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ABSTRACT

Two chromosome races of Arctostaphy/os uva ursi were identified within the Kanan.askis

Valley a recently deglaciated corridor aputting the eastern front 'ranges of the Rocky

-

\

\

Mountams in Alberta Occupymg dissimilar habctats the tetrapload and diploid populations
were exammed for ‘physiologic dif ferences Wthh mnght comcnde with the observed
environmental 'sie’paration of the races. It was found that the dlfferences in pho!osynthetic
capacmes and water relat:ons were maximized by mid to Iate summer. During this time the
photosynthetlc capability of the tetrapioud was almost 300% hlgher than that of-the daplmd
chlorophyll b concentratlons |mp||cated in enhancmg net assumllatlon were 20% higher,
and cell walls were hydrostabule (rigid by two. orders of magnltude) enabling the tetraplond
to act as a water conserver. Downshufts in photosynthetic temperature optlmum Km*
values transplrﬁnon rates hght compensation ponnts as the- ‘summer progressed appeared
to be Iarger for t&e tetraploid compared w:th the dupload ‘and effectwely extended its
growth season. It was concluded that the tetraploid ‘maxirnizes’ its open env»ronment that
\

‘while it can occur in sheltered-habitats, its physnologlcal capabilities enable it to colonize

much more severe and'uhstab!e environmept‘sand'that the tetraploid is the ultimate

pioneer..



© PREFACE |
RCTOSTAPHYLOS. translated from the Greek, means bear's larctos) -

| grapes (staphy/os). The specific epithet, uva-ursi, is from Latin and

‘Imeans uvd (berry) and ursi (of the bear). The taxon has undergone

perlods of taxonomic revnsuon and ' synonymy includes

A officianalis Wl"d Arbutu uva-ursi Lmn ‘and Daphn/dostaphy/os lend/er/ana Klot.
3 Colloqunally itis known as arberry mountaun box, red berry. upland cranberry meal berry,
‘common bearberry. hog’ cranberry, whortieberry. larb, Boussero/e (Fr.). Barentraube (Ger.),
. k/nn/k/ nnick and sagakom/nagun/ (berry wuth spikes) by some North Amer:can indians,

muskom/ na by the Cree, kasrx1e by the Blackfoot (Murphy 1859) and sacacom/s by the -

v,

" voyageurs (Johnston, 1982).

Arctostaphy/os uva-ursi belongs to the famlly Erncaceae “Itis a traullng shrub with

| exfolnatlng papery bark and evergreen obovate to spatulate leaves and unhke other
ericoids such as Ledum or Vaccinium, it grows low to the ground It forms den§e mats on

~ exposed rock, sand or glacual till but exhibits a Iooser phys»ognomy when it occurs in -
assomatuon with grasses herbs, other shrubs and evergreens (Fug 1). Its habitat is limited
to montane and occaslonally subalpme regsons and its worldwide dnstrubutlon is

' cwcumboreal In western North Amernca var. coactilis Fern. & Macbr occurs as far south
as northern Cal:forma and east to northern lllinois (Fernald 1950). The var. adenotricha
Fern. & Macbr. (with glandular haurs) is found from the Cote Nord. Quebec to British
Columbua and south to northern anesota and Montana Wherever Arctoslaphy/os
uva- urst occurs it is as an |mportant dominant or subdominant commumty member {La Roi
et al. 1980 erks 1980 Ipatov et a/. 1980, Bjorndalen, 1980 and Hansen. 1976)

-As a medicinal herb Arctostaphy/os uva-ursi has had a long standing service to
man in both Europe and North Ameruca The first recorded use of bearberry was in the
13th centdry where it was used as an astrmgent by the- physncnans of Meddfau In 1763
Clusnus mcorporated it- nnto the London Pharmacopoe/a asa tonic tea and diuretic. Much
later arbutin was found to be the_ effectlve agent {Frohne, 1970) Ample documents of
native North American and European preparatuons and decoctnons are well descrlbed in
herbals by by Millspaugh (1982), Grieve (19‘3 1 ), Wefner (_1972), Coon (1963) and Turner

.

(1975) R s

\Y
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The Coastal indians of western North Ameriica called it k/nnikinick or sagakomi )
and used it to extend tobacco as trade with whxte man mcreased Actually sagakomi is

‘from the French (sac- a-comm/s) or clerk's bag and refers to the pouch in wh:ch the

. tobacco mixture was carrled (Johnston, 1982). Pressed and.dried, Arctostaphy/os berries
were quste useful. They were put into-a drled fruit leather or mlxed wnth other dried fruits
into a kmd of pemmican or used as beads in chlldren s rattles Blackfoot medtcme men
predicted a forthcomnng harsh winter if the fruit set of bearberry was high

(Johnston 1982). In eastern Canada, the Chlppewa (Ojibway) trib ewed the Ieaves for

tea to reluve headaches. The plant was also lncorporated into thelr rellglon asa charm

whule an mfusoon of the berries, contammg a high Vitamin c content was made for useasa

}
mouthwash for cankers and sore-gums. Today in commercval ‘operations, tannlns are

extracted from the leaves and are used:in Iceland, Sweden and the Soviet Unlon for
tanning fine leathers 4' S S . A

Bearberry has been studied in many non- physnologncal aspects For example the
h taxonomy of Arctostaphylos uva ursi has been handled with versatlllty Fernald and
- Macbride (1814) recognised ‘three varletles accordmg to vesture Hulten {1948) added
another. Calder and Taylor (l€65) Wells (1968) \Love etal. (1971), and most recently
- Packer and Denford (1974) have examined taxonomic relatnonshups mtrospectnvely wnth
regard to plondy They dlscerned diploid. trnploud and tetraploid populatlons whnle Rosattn
- (1981) documented .the existenz of a. pentaplon_d from Long Island, New York.
Chemistry Within the family Ericaceae has been well documented.becauseof the
number of compounds which can be easuly detected by standard chemotaxonomlc
: methods Polyphenollc glycos:des ‘arbutin, chlorogemc ‘acid, flavonond and quercutln
constltuents for example have been chromatographed and enumerated Their appearance '
has been used by Denford (1973 1981} in conjunctnon wuth morphologlcal evidence to
support traditional taxonomy and to comphment a theory of bearberry ] phytogeographlc .
dnstrlbutlon since the Plelstocene (Packer and Denford 1974). ’

The name of bearberry is promlnent in ecologuc\al studies. In North America. mut:h '
of the extant work conc_erning the genus has been concerned with the ecology of ' |
' Californian’ chaparral communities and the ericaceous manazanitas, A These 'tree*shrut;s' ‘
have a method of reproduction, fire resistance'yia the formation of burlsv and a mechanism

“Vii



.of sheddmg bark resultlng in alielopathic mteracttons whlch are similar to |ts northern _ u .
c0unterpart Arctostaphylos uva-urs/ Leaf and bark Ieachatés wuthnn the bearberry

community, give it a ploneerlng advantage and their detrimental effect. on seedling

st
4 ‘/)/-’d AT,

establishment of other specnes has been noted by Hannawalt (187 1) and ichter (1%:1)
. /¢ u«" .
The p:oneermg capablllt:es of Arctostaphy/os uva\ ursi are parflcularulg; ell knd;

from studies of burn recolomzatnon (Vogl and Schorr, 1972 Chou‘j 1’9{’ §L 3
Keeley 1977 and 1978} and are linked to(cts nitrogen fl)ﬁggg %ty J(/“\Ile’
Stewart,1976). . ' . L ‘.", : J\; =)
Seedllng truals and artlfuclal propagatlon for revegetaf‘“ér?purposespav been
conducted as early as 1937 (Grnesbach 1937). and there&(has been a strong Russian mterest
ih this area {(Pyasyatskene, 1975) .
Physnologlc ‘oriented work on bearberry is limited and descrlptuve But Shaver s
(1878) work, because ‘of its mduvndual nature and also because of its pertinence to net .
ass:mllatnon (NA) results will be mterperted physvologncally He descrlbed a continental ’
transect from the seacoast mland measurmg leaf angle and orlentatlon in a number of Arc- ,

tostaph/os species. Low I:ght low temperature species held their Ieaves more

' horlzontally whnle high Inght hlgh temperature species held their leaves tlghtly together ina

more vertical position as was observed in the populations studled here Thus posture may

have some significance to photosynthetnc capability, specnflcally, in determ:nmg the facnhty '

- with whlch stomatal gas. exchange occurs. .

iy
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A

. INTRODUCTION' |
The concern of this work is to reveal the |mportance of ploudy in Arctostaphy/os
uva ursi as it relates to its physiology. Hlstorlcally polyploudy has been vnewed broadly
~from an ecologlcal and taxonomic perspectlve Itis mterpreted as confermg on a species
-an adaptlve supenorlty to severe envnronments Hagerup (1931), was the first to suggest
————thls—Loveand Love (1857} followed surmlsmg that-the-incidence- of polyplordy would-in=
” ' crease with mcreasung latitude. The inherent problematlc snmphcnty of thns interpretation
became evident as Johnson and Packer (1968) found that the occurr\ence of polyploidy at-
- Ogotoruk Creek in northwestern Alaska was not as great as in areas of similar latitude in
urope Dobzhansky etal. (1977) found that polyplolds can occur |n habltats whlch are
more mesic than those of the progenitor d|pl’0|d$ v
. it seems that this ancestral approach to the question of evolutlonary success of
_ increased ploidy (it appears in 30% of all anglosperm genera Stebbins, 1938) has too
broad a basls and has lead to a vastly- oversmphf:ed interpretation of dtstrlbutlon patterns
and the success of polyploids.: On the other hand, the contemporary impetus of research
" as evidenced by the first unternatlonal conference on ponpI0|ds (Lewis, 1979), has
' become very reductuonlst At narrowly focuses, for example, on quantlfymg subgceliular
components - DNA, RNA or lsozymes (Tal, 1979) in easily scrutumzable agronornlc crops
wuth varying ploudy such as Lycopersmon escu/entum {tomato) or Avena sat/ va (oats) V
: N/cot/ana tabacum (tobacco) ‘or weedy plants such as Datura { jlmsonweedl and VICla
(vetch). ThlS smgle factor approach omits the mterlm level of mvestlgatlon deallng with the
modes or processes that link the subcellular whole plant and communrty Ievels together L
| A physmloglcal understandlng seems Iackmg in consndermg the role of polyplondy m natural
evolution. Describing them, as is the aim of this study could substantuate the dlStFlbutIOﬂ
pat'terns provide a ra/son d’'étre o polyploidy and test the theory that mcreased ploudy
means mcreased physiological adap\@tlon Thus, it mlght be sald that few brldges have B
‘been buult between the traditional realms of taxonomy chemotaxonomy and physlology
i.e. therei is excessive segregatlon and that, as such, there is a need for a balanced

hybrndlty Wthh would lead to a breed similar to Mooney ‘and Billings' (1961) physuologlcal .

' ecology an ecophysno-taxonomy of renewed vngour in SCIGn'ﬂflC approach and scrutmy



A trend for such a salamagundi of investigative force appears, albeit slowly, to'be
emergmg In so doing, the investigators are actually "Zoranthustrians searching for the"
'hlgher plant (J. Mayo, pers. comm.). Tregunna et al., (1970) for example*descrlbed a
mathodology which involves the use of chromatography, isotope. d|§orlmlnatlon, leaf

anatomy and co, compensation points to classify angiosperms into C, and C, categaries in

anﬁmalgama‘tion*of—physiology*andtaxonomy.—Albuzio—et-a/.—H»978)~have~described-the

water relations of several polyploid species. Mauer et al. (1978) compared the -

: ecophysiology of chromo_some races of Viola adunca with respect to photos‘ynthesis and
water relations in diploid and tetraploid populations. They found no significant differences
between the ploidy tevels; However, Davis (-1980) examined the hardiness and 1
productiyity of the same species and did find differences. Without hardening; the
tetraploid was more, abl‘e to withstand a cold period. The diploids had,only‘a 53%
survivorsnip rate, while the tetraploids had a,100% rate at a“stress;temperature of —6°C.
Both seed set and root to shoot ratio were higher in the tetraploud lndlcatmg the advantage’
of enhanced ploidy level per se. The dléOld showed a partncular tenacity within its area of
colomzatnon, and the tetraploid showed the ability to colonize new habitats in the absence
of the dip\loid relative. 4 | | |

Chromosome complement can be increased by a'doubling of the‘genome vin which’
case an autopolyploid is produced {(most typical), hybridization in which case an allopoly-
‘ploid is produced or through cryptic¢ polyploudy in which the DNA/chromosome ratlo in— -
| creases. Populatlons of Arctostaphy!os uva-ursi contain both autopolyplouds and -

aIIopolypIouds (Packer and Denford, 1974) which have probably arisen wuthln suspected

refugla in the Rocky Mountains (Denford 1973).

Th:s study was done during two natural growmg seasons in the summers of 1979
apd 1980. It compared sympatrlc diploid and tetraploud races which were found to

ccupy distinct habitats - sheltered and exposed Parameters in photosynthesus and water
elations at the cellular and whole plant Ievels were examlned The data gathered were .
then compared and related to.ploidy. “The sociobiological role of bearberry in the Pinus
contortalShepherdia canadenS/s/ Arctostaphy/os uva-ursi community was consndered and )
'flnally ina synthesns the data was extrapolated to mfer the colonizing potentlal of the di-

-

ploid and tetraploid populatsons in areas deglacnated since the Plelstocene
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Figure‘l;v

‘The location of Arctostaphylos uva-ursigpob;’bu

ulations studied-within the Kéﬁanaskis,ValIey.
: : - . - .
The"populations Squirrel, Hill Open and Hill

‘Under are located in the proximity of Barrier

! . - o
Lake and the Kananaskis Environmental Centre a)-- ..

