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ABSTRACTv

v

Severe root pruning in the sprlng, glrdllng, and

0

the application of. antl glbberellln like compounds greatly

" ‘increased anthocyanln pigmentation of Schubert chokecherry,

Prunus virginiana L. meZanocarpa (A. Nels.) Sarge.
nschubert',fleaves} However, grgenhouse exper;ments
involving'a manipulation_of.temperature, photoperfod,rand;
soil moisture,leveis failed.to stimulate the synthesis
~of anthocyanin in leayes of the dwarf—ﬁinged‘b i
_bush, EuonyMua alatus Sieb. compactus. fﬁ\’)%n#nuﬁ

) Leaves of the dwarf W1nged burn;ng bush were -
shown‘to be dependent upon llght of short wavelengths
for anthocvanln synthe51s Therefore, the, fllterrng effect
of. glass on thls portion of  the spectrum, probably accounted
for the lack of results in e greenhouse experlmen S.
Interestingly though .leaves on rooted termlnal~cuttings
- of this plant were found to synthesize more anthocyanin
than did basal cuttings from the same-shoot.

_ _ The co%%ent of anthocyanin, chlorophyll, and
.le;paenthocyanin‘in leaves of the Schubert chokecherrv‘is
dependent upon leaf maturity.efLeaves on: shoots showed a
.progress1on of increased content of these compoundsn
correspondlng to the maturlty of the leaves It was also

observed that at 16 1/2 weeks after the onset of bud

expansion, the fourth basal leaves ‘on shoots contained



‘,/‘ )
. . . . . . ‘ 2 ‘;, . . ! . ‘
64.6 ug anthocyanin per ci” . At this time,ft chlorophyll

content héd‘decreased slightly below the 62;8 vy per cm2 A
. . ' . ' ! ’ "
maximum observed six weeks earlier. As the anthocyanin
‘ . o ) : '! ) " e
pigmentation. increased in the leaves, a si%nlﬁicant decrease ”~<ﬁq
in net §551m11atlon of CO2 was observed. : \¢J3§b

® ' . .
o
. i
R
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s _ INTRODUCT TON

’

I

Plants displaying anthocyanin pi(;lnwnt(‘d leaves
»

are often of special ornamfntal value.  The timing of this
pligmentatgon varioes according to the particular plant

<
species and the prevailing environmental conditions. The

Schubert chokechorr Drioviee oDy vl Lo e liorooar
’ o N
»

(A. Nels.) Sarg. 'Schubert’ anduthe dwarf-winged burninc
J g ]

o

bush, Fuorimus 27.0tus Sieb. ot ue, are prime
examples of plants Sﬁéwing variation. )

The Schubert chokecherry is- a selection of the
western chokecherry, a native of many areas in the prairie
provinces, It is a small dociduoué trece that 1s known fqr

its development of deep purplish-green leavbs during the
o
growing season. The anthocy&nin pigmentation starts soon

Aafter the leaves have fully expanded and developed a decp

green color. <Cdonsequently, during the early part of the

-

growing season, the oldest to youngest leaves on the same

branch may show a progression from purplish-green to very

.

light green.
The dwarf-winged burning bush,yon the other hand,

may develop brilliant scarlet red leaves in the autumn.

e ’
=

This 1ntense anthocyanin Dlngntatlon dlsplay follows

chlorophyll degladatlon It is evident in Southern Ontario

and in many areas of the United States. However, in the



[

Fdmonton P, s an the pest ooy Albhorta, thy . Shrub 1 1o

known to pProduce gach oa bHraollyang drHEp oy o et amg,

colorat ron, Anthocyvann Prigitentat con dones ooy tol lTowng
Y . bR

Light troateg, Howover - the Teives abncrse botore g

coloratiaon . Fevachiod, CONS C e et Ly, 1o the Edmont o Aneta,
. . . , Q
t he AW b —winge burning buskh i not hedld nogy hoah coreom
-« . - . B

A oan ornamental asog 4 o when grown undog CRV L Eomont g}

condrtions moro Sutrtably for tyll vut amn colorat porg,
L8] -

SN | - R do
NoBLagk (1958) :mt*?-:iohfmf Leaviss Containg ny

A d

. - ) -
Canthocyaning cont.ained mor-cchlorophgll thanedid greeen

leaves, 1t has not been reported ¢ the chlorophy Ll

- - o) ' : -
content of Sehubort <'}1<WL::V('}1<3r‘x“3' leaves changes 1n con Uit 1on
with the synthesis of anthocyanins.,  The of Fect of antho-

cyanins on the Photosyntheotic qrul r(nn>1rat<nw rates of

[

Schubort chékechurry leaves thas also not been dotormined.

