22=100:

IM=14 AN

IN=IN+1 ” -

- C. ONLY, SET FOUT,.GT.

IF (FOUT .GT. 1.) GO TO 11

- HOMT=36.%HOM + 18.«HET31 + 2.+HET22

HET31T=16.*HET22 = _
HET22T=18.*HET31 + 18, *HET22

- TOT=(HOMT '+ HET31T + HET227)/100.

HOMT=HOMT/TOT -

. HET31T=HET317/T0T

1

- COM

-

HEF22T=HET227/TOT

G0 TO 19

CONTINUE

- HOMT=HOM
HET31F=HET31

19

HET22T=HET22
CONTINUE

) PTUE_%,OF'?OPULATIDN'THAwaE wouLp S
'LIKE-TD;HAVE»OUTCROSS_(FOUT*IS*THE‘FAGTOR).'"j, e
COMEUTE'THE<FREQUENCY10F'GAMETES-GENER JED BY
- THE o
PORTION OF THE POPULATION. TWo TYPES.OF GAMENES, .=

DIFFERENT GENOTYPES, 6 PER 'INDIVIDD

o

.}




oo

- 99

510

- THE
FOR

0o o

-

21

22

B3

. ASSIGN 54 TD ISTAT
54 e
:;“‘"60 . ASSIGN 55 TO ISTAPI’

© e
. 55

(,o..

NOW-
FOR

HOMOZYGOUS TYPE BEING DIVIDED SYMMETRICALLY

THE 'TWO ALLELES.
HOMGAM= (6. *HOMT + 3.*HET31T + 2, *HET22T)
HOMGAM=HOMGAM/2 .

THAT WAS FOR THE TWwO ALLELIC TYPES)
HETGAM=(3.*HET31T + 4.=HET22T)
COMPUTE THE FINAL PROGENIES, ACCDUNTING
BOTH SELFING AND OUTXING.

HOMX=2 . * (HOMGAM*x*2 )

HET31X=4.* (HOMGAM*HE TGAM)

" HET22X=HETGAM**2 + 2.*(HOMGAM**2)  ~

TOTX= (HOMX+HET31X+HET22X)/1OO

- -IF(FOUT .GT. 1.)GOTO 21

HOMT= HOMT + (HOMX/TOTX)*FOUT
HET31T=HET31T + (HET31X/TOTX)*FOUT
HET22T=HET22T + (HET22X/TOTX}*FOUT o
GO 70 22 .

HOMT = HDMX/TDTX

 HET31T=HET31X/TOTX .

- HET22T7= HET22X/TOTX '

CONTINUE
Z= (HOMT+HET31T+HET22T)/100

- HOMT=HOMT/Z

'HET31T=HET31T/Z

. HET22T=HET22T/Z -

HOM=HOMT = |
HET31=HET31T
'HET22=HET22T

. WRITE(6,32)IN,HOMT, HET31T HET22T
32

FORMAT (' GENERATION: ‘,13, 3F12qJ)
IF(IN .LE. IM)GO TO 7
GO TO ISTAT (51, 52, 53, 54, 55)

- CONTINUE -

iUt=0 .

' FOUT=0.
" ASSIGN. 51 T0 ISTAT

- G0 TO 6O B A
FOUT=. 1 o o

ASSIGN 52 TO ISTAT

GO TO 60
52

~FOUT=0.5

ASSIGN 53 TD ISTAT
GO TO 60 ‘
FOUT=1.0

GO TO 60-
FOUT=1.1

CONTINUE
10UT=10UT+1

" G0.-TO 97

" CONTINUE BT .
esTOP »%fi,%»W U
CUVEND e |
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AUTOPLOID -
%AGE OF POPULATION OUTCROSSING: 0.0

HOMO  HET31 - HET22
0.0 0 0.0 100.
5.6  44: 50.
 30.6. 22 47,
443 21, 34.
1 27.
21,
17,
13.
10.

'GENERATIbN:‘

, GENERATION:
- .GENERATION:.
 GENERATION:
GENERATION:
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EGENERA%ION&"
B GENERATION\
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AUTOPLDID

-

%AGE OF POPULATION OUTCROSSING: 10.0 . .