" Ribbon Top ‘and Ribbon Side (2) at the Mt. Allen -

trailhead and Grizzly Creek (3) is 16.miles

_ south Qf the station along the Trdng Road to

-Highwood Pass.
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i METHODS AND MATERIALS
The two major criteria in locatlng an approprlate study area'Were 1) a geographic area
WhICh was once glaciated, and 2) a vegetation communlty in which Arctostaphy!os -
uva- Ul'S/ was either a dominant or codommant understory shrub in sufficient’ abundance to
wnthstand mtensuve sampling. With this in mmd directed by both a Unnversuty of Calgary =
herbarlurn spec:men -which- lndlcated -atetraploid. populatlon ‘at Ribbon_ Creek Kananask:s S
Valley, and a reference in Packer and Denford (I974)to a-refuglal populatlon'of dlploud
Arctostaphy/os uva- UfSl at Grlzzly Creek, Kananaskis Valley a visit was made to these two
creeksl The Kananaskis Valley is 45 miles west- southwest of Calgary and is a postglacual
corrudor allgned ina north south dlrectlon with the Eastern Front Ranges of the Rocky
Mountalns The Unnversny of Calgary s Envnronmental Research Centre at the north end of
Barner Lake was soon reallzed as the rnaln stage provudlng llterally acentre to radlate out
from when field work was requured Three study areas were chosen within proxumlty of
the Centre {Fig. 1). lebbon Creek was 15 8 km south of the Centre The Grlzzly Creek site -
was 23 km further south from Ribbon Creek and the third area was selected |mmed|ately E

t "'b

'near and wnthln\:valkung dlstance of the Centre . T » - i
. The term popu/atlon is used here in a llberali sken‘se to mean a landform—cover '
entity of a partlcular pI01dy |evel The landformis e. g a fluvial fan moramal deposlt oru
5 avalanched terra:n with a Iarge Arctostaphyios uva-ursi diploid or tetraplond mat. The
term site w:II be used mteréhangably w:th popu/at/on For example, SqU/rre/ mdlcates the
squ1rrel midden site and represents a d|pl0|d populatnon -’ '
At the end of two fleld seasons a total of six populatlons/ sites, three of each di—-
5 plold and tetraploid levels, had been determlned morphologlcally accordlng to Packer and
Denf‘ord (l974) and later verlfued by a chromosome count. .The designation of the
populatlons are found in Table l Nomenclature there bears no direct importance to the : l N
present study $o that the names of the taxa are eventually dropped and the results are o
discussed t\hroughout the tevxt in the generalities of a diploid or tetraploid identity. B
"However, the most commonly used live diploid material was from the Squirrel site .

because it survwed the transplant and greenhouse propagatlon Slmllarly the

representatlve tetraplond populatlon was from the R/bbon Creek’ study area.
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__fT__IABLgﬁi, A_SYNOPSIS OFISITES, PLOIDY, & TAXONOMIC IDENTITIES‘FOR
//’ 6 POPULATIONS OF ARCTOSTAPHYLOS UVA-URSI STUDIED .
. " Plotdy .~ Chromosome # Site name and - Taxonomic Identity
) ' abbreviation - - of Arctostaphylos
’ : uva-ursi
" DIPLOID . 2N = 26 Grizzly Creek (GRZ) = 5sp. ademotricha
: - " Squtrrel (SQ) - - ssp. adenotricha
Ribbontop (Rbntop) ssp. adenotricha
\ TETRAPLOID . 2N = 52 " Ribbonside (Rbnside)  S+1+ unnamed L
: o . Hill Open (HO) - ssp. uva-ursi, var. %,
" coactilis '
coactilis
Hill under (HU) = - ssp. uva-ursi var.

uva-ursi
Ploidies as determined by root -tip and bud’ squash preparations (via a
Cooperrider-Morrison’ (1967) & Tijo & Levan (1950) hybrid method) fall. .
neatly into two categories, diploid and tetraploid. The entities were
" identified and a subspecific epithet attached to each according to, the
. taxonomic treatment of Packer & Denford (1974). To ease the reading of -
./ . the text the populations will subsequently be simply referred to as the
diploid (2N) or tetraploid (4N) populations. For.the experiments HO &
' HU material was rarely used. GRZ (2N), SQ (2N) and RBNside (4N) were -
"~ the populations compared most frequént}y; ' ' |



The characteristics which visually differentiate’ the ploidies and were the basis on
" which populati?ns were originally chosen and identified before chromosomial
: determination are shown.in Figs. 2A and 2B. '

k!

A. Site (Population) Descriptions

An;abbreviat(on»of'—the»"slte~name-accompanles-each-»descr~iptlon~and—a¥communlty-—»
compositionvis given for each population in Appendix L In general the tetraploid occurs in
a much more rvigourous enyironment experiencing sharper gradients in diUrnaI
temperatures especially durnng the spring and autumn, wnnd exposure which enhances
desuccatlon i summer and winter, abrasnon and mechanical damage and in Ilght mtensuty
The d|plO|d occurs inamore mesuc environment , sheltered beneath a canopy of Pinus
contorta. The plants are semlshaded and experlence fewer fluctuatlons of temperature
humidity, factors Wthh mlght affect CO avallablllty wmd exposure wunter desnccatlon
abrasion, air movement water avallablhty and mcommg solar radlatlon The soils also are ‘
more developed resultlr@ in water retention. DIplOld bearberry is a codominant.in the herb
Iayer rather than the dominant (as the tetraplold is) in |ts commumty It therefore v
experlences more competltlon w1th other shrubs grasses etc. for nutrlents Iti is also not |
the only mtrogen flxer in the communlty smce Shepherd/a canadenS/s has nltrogen flxmg

rhlzoblal actlv:ty associated with its roots. B

- :Sqmrrel (SOJ (2N) .
Thls study s:te was named after a multi- generatlon squvrrel mldden Wthh sat

roughly in mldplot lt was approxumately one quarter mile along the tra:l WhICh follows

. the Centre s water supply Physnographlcally itis ona fluv:al fan w:th a5% slope and a.

northwest aspect Of all the sites, the envnronment of the duplond SqU/rre/ populatlon is
‘the most sheltered and buffered from extremes of sunhght mtensnty and changes of
humldlty temperature and wmd Sunlught filters through a closed canopy of P/nus
‘contorta and Popu/us tremu/o:des whlchgprov:des a constant partlal shade at. ground level
A stream abuts the study site a meter away, providing an aesthetlc gurgle to take _
measurements by The sou is well drained and has a thin Ae hOI'lZOl’l (The soul of bear—‘ .

berry is here.) The communlty of this site has a hlgher dlverSIty of specues than occurs at.

\
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- Fig. 2A and 2B. The typ1f1ed phys1ognomy of d1p1o1d and tetrap101dk._
S E Arctostaphylos uva-ursi. R :

-+ Fig 2A. A branch of Arctostaphy]os uva-ursi sensu 1ato of d1p101d S
St (2N) ‘type.. The Teaves are obovately shaped and occas1ona11y
“have apices which- ‘are retuse. They have a thin cuticle, are -
- 'visibly a darker green than the tetrap]o1d are f]ex1b1e and -
" 'bend easily without breaking. 'Below it is a 'Toose" mat .
*; physiognomy of the d1p1o1d as 1t grows beneath a Pinus . .
”;,contorta canopy S . SRR R

‘Fig. 2B. A typ1ca1 branch of tetrap]o1d (4N) } uva-ursi sensu. 1ato
.. has spatu]ate leaves. ' Unlike the horizontally displayed 2N
Teaves those of the aN are t1ght1y -appressed to the stem. °
- The" phys1ognomy of the mat is a tight .and dense formation and
" “the mats occur-in open exposed environments. ' The leaves are .
thickly" cuticled, are olive green in co1our and they snap 1n
: two when they are bent._ L . , ) _ ;



. the other sntes Snow depths were consxdered as part of the assessment of the envuron-

‘ment Wthh the populatlon experlences Spring snow depths observed in Aprll 1980

I TN

swere 15 -25 cm The populatlon here presumably expernences Ilttle or no winter abrasnon

by wind—driven smow.

Grizzly. Creek (GRZ) (2N)

'\ Arctostaphy/os uva ursi var. adenotr/cha a diploid. oceurs here on a-southwest, -

facmg, terraced 35% avalanche slope in an open forest of lmmature P/nus contorta The

forest physnognomy of clumped trees appears to prowde a semi- sheltered enwronment
- Wthh moderates the fluctuatlons in air temperature alr crrculatlon and humldlty Arcta-

staphy/os uva- UfSl occurs prlmarlly in the openmgs between the pmes and spruces

t/‘/

Hill Open (HO) and HI|| Under {HL) (4N) :
These populatnons occur on a hill made of glacsal till on the east side ot the road ,'

' Wthh descends to the Provmcual Parks compound and the Kananaskns Centre turnoff The
hill itself is crowned with an old fire tower lookout and is part of the Alberta Parks o
mterpretlve loop WhICh starts from the lnformatlon Centre The aspect is northwest and
the slope IS 28% The two populatlons are taxonomlcally dlfferent HO i is Arctostaphy/os g
uva- UI'SI var.. coact// is and HU is Arctostaphylos uva\ ursi var. uva U/'S/ Both are tetra— .

: , plond and are contlguous wnth each other through an epotone HU refers to a closed ‘
canopy of P/nus contorta and is sheltered compared to the exposed open slope and shrub '
- domlnated communlty of HO." . "
N " InHO, the tetrapl0|d Arctostaphylos uva UfSI occuples a greater portlon of the
ground cover than in HU _Snow depth is ‘lO 20 cm in the wmter '

. Rlbbon Creek (RBN Top and RBN Slde) (4N)\

A

The R/bbon Creek sites are 5|tuated to the west of the llmestone quarry ‘at the head
of the Rlbbon Creek Trall (the Mt Allan trallhead at the parklng lot) The slte isa glacnal il o
knoll overlooklng Rlbbon Creek ttself R/bbon Creek Top IS an exposed snte which ° ;
J supports two sympatrlc populat:onS\\of Arctostaphy/os uva- ursi of -differing- chromosome ‘

number A small localpopulatlon of dlplOld adenotr/cha and also a tetraploud of unnamed

o
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status (S+L+vesture, Table 1) occur at the top of the'knoll. It is impossible, without

destroying the populatlon, to determine if the diploid ls a single proliferating plant or If the

tetraploid is of the same plant. It was assumed that the populations consisted of several -

individual plants. - _ ‘ ‘ ‘ .

RBN Top and RBN Slde are part of a sympatrlc populatlon covering approxumately

. 55 75% of the slope. The angle of the slope varies from 55~ 75% and the aspect is from

southwest tosoutheast. Most exposed of all the sites, Ribbon Creek also has the least

. show. Winter snow depth is only about 20 cm because of the exposure. The site

experlences high lnsolatlon a full range throughout the day and hence a hlgh fluctuation in

dlurnal temperature. ‘The s:te has a partlcularly short day in autumn-because of the

o surroundlng mountams ‘The leaves of these populatlons were thlckly cuticled, whlch is

~ probably an adaptatnon to the higher water stress and inreased UV Ilght intensity in an’

exposed environment.

‘B. Col'- = ~tion and Propagati'on of the Popula‘tions

Plants were taken from the field with a large portion of natlve soil lntact around the

stout rh|zome The three major techmques used included: rootlng of cuttings in perllte
solution cultures and growmg mats of the lntact field materlal in greenhouse seed

propagatlon trays The techmque used depended upon the type of experlment in which

.

the plant material was to be used. R R o

Plants whlch were used for water relatlons and photosynthesls experlments were _

3 repotted lnto fIats in the lab in the natlve so:l and a 1:1:1 mixture of peatmoss sand and

o
potting soil (greenhouse prepared) Because of the trarllng hablt of the plant the flats

- proved ideal. Some were segregated into various greenhouses as space allowed, others

-~

‘were planted outdoors |n beds, alongside the greenhouses To prevent oversaturatlon and

2 waterloggmg of the soils; they were watered approx:mately every three days and received

a fertilizer treatment every snx months S - NN ot

To prowde material for chromosome root tlp squashes roqtlng trials were

L .conducted with the heIp of chk Hillson, Research Assocnate in Forest Sc;ence Multlply

branched twngs were selected from fleld materlal snlpped off: and the cut ends were A

o treated wuth 2500 or lO 000 ppm of IBA and Seradlx 3. These were placed in perhte for
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1—1 5 months in a mlst chamber until the root systems were fuIIy developed usually toa

Iength of 25 cm, They were then transferred to pots in the greenhouse Occasuonally for

the chromosorhe studies, cut branches lu5ually wnnter field tlssue) were solutlon cultured .
| "lBot 324~ 325”Plant Phys:ol Lat® Man. 1980 1981) The twngs were gently aerated via a

plpette hooked to an air supply. This method proved very successful and prowded an

- additional source of root'tips. o
N ‘Chromo‘some Determinatio

o =
deprlved of water for, one’ day and then amply watered on the day prior to root tlp harvest‘ ‘

"n the root tips, plants grown in flats were -

The method of mist chamber- propagatlon and the water cultures dispensed with the .
pretreatment just descrnbed and thus facllltated a contlnuous harvest Bothmethods were
used to provide an adequate supply of chromosomal materlal ’

14

L Root tips were dlpped into precooled vuals of oxyqumollne and processed

accordlng to the meth d of TJlO and Levan (1950) as detailed by Mauer (1977) and Daws ‘

. (1880). . After three h0urs at 12°C ‘squash preparatlons were. made and stalned by the -
method of Cooperrlder and Morrlson (1967) 'In this method, a lacto acetlc orceln stam :
was used in lieu of an acetic orcein stain. Penetratlon and stalmng quallty of the
,chromatlds was much |mproved and the preparatlon time from squash to observatlon was
shortened Precursory heatlng in a watchglass was ellmmated and the condition of refr/ed
genes was avonded A drop of Hoyer's solutlon (Fllnt 1975) was added to the stalned
spemmen and acted as-a cellular clearlng agent lmprovmg the clarlty of chromatld

' observatlon Counts were performed uslng a Zelss HA compound blnocular mlcroscope

Wlth green filters which enhanced the contrast between the stained chromatlds anhd other

.cell_ular contents.

