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Plants from d1p101d and po]yploid popu]atial% of Vigig adunca from e
the Cypress H11?s Alberta Wére combared physio1o ca11y 1h terms of

lllght and temperaturé reSponses af net assfm;1ati'_

o

.'res1stance ahd net assim1lat1on tp desiccatwon ' Invest1qations were h

carr1ed Qut 1n order to detégn1ne if po]yplo1d plants performed dnf—
ferent]y than d1p101d.plants and to determine 1f po]yp]ovdy 2_~ se ‘
‘confetred any greater hardwness It was hoped the 1nvest1gat1on would
exp1a1n dlstrfbut1ona1 dlfferences of the d1fferent popu]at1ons Sihgle
‘attached 1eaves qf polyp1o1d v adunca hpd max1mum net a551m11at1on rates-'iivff’

'of 26 .mg CQ2 g ] (12 ma.ﬁoz dm -2 hr ) wh11e d1p101d rates were ”,}'ﬁ
| 23 mg €0, g -1 (H‘mg ,co dm hr ly. at 20” C and‘ 500 uEm "‘, £
'Jight-inLGNQJty The net a551m11at10n responses at'very ]ow and h1qh'.

. temperatures uexe qu1te s1m11ar for. both p]oldy }eve%s There wenemno, . ae

stat1st1ca]1y s1gn1f1cant d1fferences in the light compensat1on, ]1ght
! o )
saturatlon or 1/2 saturation values over the temperatute interval from

0 to 40° E Dark resp1rat1on rates of polypTovd V adunca were j

2. 2 mg CO ] (] 0 mg CO2 din” X hr™. ) and d1p101d rates ‘wele

2. O.mg CO2 g 1, (0 95 mg C02 dm 2' ) at 20° .l The mean maximum N

‘water potential of both p]o1dy levels was -7 .9 bars. Minimum leaf
' resistance rema1ned near- 3. 6 sec em”! for boh ploidy 1evels and net ‘ 1%

ass1m1]atlon attalned max1mum rates at water potent1a1 of —9 bars until
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. threshold,cw@ev‘ potential of -14 bari-ua's reagbed The data lﬁds to "
v

the conclusion that poLypund and dip]oid adunca are éTmost Lo .  ,

o identwcal physiolog,icaﬂy and that polyp)oid planes are not hardier c X
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plo}dé of'a smcfes are usuﬂ ly more widely diswi’bugp fownd 1n
% . - C & e

" moro sevbre engirﬁh@mts man djp1omds o?\the samﬂkcies (Cain, 9,64‘;(\ f’

e Lowana 158 mg Stebbins, 1950; ‘and Johnson,. Packer, andvms’b s
; \ 1965‘)» Love‘ 9nd Love (1943) stud1éd tha chmmqsome number.s of, the,_‘,:' e
i " ‘ ;ﬁmpéan Horasaqd accumulated. evfdence suagasting tHat ‘t i“

,'agf«sson (1946) was*i‘fcrnﬁn

N ‘nf this theory a,s he thought that corm]atz}s beiween po'lyﬁ‘dbwdy apd

lat,ltude wgre h1gh1y compiex and that the "mferences on pq?yp?oacu - ®

‘A

p(eriority must b;tataken with great cautmn' "*' Hagerun (.?33):“and B j_,; :

- tprems e

’ —isw ey - . . T i R e
as ﬁen as geograpmca‘ny Early transp]ant_‘ g expemmenz’z tlausen:f i

‘ Y
Keck and Htesey, 1945 and Bowden. 1940) bf ecoToglcal races and i

dwfferent ﬂiomdye‘«levels indtcated that the theory ’of greater‘ toler‘ance i

el . ,q".:'

h of po‘lyp'loids to envrromﬁﬂta] parameters 15 quest1hb1e, compared"

»
o ! “. o o

to their dip'}oid count‘erparts That.ﬁs’m p]bxds‘ and po}ypzowss ﬁ"g

AW~

not separate along environmentaﬁpgmmeters s
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PoTyp?mdy has also ‘been strong]y assoclated mth h1stor1ca1

» -

J, ".'

Johnson, Packer and l\eese, 1965) Hork @ne at Ogotoruk CreeP 1n :e,,m »

A]aska showed that ‘the percentagc of po]yp!mdy 15 relatea *.o the B
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effects of glaciation andnzhé polyploids seeincd Lo ™ favored in the

-most recently disturbed habitats (Johnson and Packer, 1965).  The nhysio-

% logical mechanisms which may heln explain these observed geographical
9 y ! gqeograj

T .
and ccolagical differences for a 'given speciestconsisting of chromosone

T
!

races cre virtually Jaciing.
i .

' Viola adunza, J.F. Snﬁih is a widely distribgted north American
’. perennizl herb rangine from the prairics {o lower alpine regions.,
Th”ce knovn chromoscso races exist in this coiplex; 24 = 20, N 300
and 2ii = 40, TFhe tripleid M.vpgqqgﬂ is relatively rare and tﬁcuéht
to hdve Qri:;n Frem crosses botucen tetrepleid and diLTo;QE (McPherson,
1972). Tolypleidy in V. adunce is thought to be a cece of autopoly-
'pibid} (McPuerson, 1972; and Gervshey, 19343, The tetraploids hﬁWe a-
T o nm}thcrl} disteibltion thag the di%]vids afthough in Alterta all
th»cg'ch}ufosom@ reces are found in tne C;prcss Hills, an gre@¥}hought
to have been a glacial refugium during the last ice ace (sece F}gure 1
after ﬁcﬁh?r;:;,_]972). |
| Th@ purjiose of this study was to cor;ch'selected physjoTOgic re-
- i f
spontes of the chroisssome races of V. adu.co fremeoptimel moisture and
tempér;ture conditioﬁs Eo stress levels through measurerents of: 1) net
carbon dioxide a;siV€}eiion (S.A.), 2) dark respiration, 3) water.
‘potentiul and its éun;onent:, ond 4) leaf diffusion rcsistanpel " These
experinent, should ¢ 0 if thero are!any physio]ogiga] diffofcnces be-l
tween chrornsame racer and if polyploid plants have‘a‘greater amu]ftude of

envirorentalitolerances than thoe diploid: of the sare species. It

s confers any greater toler-

cshould alse show whother pelyploidy peor
ence to e brodder vonge of envirvonmental conditions.

- ¢ . s
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Figure 1. 'biﬁ!ribuliﬁn map ol the chroansnne races
Alborta afier Hiclierson (1972).
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“MATERIALS AND. METHODS B .
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S ety

Growing Pogime . R o

r

Viola adurca plants wero collected from tha Cypress Hills of
southecastern Alherta during the speing of 1975. The'épecimens were
dug up ki th their roots intact and transferred th plastic pots in

v
.

thoir native soil and marked according to site. In [dmonton the o
plants wore rciigved from their native soil and planted in standard

greenhowse potting soil corposed of the fo116u1ng mixture: 3 parts
: . \ ' i .
Toan, 2 party peat, and 2 parts sand. The plants were grown in the

grec‘nhousc‘um?er the foIrlowin:gh“condi.t1'ons: ,d;;y'-/nig;ht-ten.;ieratures !
20" and 16 L respectfully, fcihtf(e humidity-was 507, naturé] 1ight-
ing conditicoas w;ré uld in §ther, and in‘winter art{ficid1 1ights
cohsisting‘uf e mixture of multivepor ana 1uca1gx.bulbs were used to

\ L

maintain a 19 hour photoperiod. Plants were fertilized with a mixture
. : 5 1

’

of 20-20-20 1 fertilizer at the start of the growin? seaéou.vP1ants
remaineﬁ:dcpive for ca. G . 8 we: s afﬁer'which time L%ey starte& to
senesée, réquiring a rest period.. Plants a]so'became’infesfed withvred
spider mite (Tetranyfhus bimaculatus) from time t6 time. Porriancy was
induced by'grudua11y-1oﬁoring the tcmperéiurc from ]8?lto ;Zb't ovér.én
1 day‘period. At tho sanic time the photdpcriod_was reéucéd from ca.
15 holurs to 7 horus. The plants were then stored for twd weeks ‘at’

. =2 C in the darf. After this treatsont and a thortugh sprayfng with
Lindane to kill spider mite egés the plants couid be induced'fhto a

| S
4,
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vigorus g MWIH] condition by puttmng them. dchctly11nte the1r
. “ I
regime (defined above). The p]ants did well under these cond1t1 ns,

and p]dhts from both ploidy levels f]owered twice'during the growikg
- v ® . -
' scason. - N T

Detchminatior of #1idy_Level
A. Guard Cell measurcments =~ .
L ‘ ; ‘ R )

Previous work indicated that, the different ptoidy levels of
Viola adunca were quite similar morphologically speakifig, i.e., no
St ere . b —— ., ‘ B ~ .

gross size différences between chromosome races were noted by

McPherson (]G72) Stomuta] 1ength of V. adunce has been positively
[ ‘ : A
.conne]afﬁd with ploidy lgvc] (McPhevson 1972). Mea5uremcnts of o .

¢
!

guard cell lengths were made on leaf EPTdCPWJ1 pcels of thn adax1ﬁ1

© surface. Peels were taken from live mater1a1 by s1mp1y 9tr1pp1ng
o .
~ the leaf cp1dcrm1s off with a pair of fine tipped forceps. The .

pee]s were mounted in water and sto”ata meatured us1ng a uraduated
eyep1euc f1tt(d to a Vwclers m1croscope (V1enna) Twenty-five- quard
cells were mn)rurcd f:on each of the 60 spec1me|s‘ The guérd cells

of tetraploid spec1mcns averaged ca A5 mlcrons_(u) (t4,) while . ' ,

dipluid specimens averaged ea. ZS.S‘U(tduL
B. Chrowesere counts® . . ': , | //
Root fips were taken from the plants after the p]ants had\esteb— ////' -

Tished thewce]ves in rots.' Excised root t1ps vere treated w1Lh a /

/

0.902 H quuLﬁon of 8- hyd.oxyqu1no]1ne (0.01¢ gm in 400 ml of water)

@



dm_‘“_m“7‘¥6?_three to four hou#s at 14° C (+2° C) (TJ1O and Levan, 1950),

. This so]utﬁon ha]ts mitos1s at metaphase, 1eav1ng the shortened and
A;

thickened chromosomes attachgd to iﬁe metaphase p1ate. .The Yoot t1ps

Qerélthén washpd in d15ti1]ed waﬁef for five mfnutes'ana traﬁsferrod
to the sta1n1ng solution of 9 parts acetlc oreein to ] part 1N HCL 1n |
,8 watch glass. The Woot t1ps and solution were thew warme¥ over a
‘ bunsen burnor 3 to 6 times dur1ng a 1o m1nutﬂ per10d Finally the -
“root tips werc p]aced‘in a drop of 452 acetic acid on a*s1iae énd -
squashcd betwecn it and a cbver islip. The squa°h1ng procedure spreads
the ce]ls, and disrupts the metaphase plate, ]ead1ng to dispersal
of the chromosome'toﬁp1ement throughout each cell.” Semipermanehf

A i

mounts wer'e made by, anply1nq a mixture of ‘Canada ba]sam and me]ted

[

paraffin around the edges of ‘the cover .slip. Chr mosome numboms were

B

then counted using a Zeiss microscépe (Obe“kochen, Hest G%rmany) w1th ?