" GENERATION:
 GENERATION:
,GENEﬁATION:_
GENERAT ION:
| GENERATION:
_GENERATION;‘
© GENERATION:
GENERATIDN;_’
_ GENERATION:
GENERATION:
GENERATION:
- GENERArbe;f
GENERATIDN:

~ GENERATION:
- GENERATION: '
 GENERATION:

~- (=

7
T

2.
- 82,
53,

- 60.
6.
70.
7s.
75,
76,
o
78,
.
s,
0.

HOMO

o o ©

HET3
.0
44

24,
22,
17.
- 14,
2.

.
—

NN SN ® . ©

1
0

29
3
6
7
9
7
.
8
;9;, 3
3
8"
2
0
e

HET22

1 100.
49,
45,
S g
2.
24,
21,
A7
15,
.
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AUTOPLOID

-

’i. %AGE OF PoPULATrONfou}cROSSING:.50.0  S ST
S ]ﬁ  :
‘HOMO HET31‘M - HET22 |
0. T o0 w000 T
LT e 6.9 o
Clars 301 24
s -oara w3
Coaze 24
a7, S o223 4 30
| L 49 ‘451; ufF:jég;biwxi  jf:
o GENERATION: 10 527 T 1ef - o1e o
- GENERATION: 11 - 5g. L8 T 215
' | ?;19€5;7“i{ ,2735;T§ ;?  ‘
i |
5
5

) R

GENERATION:
}_GENERATION:

_  GENERATION:
. GENERATION:
'GENERATION:
GENERAfISN:
GENERATION: |
GENERATION: -
GENERATION:

-

o ®w . N o U b w N
v N W

&,g
=
o0 N e N e e o w o o o

GENERATION: 12 | - 530
© GENERATION: 13 531 - 19.5  27.4
| GENERATION: 14 53,1 . 195 - 294
| OGENERATION: 15 B3t 195 2714 .

. .

N e
PPN o bt
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© AUTOPLOID

%AGE OF*pOPULATLDN¢ouTéRquING:onQO

' Howo  WETar HET22
- 00’ 0. 100.0
7 a9 54
256 a2 a0.2
335 7 313 35.3
s e oma
30, 2nT o 324 .
a0 ;g a0
. 27 a7
. %5 . 316
420 2.5 316
a0 264 315 ¢
 f:éENERATIQN§ij 'iﬂQm;42;1; ;v?fi'2654-">' '131;5'j>:> .

GENERATION:
GENERATION:
‘GENERATION:
GENERATION:
. GENERATION:
GENERATION:
' GENERATION:
"_GENERAfION;
| GENERATION:
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'AUIOPLOIDV"

L J

'GENERATION: .

"GENERATIDN

 GENERATION

- GENERATION:

??GENERATION

o GENERATION
'_'GENERATION

GENERATION

“ GENERATION
 GENERATION:
| '; M”GENERATIQN- 

" GENERATION:
ftijENERATIDN;

" GENERATION:

: f;jiGENERATION[
- "*; *GENERATloNrfj

2

3

4

5
.fs__'._»._
>7

8

9

10_‘; f,W
[EE
g
REE
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- Homo

. 50.

50,
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HET31.
0.0

44,
49,
49,
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" 50.

50.
~ 50.

© © © ®, 0 0o o o o © b B

7‘_’%AGE'oF,PoPuLAT10N7QUTCR6551NG: OUTCROSSING ONLY -
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[2X2X2Xs) 3

66

97

77

59
56

57.
33

.7. , .
C COMPUTE GENDTYPES IN POPULATION AFTER ONE ROUND

PROGRAM "ALLOPLOID“ DESIGNED 10 CDMPUTE THE
DEGREE OF HOMOZYGOSITY IN A POPULATION OF
ALLOPOLYPLOIDS (=A DIPLOID TWO-LOCUS PROBLEM)