D. Water Relations
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Vapour Pressure Deficit (VPD) measurements o o o
Greenhouse materlal ‘acclimatized for approxmately one year was used to
- :determme the transplratlonal (TSP) response of Arctostaphy/os uva-ursi over.a range of
vapour pressure deflcsts (VPD). TW|gs were cut under ‘water to prevent air embollsms in

the xylem issue and then mdlvndually sealed in prewelghed 25 rnl beakers with parafilm .

(Mayo and Ehret 1980). They were placed into mlm—controlled envnronment chamber '
desiccators wnth adjusted relatlve humndltles of 8%, 50% and 80% (Wmston and Bates
1960) Transplratlon rates were measured as changes in welght on a Mettler # 10

| analytlcal balance Equlllbratlon perlods between readlngs were 1.5 hours

Copper constantan (. 0076 cm diameter) thermocouples and a Fluke dlgltal thermometer
(2 100A) were used to monitor air and leaf temperatures A fan in each mini- chamber was

':run to prevent co,, O and temperature stratlflcatlon and to reduce boundary layers

) Measurements in the dark were taken usnng a flashhght with a green frlter to prevent

‘stomatal opening. Humidity wnthrn the large Controlled Envrronment Chamber (Chagrm
Falls Ohno) (CEC) was maintained at a constant 70% RH and 20°C temperature for the
- ‘duratlon of the experrment Flnally leaf- resrstance was, calculated accordlng to the Bot '

324 325 Lab. Man 1980 1981 as:

"+ RL=Csat ~ Cair s/cm
TSP

. where » ‘
. Csat = saturatlon at absolute humldty at leaf temp (°C)
Calr = absolute humldlty of the a|r at air temperature , ‘. S : o
- YTSP = transplratnonal rate cm? - |

,w1th values for Csat in /m2 taken from SIavnk (1974)

Leaf Resnstance (RL) . U o
Leaves control approxumately 99% of the transplratlonal water Ioss through thelr
stomates (Meldner and Mansfleld 1968) RL for Arctostaphy/os L(va -ursi Ieaves was .

monltored in the fleld from sunrlse to sunset occasslonally past it, once a month



' : ‘ : ‘1,3

throughout the,growing season, from April to'November to establish both a diurnal and‘ a

seasonal profile of water reguiation.
/ AN

A twng of Arctostaphy/os uva-ursi was stemmed into terostat a commermal
~ sealant, and then lnserted into the acryhc chamber of a Kanamasu asplratung dlfoSth

porometer (Turner et al., 1969) ‘The time requlred for the humidity to rise to a

predetermlned amount‘Wlthm the chamber- was recorded -and-the- chamber- temperature————
was noted. Leaf resnstance was calculated dlfferently than RL of VPD measurements

according to Turner and Parlange (I970)(Append|x .

Xylem pressure potentlals (XPP) ‘

Overall internal water status ( ) of the. whole plant can be determmed by measurlng |
xylem tensnons (Scholander et al. 1965). The values reflect the degree of water stress or .
. value average turgor (VAT)(T yree and Hammel 1972)(see Appendlx Ill) the’ plants are
‘ expernencung at the time of measurement and are also directly related to the

transplratlonal control (Hlnckley et a/ 1979 thchle and Hmckley 1975) and probably have

an affect on photosynthetic’ rates. = .. T \\o

» Xylem readmgs of cut twugs were taken in the field r\ln the Iab with a pressure
”bomb (PMS, Corvalhs Oregon) and were measured in MPa When |mmed|ate
' measurements could not be taken the twugs were placed dlrectly into tins lined wnth
c ‘water soaked paper towelhng ‘This effectlvely produced a chamber with 100% H which :
. reduced transpuratlonal Iosses and’ prevented changes in xylem tensuon values due to these
: Iosses The pressure chamber itself was fined agaun ‘with wet paper towelllng agalnst the '
‘deS|ceatlon of-the arid N, gas on the Ieaf and twig tlssue..
_ .Pressure-Volume (P- V) Curves » e
The methodology used in constructmg the pressure volume 0urves rs detanled in
.vCheung etal. (1975) Tyree and Hammel (1972) and-in the orlglnal paper by Scholander et
al.- (1965).. P-V curves can be used to determme cell wall elasticity. The model is
| dlscussed from a mathemat:cal and phllosophncal view in Acock s equtllbrlum model _
(Acock 1975) In producnng aP-V.curve remprocal pressure (MPa) i ns plotted agamst o

‘volume of water expressed as kg x 10, to yleld a curve in the shape of a rectangular -



T4
hyperbola Reflectmg through internal changes in water potentlal ( ) the parameters the.
bulk mgdulus of elastlmty n, the coefflment of non— linearity and can be derived (Appendix

110

E. Photosynthetic Measures - -

—

Net Assnmllatlon (NA)
NA is a measurement of the capacnty of a plant to flx COz At the biochemical level
: NA dlffereptlates between Co, resplred and C01 fixed into sugars durlng photosynthesns

It was thought that a dlfference between the ploidy levels mlght be expected in their pho—

.tosyn.thetlc capabllmes lnterpopulatlonal dlfferences were also exammed between winter

6

and summer (greé‘nhouse grown) tissue. _

Twugs were cut under water and then hydrated in the dark for-24 hours as in the
pressure volume (P- V) curve experlments A twig with approxnmately 50 cm2 leaf area
was cuvitized mto an open IRGA system (mfrared gas analysns Sestak et a/ (197 0
| "constant airstream of 300 ml/mm at an amblent concentratlon of 320 ppm gas was
: generated by a Kmtek Co, permeatuon source (Texas Cuty Texasl and dellvered over the

leaf tissue. CO2 uptake was recorded and cahbrated ona Beckman 10" recorder

' »(Arllngton lHinois). Quartz lOdIde and mercury -vapour lamps wuthln the véalk —in CEC .
| (Envnronmental Growth Chamber Chagrln Falls, Ohno) were used in comblnatlon to vary Ilght

: tntensmes to a maximum of 1800 uE/m’/s {almost full sunllght on a summer’s day) Photon‘
“flux was recorded using a LICOR Quantum Lught Integratlng Ilght sensor LI 188. Cuvette alr
2 'temp/eratures ‘were malntamed at 17°C usmg an array of controls (see the sectlon on.
.temperature response curves) Copper constantan thermocouples (0. 0076 cm dlameter)
were used to momtor both Ieaf and amb|ent temperature w:thm the cuvette A digital

k readout of Ieaf temperature was dlsplayed on a Fiuke 21 OOA d|gltal thermometer NA

-was calculated as:

={Cx FxYx 273/Tl X 60)/LA (Bot 324 325 Plant Phy5|ol Lab Man »
1980~ 1981 - |

\
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Where: ‘ ‘ ‘
‘ C=C0, assimilated l‘+) or respired {=)in ppm
Y=44x10 ¢img/mi) ” » :
22414 S
o : i

F = flow rate (mi/min at STP) ;-

-Ti-=-leaf-temperature-(K)

[
LA = leaf area (dm?)

A snmple porometer of '[ygon tublng attached toaa?2 ml plpette attached to the |
‘tW|g enabled the concommltant measurement of transpuratlon The fmal values of NA '

were plotted as a percentage of the maximum photosynthetlc rate achleved in each E

experlment x ‘ .

By -Temperature Responses‘
" Temperature response measurements were performed at light. saturatlon
. conditions for Arctostaphy/os uva Uf'S/ l1700uE/m1/sec) to determlne the photosynthetlc
response of chromosome races over a temperature range of 5-25°C. All temperature |
| ,,‘response curves were performed using a walk= |n growth chamber (CEC) as-a major
.‘50urce of temperature control Other equnpment included: o ‘
l', A water bath thh contlnuously flowing cold water was placed between the .
| Irght source and the CUvette with the depth of the water constant so as. not to vary :
the wavelength lntensmes reachmg the leaf tlssue o
2. A Peltler coollng block (Thermoelectrlc 920) whlch was placed lmmedlately
' below the cuvette '

E ' 3 S A fan w1thm the' cuvette WhICh msured an even mlxture of lhe mcommg and

e outflowmg air and a reduced boundary layer
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Prgment Extractlo\n ' . .

, Tradltronally spectrophotometrlc assays of the reactnon centers chlorophylls a
and b, are performed usung an acetone extractnon techmque pnoneered by Arnon (1849).
?WM the plgments wrth DMSO has been noted to give comparable results but with "

reater speed (Hnscox and lsraelstam 1979 Shoaf and Lium, 1976) This method was

n ug/ml for both chlorophylls
Approxlmately 10 ml of DMSO (analytncal grade Fisher) was added to each test

tube and placed into a water bath at 55°C. Leaf discs O. 02 cm in dlameter were punched
‘ out from both young leaves (current year's growth) and o/d Ieaves (prewous year's growth)

usmg a#2' borer The discs were used to determine the dry and fresh welghts of entlre

Ieaves ‘“The Ieaves minus- the dISC were added to each test tube Seven replications of

- both young and o/d leaves were made for each chlorophyll meaeurement After 15

,mrnutes in the water bath, the hqund levels were brought back up to volume, the extracts

covered with a black light- -tight cloth to minimize chlorophyll degredatlon and absorbancy T

| - was measured in the dark (green hght filter) wrth a Unlcam Spectrophotometer {SP1800)

for the wavelengths of 645 and 663 nm for chlorophyll aand chlorophyll b respectwely

Chlorophyll was expressed asa ratno of a/b, as a percentage of total chlorophyll/ug of dry

welght of leaf tlssue or as mg chlorophyll/mg dry wenght trssue Leaves were oven drled

- »-overmght at 70°C for determmlng the dry werght measures.

* In solving for x, the fo|lowmg calculatlons were made

1) g.fres'h wt/x g ‘_dry wt = disc g -fres‘h;w_t'/ - gdiscdrywt

2)  nomogram reading (}(_irli, 1968, _eg-/.ml) x 10 mi/g dry wt-x 10 * = chlix)mg/g -

Codrywt. ‘ L

ere; coupled wuth Klrk 51968 nomogramto determine the the concentratlon values—f_‘



I, RESULTS

A. Chromosome Determinations -
The basic chromosome number within the famlly Erlcaceae is x=13 (Grant, 1982,

Stebbms 1938) Diploid chromosome numbers in po\;ulatlons examined were 2n=26 and

——the" tetraplo-d numbers were’ 2n=52.—The identities’based-on taxonomy were thus
| validated (T ab_{l: ‘ |
B. Water Relations v
Whole plant transplratlon (TSP), Ieaf reSIstances (RL), these parameters as they vary
© with vapour pressure deficiet (VPD) xylem pressure potential (XPP) and pressure volume P
P-V) curves were monltored in both the fle_ld‘and the laboratory following the - |
phenological sequence of flowering to seed set and dormancy. ' |
. Leaf resistance (RL) and transpiration (TS'P) response's‘of summer-type tlssue to ..
varying vapour pressure deficits (VPD) (Fig. 3) | _ : |
Leaf reSIstance (RL) and transpnratlon rates (TSP) in the Ilght respond mversely as
humidity lncreases-and are typlcally regulated_by feedback (Sherlff,, 1979) or feedforward
responses (Farquar 1978)> 'l'hese measur'e'm'ents were made under various VPD as %
reconnalssance tests to determlne bearberry’'s response with hum|dlty changes under
' complete hydratlon Experlmentally this attrIbute of. bearberry response freed the’ results
obtamed during the IRGA experlments from error in NA calculatlons lncw'red due to any
fluctuatuon of humidity in the system e - |
‘ RL of summer tWIgS of bearberry do not vary sugnlflcantly from a mean of 5.0
s/cm acrossa 77% RH range (2. 3bKPa)(F|g 3). This is true for both plmdy levels, It |mpI|es h
that the feedback system of stomatal closure in these plants is not due to changes in
A ambnent humldlty as with many other specnes (Sherlff 1878). For example an orchid ‘
: h/oped//um /eeanum experienced a 274% increase in the TSP and a 6% increase m RL
(::er the_same ambient conditions (Mayo and Ehret, 1980). Closure for Arctostaphy/os

uvajursf instead appears to be dictated by an internal water regime.

17



Figure 3..

Behaviqur'of fully hydrated twigs under variaué

vapour pressure deficits (VPD). Where SE did"

exceed 0.5, SE baré-Weré omitted. 4N

{

not

tissue was fromiRibbon.Creek,42N fFQm Grizzly

Creek. Both were . greenhouse propogatédé..