- \
| grcen filters, uwdon a magn1f1cat1on of 400 % .1. ‘The- chromosome num-
\ .

bers o. 23 p]dnbs were trcated in: th1s fugn\on and the1r p101dy levels
detelm1ncd R e \ ' |
. \l . Q : | L '. \\\‘ ‘

Carbon Dioxide Exchange. e N

" be the Het rate of uptake or efflux 'of'CO2 by the attached leaf in
question (SEstak, C tsky and Jarvis, 1971). Since photosynthésis and

respiration will bk §ccurring in the tissue at the same time, net

i

A. Equipment and General Method - o A | : \\\\\\;‘l

In these experiments, the net assimilation rates were assumed to,



assimilation can be defined as tHat difference between gross photo- ™ .
3 ) \ . ! . o ‘
synthesis and resp1rat10n \ B : o,

The rates of net assimilation of the plants in quest1on we|e

deterﬂ1ncd byxenclos1ng ‘a s1ng1e attached 1eaf of each 1nd1v1dua1
|
under 1nvesttgattdn 1nto an open gas ana1ys1s system (Séstal CatsPy

and @prv1 Sy 197]) To fac111tate ease of compar1son betwccn ploidy- »..
~levels, and to increase accuracy, two cuvettes were ut111zed ; The

a attached leaves of two p1o1dy leve1s wou]d thus receive apurox1mate1y
the same 11qht temperature, and humidity cond1t1ons throughout an
exper1mont Carbon dioxide uptake or efflux was meaSured d1fferent1a11y
w?th an UNOR III1nfra )ed gas Jna]yzer (IRGA) (Mahik, Hamburg) spanned
35 ppm ju]l scale and CaFFHrated w1th‘ftandard gases as descr1bed by
'Bate D Aoust and Canvin (1969) Terostat V1l (Tergsan, Peide]burg)

was used to scal the 1eaves into the cuvettes arouﬁﬂ ‘the p2t101e -

: )
Dlagrams of cuvettes used and a f]ou chart of the ana]ys1s system

used are\tc‘besfeund 1n Appandlx A.

——

Leaf temaerature in the CUVettes was contro]]ed by addust1ng the

P

' !

) temperature of the ent1re qrouth chanber The temperature of the -air
f'and 1eavgs 1ns1de, as well as outs1de of the cuvettes were mon1tored |
lcont1nuous]y w1th 0.003 inch copper- constantan thergggoup]es;(Omeqa A
Engineering), Stanford, Conn.). Both the IRGA and thermocoup]e out—.
puts were recorded continupus]y‘w1th a Honeywe]] (E]Ectron1a-16) 24
channe1vmu1tipoint s%ripchartﬁrecorder‘With5a built-in e?ectrdnic'
reference_jUnction forr the thermocouples. -

L : . R e
I1lumination was: provided by qtandard,chamber_]1ght1ng gonsisting - .

}» .
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[
'(Gencra] E]ectd1c§ A_f‘ S \

I]]um1nat1on Wué also ach1evod by us1ng a hig 111%m1nat1on cham- ~

|

, \-/{ thmeter no.

“Speciajiticsd

Chaérln Fa]ls 0h1o) . The ]1ght1ng in th15‘specxa]-\hamhen,;ons1sts

i\, .
5 | '

q

'1l]um1nat1on 1erels were thus ach1ovcd in d1ffeqent wavs depend1ng

on the chambcr and 11ght source be1ng ut1]1zed In thé cas e of

the' mercury vaoor 1unp, bhe d1stance betueen the- cuvette and- ldmp

_ weré changed, and 1n ‘the case of the tungsten- ha]ogen 1dqp, : ;w

rheostat (the var1ap1e autotranoformer) was ut111zed tp ach1eve the
des1red 1ntcn91ty ' thn the h1gh 117um1nat10n chamber st used a

|
comb1nat1on of 1amps vere ut111zad to ach1eve the 1ntenswty

. .
requ1red %nectrai ana]yses for all lamps are ]1sted in -Appendix B,

(page 84y, ¢ K

®

Photosynthet1ca]1v actlvc rad1at1on (PAD 400 700 nm) was

-

;]senSOrsmwerc upp11ed bys.. Lambda Instrumen 7 coTn, Nebraska)

l;u 185,

]ightingwfiXu Pes Withia fSCQ'speCtroradibmeter (Instrumental’

jgoln, Nebraska). The effects of light and

7

L ey I :
temperature of iiisunwlat1on rates were studied as outlined

in Table 1,.

g - . : . .
) ,1xture of multivapor, ]uca]ur and 1hcandescent mps. Des1red



!

)
&t

-

"

e

B. The>Effect of Light?lntensity and Teﬂpegﬁture on HNet

’ _Assimikgtion

The response of nct assim1]atwon to ]1ght 1qtenswty was examined
|
by ma1nta1n1ng the 1eaves at a constant temperature and chang1no the

1ncomnng rad1at1on every 1.5 hours “The 11ght response was exam1nnd

at five leaf temperatures in the fo1low1ng fdsh1on temperatures of

)

0%, 10°, 20 y 30% and 40° C were held constant wh11e the ]1ght

intens1ty was varied through the following seﬂpence 800, 500,. 400

300 200,‘100, 50, ca. compensatwon (25- 7) SEm” -2 c'] and, dark.

R

The d.rect e‘fect of temperature on net assimilation was deter-

tm1ned by suo]ect1ng the 1caves to rengts of temprrature, 45" to OO C.

in 5° steps for 1. 5 hours each (A preliminary measuremen* was made

at 20° C so that any adverse hﬁqh temperature e.fects sou]d be recog-

nized. )' H1gh temperature may aoverse]y efrect certain enzymes and
ch]oroplast StrUCtUlLS, as evidenced by s]ow1ng down the rates of net
ass1m11at1on for a cons1derab1e tvme gfter Towering of the temperatuhe
(Larche', 1969) Dark yesp1rat1on Las examlned for 15 m1nutcs at thL

end of each temperature step.

C.. The Effect of Soil Drying on fet Assiriletion
]

ihe response of net assimilation to dccrtasinq.soi] moisture
was exam1nci by ma1nta1n1ng the ]eaf at a constant tempcrature and
11ght 1ntens1ty (het ass1w11at1on and dark réspxrat1on rates were
measureq evcry 24 houxs as the \01] mo1stute content decneased, i. e.
5011 water patent1a] (: ) became more ncgat1ve ) For further detail

see water relations techn1que.
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D. Calculathons -for Gas Exchanae Data. o

14 .

At the ﬁ;d of the c\pcr1ment ‘the leaves were harvest(d,to dctqr—'

ming their Teof

kN

area and dry wei ght Leavcs were first traced on

» .

qrunh pener gu” the arca dPTO)M]HCu hv countint the numt\r of Squaru

:enclo ¢d \1*:7n thc leap trece for ore Teaf surface only. Then the-

Teaves wepe

. baTanco (Mettder, H10, Zurich). Het mssiniiation rates arc thus

cvon dricd at 707 ovbrnight and weiched on an anb]vtica]

.

ca1cu1abvf on the basis of m1111gram< COQ as<1m11aued per gragp dry

\Jowh* ppr )})m

decimétcr2-103f>arca per hour (m.q'dnf'2 hr']) according to equation

m e -1 hr-]) and’ m11’|qra.s r02 ass1mn]ateo per

i

1 after farcering (1975). *oe
1) Net Assiiiction of €9, (ma QT] hr-]) or (mn di? hr_]) = /
3 mow ”] 2,7? !‘11\ , n IT.]_A . ~ Z
(Cppm x v]pnm X 113K-X,Finin X 60 7)o eithor U]q or L. Ay
Hhere C amOJgt'of.CQZ assimilated in pan' e
Y = conversion from pp to mg m]‘] ' \B
1) . . ,. . , i
. N TR .

. The

betwee buth p]

A cam switching do

syster

20, m’ o ”H pom”

) }/ .
\

]edf tenperature in
flow rateo-of air through the cuvette in ml min”

dry weicht -of leaf in grams

o ~

Neaf area of onc surface in decimeter.l
; = T

e 7]
S chigncd witﬂ two cuvettes so that comparisons ; .
‘TQ?GYS could bg made during the same ézpcriment.
vice was uscq.to switch the air streams between the

hs
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""_"_"‘.‘—_“"“ T T T T - . !
two cuvettes eaeh containing a s1ng]e leaf. The following switchinh

sequence wnsnused. cuvette I for 30 minutes. reference air 15 m1nutes,

1

cuvette I1 for 30 minutes In this manner two plants of d1fferen§
f' N
p]o1dy ]evols were studled at the same t1me,

¢ The means of thc net a<s1m11at10n rates and the confidence inter-
. : /
vals at the a5y conf1donce level were plotted against the light lnten-

svty or tznpe;ature used, to attain light response and temperature
response curves.

. .
Because the magnitude of net assimilation approaches an -

asymptote (called the light saturation point) in response to increas- -

1ng 11ght 1ntens1ty, this ]1ght saturdation pownt is not .clearly
def1ned This had 1ed tng1ff1cu1t1es in comparing the light

response 1nfornut1on ‘presentcd by other authors (Hantgerink 1975).
¥

Since thc shwne of a light response curve is a hyperbol1c cunve, the

va]ues of light intensity requ1red ‘to bring about a rate of net assim-
Y

11at1on equal to one- ha]f of brogected maximun rate ’P ) a‘
50

N

eacbvtemperature have bec1 ca]cu-ated, according to equat1on 2 used \:

in enzyme k1n0t1cs to describe a parabol1c function (Rabinowitch -

and Govindj.e¢, ]959; Lehninger, 1970).‘e. ) R

Vmax ﬂ’.