_DIMENSION XPOP(3,3)
GO TO 99
 CONTINUE
IN=0 o '
FPC=FOUT*100. - ;
WRITE(6,77) ’
FORMAT (7 1 " ALLOPLOID' )
- IF(100. - FPC)59,56, 56
.~ WRITE(6,66)
‘GO TO 57
" CONTINUE . J
. WRITE(B, 36)FPC '
FORMAT(’ 0’ ,’ %AGE OF PDPULATION
*DUT CROSSING: OUTCROSSING ONLY' )

- AFTER. IM GENERATIONS OF PARTIAL OUTCROSSING

FORMAT (' 0’ '%AGE OF POPULATION OUTCRDSSIN

'CONTINUE
WRITE(S, 33) ~
FORMAT(’ 0’ , , 18X, HOMO HET1
HOM=0." . :
HET1=0.
- HET2= 100
‘IM=14
WRITE(G, 32)IN HOM HET1,HET2 -
IN=IN+1

59

_HETz’f

129

" F5.1)

C OF SELFING, BUT,IN ORDER TO ALLOW FOR COMPLETE OUTXING
C ONLY SET FOUT LGT. 1. 0

.ﬁ

uhoohohno

‘ 1g .

IF'(FOUT GT 1.0)G0 70 11

HOMT=16. *HOM + 8.*HET1 + 4.=HET2

 HET1T=8.#HET1 + 8.%HET2 ..
HET2T=4.+HET2 |
GO O 18
'CONTINUE .
“HOMT=HOM <
'WHAT ARE THE RELATIVE- FREQUENCIES oF

“THE GENOTYPES STORED: IN THE HATRIX XPOP’f

THE ROWS OF THIS MATRIX ARE :
" 'AABB ' AABY - AAYY
AXBB - AXBY - AXYY"
~XXBB . XXBY. ' XXYY
wHERE X 1S AN 'ALLELE OF A,

-

AND Y.IS AN ALLELE OF B. ST

- HETIT=HETY
 HET2T=HET2 & g
© CONTINUE: .
- Tore (HOMT + HET1T + HET2T)/100



000 o

- HOMT=HOMT/TOT

HET1T=HET1T/T0T
HET2T=HET2T/T0T

- HOMOZYGOUS

- 21

22

1,1

1,1

~ XPOP(3,3)=XPOP(1, 1
HETEROZYGOUS AT 1 L?SU .

1,2

2

XPOP(1,1)=HOMT/4.
XPOP(3,1)=XPOP )
- XPOP(1,3)=XPOP( ;
S
XPOP(1,2)=HETIT
XPOP (2, 1)=XPOP (

)
- XPOP(2,3)=XP0OP(1,2)

- XPOP(3,2)=XPOP(1,2)

*

*

.

. .AND THE FREQUENCY OF THE: GENOTYPES THAT FDLLOWS

XPOP(2,2)=HET2T

2.*XPOP(2,3

XB=2. *xpop(é 1) ve XPOP (2, 2) +4. *XPUP{S 1)+

2.*XPOP(3,2)
4.=XPOP (3, 3)

AND LASTLY, HETERDZYGDUS AT 2 LOCI

NOW COMPUTE THE FREQUENCY OF GAMETE TYPES

- WHERE X AND Y REPRESENT THE ALTERNATIVE
ALLELES AT LOCI A AND B RESPECTIVELY.
AB=4.*XPOP(1,1) + 2. *XPOP(1 2) + 2. *XPOP(2 1) +
XPOP(2,2) -

AY= 2, *XPOP(1 2) +4, *XPDP(1 3) + XPDP(2 2) + »

XY=XPOP(2.2) + 2.+XPOP(2, 3) + 2. *xpop(s 2) +

HOMX=AB*#2 + AY**2 + XEwgp + XY#%2
" HET1X=2.%(XY*XB + XY#*AY
HET2X=2.*(AB*XY + AY*XB) |
TOTX=(HOMX + HET1X + HET2X)/100. .