A

B
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' \
\?SP rates for both foloudles increases as VPG increases between the leaf and the

T

atmosphere (Fig. 3a). TSP ratesare significantly hlgher lvnzl for the tetraploid and lmplles
- perhaps a facilitated gas exchange. Similarly, under controlled condltlons in the dark, RL.

expectedly increases with mcreasmg ‘VPD (Flg 3b) but the increase in the dlplOld is greater

than for the tetraplond mdlcatlng that the dlpl0|d mlght have one or more of the foll)owmg

1_a higher. cuticular_resistance - S . IR
2. a hlgher mesophyll resistance | | |
3. ‘tighter’ stomatal closure. s
The tetraplond s high rate of TSP indicates that it is more vulnerable to decreases in and
| concomitant losses of turgor. thls isin accord with the PV ‘data which show: that the

tetraplonds ‘would lose turgor more rapidly compared ‘with the dlplOId wnth changes in bulk

o —

water status S , - _ e
: Laboratory value of RL agree in magnltude with summertrme field values mdncatmg
that the treated twrgs are behavmg as they would /n SltU One can confidently compare

the two sets of data Addltlonally and most |mportantly since the plants used in gathermg

. RBRLand TSP data were greenhouse grown for almost a year, ‘the values reflect not jUSt the

\J AN
plants: adaptatlon to the experlmental envuronment The hlgher transplratlon rate observed ;

“in the tetraploud are. then direct result of ploidy. _ . .
. '. . J o ) o - !
Field seasonal pattern for minimum leaf resistance "(RL)- in young leaves {Fig 4)
.For both ploidies under subnivean conditions in Novemher the RLs measured were‘

Iow (8-15 s/cm) lndlcatmg stomatal closure (not graphedl From May to June RLs
: declmed to a July (mldsummer mmlmum) between 5 10 s/cm and then mcreased towards
.- September as winter desiccation began. The pattern that the tetraploids show here are
vnsrbly distinct from the gradual decrease and increase that the dlpl0|ds show. The tetra-
pl0|ds have a prommently lower minimum RL-in July and itis |mportant to note that the
standard error bars here are also very Iow (O 5) those of the dlp|0|d are 0.5 and are more
varlable Fleld minimum RL i in thesummer is'in good accord with the values 'of RL obtalned
iin the summer from fully hydrated green house materlal of Fig. 3 Under field conditions,
 the dlplOld values are never as low as the ones obtained under Iaboratory condltnons This

indicates that the dlplOld is possibly not as effncnent in its water uptake desplte lts more
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Fig. 4. FIELD MINIMUM LEAF RESISTANCE “¢RL) in YOUNG LEAV:ESv_pf ‘
~ ARCTOSTAPHYLOS UVA-URSI during a growth season/1980.
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Minimum R values. were measured at dawn. They represent fully hydrated
tissues. For every value plotted, n = 7. The standard error bars, - -
where they are very low, <0.5, are omitted. This occurs in the
~tetraploid data, while R for the diploid are highly variable.. °
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* degree of water stress. due to transplratlon/photosynthesrs (thchle et a/ 1975 Cheung et-

22

mesic environment.” - Lo o Lo = B .
Seasonal shuft and diurnal rhythm in xylem pressure potentlal (XPP) in fleld popula-
tlons (Table 2 FIQS 5 and 6 ‘

XPP is'a measure of the water status of a plant As a balancmg pressure (bp) or -

XPP ata partlcular Ve, it measures the of the tlssue (Helkvnst etal. 1974 thchle and

Hmckley 1975 Tyree et al. 1973) It has a wide ecologlcal appllcatlon in assessmg the o

. a/ 1975) drought (Hinckley et a/. 1980 Kandlko et al. 1979) and membrane damage '

v

r

(Turner 1976) “For this study, the relatlve XPP of two plondy levels of Arctostaphy/os S :
-uva-ursi were monltored with the. mtent of observmg water stress and content - from .
Apl‘ll through November ie. lfrom a perlod of dormancy where subnlvean XPP IS hlgh B
( 25 MPa) and the twngs are essentlally desstcated Grlzzly Creek lT able 2)i |s the only v

populatlon wuth a sugnlfrcantly Iower sprmg XPP (-0.8 MPa) Thls populatlon was most .

- exposed at the tlme of readlng in the late wunter and was resaturatmg from a nearby

runoff channel of- water Thus dormancy release and a return to a normal water budget

appeared earher in this populatlon The submvean values are unllke wnnter XPP for P/nus

B contorta of O 7 MPa (J Mayo pers comm) Wthh forms the overstory of the commumty .

A XPP of -25 MPa is a relatlvely low value for bearberry In fact it seldom exceeds thls
“value in mldday throughout the growmg season Durlng sprlng resaturatlon of woody and '
leaf tlssue reaches saturatung condmons or low (0~ 0 5 MPa) from avallable ground water '
The dlurnal summer pattern lS one of low hlgh and Iow XPP followed by a faIl antlthetlc |
desrccatlon where tlssues were so dry that XPP as. low as —6 O MPa were recorded (not
graphed) Thns deslccatlon |s Ilkely an avordance meChamsm agalnst mtracellular lce
damage ln mldsummer the drpoud experlences a hlgher daytlme stress than the tetrplord

. (Fig. 5) Thxs is surprlsmg smce the dlplOId |s essentlally |n a more hlghly buffered and

o moderated envnronmental settmg lnltlally |t was thought that the trends observed were a j T

consequence of the local water avallablhty But P v curves and photosynthetlc responses

| support the ldea that the tetraplo:d perceuves the stress more QUlckly lts strategy lS to L

slam shut the stomates hence the observed hlgher XPP at mldday, wh|le the dlp|0ld

: perhaps due to its abundant water avallablllty reacts more slugglshly re. stomatal closure :
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4

‘jﬁGr1zzly Creek

"f;-,‘R1bbon CrkTop,

DIPLOID "(,Mpa);-

kY
Squirrel = - ,/

© TABLE 2. SUBNIVEAL XYLEM PRESSURE POTENTIALS (XPP) -

;_TETRAPLOID (- MPa)
'.H111‘0pen.‘ 2:10.

Hi11 Under " 2.53.

~ Ribbon Crk 2.52°

XPP Readings were taken. in the'field in April 1980



PATTERN of XPP (-MPa) on a MIDSUMMER'S DAY .
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However, the diploid may appear to experience a higher stress when, in fact, it might have
a higher threshold of closure due to water loss. Again this 'migvht be attributed to the more
elastlc cell walls ' .,

Returnlng to the summer on a single day'in July (Fig. 5), the XPP pattern lS one of

low XPP. ( 0.5 MPa) for both populatnons at predawn Values rise'to a mldday maximum
XPP (ca. 2 5 MPa) where- water stress isa maxnmum where the VPG between atmosphere_"

and leaf becomes the highest, and the concommltant physuologlcal reactlon is a mldday

‘stomatal closure (Meldner and Mansfield, 1968) A return trend isto a ow mornlng XPP as.

B the plants replenish their- water supply

-

The dlfferences between the ploidy Ievels become accentuated under stress

N toward the summer s end as the tlssues prepare for’ wmter Amplltudes and rhythms :

become exaggerated and desynchronlze from the summer patterns (Flg 6l. By October a

_and NoVember both races appear to be more water stressed in the mornmg ie. the _
. prewous low summer XPPs are not. bemg achleved Predawn values are approachlng 2 0
MPa an mducatlon that the stomates are openung or remaining open durlng the mght and

’ transplrlng water as part of the wunter hardemng strategy. A sumllar desuccatlon tactlc has

been noted for another ericaceous shrub Ledum groen/and/cum (Wilkinson, 1977) The -
amphtude dif ferences decrease between the noonday predawn and mght readlngs as the

‘plants move into a w:nterlng condltloq By November the d|p10|d s ranges. of datly

s v'fluctuatlons are monﬁ errattlc and lndlcate that they have less control over their. stomates

The polyplo%ls are behavmg much more modestly in their fluctuatlons between mndday and ‘
sundown Th|s hlnts ata hlgher°co|d tolerance of the tetraploud over the dlplOld The

stomates function &ormally desplte the colder nught temperatures and the greater

ﬁ.w“

dlfference between the nlght and daytlme temperatures it appears that the tetraplond
N,

- - entltles have more bulk water control and are more stable than the dlp|OldS desplte thelr

-more unstable envuronment and can extend thelr growth perlod farther into the season

Flg 7 compares a mldsummer XRP of the tetraplond populatlons HO and HU wh\ch -

\

are both tetraplo:d i. e bearberry from an open and from a closed communlty under a -\\

- Pinus contorta overstory after a summer ramshower Indlcatlons are that bearberry from

the open envnronment has the capacuty to serendlpltously absorb water ln a space of tlme :

as short as 15 mlnutes lnltlally XPP for the exposed populatlons are hlgher mdlcatlng a -




Fi_gﬁr"e’ 6. Se‘asohal'sh_ivf"t in xylem tension withi'n thev‘ 6
o : }pdpul-atidns‘.."' .Rea'dings 'aré. at‘p'r'edaWr'l and R
‘-‘-_‘m1dday vKéy:' 6 = szz]y Creek S = squ1rre1 | |
RT R1bbon Creek Top, (2N) RS Rxbbon Creek‘ '

Y "vsme HO = Hm open, HU = HiT Under, . (4X) .
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'less stressed condition’ even though the env:ronment is seemingly more exposed and
more stressful than the shaded one. It might be that the root resistance is so Iow that the
" plant is able to resaturate qunckly to Iow XPP (1. 0 MPa) . v

The envuronmental mfluence is lmportant in determrnmg the extremes in whlch the -

~~—¥—tetrap|01d bearberry is-examined._In.an. exposed envrruonment tetraplord bearberry is an

_ opportumst and has the capability to maxumlze whimsical summer and fall rain; maintain a
lower XPP at mldday in mudsummer and to extend its ‘'summer’ past the duplmd s whnch

_begins it's. wmter deslccatlon ‘ ‘l v

Pressure Volume (P~ V) Curves (Frg 8, Table 3) _ ' ;
A rheologlcal defnnmon of elastlclty of the ceII walls is as a stress/stram ratio -
(Scott Blair, 1969). ThlS is the 8 comparable also to Warren Wllson s coeffncnent of
enlargement (1967a and b) A hngh 8 value thus |mplres a ngnd cell wall and a low 6 an
elastic one. - . B I .
S Other values Wthh may be derlved from P-V analyses mclude
1 Ty the osmotlc potentlal of the. cell whlch relatesto the symplastlc contents It
'|s one of the components along wrth6 which determmes the rate of turgor Ioss
the Tp pomt and the limits of VAT that the tissue can potentnally expernence
o 2. lTp the osmotlc potentlal at incipient plasmolysus The hlgher the Tp, the Iower
~ the limit at WhICh posltlve turgor exlsts and rts magmtude depends onTo and
3 VAT Value Average Turgor decreasmg turgor at any glven 4 stress before . '
mcnpuent plasmolysvs " o
Slnce mldsummer appears to be the time at WhICh physnologlcal dlfferences between the |
plondles are maxumal it wnll be the prlmary focus of attentlon although some seasonal
: aspects wnll be consrdered Winter hardened tlssues were compared with summer type
tlssue for both ploudnes DIplOld and tetraplond wnnter tlssues have snmllar absolute values ; -
o of € (Table 3) and these are perhaps lndlcatlve of a genetlc status quo i.e. there is no.:
physrologlcal gain here for the tetraplond by havnng an mcreased genome. It may be that
' under wmter condltlons £ IS not a useful dlfferentuatlng character or that bearberry has v

evolved the ‘best’ or optlmal wunter dESlCCBtIOl’l survnval strategy as far as. the dlstrlbutnon ’

of symplastlc and apoplastlc water and |t is not changmg evolutlonarlly or that |f changes E



32

of its expression are still occurring, it ls not as yet manifest between the races.
The most important differences in the behaviour of the two ploidy levels occur
when the cells are physiologi(zally ac'tiv_e. From winter to spring and summer, bearberry
‘\undergoes qualitative changes in the cell walls which make the tissue less elastic and more

__~_r|g|d (€ values. increase)

WlnterE s are Iower than those for physnologlcally active summer tlssue by one or:
even two orders of logarlthnc magnitude, e.g. 9.0 X 10° (4n) and 8.0 x 10l {2n) for winter
tissue compared with 3.2 x 102 (4n) and 5.6 x 102 (2n) for summer tlssue Wmter wood |s
'softer’ than summer wood.: This can provnde a basellne for wewmg the magnltude of the

shift in ceII wall ‘camber’ between seasons and enable one to )ud’ge the phenolog:cal state
. ofthe tnSsue ‘
“Two P- V curves-for August tissue over a range of balancnng pressures of 0. 5 to
3.0 MPa (Fig. 8) demonstrate that the dvplord tends toward a lower and slower perception -
of turgor loss. Several factors contrlbute to thls o
| 1. water. content in the diploid is apprecnably hlgher (Vo 900 kg x 10¢ ml)
- compared to the tetraplmd (380 kg x. 10¢ mi). E _
“_2. value of the diploid is 1.6 x 10° MPa compared to 2 2 xd\p’ MPa of the tetra—
" ploid (Table 3). ngndlty of the cell wall in the tetraplmd is evudent as elastlcrty is for ] |
the diploid. ' | L v
The diploid i is the more hlghly 'hydrated of the twigs: The Vx (volume, of apoplastlc .
_ and symplastlc water before mcuplent plasmolysns is reached) is not dependent dlrectly in ¢ .
rithls case on £ since the dlplOId and tetraplond have comparable values -25 and -2. 6 MPa
: respectlvely or onTp slnce itis - -2.9 MPa for both. Thus it is, that high Vo coupled w1th
IowE ‘and not Tlo or Tp, enables the cell walls of the dlploud to osmoregulate and .
B accomodate turgor pressure changes over a wnder range of turgor drop. Inthe
'termmology of Walter (1831), the d plo:d is- hydro/ab/le Small changes ln the RWC
result ina rapld loss of turgor for the tetraplo:d It has less extracellular water to lose. ‘
'before symplastlc water begins to be drawn from the cells under a water, stress The
tetraplord m Walter s (193 1) termlnology lS hydrostab/e Any loss of turgor is rapld
| because of: I"Igld cell walls. "It is likely that the dlpl0|d is able to contlnue photosynthesus

- overa wider’ range of low'Y" stress whlle the tetraplord is ot able to do the same In fact» ,

-
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turgor loss pount has been llnked W|th a threshold of stomatal closure (Hlnckley 1980)
Wthh would mean a halt of photosynthems under a situation where the tetraplond -

percelved a water stress

S

. Seasonal variation in € and n (Table 3) . s

“Although muds'Umm'er‘is"th‘e‘p‘oint“in’th’e‘growlng‘se‘ason‘dUrin'g"whi.ch*the‘—‘—‘4;
differences between the races seem maximized, there appear ‘shifts to other | »
polarltles for€ andn vaiues for both ploidies. On July 6 the tetraplond R/bbon _

Side had an.& value of 6.5 x lO° and the dlplOld Gr/zz/y Creek had an € of 26x
103 The tetraplold appears to be less rlgld in its cell wall propertles and more ! .
- elastic in the summer, the dlplOId appears more l'lgld in mldsummer '‘By August the '
sntuatlon seems to have reversed itself and the tetraploid appeared to be more -
rigid, its € being 2. 2 X lO2 and the dnplord is becomlng more elastic, lts 5 values
o at 6 X ‘lO° snmllar to those of wunterlzed tissues.- The present data do mdlcate :
that a seasonal shift of the elastlc propertles of the cell wall does occur from
being relatlvely rigid in the summer to elastlc in the wunter In summer the dlp|0ld
has more elastlc ceII walls and the t/mes at which these phySloIoglcal changes -