2) v - Y
_ Km 4 SJ
Where: -V = net assimilation rate
Vmax = maximum net assimilation rate o
, | _ , % P
-Km = constant :
, S = light intensity



. 51;‘
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I

137,

. NOTE: Thé. )ﬁ'} gorstant is edua] to thoe thtl intcns%ty at 'which.
the net assimi]qtion.rate>{s half.maximal and Faﬁ be
obfained by plotting the inv§§sé of the net assimilation
rate Vs, the inverse of the light 1ntensfty The resu]t
is a straight line from wh1ch the Km value 1s taken at the

X-axis intercept. /

intensity at wh.ch a. 100/ 1ncredse in 1rrad1ance would yield no more
! .

than a 10/ increase in the net assim1]atlon rate Th1s was- donc in

order to compare 1e5ults with other 11ght saturat1on values reported

.

in the 11teraturc

+

ygggr_@g}g;i@n;lgﬁgpnimenta1'Methods
, :

A. Psychrometers,

Spanncr tyne n:ychrOl ters were used to measure both total water *

¥

potenv1als (¢) and comgorenu water potentlals (w and w equation 3).

The, psychroweter; were eonstructed after Mayo (1974) - Psychrometers
were calibrated with NaCl so1ut1ons of’known water potentidal in a e
constant ‘temperature water batn Output was measured with'a Fluke
model 845- AB nigh 1mped.ice m1crovo1tmd,§§.! The psychrometer sample
chambers were 4 mm in d1ameter ‘dnd & mn in depth. _Each7sample‘con-j
‘sisted to 2 umifonm size leaf discs, 6 mm in;diameter.cut_from the
Teaves with a pjﬁcf'punch{i Total leaf Qater botential was determiﬁed
first, then tie «hambcrs and samp]esjwere wrapped tightly in éluminum

foil and placed in liquid nitrogen (-196°.C) for 10 minutes. This

Light saturatiqh”was deffnéd after Hartgerink (1975) as that 116ht



. ‘:‘Q -

ruptures the ce]l membﬁ%nes and thus e11m1nates the turgoP component ‘
li

(w ) Of the leaf water potential. After the liquid n1trogen treatmen% ﬂf '
P
samp]es agp cﬁnmbers were tﬂ%wed to room temperature using a hoat gun

for1@ few m1nutes and then put back into the psychtoneters for measure-
ment of the C(wained osm0t1r and matr1c comnonents In mhis fashien

an eft1naté of ‘the orig1na1 turgor pressure was calcualted from

equatwon 3
. _ . / :
.3), ¢ ='wp.fy(w" ' h‘z' S | 5
' ‘ ST T @
ond y = 4= (o, + B
Where:. 4p = turgor pressuré.g o \5 ’ L -
w‘; total water.pdtcntial' ;‘;Lv o ST
xlc% + Oy, = combined osﬁqtié an& matrid tqmponents ; _
."Water Potentini Leaf Reswstanc%; Relat1ve Water Content N N L B
and h(t Aes1|11at1on as Ro\ite to, Mo1<ture Stre;s _; ‘

lel uatered fﬁants from both. plo;dy 1eve]s in an act1ve.y grow1ng
condlhon wem aﬂowﬁd tF dry out” 1# a co“troﬂeﬂ“*nvn onment ¥ chamber

The temperaturewws

"l§¢ at-20° c and the reﬂatwvt hum1d1ty (R.H.)

close to 75\ 807, wigh 15 hours of Vighting under 200-250 ; L m -2

seci? PAR (10 OOC Tux, 1rrad1ance) du.1ng the course of the<e _ - i

exp0r1nents exgont where o*herw15e noted. Datly. measurements of‘
\ .
the wateﬁbt ntial and component watel potentials as we}h as leaf

res1<tante ﬁ/t assimilation and dark rCCp1rat10n rates, and rqlﬂtlxg,///

CA

‘ water content were ﬂade on fully matu,e lcaves until tne plants wilted.
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1. Leaf Res®tancay = R R s
. "' . - 1 . . . . “' K ; . ) . . ’4 ? ) ) \ L J
Leaf re51stances were méasured direct]y with a p1ffusﬁVe‘Res1s-. ' .

tahce Heter mode]l - Li 60 (Lambdg Corp., Linto1n, Nobraska) on both J.q;i-
abaxiat<and" adax1a1 leaf’ surfd<es 91nce V adunca 1s amph1 tomatous B
- The sensor was ca11bvated \ch a res1stance p]ate wh1ch has pores. of ®
knovm: res1stance (drilﬁed holes to- s1mu1ate leaf rcs1stance) (Kanemasu,b
Thurtel] and Tanner 1969). The total Teaf re<1stance (R ) was ca]-
culated from equatlon 4 aFtel obel_(1974) . W .
.. . ) . . ! ' r‘f“ gl ;.'1:
* ‘. . .- " S " ) ‘ . !n
4) %d%_,\%_» | T TR S
L "R “ap 7 | Lo ey
N = ‘ ‘ 'xh ) ﬁ: ’ - 4
- HWhere: RAB = 1eaf Jresistance abe >1a1 surface :
f o
> Rpp = 1eaf resistance adaxiq]lsurfaceg | . = gﬁi

2. Relative watehvgontent,- : - o
p — : ’ :

The' re]at1vc water‘content (PHC) vas determ1ned on- mctu1u fU]ly " ﬂi ;§
N ' .

%

“expanded Teaves af‘tr §Wav1k (1074) .The Ufﬂid1scs were removed > ?1‘
using 2. paper punch and we:ghed dlrect1y after reg/;al from the‘!ﬁ Lo
1eaf to detenn1nc:fresh weight. The discs were then allowed to v
1nb1be d1sf111ed vater at room temperature for 3 1/2 hours ina N ;-

- polyfoam lined petv1 d1sh {with 1nd1v1dua] ho]es for each d1sc) ’

" and weighed again to determ1nc a weight turgid. Fina]]y the discs

were oven J::ié\overnwght to 70° C to obE§1n the1r dry we1ght

The re]at1ve water cont ent was obtained. u,1ng EQJatIOH 5, after ' .
Slav1|_ (1974). '.'5-' T T .

' welqht fresh - weight dry o
) 5) RWC = weight turgid - weight dry X 100.
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NOet . ascimilation retes wore measurcd at 207 C leaf temperatures

S _] . . s . .
and at 500 L sec” ! pan, Dark respiration rates were a1s0 measired
&*;) Do N ‘ . . L . .
o for Xhalf-lour each. The number of replicates for each individual

experimnent for each ploidy level is shaln in Toble 2.

® : )
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Table 2. 7 Waaber of experinental replicetes
made Juring the investigation,

_uw.j;-_m”A“_n_n".“m_“m

Type of fxeorinent 77 Hurter of Replicates

U O Y

P22 polyplnidl

-

l.i{%”t%'(\--('ﬂ.lfz"‘ ot each 'tl.":I‘:[‘t raturs .
(C) ‘

o o 10 -

40" ‘ & 5
Termeratn s response at coch Tight.
S -2 -1
intersity (CEn “rsec )

¢ - . 1 A

KU b : 5 ' 5

-

- 500 - 4

Drying recionseatieenstont Tight 4 o

Tand ternoarature

B e e it T

§ !
B



THE EFFLCT OF LIGHT INTENSITY ON NET ASSfH]LATION

f
LiteRature foview

Light intensity is an.important environmenta] parameter which can
influénce the specices céhpQ§ition.existing ata given time(in an -
ecosystem.  For example, changes in understor composition have Eecn
recoidgd in deciduous ﬁcrcsts'in responsc %0 tree canopy 6103ure, with
early speccies beinq vepfaccd by more shade tolerant specics (Vezina and
Grandtner, 19?ﬁ; Jackson, 1966) Spﬁc§ta p:c ent before canopy c]osurch
may underro changds in their phothynthéL1c rechenisms which enab]e |
them torut111ze 1ncreas1ng1y Tower light levels curing and after canopyﬁ
c]o;m*c\oa/? T 1967 Taylor end dsecy, 107¢). . |

! The'ef ect of light 1nten<1gj on nel assimilation has beén studied.
fory a wide vcr1ety of spﬂc1e" B0121ng and Burnside (1°f6\, Sparling
(1997), Taylo' and FEarcy (1976), hév? stud%ed:the light rgspohse eﬁar—
atteristics of tE“pp L herbcCQOLb and Pgr1§ulturd1 plants. tLarcher
(1969) has r0v1cxrd the literature for trees » and Hartgerink (1975) has

- reviewed the Viteratuire for arctic and®alpine p}ants;_ The general
effect of 1ight intensity on.nef assimilaticn has bconlreviewedrby
Hesketh and Moss (1963), Hesketh and 8$ker (1567), and Rabinowitch and
Govindoee (1909).  Considerable varlat1on in the recporse pattcrn of
net assimilction to light intensity ey1<ts the bas1s for which is under-
stood to be‘b.ochemmca] (hooney, 1972). Because this variation is due

to the carbon dioxide f.xatlon pathway plants -can be classified aCCOIG

ing to the nature of the pathway. The first plan& grqyp'd1SCUssed is
o

18
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' SparTingﬁ Ié\ ; Taylor ar Pearcy, 1976) The distiﬁ&tionsvbetWeeﬁ

' . 2 P
sun and shade p]antf are not a]ways c]ear as in fany cases intermediates
. : & .

: : A . -

!

'_'cailed'C4Ip1ant‘ bécause ™ thcy POSQC" the d1carhoxy11c aciic pathﬂay'{n“

carboxylic acid.” These plants are characterized by rcmarkah]y high I

absolute net'assimi1ation‘rates (up to 70 mg dm'2 hr_] “sce Table 3),

‘an 1?&|m1]otwon ratos not fu]]y %dturated at full Sun 11qht a veny’hjgh

ter “nratuwo optim‘n for phbtosynthc is, and are efficient water users
(Bcrvy, 1975; Tooncy, 19/L). Thu socond group of p]anﬁs discussed is

called tho:C p]antsvbecausu a --car?on phosphnny]ateo ar1d 5 the‘ﬂnitii1
product of ca“boxy1at1on in their’ﬁﬁotosyn‘hntlc mochan1sm These plants
.are‘churacLur1zod‘bx Tower absolutc net ass1m71at1on rates (A-BC‘mg dm'3
hn'], sce Table 3), a lower temnerbture optimﬁm for netiaqs{m{1atioﬂ,,

fu]Ty saturated net Afs1»1]at1on rates at!lower 1igbt intensities,. and

have. Tower witer use efficiency per gram of dry métten obteined .(Bohniny

“and Burnside, 1956; SS%tik, Catsky and Jarvig;‘]?71;'Mooney; 1972).