IF (FOUT .GT. 1.)GO TO 21
- HOMT=HOMT + (HOMX/TOTX)*FOUT
“HETAT=HET1T + (HET1X/TOTX)*FOUT

+ AB*XB + AB*AY)

HET2T= HET2I + (HET2X/TOTX)*FOUT

"GO TO 22

- CONTINUE

 HOMT= HOM&/TDTX -
HETAT=HETIX/TOTX
HE T2TZHET2X/TOTX

CONTINUE

" C AND THAT SHOULD DO IT

fC'

f}-:fHET1T HET1T/Z
. HET2T= HET2T/Z

© . HOM=HOMT

o HETY=HETIT -
- HET2=HET2T -

FDRMAT(’ GENERATION !

C.” ARITHMETIC HAS BEEN LEFT UNABBREVLATED T0 ALLOU
FOR ‘EASIER- CHECKING.. o _
i ~Z~(HOHT+HET1T+HET2T)/100
"HOMY=HOMT/Z .

,’ﬁ,_éz_fj WRITE (8, 32) IN, HOMT HETAT HET2T
’*=;'_f7 IF(IN LE. ‘NGO T0 7

12, 3F10 3) ;

130



'99.

.
52

53

GO TO ISTAT,
CONTINUE -
- 10UT=0

. FOUT=0. -

ASSIGN 51 TO
GO TO 60
FOUT=. 1

ASSIGN 52 TO

GO TO 60
FOUT=0.5
ASSIGN 53 TO
GO TO 60

FOUT=1.0
ASSIGN 54 TO
GO 1O 60
54

60
98
55

FOUT=1.1
ASSIGN 55 T0

- CONTINUE - .

IOUT=I0UT+1

GO TO 97
‘CONTINUE
. STOP

o

.Ié}Af
ISTAT
fISTAT 
IsTaT -

ISTAT -,

(51, 52, 53, 54, 55) .

¢
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_ALLOPLOID |

i

'%AGE OF POPULATION OUTCROSSING: 0.0 -

 GENERATION:
»GENERATION;
GENERATION:
 GENERATION:
|  .GENERATIONp
 GENERATION:
‘_GENERATIONﬁ-
: GENERATIONs;
GENERATION:
 GENERATION:
GENERATION:
- GENERATION:11
*'GENEﬁ‘"iongif
 jGENERAT1oN{13j
14
15 '.

. GENERATION:
"'_ ”fGENERAT1oN

O 0 N e s W N

b [y
N —

N

HOMO
. 0.0

25.000
56.250

 76.563
©g7.891

93.8a8
96,899
98.444
199.220 ©
- 99.610
.99.805 -
. 99.902
~ 99.951

e9.976
 ’93(9§8    

~
~—

HETt"
0.0

'50.000

37.500
21'875'

f11 719

8. 055
3.076-u

1.550 ~
0778 -
- 0.390

0.195 _

- 0.098
- 0.089
. 0.024

0.012

© 0.008

» .

HET2

100

: 25,

000
000
.250
. 56,3 . .'.
391
098

024
006
002
000

.000

.000

000
ibobf.;f;V:“
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ALLOPLOID
%AGE OF POPULATION OUTCROSSING:. 10.0

C T . HOMG  HETH  HET2
'GENERATION: 0 - 0.0 0.0  100.000
eéngAradN:\1 © 25.000  50.000 . 25.000
 GENERATION: 2 - 53.409 38.636  7.955
 GENERATION: 3 70.196  25.723 4,081
'beENERATIDN 4 »78;707f ,,1§,o93ff'" .200
’GENERATloN. 5 - :32.7?6,'-'14.2247w' .000 ._ N B
GENERATION: 6 84.671 . 12.375 955 .~
GENERATION 7 85543 11.513 2.9
| GENERATION 8 185,941 '_'t1ﬁr17jA 982
”GENERATIDN K 'f'865123"7 49.536  941
GENERATION:10" ~ 86.206  10.853 .941>f ¥‘, “
 GENERATION: 11 | 86.243  10.816 2,941 .
 GENERATION:12 f536:2695'?;10;799j’fg 941
57 éENEhATiONf13;f',8§L268‘,‘11o 7é1w??f 841
 GENERATION:14 ~ 86.272 - 10.787 _fl» ;g@f;j‘ﬁ}f,ffff’ *' p
. GENERATION:15  86.273 10788 2041

M PRIN NN N RN N O W s S




4vf GENERATION:

~ ALLOPLOID

. YAGE OF POPULATION OUTCROSSING: 50.0 f  ‘

FY

| HoMo - BeTr RET2 © -

GENERATION: 0 0.0 ' 0.6 ° 1p0, 000,
(GENERATION: 1 25.000 50000  25. wo

GENERATIDNfl | 45.833 . 41.667  12.500 ' -
GENERATION& 'f;54-3ﬁf' ,f34;722' 1 1o,4i7'>;*'"
: GENERATIDN:a -'_58,2j8 - ;3{;713_<>‘101069;
~é€ﬁERATION:; | 59.394 © 30.504 10,012
" GENERATION: ';:59!7961;AV§6§292 \Jg obz@ff;' _ ____
GENERATION: °9.932 " 30.088. “10.000 0
" GENERATION: 59.977  30.023  N0.000. | SO
59.992 "'30ﬁ0633  10Lboq?s“i e

59.997  30.003  10.000

©0.000  30.000 t0.00.
- GENERATION:  '60;6607 f'3o§dod1§fvfd;bboi;?v ',} i],f;;.,;,,"
. GENERATION: [;SO?UQ0; ffﬁdidpo?f?fibgdbde{#}f;jff?'iHf ,l,vw
" GENERAT;DN:;,*“% 60;6¢0:jjfégybgd55 ﬂfdfb§off5;:¢55ff;?;7;jﬁf-‘°'
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- GENERATION:
GENERATION:
 GENERATION:
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LL;f -gf).ALL0PL0ID ,
- : "v . o 3 *1 " L%

_ %AGE OF POPULATION OUTCROSSING:100.0 T

e

| GENERATION o 00 00 o000
hf*@:if GENERATION 1. ﬁﬂzs.ooo\N 50.000.  25.000. L

... GENERATION: 2 = 40625  43.750 1s.625

? 'éENERAILDN*‘ %’ *45,7035'.“39}344 . 14.453 _

GENERATfﬁN 4 v[47f11954_138.574'"‘ 14.307

| GENERATION: § 47.481  38.220  14.288

.- . " GENERATION: 6 . 47.587  38.127  14.285

. CGENERATION: 7 T 47.511  38.103 - 44.288 - °
é\f;i:GENERATION 3ﬂ,f§4z;647ﬁ7’;38'b97 o 1a.286

" GENERATION: ng747263é ©38.096  14.286

”fﬁﬂ";ieENERATION 10 47.619° 3. 0952'{ 14 286f”'
ilfGENERATION 1" ;j-47;549v5"j33,095fj*y14 2867,.v N

| GENERATION:12 47 519;92 38109${f¢¢14 286 .

*;fp( ;;Hff:eENERATon 13 f47 619f5f?38ﬁb95i;5fj43286;}i.'.,:».,

- GENERATION:14 ~ 47.619 ~ 38.095 _ 14, 286 .
7'fgf,?sENERATIDN 15 éfw;_*ffl};;jsa-095{3;;14 2asf;2}*j*""




ALLOPLOID

‘/‘

* %AGE OF POPULATION OUTCROSSING: OUTCROSSING ONLY -

’

- HOMO  HET1  HET2
-GENERATION& o o.§'“' 0.0 ibOQoij"
© GENERATION: 1 25.000  50.000  25.000
* GENERATION: 125.000 so;boo,<>j25,000; S
GENERATION: 25.000  §0.000 251000
”GENERATION: _;;25;ooof"?5o.boo ~ 25.000
CGENERATION: 5 25.000 50.000 ~ 25.000 -
iGENERATIdN; "és.ooof ’50,060V' 125.000
©, - GENERATION: 7 25.000  50.000- 25.000
© GENERATION: 9 © 25.000 50.000  25.000
© GENERATION:10  25.000  50.000  25.000
' | 25.000 © 50:000 - 25.000 - -
© 25.000 - 50,000 25.000 -
25.000 50.000 25.000
©25.000 50.000 . 25.000°
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© .0 N e o s W N

-
- 0

" GENERATION:11 -
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 GENERATION:1
GENERATION:

-, GENERATION:1
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