‘ :whlch alter the propertles of the cell wall occur,. vary wrth the ploldy Ievel

. Seasonal Shlfts in Tlp and T, (Table 4)
| Wlth l'lgld cell walls, the dif ference betweenTl and'llp is small (Cheung et a/
“1875. The greatest dlfference between them occurs between the dlp|Old and the
tetraplond winter values Wmter d|pl0|d tlssue has dlfferences (ﬂo Tp of 3. 57 1. 1
' | 'and 3.8 MPa whlle wmter tetraplord has dlfference values of 0.8, 1.0 and, 1 7 MPa
; Wmter d|pl0|d tissue, relatlve to the tetrapIOId |s more elashp This is in agreement
' W|th the observations of Mazur {1969), but is’in contrast to the increase in rlgldlty
durlng tissue hardenlng observed in Ledum groenlandicum (Wllklnson 1977)
_ .spruce and pine trees (Jarvus and Jarvis, 1963), and other spemes (Parker 1963).
in the summer, 1T mcreases for both plondles as osmotlc adjustments are
'made Wlthln the cell. These are llkely to be the result of an lncrease of osmotlcum -
due cellular actuvnty related to cell elongatlon regeneratlon and photosynthesns |

* The issue of lncreasmg cellular solutes as cryoprotectants does not seem probable

.
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Table 4, Seasonal changes in osmotic potential o and turgor pressure Cen)

o -Ilp at incipient. plasmolysis for 4 and 2N winter and summer
‘tissue. - Ilp and Tlo are extrapolated values from P-V curves
(Cheung et al l975) ' -

Site . “To Tlp o To ' ,th_e L Site

: Wlnter values, (—MPa) R o S L ,
- Nov. 23/81 - S Ny e (2N)

Hill under - 1 25 1.2 3.3 7GR
Summer. values, (-MPa) L R S o
1980 SR e

, Ribbonside-(May_23) S T L T

Ribbonside (July 6) ~ 1.9 -~ 2.0 2.0 2.1  -GRZ July

Ribbonside (Aug. 17) 2.6 2.9 . 2.5 2.9 - $Q Aug.15

: Key:
Squlrrel

. Grizzly Creek '
“ Ribbon top

5Q

"‘Rbntop
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_ as'a winterizing ‘mechanism in Arctostaphy/os uva-ursi asllo;:_ in fact, decreases in
winter from sUmmer values. N | |
In summary _
- l. In summer, both ploldy levels have relatuvely rugld cell walls and the osmotlc -and

S turgor components are similar: - The value at'which VAT—O / e. bulk lnC|p|ent

plasmoly5|s IS the same for both plondy levels € changes wrthout concommltant
: 'changes mTT or 'llr parameters conflrmmg that: the changes in elastlc propertles
‘arein the cell walls. LR o
_ _‘ - The’ nature of lncreased dlplond eIastucuty may be due possubly to a change |n ‘the
chemlstry of ceII membranes e g |Ipld composmon ora change from smgle to double
_bondsii in’ existing molecules ' '

\

2 Vo summer values are greater than Vo wunter values as seen from the prevuous' o

a ; £ > graphs and’ mdlcate that water m summer tlssue is osmotlcally and matrncally bound.'
-8 In summer water content is quantltatlvely hlgher in the dlplOld than m the tetra—' S
'plmd lndlcatmg that most of lt is apOplastlc ' R :
‘ »_4 The’ tetraplo:d lncreases inT, from wnnter to summer slmllarly for the dlpl0|d TT
is the hlghest when the plants are ata physuologlcal optnmum mcreasmg cellular
; . _'osmotlcum |s not a mechanlsm tor wmter tolerance : '
5. Tetraplom‘ cell walls are less elastlc than dnplmd cell walls o o L O
C. Photosynthetlc Meast,res _ R _ -
_ Net assumalatlon (NA) was compared between the chromosome races Monltorlng
"the NA capacnty was ‘the most manna fold area for measurmg the physuologlcal varlabmty
’ “_’between the two plondy Ievels of bearberry lt provuded anexus s to the many sublevels of
lnvestlgatlon e g the chlorophyll assays another exammat|on of transplratlonal control 1
' seasonal proflles of photosynthetlc enzyme efflc1ency as well as generatlng source -
e materlal for pressure volume and resaturatuon curves (not mcluded m th|s sectlon) The

o ifollowmg parameters were obtalned or calculated as a result transplratnon TSP Km and

' Vmax Ilght compensatlon pomts LCP and dark resplratlon rates: DR The seasonal

o ."optnmum"’temperature for NA was also monntored and the data treated by an Arrhenlus plot o -

- of log NA vs Ieaf temperature as well asa Iog TSP rate Vs leaf temperature On the

I
2



,_"Fi'gure 9,

- ‘a}e'évidént in NA énd TSP iﬁ_laté'gdmmér.(Aug;,

,Tfénspirgiion and,l{ghtnresponge curves. The

maximum differences between the chromosome races

1980):A.Samples»weke GH grown and n = 1.

Ribbon Creek (4N) and squirrel (2N) populations:

I O N LS VU S Y

R W Ay S



39 -

e

.|..n..:w.
aads
i
-
¢ T
..

100
| (50

R

(,-S 7. WP OH Bu’dsl) zo:<m_mw..z.<mh .pzm_o‘m_m.r__ :

o - o o o B : BRI
0 . ~ n,:6 .5 w. w ,‘ m R 40' o

200 300 400 500 600 700

-~

| LIGHT INTENSITY (MEm=2571) "

100
(120}

\ .

90

e o o o
@ SN O .
R «OO 6w, ‘'¥N) NOIlv

I

..

.28, & ¢ o
TIWISSY 13N:ANTOHI g™ - ’

Wl B 4.
. . 4 S

3

P

. '_10



\: Fig. 10. Der1vat1on of km and Vmax from an Eadie- Hofstee transformat1on

of a- NA—curvn.

1.0

L o ooo o-,O_.1.°.,_->f_-' 0.020 - 0.030~ ..'0.0'40,'{ 10,050 0.060 .
ST

I An Eadie-Hofstee plot of V (mg .CO, dm “h ~2h ) or Yate vs V d1v1ded by
- trate concentration in-light intensity ugm This is a

, ,t nsformation of ‘Michaelis-Menton. type NA curve. where NA is plotted

. against light intensi” The graph is based-on data collected from- o
~Apr. 11 - greenhousr rus. summer tissue.of diploid (2N) and tetraploid

.. {4N) origin. - Parcme. ﬁs km are derived from the s]ope of- the ]1ne, (m)

: ,;and Vmax from the y ir - Dt s LT _ :



41
blochemical level a chlorophyll a’ssay was in'itiated to determine if there were qualitative.
and/or quantitative changes throughout the season V' ‘ . "
" NA runs were conducted throughout the natural grownng season with the |
cornerstone results shown in Flg g for August tissue. The hlghest sugnlflcance in .
.—ﬂ—dlfferences of NA betweerrthe two chromosome races-is- recorded here.-The- photosyn_'__._et;
" thetic maximum of the tetraplonds was almost 150% hlgher 1. 0 mg CO, /dm’/hr) than the |
dlplOld (4 O mg Co, /dm‘/hr) nght saturation occurred at alower llght mtenslty for the di~
ploud - approprlate to its understory niche at 250 ue/m‘/sec The tetraplold dld not )
appear to be saturated at 350 uE/m?/s lndlcatmg the abullty of the Ribbon Creek tetraplond
A_populatlon to utlllze the hlgher levels of lrradlance and |t lS concordant with the exposed
- habitat that the tetraplonds tend to occupy Lo o ‘. - _ -
| ' Transplratron rates concomltant wnth photosyntheSIs were also hlgher in the tetra- -
‘ pl0|d Wthh mxght indicate a hlgher water use effncuency by the tetraplold The results aref .
- shown in Tableié for ease of comparlson ‘
A stomatal mdex (SI Meldner and Mansfleld 1968) (Appendlx lll) was calculated to _
. 'explaln the. doubled NA, hlgher TSP rates and lower RL of the tetraploud The tetraploud » o |
- had an Sl of 5. 66%, i.e. 59 stomates/mm’ and the dlplOId had an, Sl of B 49% or 68 |
| . "stomates/mm’ Wlthm a range of +2O or —20 stomates/mm2 the dlfferences counted are:
msrgnlflcant lt is concluded that stomatal denslty per se has Ilttle or no. bearlng on an

1]

enhanced gas exchange ability of the tetraplond
= Seasonal NA Vmax and Km (Table 5) v : o
. The value of Km is deflned as the substrate concentratlon in thls case Ilght energy
' b‘ 'at Wthh the rate of reactlon is half of the Vmax: or half of the maxnmum photosynthetlc
A' .'rate When Km is hlgh there isa low afflnlty of an enzyme for |ts substrate When Km is
low there isa hlgher afflnlty | L R _ '
v The sequence in Table 5 mducates that bearberry S. Km and Vmax values alter o
’ 5|gmf|cantly wuth the tlme of the year. The dlp|0ld malntalns a seasonally lower Km and
would by defmltlon have a hlgher afflnlty for. the substrate of photosynthes:s :
Concurrently tetraplond Km values are equal to or hlgher than those of the d|p|0|d

'espemally by mldsummer (237 vs. 154) ThlS presupposes that the tetraplond wnll have a



‘Tab]e Sl Seasona] sh1ft of photosynthet1c temperature opt1ma (°c), Km'

oKy

_and-Vmax_in- d1plo1d and tetrap]o1d popu]at1ons“of Arctostaphylos,
1981 - . , ‘ ,

T max_
. o ¢ . km - mgCOpdmth'
Phenology - - Source AN 2N 4N 2N - AN oN

Spring‘“ e T . S T
Prefiowering ~ GH . 22.5 18 - .38* 59 ~ .3.62  1.50 '

Post flowering  GHR . 2000 o - 114% . - 3.60 L ¢

';'Postff1owering' CF “-__Hf,‘} 19 fEV - ,394%' ‘ ",,;"';f3_58 o
|  Summer ',’k»f'f  CER 16,0 ?;i4f  237 15 o 3.305"7_3,36 |
\f ,Late summer -~1v‘ GH 1   ;fND io'-ND, ”'124 wo, ;60 ;5,711ﬁ30;ﬁ;;‘5-60;5 ;
=1 for a]] ‘cases’ | . o
lNDo? nOt determ1ned data %rom 1986_—*f [ <

;Pref]ower1ng 4N Aretoataphylos ‘was co]]ected from' the f1e]d (recently SNOW- " ..
freed); diploid material in the same pheho]og1ca1 state (F) was. collected

“on Apr. 14.. Post flowering spring tissue was sampled* dﬁiApr 14 from GHR.

. Summer. material was sampled for both of the chromosome races on two

- occasions,.on May 12 and later on Aug. 14. R e

. Kms der1ved via the Lineweaver-Burke transformat1ons are 1nd1cated w1th an

- asterisk (*). When these yielded low r2 values' (<0.48) an Ead1e-Hofstee \
~}vtransformat1on was app11ed to obta1n reasonab]e Km S & Vmax's.

JF:'field maferioT (Kananask1s) o
‘GH:. greenhouse grown -
GHR: greenhouse roof grown
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.‘ less effrcnent CO flxmg ablllty It does not take into account the hght mtensrtles -
_ encounterd m thelr respectlve envrronments hlgh for the: tetraplouds and shaded orlow
for the daplouds However I:ght saturatuon occurs for the 2N and 4N at approxumately 300'
Am 2s ! so that an explanatuon for the tetraplond s superuor (tW|ce as hlgh) NA rate (Flg 9
;_—_for mndsummer type tissue must be sought elsewhere“lt ist notdue to- dlfferentlal RL as*f‘“f'—f
-has been seen but perhaps may result from a comblnatnon of ' ‘ v |
1. mcreased chlorophyll b Ievels e g the abllrty of tetraplond bearberry to utlhze
- llght quanta over an extended hght range, (to be presented) ’
S -2, a lower’ resustance in the pathway of gas exchanges as evrdenced by the hlgh 4N .
: TSP rates desplte Io@r XPP, ’

3. an ablllty to utlhze an opportunrstlc water supply ground water fluctuatlon and

sensmwty to. bulk mternal water balance (l’lgld celI Walls) whxch locks the tetrapiond ;

E into/a pattern of an early mldday stomatal closure to conserve water.
The effects of all these components and the compllmentary seasonal shifts in |
emperature optrmum and hght compensatron Ievels and poss:bly change in carbon
partmomng become very rmportant on a dally and cumulatrve basus ultumately g:vmg the 4N'
' ’an overall advantage iea hlgher f\‘iA ‘ | ) ‘ _‘ ' "n*' _
. o . At the end of the growth season NA is greater for the tetraplmd than for the dl". '
: 'j.pﬂd Thrs may be real' mdlcatmg that the tetraplond has an optlmal time durlng the. growth :

v season where photosynthesns becomes more effuc:ent or that |\ts carbon partltuomng -
derzland is drverted towards wmter carbohydrate storage ora second faII flowermg The L
| . fdlp id undergoes a sllght mcrease Possnbly the tetraplond percerves a seasonal change |
- -whlle the drplond percelves Iess of a dlfferehce or is unable to utilize the envuronmental

changes of shortened daylength cooler duurnal temperature extremes and warm days of

fall. . e ' : - e T _' ,‘ _

For both plondles Km is Iowest and aImost equal in the sprlng After flowerrng Km ' '

“rises, NA remams the same but by mldsummer the dlfferences in Km and Vmax are

maxlmal (1 1. 3 vs. 5 6) by mldsummer

v
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A detailed Evaluation of NA Responses in Relation to Phenology and Chronology for.