The C., plants can be furthor. classified into sun.ahd shads plants.  Sun
9 . . . A

plants possess highor absoltute net assimilation rates, light saturatidn

. and cowpvnsarion roints than shacc pJants”(Béhning and Burnside, 19%%

:l"

. . . {“ : N ' y ’ N
betvieen a ftrUe'fSUn plant and shade plant exist based on their light

respohsc characteristics. For evample, Sparling (19¢7) wade inter--
‘.‘ . . . ’ .‘w ‘. !
mediate categories for some of the plants he studied from the wood-

lands of Ontario in his comparative light respofse survey of ‘a number

" of spec1os . o o : )

-

Compardt*“e studies of the light response characteristics between
ccotypes and varicties of the same spec1cs have been described. Basic
f | SR R

t

A

19

“which the 1m1t1a1 phmtosynLhet1c wroduct upon-carboxylation is a_4=cdrbon T
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e et

photosynthct1c d1ffeteneee have been foued\to ex19t between ecotynes of

d1ffq&jng]11Jht 1ntens1t1es S1m11ar results were found in A}r19 ex
gﬂub11uscu1a (PJurPhdn and Ho]rgrcu, 196 ). These d1fferentes -are- the

Isame -as thosc descrnbed for sun and Shldc p]ants hpgc 19 The shade

!

races pos<e<s d 1one: carboxy]at1ng enzywe content than do the sun

i

races and this 45 thought co be tho under]y1ng U1fference bétween races

|
(Be Fya_197o). E1che1r, Adams, and]Le%ter (1975) found tnat southern -

Dqufatipns ofKTsuga canadensis had greater absoTute net ess1m11gt1on_'
rates and_gre teF_efficienéy.ofenet assini]étion at lbw;irfed%ence o
TeVe]Sthah”n rthern popuiations;-\The horthern populat.i aeeadigﬁeatere
dark \csn1rpt on rates whwch probab]y helped to exp1a1n these | o

\d1r*erencea

The;gVJ11cole data f:or comparae1ve etud1es ori the ]1ght responses
_ Characterist cs of ch:owogome races of a soec1es 1s meager ab most’
; studres of tpis nature. usually concentr ted on the abso]ute net asswm—
-11atlon rates at one temnerature The net a§f1m11at1on rates and
.iphotcs/nthet%e ]1gh€ eff1c1ency (meanwng gr atcr percentage of Waxxmum
net ass1m1laf10n at a, g1v3n 11ght Tntgﬁ<1tY) of oo]yu]owd ar:z t1c IR
o ThaTlrtru” ’1L}nu was fOund to be only s]1ght1y greater than for arctic
d1p101ds co]lected fron the same area (MooneJ ahd thns%n, 1965).
Photosynthetic studies on ﬁlggggLer'Q.ggggig L. has shown‘fﬁe teﬁra+ a
ploidslpffthis spccféslehow.aiéreater photogynthetie 1ight’éfficiency

_ L !
as-well as possans: groater ab olute netvasvimilation rates'than the

dip]oidé (Guenn, Bourdu and \Roux, 1975). The absolute net as;%m11at1on
. , 7

o rates in po]yp]o1ds are houe.’r, usua]]y roported to be 1ower than’ for

B

3



2y ' L , o f

.»»thqsc-1n dTp101d§ a§~obscrvcd in Hordcum: vu]garo (Ekdah] f§44)§

- “Ribes (B1urmnn, 1959) V1t1s vinifera (Gc1s1er, 1961), Ra)hnnud

v

(Frydrych, IOGF). The resu)ts from many of Lhese stud1u nust be

v1cwed with caution since the rc;earchens sonct1mea used on]y one

e

plant from cach p]owdy ]eve], and the oxper1nontd] cond t1on< var1ed

tlcmondou,]y with each study, maP1ng comparis ong.d1ff1cu1t;;

!

-

1‘3£§u1ts,and Discuséion | | "-' | I \ o
The respenses of qet a501m1?athon of th< pfo1dy ]eve]s in V1o{'

.adunca to 11Uhu 1ntrn 1ty at five ]eaf temper turos is shown in F1guxes

P |
2,43; 4, 5 and 6. The manner in vh1ch net ass1m11at1on was expregsed

\

“had an effch upOn tho conpar1sons For exanple, at 20” C the

"d1p1o1ds had gweatar abso]ute net ass1m1]at1o1 tates and s]1gh§l¥

v
[

R -

.grnator DhOtp"”ﬂ+th?C var1ab1l1t/ as shovn by the conf1donué TnLEYVO]o.

when exples;oa,on a mg dn Z,Uqu bas1s (F1gurn 4b page 2”). Hhcn

exbreésed 2s. g g_i hr! howevex (}1gure 4a), 1t 1s the: polyploids.

"hn1ch show gxeater net ass1m1]au1ow rate: and ph%ﬁosynthet1c var1ah1]1ty.

)
Theae 011. )LnLes are not stat1st1ca]]y san1f1cant as 1nd1cated

.

by the simijor ahqo]ute net ass1m1]at1on ratoa and over1aup1ng con-
:I"fldGﬂCL 1n1nr»a1s At 30° € the diploids aga1n show greater nnt |
asﬁ1m1]at1on ratef and plotosynthet1c var1ab1]1ty when exuncssed on '
'a mg din thr'] bas1s (Figure ab page 27) but on a mg- m -1 -]-
"basis (FwJure 5a) thesc dlffewences are: WULh 1css pronOunced

The manner 1n wh1ch net assxm17at1on was expres;ed had Tittle

foLLt upon Yhe coava'1oon§ at 0 : 10 and 407 ¢ (Fmguye 2,

I



1,‘ ( | , ..rl ‘ ’

“3‘aﬁ&“6)w"nfio and 30°°Cthe absoTutc noﬁ ass1m11at1on 1atcs at cach
cxpou1m~uta1 ]1Jht Tevel used are vﬂrtua]ly 1dent1ca1 but the po]v-
_p]o1d exhibited grcater var1ab1]1ty of phOLOSjnthGS1S as shown by the
conf1dﬂnce 1n+erva]° (F1gunes Za, 2b, 3a and 3b) - The Tight respun e

' at 10 C (F1gure 3, page 26) shows that’ the tetrap]o1ds have greater
abso]uto net a5f1m11at1on )atcs at a]most each cxpe'1n\nta1 light 1eve1
‘, as wc]] as q:eator photo&ywthct1c vav1ab111¢y
To summarize hr1t1]y,y1n three out of f1ve temperat:res used in
l 7: ‘the resnonse of Let assimilation to 11ght intensity, po{yp]ulds eyh1b1tod '

'~a greater photo ynthatxc vaz1ub111ty, and at one temperature, grca+er
.rates of ntt a451w11at1on D1p701d p]ant; exh1b1tcd greater var1ab111ty
,of nct a391m11atlon rates at two of\the tesiperatures uscd but the
mannev iy \h1 ch net a951nn1af1on Wwas e{broeeod mod1f1cd Lhese lCaU]tS

-One can concluuc e thﬁQE re\u1ts that St d1ffbvonLes bLtHC;h 9
b101dy 19'015 exs st Put conﬁhdnr1ng iha. ovcrlapp1ng con.1dence 1ntLr-
vals and cons1i »ab’e'numoew of san;.es ta'cn thes; d fferenccs are |
not sta»15t1ca11y s1gn1f1cant It is 1mpor;ant that.p101dy level

"7d1fferunfu et ‘extre :1y Tow (6 t) and high (40° C)’ténbeiatuv s {’}

} .
g not skat7>t1Cd1iv s1ou1f1cant, thereforc po]yp}o1ds do not ﬂxh1b1t any

N greatgr to]erancc to the extrcw o stud1ed "

/ ' TherL ueye no significant d1ffevencns in thL ]1ght com'onsatlon
'and satur@t1on po1nts or the 1/2V max va]uos (Pro) (F1gures 2, 3, 4,
- 5 ano 6), and becarfb nf th]S the light reqponse data at var1ou3 19af

tcmnpratures have been coruxnng for both p]o1dy levels, summarized in

Tab]e 5<(pqge 3/V! As 1eaf ‘tomperatures \ere 1ncrcasnd from 0 to

- ’ .
407 C there was an c>ponent1a] 1ntrea°e 1n the llght cowpenaat1on
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roint as well.as sﬁgnif}gant, but noncxponential, fncrcasos tn the
ddtl rL§p1rut|un rate over the same temperature iptoxval (F1gure 7,
pago ?5) The dark regp1rat10n rate 1ncr¢ase is E’érobab]c cause :

for the 11ght cvacn atwon po1nt increase (Pub1no“1tch 1956, Lurcher

v

]969\ rt 1 rirvk, 1975). It way bc‘tldt the raye. of photuﬂcsp1rafion

a

b4
also 1ncr0ascd ovar thid tL' eratuzo 1nfer\n1 \h?Ch would further cx- -

’

p]aln the increesing 11qht con'ﬂnSut1un Joint, Fhotorcspiration how-
ever, usuaﬁ]y hes the sape temperaturc Optiumhvfor'net assimj1ation
which ha} rule out this possibility (Hofstra anc Hesketh, 1969):‘. i
The ]1gh~ 1Ptﬂnsitioi at'wﬂich nct as s1m11aglon of V. q@gqgé ap-
quacLef satur“tion Af 1/2 suuurat1on ’FSO) at 5 leaf teimperatures

are liste d 1n T i] 5. These va]ues increase 1n a noncxp"n nt1a1

fash1on.‘,1n this re;pncb, these IOQ‘]tS are J1m11“x to tHose found

 .by Hartgoriqk (}975) for Pryas intedr1folid The T4% ht catu:at1on
point at 20¢ C'(f,400 ft-c j is in the uﬁpor ralnun For ten;erofy C3 5un
p1(.,5, 5°t the 11grt comp2isation point at this temperature (00 ft c)
is in thc;]cwcr rurge for plants of th1s catggo"y (¥able 3, pa e 20).