" LCP, TSP.andDR(Table 6) -

,

Spring . . ;
Flgs a and b (Appendlx 1 ‘l l) show the NA curves for the tlme span

between early sprlng and Ia\te spring and Table 6 summarlzes them for LCP, TSP
~and DR. Phenologlcally, the tlme encompasses pre— and post- flowerlng perlods
. | Dark reSpnratlon appears hlgher (more negatlve) for the tetraplond (50% less
for the dlplOld) The. transpuratlon rate for the tetrapl0|d is. 80% greater than for the
diploid.” These two factors lndlcate a facule gas exchange capacuty for the tetra—

o plond but may also pount to an mefflcnency or energy utlllzed due 1o hlgh dark :

resplratlon as the tetrapI0|d repalrs wunter damage or mstlgates new vegetatlve and e

fflower bud growth The net effect in the tetraplond would be to depress NA from o o

its potentlal maxumum The preflowermg llght compensatlon pomt is sllghtly de—
‘ 'b*'..creased in the tetraploud - a possuble adaptatlon to a Iow Ilght mtensuty envuronment
e and may be especnally |mportant durlng a sprmg renovatlon in maxnmnzung avallable
- fsunllght For the dlplond LCP is relatlvely hlgh perhaps and thls may relate to an en—
' vnronment in WhICh there lS almost no’ shade from the canopy of the decnduous
- , 'decreases ThIS overlaps wnth and mcludes the after flowerlng perlod of F and

i GHR materlal

- ,J"Early Summer (Preflowermg) g )
» : Dark resplratlon rates are approxumately equal but the NA of the tetraplo:d e
E s much hlgher (Table 5).. A Iower Km for the tetrapIOJd mducates tradltlonally a _ o
B ':*.greater afflmty of the photosynthetlc enzymes for CO2 The overall result is a
| ‘ greater NA for the tetraplond Transplratlon rates are hlgher for the tetraploud than .»_- i‘
_ for the dlp|0ld but are not as elevated as they are ln the sprlng ThlS could be. duef v
i to a tlghter water budget of the tetrapIOId or snmply mlrror an ad justment to a
“_lower water avallablllty once sprmg melt is over

The maxumum temperature for the optlmal photosynthetlc rate seemed to |

: experlence an lnltual lncrease for both plants from the early sprlng to early summer L

’ overstory As the season progresses dlplOId LCP seems more lablle and lt o S
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I KRS L R - Lee

R .
Table 6. L1ght compensat1on 901nt (LCP,pem s
Lo . dark respiration (DR, mg CO, dm2h™!

- (TSP, mg H20 dm~2h~

as they.relate to a seasona] pattern in the photosynthet1c

capac1ty of 4N and 2N Arctostaphylos

T :
), transp1rat1on rates

)

A
e

TSP

DR

~ Phenology ' ~ Source . 4N 2N

4N

2N

AN

2N

'Spring

-"Pdst_flowering' " GHR t§0_  ’ -

"LeLete summef" - _i~‘GH;il i_‘f0 , "1oh

Keyr

.f,GH greenhouse grown

Preflowering ~  GH 10 . 50

» ;;f}POSt flowering Foos - .5.u]5‘v
. 5.00 -

’_0.65

0.45.

5,00

Al
L0.2

0.8

S -

2.5

© -0.6
-1.0°

S-1.00

0.6

-3
i  _iﬁo;:

\,;'

" The sample size is n = 1 in all cases.”

F-ffie1d matefia15(Kananéski§)=-f"

at

VvGHR greenhouse roof grown
':-Notes, ;'f’V'd‘

¥~GHR and F p]ants are pheno]oqlca11y comparab]e,
From F1q 8 10 U o S

Y

o

The daf‘a"were d‘erj_iv'éd



‘('-l'ablei5l. In the ‘fleld,,'these AValue_s’, because of the shaded.environment'in_which the
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'diploids occur, may nat be realistic They do represent a possible field capability
that the dlploud has.in assumllatmg Co, at temperatures experlenced uhder lab

condltlons The temperature for optlmal photosynthesus from early to Iate summer

; seems then_to_decrease_to_a seasonal. low by_autumn. The range of decrease. for___;“_

e high but constant temperature whlc

- Early Summer but One Month Later {Post flowermg and Summer)

AT . 'reducmg effectlve CO2 flxatlon Transplratton lq the dlp|0ld is stlll very Iow and}

| the tetraplo:d is from 6 5°C (preflowermg to a summer condltlon) Whlle the

dlplOld range of decrease is sllghtly less (5°Cl from the early sprlng values
compared with the tetraplond “This may be a factor in malntalnmg NA at a relatlvely

'would prevent overt damage occurrmg under :

prlng chmook weather condltlo and also be suuted toa moderate and buffered | o

envnronment in which the dlpIOId grows T : L T e
‘\\ : e l

S

PR

The materlal examlned here lS GHR grown.; The tetraploud mamtalns a hlgher '

‘ INA (T ables 3 and 4, Flg 9), but also a concomltant hngher transplratuon rate At this’

S :':_'tlme the resplratlon of the dlplOld i$ greater than that of the tetraplond by 50%, )

(there isa p055|b|llty that what is observed here is due to a woundlng response

o _.The Km s and Vmax S are approxlmately equal The dlplOld matches the tetraplond in’

,_’and is mterpreted as af e\\rer mcreasmgly effncnent use of water S %

Late Summer S

the experlment It is possuble that the reduced Ievels of NA observed prevnously

assrmllatlon and at condmons of lower light mtensvty The temperature maxima for

‘. ‘ ,both are decreasmg and the shlft is’in accord w:th dlurnal temperature patterns so -
) that' photosynthes\ls may be optlmal before and after noon stomatal closure

"Transplratlon seems to be decreasmg for the tetraploud as the season. progresses

G
‘\

' As descrlbed earller late summer appears to be the most productlve part

’,of the season in Wthh thta d|plO|d has a 60% less NA than that of the tetraplond (Flg
) 9) These tw:gs were not hydrated overmght and thls may cast some suspncuon on

, the pretreatments Wthh used overmght hydratlon before the twngs were used in l

7
were an experlmental artlfact and the low NA observed was due toa bu:ldup of

'g:



‘v

ABA which mightha‘ve resulted in a partial stomatal closure which can effectlvelza‘
reduce overall NA ABA ltself could be dlfferentually produced in d|pl0|d and tetra-

-.plond tlssue

The seasonal down shlft of light compensatnon would mducate a .

I nhotoad justment_to. daylength and. desngnates bearberry as a photosynthetically

early season, plant In sprlng sun.angie is lower |n mldsummer when rays-are

. more dlrect }he tetraploud system appears effrcnent and maximizes the mcreased _
light intensity by shlftmg LCP downwards to extend the photoperlod The dlplOId
appears to restrlct itself to hngher llght mtensntues and it is beglnmng to lncrease ’
‘dark resplratlon a's\lt begms to prepare for the wnnter ThlS Iowermg of the '

’ compensat|on pomt effectrvely extends the tetraplond photosynthetlc perlod lTO

' 55 uE/m’/s) even in mldsummer while the dlplold (50, 80 uE/m%sl in fact shortens
'.ltS photosynthetlc pernod Agam thns\may correlate wnth the high in chlorophyll b

A : content in the tetraplond and the possnbnllty of more reaction centres (to be

i U
dnscussed later) which are present in the tetraploud durlng the summer

[

Temperature Response Curves W ) ) A v
j A table of seasonal optrmal temperatures for NA is glven (T able 5) and & graphnc
k representatlon of temperature response for the two pl0|d|es is |n Flg 12 In Table 5

- comparrsons between 7 and 12 Aprll are phenologrcally but not source- palred since the '

;Aprrl 12 trssue is GHR and the other isF materual in the remaunmg part of Aprll and thenl .

- May, the’ tlemperature optima shrft from a vernal perlod toward a full summer physnology

(August values) \For both'the tetraplordland dlplOld they decrea,se from spring to summer

. 'l'-'lg 12 shows that the- dlploud photosynthesuzes over a sllghtly broader temperature range

'.( 12- 25°C) in whuch photosynthes:s is at or: \near maxnmum It has a Iower optlmum 20%.
' less than ‘the tetraplond whnch seems to have a narrower flxmg\ temperature range
| l 1 5 25°Cl and an elevated temperature optxmum of 22°C ' '

Under hugher lnght untensmes “the tetraplmd experlences tugher daytlme

temperatures and hence operates photosynthetlcally in a warmer regume Under a shaded '

canopy dip) |d photosynthesns occurs over a broader range = optlmnzmg the cooler

i
L

' 'temperature condltuons



Fig. 11. Log of Net Assimilation vs. Leaf Temperature.
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" LOG OF NET ASSIMILATION
S
H

o
o

Sy ER a ' | 12)3"" . '.'XT" o
R LEAF TEMPERATURE 03K RV

G

. The Arrﬁen1uélpiots of net a§s1m11gt1on rates versus 1eaf temperature
- for- diploid and tetraploid: Arctosfaphylos The sample size-is n =1,

j-and ‘the sampling date was August 14, 1981.
are sensitive for both ploidy levels at 210C and at 12. 7°C .The e

v d1plo1d is graphed as 0—o, the tetrap101d as 0-—.

rRates of net ass1m11at1on.\.3

ﬁ-‘

4
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Figure.12. . Tgmbéréture‘féﬁgghgé-Curves for.GHR early summef*'

R d1plo1d and tetrap]o1d twigs. *April 14, 1981
-11ght 1ntens1ty was ma1nta1ned at 800 uem 2s !
- the temperature max1mum for the tetrap]o1d appears‘

Cat 21°c for the d1plo1d at 19°c

B
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o n the early part of sprlng the plants are emergxng from a vegetatlvel'y vernal o
peruod It would be reasonable to- expect that the plants would avond\m;ury and possnble
: i-‘desmcatlon etc - and utlllze only the warmest days in early sprlng ‘and hence have a N

Y
hlgher temperature optumum at the outset of the season

The mcrement drop (°C) of the temperature optlmum from sprlng to summer

.seems greater in the tetraplond than for the dlplOId i. e 6 5°vs (Tab/e 5) 5°C The d|pl0|d "
appears to change slowly and steadlly the tetraploud complement of chromosomes does
. »not appear in any way to buffer the seasonal change in temperature optlma drop but rather
‘»’lncreaseslt ' L A‘ KT T : I
- This decrease in temperature optlma from sprlng to summer may be lmked to in— -
creased photosynthetlc efflcnency and thlS m turn due to the elevated chlorophyll b Ievels
-‘(to be dlscussed) and a tlghter control of water budget perhaps affectmg
' 'photophosphorylatlon leVels hydrolysns in photosynthesxs and the flow of electrons lsee
"chlorophyll assay results) By a downwards shlft of the temperature optlma they are -
' avondlng transpuratlon losses at too hlgh a temperature durmg hot summer days ‘
' '~;-:_'Temperature opttma and ‘ranges correlate well wuth the sub Jectlve assessment of bear- : .' i . :
o ;berry 3 preference for exposed or shaded habltats SR 1@“ ' ' o
) Arrhemus plots for August 14 summer tussue (GH) revealed two.crltlcal _
- :-temperatures or. sensmve areas for both NA and TSP curves |n the tetrapI0|d (F:g l3l The o
‘- . rate of: the reactuon accelerated logarlthmucally at 12 7°C (as the slope lncreases sharplyl o
B ",.':"land at 2 1°C resulted in decreasmg rates of NA and TSP Only the tetraplond showed these
‘,'two pomts of sensmvuty the dlplOld only one 21°C) (Flg () L 'O_lt R K
@ BRI seems that 21°C is the maxnmum temperature for photosynthesxs and that a ,' o -
'doubled chromosome complement does not change the point. at Wthh an mcrease m u
temperature results m a decrease of NA Treatment of the data by the Arrhemus 4_
.- .transformatlon obscures the trend vusnble in Flg 12 / e. that the tetraplmd has a sllghtly
. hngher opt/mum temperature for NA (22°) and the. dlplOld a sllghtly lower one (18 59 C v

Above 2 l°C (Flg 13) transplratlon decreases for the tetraplond as. NA. decreases

: _Above 21°C transpnratlon for the dlplOld lncreases as NA decreases viz. the slope (m) of

“the dlplOId IS less than tltat_‘_,_, -'e tetraplmd beglnnlng at 21°C , o k '-re' o

NV T
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-vf The Arrhen1us pfots of transp1rat10n rates versus 1eaf temperature o
fgr d1plo1d (0—0) and- tetraploid (o—e) Arctostaphylos. . E@e samp]e o
rS]ZE is: n=1," the samp11ng -date was April T4, T98T. Rates.o o
transp1rat1on are sens1t1ve at. 21 and 12 7°C C
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This suggests again. .. o .

.
R

'1 the responsnveness of ‘the tetraplond tcﬁVater stress a higher rate ‘of .