1'“Thu3 V. udd”":15 atTe to utilize eff cct1vc1y a \1de rang° of ]1ght ‘

'lovels and in this respect is very similar tQ fh' bron1u“ amaricanum
(T tle 4, pon 36) wh1chsls a]so a spring ephereral (Spér]ing, 1967).'"‘.‘5;'
Vi, 1acunca s qu1te un]]ke other specics of V1C|“14 11sted in Table 4 '

(V. scr reria e ,J V. 9_505 ;) \h1ch poscass Tower 11ght compensa tion

and saturaticn po1nts and are thus more ]11e true shado plunts o o ;
(Spa;]1ng, 1967). |
The_PSC values of nglgfggunca at 20° C (1160 ft-c) are much

\ higher than for those reported for such shzde tolerant species as

’ A
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§ﬁ§§9fﬁq$ a’“’du. ((Dﬂ) fha zaz., Paape and Bc‘;gss, 1972), Acer rubrum

) e

\750), Tagus g nd1f07 (wOH) and Qgcrgqs vq]utind (750) (from Bazzaz,

Paane and Bogyess. 1972,j{5 calet nlatcd flcm Loach, 1967 data). The Peo

values of V. adunca are s1ightly irigher, thun for such shade intol}runt
species as y}y1QquinQn tulinifera (960) and Populus gﬁpyglqidgg {180)
(from Sazza;,lbnapo and BOQUHQS, ]972,‘as‘cc1cu1atodffruw'Loach, 1967

B ! . I ' :

;data). This 1nfov. 1o combing. “‘*n Fon 11gnt costcnsation poih}
A(Tab?é ¥y and modefdcv1y iy 11U.L saﬁ@ration pOjHL?SUngSL that'i.

adunca 'has Gninue 1iaht response, character istics.
T . ; - . :
- A N . . " . s !
It should be noted that the ebsolute net ascimilation rotes ac
S Y ' »
Lt : . | R . . N ..
200 C /F1ourc 4Y are Tover (for boch rloidy Jevels) .than ot either

10 C or 39 C Figure 3 and 5) even thous, 27 C s ontimur temnora-
- A T N ! .

: : ' . . v . . . .

ture for‘nop'vssivi]ation (500 races 45 and 40)) “ihe light response
rung at 20°-C wore 13asds on plants which hac nut yndergens & period of

dwwvan*v {<ee Page-A) fellowing initial es:aut1shn0n1 \\ tho.r pots.

nd 407 were H”de’on p]ants

v
—
<

-

-

(&}
2
(o]

AT subseduint runs ot
which-did heve a dovrancy period. Tt apneers that V. adunca requires

a period of dovmancy in order to attain its maximmisprinc-time net

assimilation rates and that this dormancy period is genetically
. Y A ! J - J

determined.  Similar findiges weresmade by t:etgerink (1975), Addison

' : % v : .
(pers. conmic, 1975); Bour-eau (1930)) Phricr (1971) end Dauiberg, %
. L . . N § . i
}‘Schwar? avJ. ranquilling, (e7y).

~



assiniletion ecutce oF the chromoso e ratus in M. adunca w

CTHE LFTECT OF'TEWFL“\TUR" OH T
ASSIWI!HTJOH Wy 'T\ Ri SPIRATION

Literatove RDoviog

sliATer seving
Jonderatare s angimpcrLunt.anuyu:nkntz1 fA\t,r (Farascier) con-
' t

trollinge net ecsimilaticn under naiuce) CQHQ!LWOn;. It is postulated

o

that rtheaecson why pollyiieid races of @ spocicn are Tound arewing
. T ‘

farthbr noris Shan dipleid counteriires s that polypioids are “herds

"

Ter® than dijlodd counterparts (pans 1) (Love ehd Love, 19775 Love and

1

Love, 1974) 0 Thus 3T polyploid specics are "hordier" than u’r’ovd'
1ikely te be able 1o assitglate CJ meve ef ficientiy at lower
Tea? temnovaros o than Aiploids.  The offact Of temherature on the net

ac ceanined
to: 1) detercine if peisnleids are rore eTficient at assimilating CDZ

.
/

Ovei a wider vennirature canje than diploid counterparts, 2) to essab-

1i;h if ;nbv Ereany d!f prences in the temporature ontiiwn for het

us>1m:1 ation, end  3) te corpare tho usper and lower limits for compen-

sating aas exchanse and dark rﬁsp1raL1on bet een.ploidy leve?
i . t St
Net dssiwf]it1ﬁn retcs follow a well Knowi ontimur: curve around

t : !

~a favorehle teaeratture rence (Heskath and Beker, 19057) and the shape

1 . . . P X . . [
of this curve spogie ? variable. 'The net ascimilaiion rotes of tern-

erate C3 plants show an oprvimun temcerature responsc between 10 - 35ﬁ C

(Murata and l»u a, 19€3; !u stra and hcsiecu, 12€9) and-usually the shaue

H
of theterp craturc tes“o"sé curve shows a brocd'n1ateau around the
taperature optinun (Hofstra and Hesketh, 1969). This broad plateau is



net exhibic it

pihit |

plants o
having any

o a TN
L of plones

nue

Abova

ol oL

wnation

Tino o for 1he nl

v

betweon the

groun 1s ioung ¢

Cexhibit o m;hw

vallor, 1974

)
anG

dorect

: - I T
. ) . t . -
posteiated by Feliteh (1971) to be dyue to parallel Jdncroases in the '
. ~ Tk . .
. ) . . L
photorcunirntion rate following the same terneratice antinum as photo-
synthasis {e.a., Hartaerink, 1975). In contrast to tiis, C4 plants
! : .
have a higher tompvature optimun for net assirdlation abave or below f
o . - N A !
which tivy. aneuw precintuous decrce oo with rerncvature (Hofsyra and
Ho toth, Dy Boerry, 197500 LU munt Deovens Borcd thint Cd plants do
: v

!

srestivation and thus the neveog Beroorature opt i v Ca
Hofsivn and Hooheth, 19627 ray Lo o function of not
able ph arespireticen.  Thoe terporaturs onting 1 for a
.. e g \
of tei irite 01191. arc Tisted in Table 6 (page B0).
Now the fu oAau1e TCOTCrature range, net oassimilation
until the Timits are reached wnero CQZ cvolurion cguels

arcner and Waibery 197570 The Lest 1inic oy heat cor-
. N 1 |
'S quite vartable and conos very close to thn lethe
ant {Levitz, 1972). Furtheriore 2 relation ohin exicts !
Timit and the type of habitey frotwhich a given nlant
- . " ' C .
rowing naturally Forrexamnlic, desert and tropical plents
ﬁn o Timidt than terparete clinaie ntants (Bauver, Larcher

¢ .
;. On the avereoc, Cé n1(~t° sﬂcn a fiicher temperature

Ticht for {0 uptake than plants (Caucy, Larchor and Molker, 1974).
[ . : .

. . , / - L . !

Tiis s thooght to be due to better cavben,loting carazity »f phospiioen-

/e
v

i)

1n;F3 planizlgl

olpyruvate (0D

9]

(Zelitch, 1¢
"The cold 11

pensation point
5

se ar high vompuraturas found p]ants

]

C

cariuory jﬂ C4

in conjuncticn with large increases in respiracion found

high Teaf tempersturaes (Hodatra and He estath, 19269).
: el - Y I‘ 0 TR .
it for net assimilation can »1se be conciderdd o com-

for these p]ahts.of warn clirate oricin in that net

‘)



!
o

! .
¢ \

assinilaticn (easces above the ficezing point. This fs true in both

warn ¢lisete dicotyledons and giresses (Ludiow ang Wilson, 1971).,J1n

conviest to this, p]ants‘which'are chilling resistant or insensitive

(Levitl, 1272) have net assimi]atfon rates which cease at the froezing

S point of the Yeaf or acs 1m11atwng organ. It is_not accurate to say

i

that these plants havo a cold compensation po1nt since the frce;1PJ

'1~l‘(«o;l.o of the ]vuf can bo several degrecs helow O C (Pisek, Larcher

L.

and Unterholzeer, 1267). Chilling insensicivo plants achicve this degrec
' /

of coid hurdiness by an avoidance mechanisn (Levitt, 1972). This

mecharisicoutd be o biocheiical, adaptation of the cell membranes of

.
i

“Lhase p] g 35 For c<a'r 0. L)OHS,'WhChLOR and Prétt (1964) found that
1 N

Splants vhich ure-chi)]ing‘insonsitch conicinctd a h1u,nr contenL of

polyunce civctzd faics acids in the mixochonirva].mcmbranes than in those
plants whilh wore chilling sensitivc. o " -

- / L
The temperaturs optimum and heat -and »old 11m1ts,are also af.cctcd ;
) t
by the cccliration temnerature cFAthe‘growing reqime (Mooney and

{ /
Shropstire, 15@7;'U1]11ngs,'§j ¢1., 1971, LOJntow-and S]alyer 10725
! . v‘ s 7 .,

Bauor, 1¢78). That is, the ahove mc:t10n(1 5t§ exchange parameterg

o~ R
”

can he alrered in the direction of'the JCC11 ation temnerature. For

exarple, nlants acr ]1 ated to d gro.ing FC]]M“ of 30° /°O C daysnight

»

temvrv:rJ Vs vill ufuwk]y ahOh h]gheu termperature opt 1J<:\;no heat

. o . . 7 r
compensaiion ro1nts than the sarc plants acclimated to 20 10" C day-

night growihg regine (Cayer, Larcher and Walker, 1974).° Thus jgfbecomes /

Simpertint when making ccophysiological comparisonS‘tovmake sure that plants

being comtared are acclimated to tnghsamo growing regime.  The acclimg- -~
tion résponse is not found univers:lly-in all plant grouns studicd.

f .
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Wo detegtable ucéiin111on res pons? was. found in Dac§)1ls g]oworata
(Treharne and Ldu]c1,\1970) or in Dryds 1niegv1fo].d (Hantqer1nl 1675).
Dark respiration rates are less SCHS1tIVO to high tompcraturcs'
£han phoLHSVnLhoq1s (vduef Huter and Larchor 19607 and aro LOH"TdLIGu

v

to bc onc of the moot heat stahle Tife fun\ttons (Mexendrov, Lown<nn

and F]C]Jdmﬂn, 1070). Darn respiration usually has a Q1O of 2 to 3 be-
twean 19 and 207 C Teaf temperature regarclens of the plant group studicd

(}artgerink, 1975). Thero arc 1nd1cat1on° that dﬂln rc<p1' Lionlis

severely inhib ted HJ light (Bentun and Calvln, 1930; CGrohar and xa1,or,

H

' 1962;YH0f>fra and*Hoskéth, 1959; manoat L@v1n and Bidwell, 1974). Thus
Y ,

‘to achievu : no:ourh ungcratanf1ng of a leaf ColbOH balance ore nust .

consider th ©at tQ&pﬁﬁaiUFCS close to thr»w“T 00L1mu1, photorespivation-
1 . .

9, is reporcésly 1.3 }o 2 times as great as dark resniration (Hofstra and .
. : : \

Hesketl, 1202). At leaf temperutures greaic: than 407 C the magnitucde

~of the dark respiraticn rate will however, he greater than the rate of

photorespivation (Hufstra and Heskéth, 1969) . This'is'because,dark
! : ,

lOSp]la 1on u11T be 1nc“oas1ng evponc*1a11y Ldruﬁi_, 1969) whx]e photo

'

rcp1raf10ﬁ Hn]? be deceeasing since it ha3> he same teneratuto'

.

- as photosynthcsiS_(pdge 40j.

There are &irong correlations betwﬂcw thn or1gln of a plant and the
/ o . % o

rate of dark reapiration} “For example, greater daric rospiration rates

were reporied a0 PJpJodt]Oh of Picea evrelsen riq?nctinv frowm higher

elevations than of va]loy ponulations (PlSuh and 1nl]‘r, 1958) at the

_sane temporature, Popu]agwons of Atr_g]ox ientiformis o»1c1nat1no from a

coo]er cou>ta] clim:te had greater respiraticn rates than desert ponu-

Tations (Pearcy and Hj’rxson, 1974). Similar obscrvations were made of

'

. : - . N
. . .. *

e i e e
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POPH]Jt1OHS’Of Po]yqoqgm ngpggngQQQ_(Moonuy,']963),.ngnlg.q[gxggf Ry

(’oon(v and BI]]]H\~, 1661) énd'jﬁng gﬁggﬂoq;i},([ickmeier, Adaﬁs an“' .
. : s 4
- Lester, ]97J). It is’ihouaht that the highof fate of res p1ratory mot-
- Vo _
r abolisn iavan adao*a;1on which uou]d better tnah]e tthc p(wu1at1on> to ',“;
. o . .
survive in coule hahltaps (Houney.(]96?) Howovoa contrary/to~bh1g,
SchQ!anJér and Kanvisher (1959) found no d]ff('UnL( in ré&pirafibﬂ : '_ :

: . L & L.
rates. between southern poru]at1005~(uqs uchuact*s) of C]adon1a,spp.

¢

'qujs;ﬁup, [3LCW1d.um. Arenaria, _jﬂ]ob.uw, and Car»anu1a,vs their - o

= .

=

_ northarn p(,p‘x'{atmns (Labracdor). o ' N T
It s COuC”?an1P thut if pO])p]u1d)ﬂuﬂ 3 are bCLDﬁ adaptod Lo - A

‘ D o
a col. er ond nore nowthern climatic cord1t1oq, 1hev may € h1b1t h1qh(u

respiraticn rates than dip]oi p]chtg as cetowr1ﬂrd in 11.11rfruu

alpinun (NO(I’/ anJ Jchw on, 1965) where 3n and 2n T alp“;_
! _

“darh, res;wrnt1on raco of 5.6 and 1.5 g C02 g -1 hr at 20”}(.” In thfs

stucy  the Sn plants wors lerger and were nore. vigorous inbéppéarance

¢l " .
than tite 2n plats. ' . ’ . , u} ) .
4
!
1

Res¢7tc a'” T}gC@Ssigg'

.

. . P ) s " h
The fotct 07 temporaiure on the net ass1m17mt1on rages of the

o

#5
chrososoic races in Viola adunra is shoun in r1gures 8, Qf‘and 10. ~A¢
: s

-~

N
i

. -] :
~a constant licht 1ntcns1ty:of JOO.u[ i -2 scc  the d1n]o1d p]ants con- .

sistently shoy Pf(uT”l absolute net ass1m11at1on rates (F}guresVBa and

R . . J
€b) (page 43) over the teupexatu"o 1nte:va] from 0"to 45° This is truc |.

_ when net as x1n11at1on is eypwesse“ on a gram ue1ght bas1,‘:”

and a2 leaf area bas1s \mq COZ,dm -2 hF*T). The conf1dcnc§?1ntervals

-

pri‘SHJV thal there is.a s11ght tlond 1n greater d1p101d pho‘osynghet1c

H

\:1a»111ty at co]dﬁr temperatures and greato: po]yp1o1d ear1ab111ty

’ s . . t v e '
L . - ‘ . . . e
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abt varcor et e, (Tigures €8 ond 88) . These-slight difieronces
o heiivv on plot b Yovels s« Tensenad to an extent however, vy not
' R
Coy i . ‘ | . S
essimdiation B cxamcased asa perpens of aximoes (Kicure 100 and are
-, A . , . : . . s . I I V] .
net signtterents The offect of temmoerature on ne' ~soing laifoa ot a
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Lo | IR : - S

over a tewperature interval froa 107- 307 CF The trend in temperature |

responcd for Jhalictrun wes for grgater ploidy differcices at hicher
. . :

tunparatures than at low Lcwpurhthcs (ca. 17.5 vs 7.5y co, g_] hr~

3n dnd‘?n plants at 307 ¢ Wcs«ectivb]y whilo at 10° ¢ rates were 17 v
. . I . N . Al

- -1 -1 L , S .
13.5 mg €0, ¢ * hr " 3n and 2n plants resuectively). It was noted in

) - . . . " , ‘
the Titcracure vevice (paoe 43) that 3n arctic T. albinm was more
vigoruus dnd Terger than 2n pients.. No cuch size differences word
. \ .

found Lotween ploidy levels of V. adinca (sée paye 5).
\ ‘

p The dato fron the net assimilation responses of single leaves of
‘ e v , .
Viola <tuniz docs shpw that this plant hes a considerable degrec qf
r , - -.-4 E H . i ‘ . . \\

ther 2l tolerance.  ThisisTdermmsirated net only by the plant's ability
to essinilote o, av € Cand 45 C (Ficurgs 8,79 .and 10), but also

by th. ubility to carry cut net assinilatien.at sub-freezing temnaralures, \

' . . > | N S
Uhen groveh chanber matfuncrions created unwanked low Teaf termperatiines
y . B ‘ . { i o
it wes discovered that V.ladunoe can dssimilate CO, as iow as -3% ¢

Lefors Tu.ves freoze and natidssimilation stons.. Similar Findings have

boesn rieorscd in the literature (pﬂqe'AY)._ The fact trat frcezing of

’ T . A oA o
the Teavee corurse et tenperets -~ below 00 C suggests that V. advnca
L4 i,] |
- P . . . . e - [
makes use of an dvoidance nechonisn of frost harjﬂncss.(pnge 47j3 Thd
". . - ' ] - . .
ability to assimilate (O, bver such a wide teqperature interval is an \
. ' , o B , . o ’
vortany aantetion of Voo adiica which enables-it to maintain pen-
ulations in a climate such as the Cypress Kills where spring-tino
) . B *
Cweathdh can be quite unpredictabioe.  Near freczingsniuht temperatures
' o o i : ' .
can be coupled with vory wern daytine tosoratures ‘n this region

(Dur:l'ohs:). | i ‘ ‘ ' \
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Thc-thwrﬂjl'Oprihum-for‘hrt'assimi]ution for Yiola p]éhts of both

) p]owdy 1vv Te is vary clos €. to 20" C. The uptimdm.' similar to other

Lo ey, .
teamerate hGYUaCOOUy and arborcscont 9pcc1h¢ 11stcd Tabile 6 (nag~ 5G).
A ,

’ Most'C3 plants have th1r tho mu1 OPtIMJV bLLxOOH 15" and ’O C (Lafchor;
1964)Y. Also considering 20 C was the @WWLJmP qxovwnq rnq1mu Lh UerLurﬂ
(pdde‘”1) it is not surprising. thet X,_ﬁ@gg;shaﬁ a thcﬁma1}optﬂmm;at
?O”i@, <ince plants heve been found to .acclimite toﬁmhe‘tgmfenaturc of

@ -given crowing regiae (see Tilerature revicw, pase 41). The: average

. R o \ . . )
rate of pot assimijation at saturnt1ng Tight dntensity (500 L i3 ©

% e

o

—] . « . ' o . . . Loy S
sec ) and eptis’ . temndrature for V1 icla acunca is listed in Table €.
“The net assinila tﬂnn rales HFG'COPOdFOb}C To Qfﬂé? uﬁtivc species such

as n]u\\\“' S viralnd aﬁa Ulmus ]55'1 and ]]tgligﬁfyp atpinum (To ble 6).

:nuéu laner than for these of crop plants such as Glycine

“

Thq‘ﬁaxu& are

max and Q;jp_vu]g;;iq (Toble @

'
\

The shape of "the tempcratire resronsc curve of V. eduncaic very

: ‘ e i , ; L

Syrne t~: -2t around the theimal optimum (ngurcs 8,.9 and: 10). Decreases
N L . \ .

in net cosiilation ot high tor 'Dratuye% are not any sharp(r than ot

Tol: tonaratures. TthC ro:u]*s are d1ffLanL for mar/ of tbe C3 'pecies
exeined by Hofsira and” Hc Feth (0 969) who - found sharper increases

in net assimilation at higher than at Tower ]ean tcwvoraturls.- The

v

voresults fo \ atunca are similar to tho;e found in l]uus a]a “a (BaCQne,v

‘BazxA: and Doggc:ﬁ; 19/6) and glglﬂggggagl[gygiiqg'(Ormsbee, Lazzaz and.