,transplratlon would lead to more\rapld Iosg of- turgor of the tetrapl0|d and an RO

)\\xl earller stomatal closure to conserve water than in the d|pl0|d S e - 1 -

- 2 the tetraplond is more temperature sensmve It photosynthesuzes at hng - }v - %’
. 'llght/hngh temperature but not at the’ exgense of not malntalnmg a water o~ ‘ " - . ';
.equnllbrlum whlle the dlplOld is able to contlnue S lowered photosyntheth rate o s

e ‘ \

; ' 'desplte elevated temperature m its 'low hght envnronment
3 the tetraplotd is opporturﬂtlc and probably carries’ on photosynthesus dur:ng the
' *day in bursts |f temperature ruses to extremes e S '
‘ _V : lnterestmgly absent or very mlnor is the change of activation energy requurement o
| m the dlplOld at 1%7°C in the transp:ratlon curve it appears or is more pronounced for . l‘a :

*the tetraplond““dmay be the result of the extra genome . o R :

'l’ ‘ B 1 PN B ."l'

D Sedsonal Vanatlon of chlorophyll a and b in Leaf Tlssues (’cg 14), Table 7) ..'»,‘{‘ ,-,'- L
'5‘ '_ After observmg dufferences |n NA capacuty expertments were focused on. t’e- :

S subcellular Ievel of: photosynthes:s on chlorophylls aand b F|g 14 presents the

percentage of chlorophyll per gram dry welght of leaf tnssue durmg the grOWlng season

" from Aprll to November Concentrdnons ol‘ chlorophyll from subnivean specnmens are .
o v _ S

> indicated by the Aprul values .v.:‘! L o e o ‘ﬁ‘.‘_.
S ? ' The dlplOldS show Iess of an overall change cOmpared w:th the tetraploud popula— - -

SR tnons over the growth season The erratlc pattern observed for- GRZ may be related to

o

i storage dnfflcultues encountered for the materlal while awaltlng Fail- shlpments of DMSO

5ny casﬁ it mdncates the more fragTe nature of in wvo chlorophyll preservaltlpn in Ie‘af

. g g i r ' o
: concenftratlons lS for chlorophyll ato decrease in mudsumlner (July) and for bto mcrease T ’
e 'smce a 1s‘l|kély to be a precursor to b T hornber 1975) but the change is more mér&ed fo; -
;{'.: ERRI N < ‘w, Yo ot -b.:
£ the tetfjplbld The b component could be seen tp be enhancsng photosynthesns in the'“' T
q . . “.‘!. ,,. P } . ] | . A ’-» ’ . . v: _;\ ‘ . . T“b’}j‘;‘ .
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tetraplmds in the summer snnce chlorophyll bis |mp||cated in various roles (Thornber
1975) The decrease IS followed by a return to normal leveli m the fall as chlorophyll bis
degraded Wlthm the chloroplast chlorophyll bis thought to a|d in grana formatlon
o (40-60% of the total chlorophyll is compartmentallzed here 1n PS 0 ralsmg the densnty of ; 4 6?

P
T the g narvestmg plgments**Thls may v .or~|ncreased tetraplord photosynthetlc SO %

:’capablllty in Iate summer - even though Km remains. hlgh and bearberry afflnlty for CO,t %‘%‘%

¢

. Km defmltlon |s lower

v t

Chlorophyll b play}s a roIe in the management of cycllc and noncycllc

phosphorylatlon Resplratlon ln mutant plants is loyv whet:e the concentratnon of b |s
'hlgher = and ewdence mdlcates that dark resplratlon at Ieast decreases Xlroughout the te

Ch -

"
-

'growthseasoanable7l S .' : “ TR

Chlorophyll a may be a precursor tob. The conversnon from ong to anothe.r is

: R
thought to be photochemlcal rather than buochemncal Thls comelates with' the mcreased RO

. chlorophyll b levels-of the t@aploud and lts hughly |rrad|ated enwronment The extra hght e -
2 i
mtensnty is utlllzed here Addmonally chlorophyll b is known to absorbwavelengths >663

nm and to transfer the energy to: other reactlon centres e g Pm The tetraploxd extends : :’.';?{_‘«‘-.'3

*
<

its range of photosynthes:s lncreaslng lts photosynthetlc capablllty agaln desplte a hlgher o .
w Km. o * . oy - ,,_'Jl} {"-‘\ ‘ . ’ . ’ AR
» A« prelummary mvestlgatuon mdncates that rhrzospheruc n&ogen flxatlon occurs wrth
e mammum or optnmal actuvuty in the summer months in the bearberry communlty This is .-
‘ contrary tg the morphologncal e\ndence of Tlffney et al 1978 who saldthat W&‘tos;aph/os \
f ‘,ha;l no nrtrogen fuxmg nodules and no nltrogen flxmg ablhty Chlorogﬁyll bis also : '

R |mpllcated agaln as 8 posslble storage molec’:ule for extra n‘ltrogen in proteln form »

(T hornber,, 1975)._

‘ ‘-Seasona’{ Chlorophyll a/b Ratlo in Young Arctostaphy/os uva urS/ Leaves (T able 7)

Dx 4 _ Tradntlonally the chlorophyll Ievels are tabulated as a ratro of chlorophyll a to b lt;
e ,A: can be seen from Table 5 that the a/b ratlo changes from >1to <1 as the concentratlons :
of Ch'OFOPhY" b mcrease substantlally ln the tetraplonds in July The very hlgh chloro— ;. | -
phylla/b ratios (600 26 24 etc) are’ the products of storage problems these result from S
: the degradatlon of Ch|°f'°Phyl| aand b due to waterloggmg of the trssue and B :
¢ e o
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o pheophytlzatlon of the chlorophyll molecules
The tetraploud can be cqpsudered asun. populatlon the d|pl0|d a shade form and in
. comparlng the two populatlons in this’ way there are several rules of thumb’ wnth respect o

to other specnes WhICh are contrary to results obtalned wnth bearberry

L e

‘ ‘l. Shade- spec:es are’ known to have~lower'chlorophyll a/b ratlos than%f)n speclesf;f-iﬁ:
" (Egle, 1960 Smgh and Slngh 1977) i.e. chlorophyll a/b ratlo mcreases as Ilght -
mtens:ty mcreases Similarly. Tueszen (1970) noted that chlorophyll levels in—
creased w1th mcreasnng latltude i.e. decreasmg solar mtensuty In Arctostaphy/os ‘
. ‘uva urS/ the sun form (tetraplo:d) was%d‘m have a hlgher chlorophyll a/b ratlo
. 2. Chlorophyll b levels in‘'general mcrease in shade plants ln Arctostaphy/os
- uva- ursi, chlorophyll b mcreases in the tetraplond populatlons-m the exposed
brlghtly msolated envuronment ' L o _ | _
3. Chlorophyll a lncreases in the sun (Smgh and Slngh 1977) Chlorophyll a/b ratlo |
,ls affected by the percentage of the chlorophyll a/b proteln (not Paoo chloro— '. _. .a,a
‘ phyll a- protem) The hlgher the chlorophyll a/b - proteln the Iower the chloro— e
' phyll alb. ratlo becomes (Alberte and Thornber 1974) . ' | _ .
, : "L:However whuleﬁxammmg shade and sun Ieaves ‘of G/nkga P/nus spp Ouercus Acer and
| . G/ycme Randall et a/. . (1976) found that low photosynthetsc rates are due to the greater
‘size of photosynthetlc umts (PSU) / e fewer PSU per leaf r‘esult in. 'lower NA for the sha%
- specues where PSU was deflned as totaI chlorophyll/P,o0 ThlS results in large woody "
specnes bemg saturated at Iow I|ght 1ntens|t|es and s:ze dlfferences may account for the' |
‘ lower’ photosynthetlc capab:llty of the dlplond _ ‘
o When consudermg the levels of chlorophylls a/b orb above the ratlo is depressed
-and evantually becomes <T,, ThIS value has not ever been reported It is a new’ ratlo i

‘/\ '.‘

ln Octpber and November the values are >, 1 mdlcatmg a degradatnon of chlorophy@

= hs ancl proggbfy a decreaeé‘ln photosynthe31s : -v R 5 N _
o : Nlches can be de ‘ d«as they Felate to chlorophyll a/b ratlos Rabnnowutch ‘ -

o values bearberry is mndway between avfullgqexbosed habntat - blue. shade - grden shade
- o enwronment for mld5urnmer valu9$, @écémes evvdent here that the samplmg time
‘._/,Eiecomes very lmportant smce there are qualltatlve as weII as quantltatlve changes |n the |
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‘j’chlorophyll contents: | o _ |
| _ | The role of evergreeness in plant specnes is overlooked Few studles documint
- seasonal changes let alone relate chlorophyll content Slngh and Slngh (1977) compared '
evergreen and decnduous leaves of several dry troplcal specnes ona g/dry welght basrs
y concluded that decnduous trees contam more chlorophyll per m?- and per- g dry wenght~—~-—
than evergreens and Presumed that thls was due to the evergreen Ieaves existing for more -
Y

‘ ~ than two years Thﬁ comparlson here has more st»mulatung results The seasonal varlatnon

A

| whuch does occur here is. quahtatwe Further it enhances the NA capacnty of the 4N R
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B v, DISCUSSION

. Table 9 synoptlcally descrlbes the sngnlflcant physnologlcal dlfferences between
tetraploud and dlploud populatlons as they were observed durlng the summer I879-80 and '
the sprmg of 1981 “The data are an- amalgam of lab and field results Since the -
;_;;;_transplratlon rates. determxned by a varnetysof methodolognessfrom both. the fleld ancLlab u_;_,_f;

‘were wtually the. same, it was supposed that other parameters could snmllarly be =
comparable allowung a Qhepoleglcal scheme‘ to be rellably derlved Most lmportantly |t

,.?dlcated that the dlfferences sh0wn during the experlments were due to the genetlc ’. N

kconstltutlon of the Arctosz‘aphy/os populatlon and not toan ablllty of the plants to adapt to'-. |
“an lmmedlate prlor hlstory i.e. greenhouse condltlons R ;- e _..' : - § o rr

A ln IT able 9 thetrends and % changes relatlve to sprlngtlme value lndncted for : ‘ K
NA parameters chl b, Km photosynthetnc temperature optlmum Vmax DR LCP mlnlmum - 3 B
RL‘and water regulatron TSP XPP and Mldsummer was the perlod durlng whlch the -
dlfference appeared to be max|mal In the tetraplo:d the chlorophyll b. Ievels Were at thelr

: seasonal hlghest Km the Iowest Dr and TSP were decreaslng and , the bulk modulus of -

g .;elastlmty was the Iargest. All of these factors contrlbuted as dlSCUSSGd |n the results
sectnon to an effuc;ent H O regulatlon and an overall enhanced NA (300 %. hlgher than the

% dlplOld) in. the’ tetraplond Brlefly to recapltulate and to lnterpret physnologlcally why NA ‘

s was enhanced the tetraplond had a Iower mmlmum RL WhICh perhaps faculltat ,,CO, and )

o H,O gas exchange chlorophyll b Ievels were. hrghest and chl bis known as\an auxullary llght v' -
: ) harvestmg plgment Wthh prbwdes addltlonal Ilght trapplng centers to utlllze fully the ) 7‘ _ \ ‘ _t":_
B saturated light envuronment a maxunum dlfference of 288% XPP for the dlp|0ld cf 260% -

vfor the tetraplo:d mdu:aied that the dlpl0|d is capable of sustalmng a sllghtly hlgher water e
stress than the tetraplo‘ldﬁ’and hlgh summer. 8 2 XIi0*cf .16 X 10° agree wrth the _' W
gy mrdsummer XPP shownng that the tetraploud is lntolerant of a great Ioss of water from the |
| ' tnssue-——that it }y,ould perc:elv’e a water stress more qwckly than the dlplOld wuth lts more -
- . rigid celI walls (higher values)——lts water loss to a zero turgor is mo rapld and e
4-:consequently stomatal closure would be very rapnd in the tetraploud to conserve water
Clip and ll values in the wmter also mdlcate rlgud cells in the tetraplond What the tetraplond
' § lacks m drought tolerance it compensates for by bemg an opportunlst ih water absorptlon" .

- durlng sporadxc ralnshowers lFlg 27 ";.-The physnologlcal ablﬁtles of the tetraplond thus are -
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TABLE 4. SUMMARY OF SEASONAL CHANGES IN THE PHYSIOLOGICAL o
CAPABILITIES OF ARCIQSIAEMXLQS IN NET ASSIMILATION ’
- AND. WATER REGULATION o |

] .

G

!
MAIN PHYSIOLOGI‘CAL TTOUPLOIDY . COMMENTS
 EVENT - I
A NET ASSIMILATION - M
- COMPONENT EVENT N IR
1. CHL B CONCENTRATION = .~ . .7 - HrGHEST IN MID
T S SUMMER, (JuLy) :
2. 'KM' oo A%07) A (150, A) TO MIDSUMMER = .

" B. WATFR REGULATION -

A *(52)  A.(39) . - B) TO THE FALL

-3, Ps TEMPERATURE OPTIMUM ¥*Q0) ¥ (26)

b Vmax 4 Gime basno
- 5.-DARK RESPIRATION ' 3y L..o= : o L
6. LIGHT COMPENSATION POINT X *@275) $.(533). A) TO MIDSUMMER .
L ©(82) . *(88) ' B)'TO THE.FALL
7. MIDSUMMER R AT DAWN - omiNmum *G50) 0 1.Ew 2N 1S TWICT

THE MINIMUM -

1. TRANSPIRATION . ¥*(99) ¥ (100)  To Aueust/max Ps -
2. XYLEM PRESSURE POTENTIAL .. © O . A) SuBNIVEAL/ v
| : e WINTER - T
- (260) . (29) . B) JuLY MAXTMUM®
S : . DIFFERENCE

BETWEEN A PRE~ .
DAWN' AND. NOON

: . S Y READING. . -
wBNLK MODULUS oF ELASTI— S0 00 T p) WINTER . .
Em T 1(1000) 41000 ) Sumier cr %
T fo T ST WINTER .
NS> N _"c)'AUGUST 18, o _
B I 1981 ’

“’- 1
1
\

.+ TABLE" 8, THE PHYSIOLOGICAL CAPABILITIES QF ABQIQSIAEHILQ§ uyA-
~URSI CHANGE IN MAGNITUDE AND DIRECTION AS THE' PLANTS COMPLETE
- THEIR GROWTH SEASON. THESE ARE 'SUMMARIZED 'IN THIS TABLE'OF -

EPHYIOLOGICAL EVENTS VERSUS TIME. . THE BOLDNESS OF THE - ARROW

INDICATES  WHICH OF THE SHIFTS (2N s OR-4N'S) IS GREATER: 178

VLENGTH INDICATES THE DEGREE OF CHANGE FROM- A SEASONAL LOW..