Bogﬁcsﬁ\ 1976) wWhono temp@rétjro reSponse curves érc vcr}symmcttica1 ).
‘5r0unﬂ tn} therm~] ovtfmum. ' o |

The effect of 1Pwpe«ature on: darP rnsw1rat1on rates is sh0nn in

FigUrL' T1a\anJ 11b (page J3). Dark resp1rat1on‘ratc differenges

'

ot
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betWL!ﬂ p101Jy levels are very sma]] ospcc1o17y be]ow ]Ldf temperature
of 2’° (F1gures 11a and 11b) . A* ]caf temperatures above 25° C po]y~
p]oid p1ants pO%SGSS sllghtly greater dark re°p1rat10n ratcs whﬂn eX~
prossed as n}uﬂoz g }"] (F1gurc ]]d) -~ When davk rcsp1rat1on is ex-
press ed as hy ,02 dm -2 hr'] hovcvor these d1fferenues are reduced,

For exarw]c, at ]eaf tehperature> of 3r°and 40° Cit 15 thL;d1p]o1d ' ' v
p1uan}vt|ch é hibit. grcatav d“rl r05ﬁ1rat.on retes (F1gun T1b) . 9 |
Th1s shows that d1ffcrcncc< belween ploidy 1eve1 are inconsis tént
Bactuxn 1o <t dt1at1Co]] Q.gn(f1cant d1fferencv” in the dark respixg—'
t on xatec batwﬁev p1o1oy leye1s cxist, espec1a1]y at ]ou leaf tenﬂﬁ.—
atures, it s c]ear the L po]yp101d ;T‘r*s\AL‘\Qgt any more eff1c7rnt at
carryinu on rietabelisr than d1p1o1d p]ants Thc on];\a?\éCny\ ouwgr—;
able re<u ts »o,these are thosa‘of Moon>y and 1ohnson (1965) who found

I _ :
arctic trip?oid Tha?]ctrum d1D1‘U: had ;]1g“t1y greatc‘ dcrk respir- -

!

at10n rates than d]p]o1\ at 20° ¢ (seL 11te|ature revie, Poq“ 45)
: J

The rates of dark rﬂipifatioh of V. adunca arc qu1te similer to the -

rate; found qr D 0S >rbs v1rc1n1ura Ul'zs elat » Artemisia tridenta ta e
: —~—E-—-—-—- L _

~and ﬂni(nr“'ﬁu rose: ] sted in Table 7 ( ane: 54);;-- v : | oo -

1
!

An}Arnhrw1us p.ot lof the dar# respiration rates of the Chromorom95
faﬁe in V adunc1 is shown in Figure 12 (uadc}ﬁ5) Th]S n]ot cub&_anLlath ..
the fact tha d]ffcrcnccs betwezn p? :'gy xe’LTs are sual] 1o not1cable .,ﬂ;‘_
inflection p)1ct in tn@ slope of the Arrhe n1us_p]ot js apparenf_at. |
16° C (Figure 1z/ "Lyets (1972 7é) exanined mitochgrdicai;réspiﬁa-
t]on of chilling scnf1tlvc and ch:111ng !c°1stant p]anbs ‘A noticable

1nf]ect1vn po1n£ occut:“d at TO“ C 1r the ﬁlon( of the A:rhenlus p]ot

2in only those > plants \h1ch axf ch1111ng sensitive. This 1nformatqon

i : N
. ’ . ' -
T PN 4 ﬂ\' . -
. ) .



v - o 52

e . . S s N U T 0 ] o ) .

" coupled with the fact Eha‘t V. adunca can carry on positive et ass i~
‘ ‘ - 1o ’

o lation at lcof temperctupeés. ofr 0° C and colder, indicate thut this

rlant is indeed ¢chill IH‘AI l‘&SiStim t. Similar indings v ¢ ‘ deierni Hea )
‘ ' < T ’ ;
) ! . . L . i

in Drya. intoorifolia ( Hia tgerink, 1975).
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I WATLR RELATIONS AR

L1t(=mrm » Review : ’ p

lLife has (volved in a medium of water and, the content of water \in

. '

p]ant 11 ues is usua]]y‘high (80 to 90.) (S?d%yﬁr, 1067, Hsiao (1973)

»

has stated rather concisely on the impartance of water that, "the

nuﬁhep [ places whére water {|uj5 a crugial role in the plant comnlexy

©.is astronomical.™ - R S ‘

Ta deterllnn if polyploid V101a adunca p]antc are hard1e than
5 o ,
dTP]J1d p]’n s under covd1t1on> of water :thaS, the two. CHPONoJome

Il

racc. (Do1ypxo1 yand d1p]o1d} vere counaled 1n tcrm, of the followirng

parawwtnrs‘uh? h vere m~asu»e“ as a, funct1ow of dcs1CCut1on' 1) water

poteut1u1 and 1tS cowponcnt potenhwa1s 2) rc]at1ve 1ater content

<4

3) 1(af re§1 stagee and 4) net ass1w1]at1on
| In. order to gain a Fore co'n]ete undnrstandwng of plant behav1or
. N——

both Hs1ao (T‘ 3) and Court1n and Mayo (19 3) hafe po1nted out the \
1nportau o ot no usur1ng bot h the water. potent1a1 and 1ts componants
Un.ontuna:e]y this has on]y ‘een-the practice rocéntly; The 'sp ec1c;
listed in Table & (pagn 57) shou ‘that agr1cu]utra] plant specie

G’tenc’ to have h1qnnr vater po*ontﬂa1$ Ehan most ndt1”é specwes. For manv
agr1c ]utrul spec1es 1nh1h1L1on of net a§s1m11at1on occurs at the
max1wum water thPﬂt]ﬁ] q1ven 1n Tdb1e 8 (a]so sce Table 10, page 60)

(Boyer, 1970b; Acedevo, Hsiao, and Henderson, 1971).- Nat1ve species,

in contrast, show inhibition of growth at lower maxiuum watgr potantials.

- i
-~ .

N

56

4

N
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N TU RN AR Sroray SN NN cCres 0w N {, arcic and _’.;)!'!L‘ CRVIronne. 15 can

oven awsindTate U0y at puch b waley poo e (Table 10, RN

- N ¥
Y N .
Hoflow (0070) Lugoaste O gt the pettere oty caenoe of the osmntic
o . . 4":' < ) ' . - S
and ooy Cocp b ol wator MMM enlicT s rcteddd te the relative,
a N o . . . ‘

: . .
, ) o L - , SRS
cell vol o fon il v tore valer wcand ol of the collo). The o Hf'nm‘

T B of i e e e il crslthes boovelated to the |‘c'1.aii;’?c
. : Y . 4

‘ elen il ity crovigiaioy of 0 well w190 Thic o ay cteavd that, -
. . ‘ “

pler oo i]e ity or s winid oMb s o Y shey @ larger L"L':r“(_-,.:ﬁu, in .
‘ TN ! - . . | -

.~

. A\ ]
Turger eocser Dol ith ol aead docrerie G el valuse and in osrolic
Pt D e e @ent e ls with e oo clas o ¢oll walle. Those
. l . . @
celd wa]ls voul o thers Tare cshibit u osnaller . “

Theocccurrin.s of caM
shlored by Tadio f]t’f;l.,_ aftar Velteor and *

N

. 2T s . - - N B Lo . - PSS o . ’
hreel o @700t be g vater cosurving ntall . ?z.:\./lg.\o‘s.‘:.v,.. and
= o lereed (100 fonid UL Seranthytic cotymes Qﬁ chasdes - did sLu” B K
. ’ ’ . PO A S . K>

N r
Torcoe et ety o Lhe b esicoecslynes andk L't- ())( .

Cha e A el e s et ink (19749 fonnd Jhowever that ptydq ‘ .
T o R o . P A 4
ity rht adoze ot Le diyewa ] drained arcti beacn ridaen e

. s Bt . ey

)

in turese Jnd thcr”_:‘"-xhid relatively <«

Clustic colb s die cven b1 ovch the plaut™fs nero r-‘,'fic in hature.

. e vy cronet aseiilstion intthe Tieht during wator sticss
. . P - . . -, . \ C.' ' ‘ ' . - t
: TSl b i desroe of 0wl openiad Lhich din Lurux‘cju]atcg

Fooe the Tgal  E00i? vresistuno: to carbon diohide (%i%uo,‘.@;ﬁ,). Leaf .
. ’I"‘ ’ . g ' - “r‘ 'f ' » :
vuriah]c ¢o shown in Tablé o (PHJP 59).
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The recponse of Teaf resistce to desicealion usually follows a

threstnld waver oo,

exnen e tially (e

Characerristic pattor

Satd

Beacto ot al., 16,7),

.\' + ] . i 4 “
Cthrashel b watey

L}
GHUJQJOISTy CQH]J;J

* i -
(Jones ard Mawsy

¥
v,

possibl. that wm te f@.w'vj and tlur‘.'r'-

by cherics in {H‘

endosern L. EL

they onvivon

Tee? 1ery:orature .

seehtl

~do

SNGTE

S(Cudan, Kemdeiand FRas
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He . C

e act

R nt 1

]lgﬁt
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Heiao (1073).
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The leaf ruosis
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‘yd

Tod whi Lh T res 1$ran1~ increaces
> L

1)u and Tunner,119‘” Jor lan n1d Ritchie. 1971,

I\hy Lo fort Lhat-whun tha
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1
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i \
water stressy eloeiseic acid (AGA) cot conrraions, are found b ficrease
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Bolh Obl’tl( ¢hJ Lurﬂﬁl Lnaponcnts dc;noake 1n thc fanL faﬁhion,re1at1vw
; .

to docreu;ing’rc1éthvc watur content and sut cht that V~ adwnla poceocsas o
cell wals whifa ayc‘rigid. This property. of the ck]] walls thnrefou

suggest thaf V. @ﬂgﬁ@i is xerophytic in natwpc. Since V. adunca JPOWS.
on well ‘(it'u‘hu.::! ‘(:;-:;\mSu!. 5] ()1‘)(:”.: {personal chsorve at ion) Lh(*'m( e c&p.
Figia 11 uhllglﬁay B dﬁ edapt:tinu>ft necits Lo survive in times of
muisturaistvaﬁ;., fujs ob5vbvation'wou1dvﬁcnd‘fo”éupnort Hor]er 5 (1020)

Ctheory thalb Forephytic srecies mast heve ricid cell walls (Titerature s
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review poce DO b : o L : E
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The response of turcor.to rLTAiw'f watcr content is shown . F1ﬁure
. . - Lo e

171, 1t cen be seen that turcor l(.d..b }u1t1y stab1e b {““en 9@ Le- 90

v ]

!kfu\iv\ wo Lo Lo.*rnl, but helow 8O- -at ag osmotie pOLCHTW&] of -15 bul> S

“Rurgor uktrcozzﬁ ot a uanoru rdrn un‘|]1}y‘rwﬂ sh’ve wqttr,content;

L point at Vw1%g,xnn ﬂuy\es w11+\. Thergforz V. QQHQQQ o
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hut Tn1 furtﬁzr decreases were not as dramatic.
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. Cav Lo . -1 s .
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1hc yeo ponsu of loof resistance to’dcgrca51ng water potential of

- )
y, adunqq iJ seen in F1 uro;14 (page GG . Ho s1qn1f1cUnt differences

tnnCC rESHONSe ar: seen ind1cat1w6;that they respond

_4/ ]oaf ré§1‘ NCC Peshonse - sec ./

,s1m1]ar1y,to water stress, Thé 1éaf‘rc sistance valucs of boyh p1o1gy

\

{\ < . '
Teviite docrcas(’rr(kuu11v beTow watkr ;otan1k1 of 8‘bars unt]} a
. N -\ ! . ) .
threst.oid weter potontiael s reached (=14 bars) below whicl deaf (ﬁ !
. ) * \
I

resistance values dccrcusc-oxpﬁnbnt1a?1V. Asimilar type of rosponse

ha been on‘c:\w!xmiﬂwboth agrncU1tuua1 ard native spccicS'(liter-

j B
atu|( _”'1L\, Hode 6]) The thre sho]d wacer potential ve'lye is similar
to'thar obs :ﬁyfﬁ.in cctton‘(—]G;bars) (Jcrcan ind Ritehie,: 1971) din Y
L | - . < e

qnupl}an (=74 bors) (Fanauou and Tanncr, 1969) ang sinSuw‘(—lﬂ bang )¢
(Beaca et al., 1972y, ‘
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The influseee 6 ]oaf huTt not LHY|(7 an lcaf resistence to water
vapor 10\* dnd on nct o 1nx]at1qn is shiovn 1n F1ou,& 15 (pagc 67). As
y L '
can - be scon’nv t c,&gattorcd nuints in the plot thfre av n0>significant

," diffekenc»;‘bcpw‘§h pln1d~ 1evg]s Sinca mean water potinticl and leaf

resistancoe valuos unJcr nen-ctressed con01t1ons are a]most\ﬁdentiCaJ
. . ‘ - . s

ditions 'of -

)

vieter stress. Th1s infers ‘h‘ﬁ no1yp vid plants-navc no greater hardi-

4 L

ness than d.r]o*a p1aﬁt5.
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It’ 15 intev <iing tkuv b'r1r.n nat a*v1w11auwo' rates are at water
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v i _
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guard cell epcrature dpening is probably less than at a few tars below full
t v . 1 ~ :

turgidity (-9 bars) {Bris, 1962). Thercfore at full turgidity Jess

efficicnt gas exchange can take place since the.guard cells are not as
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water potentic] was olbucryes

eosindlar toomony of the species Tisted in Table 10 (page GO).

SG in net as.imilation response to

fully open,  This sunw obN

in {erato (Brix, 1962) and in Diyas
o ‘ N - ' ®
ante ifolic (Havtgerink, 1975). : !

t

The resprace of ndtoassimilation tho:water potentdal in V. adunce
l . " . —— hm— e L e s

03

1t
Is interesting™to il that V. adivca still fixes carlon dioxide
~ : '

positivaely dovn to & weter rotentiel of =24 bars. This can nrnbahl“
A .

be exploiid by cuticilar gas rha|nc t(lruq place and no* a Tunctien

~e

Uf STONA 1, ":

R

exchanaoe, - The wetier pot@nt1al At whigh net assimi7, Con
- R

rates decircans draatic ~Hly s vnrv C]O’;/iJ =14 bars (Figure 15, paje (7).

i

Since -14 bar< wator woienti@] i *hh thre: hold below Which.1eaf .
! K

?ssistanco velues incroase, th 5 5u‘g°rts thet net as~|w11 tion ?aﬁo‘

\ ' Iy . : ! .
responsce to doareasing water potential &e contvolled Priviog Srourh

- 4 - . . . .
1oaﬁ resisygce and therefore Lhroygp nremalad) response.  Theg
water potential of@ceafl resistonce and net assimilation cen furtherrore

.

“be corre]atﬁd’with the hehavior of retalive wator content and the 'leaves

M 1

w11txn§w,)[nL Figurc 13b shou that Lelot —12 bars%ﬁatcr poterntial

i

¥ . .
(RYE-807), the relative xagér ((nhw.L dndgrnd off 0L1c!1y and lca

u'nt1ng Q(?yfrgu“(acelryge Q@ . Fdrth.rnn» rngz1Ve whter content
. SN ¢ _

W5 en0d ‘LHSJrub]e until a wafﬂr no ont;a] of abo 1t ?1 bars was roached

LY - ) . .
and the v2lalive vater content droapod“to 65 L : .

’

The conciusicn of tie vater relations studies s

foee . X _ . . T
mokes no di®™erence in the response of Viola to increasing moisture . ;
R / - -'.' . .
Sty ’ ’
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The chre rpma vaces in Viola kdunce ere unalgnly distribited in .

Novth feovica; tetraploid pients are foung grawing further north end

dipleicds generelly heve a wore southorly distritution, Similar dis-

tribucicnal petoarns hove been,desnribed for chrormosome races of other

specics (Cain, 1944).  The’ UYP\(“”PlOf all three kiown chromosome

races of V.oidirca (inciuding a tripioic) growing naturally in the
var”rr Fill:, Alberta affordad a ceed. opportuhity to determine if
. . / . . v

Copolyplcid plynts are any differen. physiolugicafiv and,if fhey ere

more teidront of T“]FOPuLnto] stres S cond1t1““’ (or har” '~) than

ai:,

“giploid plagts. : T o Vo

: . A . _ : . ;
The res M'fs of not css1ﬁ'1atinn rates té Tight irftensity #e
du%te simi]ar-1n both ploddy ]evé19\(Fjgb1es.2 through 6). The 1ight
cuﬂhcnsati@n ana gﬁ?uration points and % masd rum satdratiqn values

are near]y‘iifntical. The light compensatich points are very 10w

(18 tm ssc']) at 0° C and rlsc rapidly at erperatures, thave 10 c. \N\

f
The Tlight SlLUth10ﬂ peint of both p101d' lc. c]@ at, 20° C was ca

400 i see 1 1915 “indicatss that V. adunca is ab]e to ut1]1ze

A ‘ Rl ]
' . . o -

. ; l
effectively a'wide range of light Jc\m Sai, .. 1t has 2 1ow Tight

compensaiic, joint anc lCnoﬁ?V"]y h1nh Suvlllt]on va]uex, .

/

S

w ! N

" There Vern no stat1st1calgy significant-difforcnces;in,the temp=

s

erature responsg of either net assinilation or dark,respiration The

_:' . * v' . !
_optzpunrtoupe:ature Jor COA ass1u|1at1on for Loth p]owdy lcvelg Vias

T20° C. . The faximua ot as&imi]ation rate for:po1yp10jdip1ants wWas
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~



e o e 70
o i _ JS O S e | .1',. . ( aks_t.
; N 1.4, . -2 ,..~t X *
26 my COZ g ’hr (12" mg CO? dn © hr U) sand for d1p]o1d 23 mu (0 it
1

o g hr'] (11.mg 002 dm;2 hr—]). ‘th aabimijation ﬂnd dark res p]vatlon I

ratns at eAtrow‘1y Tow tLWP'?uTL s (0°.¢) and high Lemperatunns .
(45" C) are very an ia‘. The aL11$t'~0f these plants to Lar»y on
>~pho£$$jni;u%iu Qi rispirat10n undorithuﬁo Loineratire extienes could
P ‘ , e R
be advintageou: ﬁnr-p]ant survival in an area such as the Lrprdns
Hills whove spring=tiie tempvﬂéturcs cin }1uc;d$tc dx“.nxical]y/in a

-

. . .2 - o c : N '
short DCF10d/ﬂf/L1h;._.th similarity of respanse. of the chrondsomne:
races imdicdies thet polyplosd plants are not hardier than dinloid

p]an , at Jeasc;uith'respsct to}the par%méw xS sfviled

’jf'f‘?" Thcre are no statistically Signi?iéﬁn 1fforlu s in ‘he ability -
, 3 L
of e1tn&r ploiay level to withstang wuiSLUFC:StPGSF. .Tbo mean water

potential for buth plants is -7.9 bars at 90 relative water content
ST tgrgigity), The maxinag not assiriiation rates of both ploidy

AR A
>t levels are nu atta1ned uncil a water POLCH|1U] of ca., -9 bars

. !
is rcaca:d (F1qa"h ]J) Leel resistance and nﬂt assimilation re-

smns: to desiccation shou chat these two'odramctors,have the sare
'threshdld vater potentﬁﬁ?ﬂ (rTﬁ“bars3J vihich 1nd1cntﬂc that stom té?x
ciosyre is the rr1mary reason for oecr(xfc'_wn the net ass1m1]ag1on_*
- ; . ‘
rates . N
o . ‘S1nco foui u:.’b:cnbus 1n Dhj<10ILU1C«| fLJ ORI ;‘a»c apparent,> o //,‘
*o%ﬂc 1u|1\ uadgr uonnw ions of tewcprature and v Ter stvess,‘it’is |

‘Lunc]udﬂd Lhw 1oy p]owdy in \1040 L_ dues not confer any ¢reater

2adu
. / S
ability to \IIHSL!Hu cnviron: ¢n extromes, The diffcrcnt.p]ofdy

leveTs exu1b tosimiTar »atfr of net aaswnlla{TTm and dark rorp1ra‘pon - V//F,~
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over & wide range of Tight, L-mpﬁratwro and mo1oture reg1mcs _ AP
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ploidy coufurﬁ*soma~advnntaqe such\aﬁ se¢d]1ng furv1va] uhich could
' ! 4
explain the observed dist. ibutlon patterns of chromo‘OL ’ ﬁccﬁ; It

does show that po]yp1oidy lgg:ggdoes not soem tq'inf]uencf the e - -

® .
ured physiologic parametors, This study cu ggstf that p]k1d; pe" o
o A ' ‘
may not be as 1mp0rt@nt'hs heretofore bolleve; Howcve)' i t VG Tk
! " /

is neces Sary o fully understand the cff*cta of po]&pluldh.-

; Studies of other species ave dus1rc.1e -and are Fnoun to be undet/'

a3

way.. bot / T1int at Duke is culrently studying the c’fccf* of poﬂ/—

8

.

Toidy in cpiloidun auquitifolivm (.ers. comm, ). <tud1es bn °oed1nv
F N : A

suvv1VU] under (q w:cnnonto. .extrenes are necessarf.n Studics-usihg

ChYQJUSOWC racis fuum different geognfnh1c ]b.dLIOﬁS ore nefe ary

o 3'
qut“er phys1o OJ1C vorl long the Tincs deScy b04 aL ove

o ‘ .‘ \ /“"
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