.‘ﬁ(SPRING VALUE) ‘A BESIDE THE ARROW WHICH 'OF THE PLOIDIES :

- ‘u‘\
'f‘E‘ S
e

fINITIALLY HAD THE HIGHER VALUE AN OPEN CIRCLE (0) .18 SHONN IF

THE VALUES WERE IDENTICAL FOR BOTH RACES-” AND AN = INDICATES NO
CHANGE WHICH IS SIGNIFICANT THROUGHOUT THE SEASON. WHERE A TREND -~
OCCURS THE BRACKETED VALUE Is THE Z CHANGE: (IMCREASEHOR DECREASE) -

'7:R0M=A SPRING VALUE. ~ e [ TR
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hlghly cmnmdent W|th the high llght mtensrty, daphucally |mpover|shed atmospherlcally

xerlc and unpredlcatable enwronment |n which the tetraploud is commonly found

~

A second noteworthy summarlzatlon of Table Qi rs the trends and shrfts Wthh :

('l

I

K ' .
' ‘occur change direction and magmtude agam at mid— season for the two populatlons While -

,‘__.these are the_ same_for_ both races they are exaggerated andAamphfred m the tetraplord
b These are mterplreted physrologlcally e.g. photosynthetlc optlmum temperature shifts to" a
| Iower value with Iess energy loss to resplratlon (a 34% decrease from sprmg valuesl

perhaps mdlcatlng that the plants can photosynthesuze earller m the day and for Ionger
perlods maxlmnzmg the Ionger summer days as resplratlon requnrements of: wmter repalc
are decreased and. cellular expansnon and growth is limited; CO, partlomng may be soley
‘ compartmentall&ad lnto carbohydrate storage for:the coming season a shrft in lower llght
compensatlon ponnt all ot these mlght mcrease the perlod of CO2 asslmllatlon onha dally
basns into the au:tum]n This’ would effectlvely extend the growth season mto the cool fall

days of varlable prec:pltatlon and shortened daylength A(gam these. trends are

exaggerated for the tetraploud populatlons “The capablllty of the tetraplond to extend |ts

growth season is further verrfled by thls populatlon s abllrty to NFdelay autumn dehydratlon
Changes in amplltude between day and. nnght values of XPP occur and whlle the tetraplord
shows a decrease in transplratnon ‘the dlplOld shows an 88% lncrease Thus the tetraplond

seems to.have a stronger tendency to a normal stornatal closure and functnomng at mght

Effectlvely it has extended |ts season Also lts abrllty to mamtam thls stomatal order h|nts -

of a greater cold tolerance in the tetr%{lord
‘ Havmg eIucrdated somewhat the physrologlcal processes between the '
chromosome races, the prostrate arranger*ent of Ieaves in. the dlp|0ld vs. the trghtly
bunched and uprrght arrangement of the tetraplond can be mterpre;ted and Iend a ', p
mterpretatlon to Shaver s (I978) observat:ons in a physuologncal m nner (And so,
fmorphology appears a mere reflectnon of the mternal order) 'l'he d|pl0|d leaf -
| arrangement mrght be vuewed as a physrogra&ny whlch allows for maximum hght capture |n
: " a seml shaded enwronment where water loss isnot problematlc There are plenty of
o avallable seeps and- local streams and as the low  values show the dlplond ‘can

’ accoquate,faur{y I drops of \L/ before a permanent wultmg ponnt would be reached

| For. the 'tetraplo‘id 1n| el dramed sorl wnnd and light exposed habltat the tlghtly

L,

o .

[P



’appressed leaves ‘would perhaps act to mmlmlze the water Ioss Elevated Ievels of-
~ chlorgphyll b would thus seem most benefncnal in actmg as an accessory plgment and mnght
"more than compensate for its pecullar leaf orlentatlon In conclusuon it would seem tha‘t
the most 1mportant feature WhICh enables bearberry of a tetraplovd genotype to survive in

and extend mto xerlc habltats is |ts ablllty to be a water conserver that its survuval strategy

_and its lmportance of malntalnlng a water balance overrldes the ablhty to fix larger
quantltlesofCO, S ‘”.\ 4 '

Because thls study has prlmarlly an aut- physnologlcal flavour few commumty type

measurements were made However one IS stlll able to infer from the data gathered (and a

. who can res:st the temptatlon7) bearberry s role and specsflcally the role of the dufferent

' plondles within thelr respectlve commumtles Where the tetrapl0|d is found it tenacnOust,‘

: 'to th%xclusnon of most other spemes is the dommant shrub A prelnmmary mvestlgatlon.‘
lnto the rhlzoblal actrvuty prowded posntlve results mdlcated that |ts prlmary role |s

‘® . :
probably that of. a nltrogen flxer in the, enVIronment the tatraplmd may also hav »

o

stron er allelo ath mteractlon w1th other s ecues a art from and in addltlon 1 val
9 P P p: O -

o to survwe in depauperate habltats Thls is also supported by: the contrastmg fact that the.

dlplond bearberry lS a codommant in its commumty and thus experlences competltnon w1th .

other specse,s' of shrubs grasses and other nltrogentf:xers Thus it |stt'hat the. tetraplmd 3

Arctostaphy/o.s wuth aIl these V|rtues é‘f enhanced NA and strlct water regulatlon o

: ili'ty' , ?

v

£
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v. SYNTHESIS R

o The physnologlcal dlfferences between the chromosome Ievels and thelr overall
: .phytogeographlc ranges allow for an mterestmg hlstorlcal speculatlon to the Plelstocene -

In hlghly dlsturbed moralnal hulls osten5|bly voud of vegetatlon xerlc in both aerlal and an

“

edaphlc envnronment the tetraplond with lts adaptlve abullty would be the ideal colomzer it |

.:'forthegenus s T

- has béen hypothesnzed that tetraplond mlgrated from a refuglal sntuatlon mto these barren

habltats K. E - Denford pers comm 1881).. Thls woyd explam the’ present mosalc type

“

; of geographlc dlstrlbutlon where populatlons of dlplOld and tetraploud Arctostaphy/os R o

' voccur sympatrlcally

ln the Old World only the tetraplond (paleoplo:d) Arctostaph/os is found One is led '

to suspect sunce the dlvers:ty of Arctosfaphy/os uva- urS/ is hlgher in North Amerlca and

parental dlp|0|d$ are found here that Western North Amerlca might be a center of orlgm

l
As |s typlcal ln any scnentlflc study more areas of potent:al lnvestlgatlon are
l

,generated and are left unexamuned due to the llmuted scope of the mtnal lnquury One such

area. 1s the role that physnology can play in dellmltlng specues ‘The two categorles of

Ly

" '“bearberry found in the present studyL shade preferrlng and hehophlllc specnes would

- .4?

’ 'challenge the standard taxonomlc cIasslflcatlon of bearberry Wthh belng based on the

. presence and absence of glandular and. aglandular halrs results in:no less than 5 taxa (and 3

' "spemes) (Packer and Denford l974) as: well as some of whlch arg unnamed It would

E ~made between the extreme west coast specues of. B C whnch are found on weathered S

g worthwhlle _

- __seem that a physro-taxonomy could provnde a SImpllfled and more sound classn‘lcatlon
. _‘.for surely the mward and lnternal processes manlfest the phenotyplc expressnon and not o

g _V|ce versa Wlth thns is: mmd a further comparatlve study of Arctostaphy/os could be

granltlc outcrops the eastern specres of Ontarlo and Quebec Wthh the author has

' tg‘*obé’%rved colonlzmg sullcaceously-—basec(l: sand dunes wuth the physnology of the ) e

£

." B Arctostaph/os of the present study whuch shows a def:mte preference for a calcrferous B e

"',‘ substrate The results in the context of a revrsed specres concept would |ndeed be :

,'.
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o . , T Appendlx y. - Slte Descnptions L
' . P - : ‘ o I ¢ & l\!’ ¥ * . : ‘l *
' '@’f - Cover estlmates for individual species wuthm a 5x5 ngot were estlmated by the
o method of Daubenmire (1959) and are detailad in Hollane yand Joén (1982(), This entailed a

_ Misual cover. assessment for each canopy layer-(tr. ga ;A
<1% was rated as 2 +. Note that the°specnes' ﬁst istikel
restricted to midsummer. o

- * Squirrel: Diploid Arctostaphy/os uva urs; ar. ad.

* . 50% of the gr~und arga. Other species and covers are’d grass species 30%, Linnaea -. :

-——~—Dorea//s -B%-£pi0bi mangu.st/fo/ im-3%;-Rosa-aci icularis-3%- ygadenuse/egans 2%——'—

" Hedysarum sul phurescens 5%, Fragaria virginiana. 1%, Aster ciloilatus. Species with .~ =

* <1% cover :nclud; Aster cil ol atus, A: conspicuus, Salix spp., Pinus contorta seedlings, '

bl herb and bryoid). Coyer of *
Lomplete as the survd%was

atr/cha covers approxnmately

- Shepperd/a canagensis, Patenti /la fruticosa, Gl ium boreale, Agoser/s glauca, Scirpus -~ -
x - _Spp. (streamsud,e Lili /um ph//ade/ ph/cum, Anemone ochenta/ is and- Sp/raea /UC/da A

Grlizly Creek Arctostaphy/os uva-ursi. has 30% cover here. Other specues and covers S
-are: Hedysarum sul phurescens. 50%, Galium horeale:10%, Rosa acicularis 1%, . - - S
Shepherd/a canadensis 1 0%; and.Bromus tectorum 8%.. Species with <1% ‘cover ificiude: '
"o . Fragaria virginiana, Achillea mitléfol ru Sedum-{ancea/atum, Stel/aria spp.Gentiana i
.. - prboumbens, Peristemon confertus; Phleum ‘al pinum; Phleum pratense, Aster spp., L/num
o /ew/.s// Agul /eg/a f /avescens, Antennar/aspp E p//ob/um angust/fo/ /um, Sene(:/o sp
\,’,r‘ -and Cast///e/a sp , St ‘ L A i

v Y . .. .. . .
-~ K . w:-:q,- w0

o Hill’ Open Arctostaphy/os uva-vrsi typlca / provi as 60 A of the ground Cover. © T AT
:-,’ . Other common. species include: Shepherd (@canadensys B Geum multifidum 5% i\ g
.. Juniperus horizontalis 5%, Aster ciliolatus 5% Jun/perus commun/s 5%, Galium boreA
; 156%, Senecio spp.. 10% and Gaj//ardia aristata 2%. Qther species with <1% cover mclu; ..
h 9 “ Agoseris glauca, Potent/// gf rut/casa, Lilium- ph// adef phmum, Zygadent/s el egans
b

Hedysarum,sul pburescens, Ph/eum sp.. Astraga/ us sp., Zi IZ/a ’Sp Rosa aL%u/ ar/.s, // /um
. v -.cernuum and*Smitacina sp. i .
« ' 2 L Asimilar eommunlty exists in HU, however the specnes covers are generally Iower J
and Arctostaphy/os uva-fﬁrw covers only 20- 50% of the ground : :

I

4

Rlbb eék. In addltuon to Arctostaphy/es uva- UI'SI the communny conststs Qf :
- Hedy. m Sufphurescens 10%.. Spiraea lucida 10%, Zygatenus ef#gans 10%, Casti/ leja
sp.. 10% ;gst}aga/us spp. 7%, and Galium.boreal€ 2%. Speci82 with <1%: cover include:
" Senecidsppy Allium cernuum,r”Agoser/s glauca, Commandra livida, Viola adunca, Geum -
‘multitidum, Campanula rotundifolia, Aster ciliolatus, Picea glauca and Populus™ . . .
. tremuloides seedlings, and. Ame/anch/er a/n/fo//a Luchens mclude Pe/t/gera spp ahd o
* ~ mosses mclude Tortu/a sp SRR Lo : s R
. #

o . . T I



- Appendix li -‘Not_'es,‘Equations'and Qerivations

Photosynthests re. Table 5 .

. R , , ¢ . cd o - X .
T i Km's and Vmax’'s were calculated by Llnneweaver—Burke (LB} and Eadee Hofstee
‘ - (EH) transformations of Michaelis—Menton type NA curves. For EH transformations” -
velocity was plotted against v/ s with the y intercept yielding Vmax and the slope m——Km
%~ . This transfofmation is the most sensitive means of detecting a deviation from the.: -
¥: - Michaelis-Menton equation (Morris, 1974). ‘The LB treatment where inverse v is plotted’
¥—aga|nst v/-s‘gives-more- welgfrt to-small-concentration- changes; skewing-the- data—and-—':——'-_
. raising the Km's. and Vmax's to unrealistically high values... The r? were in bon accordand”
.- -also high., EH r¥'s were'normally lowers and the treatment gave reasonable Km'and Vmax
. .values wh%n compared visually with the graphs. ‘Discreion was used against low r”s in
T presentlll % Table 5 Either an EH oralB transforma'taon was used accordm}gly

LTSI (Stomat
o .. epidermal cells per unit-ared) X 100 (Me|
@‘ ' expressed |n stomates/mm2 ‘ ,'l -

\

| Index) (number of stomata p?r Unit area number of stomata + number of =
der and Mansfield, 1968) Usually Sl s

” e RL’s from the fleld were calculated as per Turner and Parlange 1972

: VAT (value average turgor) is th roduct of the relatwe volume and the turgor pressure .
s ,._f -ofeachcell(TyreeaedHammel 1 72). . . , S Lo

w 57‘"?& 1Bulk modulus of elast;cuty) is.a stress/ﬁpam coeffnc’ﬁnHScott Blalr 1969) -

; /‘ W ologucal terms it determines the ‘aly ox,g'l;;rtI o pressure requlred to deform a cell Sunce
: 7‘-”‘%’*‘, ‘Qféyalue of ‘& (bars or MPa) ange in the volume of tissue/unit volume-a . °

. b d? change as water content cl’i es, & ne- q{ the oomponents and @long with n,-and T,:
F&ctly hrmt the: gegree -of (+) turgor in m hydrated tissue. The large (more' exponentl i
: ’;Ho: the 6 ;value) the more elastici is the cell wall garlalogous to the e, the coefflclent oft

enlargement (Wilson;;1967a." " " .- % vL® ,

n (coefficiemt-of linda rlty)(Tyree and: Hammel 19,72) is déFived from alog- log plot of VATY. 7 *

- "#wvs Relative Volume. The Volume of H,0 which remains in the ttssue as pressure is applied
~ 13" " depends exponentially-on n‘and dlrectly on & ,the bulk modulus-of elastlcuty Itis dernved
2 in the followung manner where the slope’ men BRI o
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