Cultural practices are knewn to affect the
synthesis of anthocyanins in many planth(WOCkS Sl
lQ&BLﬁ?ﬂy, 1969) . Howaver, to my"k%owledge, nothtng has

been done to determiné the offécts of culturab practices

. A . . - N .
on the synthesis of anthocyanins in the leaves of Schubert

chokecherry. The same is believed true fo the dwarf-
! . , ; 7

winged burning bush, > - // .

.

I8

Lee and Tukey (ié?l).determined that late® summer

rains could delay and reduce antumn coloration of the, -

dwar f-winged burning bush in New York. Thas obviously is

(a3

-not the reason for the greatlx reduced autumn colorat on

by this plant in the Edmonton area. . A



There are many unanswered questlons regard

oanthocyanln plgmentatl&n of leaves of the Schubert

[ DT DU
’ o]
Q

chokechemryland the dwarfewgnged burning-bush. Thi

study , therefore} was undertakepfyith the following
-objectives in mind: (1) to study some factors affectlng

" the anthocyanln plgmezfatlon of thelr leaves, and (2)

to 1nvest1gate factors assoclated w1th,this pigmentation.
\\\

"~

4
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LITERATURE REVIEW .

Ry
&

Anthocyanin pigmentation of leaves may occur at3_ 

“several staqes of leaf maturity. Its occurrence,“nowever}
;is not always aDparent The”visual aspect of this pig-
mentatlon May be affected by coiplqmentatlon or 1t may

be masked completely by chlorophyll. In such cases t.

is not notlceable untll subsequent chlorophyll de%éa;atlon

ThlS is especially true in the case of autumn coloratlon

of leaves

.

Harborne -(1965) classifies anthocyanln pPigmentation

lnto three categorles- tran81ent permanent, and
autumnal. These cateqorles w111 be considered senarately.

urlng the sprlng, many .higher plants develop

anthocyanln in the young leaves This is known as

tran51ent plgmentation. Tt usually dlsapoears rapldlv

. -

with leaf expansion. Price and Sturgess (1938) 1list.

approximately 200 Species ln 110 genera that exhlblt

transient pigmentation. ‘ : ~

Transient pigmentation may also be the result'of anz
accumulation qf excegs sugars, disease infection: or;
environmental or cultural stress. High intensity
light, nutrient deficiency, or low'teméerature are

examples of the stress factor., Transient piémentation.
may also be hrought on-artificially by wounding or .



3

-

treatment with growth regulators (e.g. Harborne, 1965,
\’“ .

Blank, 1958).

- Permanent leaf colcration other than green is rather

uncommon in nature. Harborne (1965) regards most plants
. , _

exhibiting this ghenomenon as variants of *he common

(<]

green forms. In addition, he concludes that the pigment

lacks function.: In%contrast, Daubenmire 11959) states that’ B

anthocyanin picmentation acts as a reflective screen
which protectsetnderlylna tissues. from red radlatlon.
v_Similarily' Caldwell (196Q§§?egards anthocyanln rigm
tian in alolne plants as a protectlve m@asun@
tlssue damage as. a result of the high ultra iolet'
radiation.. ‘ .
Rutumnal coloraticn is geberaliy' ssbciated'with the
accuﬁulatlon of sugars resultirg from the de@:édation
of'starchzduring senescenée. A correlqﬁién of£éh exist§
between levels of carbohydrates and anthocyanin.synthesis.
‘Street and Cockbugn‘(l972) conclud_ that this lb not a
causitive relationship_but ratHcr the resulz’of a greater

availability of substrate materi@l. B

Physiological Factors AfLecLan the Biogenesis of .

Anthocyanins

B4

The svnthesis of anthoc }dnlns oy higher plants is

dependeht upon several environmental factors. These

o

factots have bee reiiewsd by Blank. (1958), BOgQrad (1958),
Kandeler (1960), Ne ish (1960), Siegleman (1964), and

Walter (1967).

,4¢¥ayaé_au owg}&?al‘f .



’ A. Light - " . ' : ( 3
It has long been ‘known that llght is one_ of, the

most 1mportant environmental factdrs affecting syntheSLS

o
of anthocyanins. For example, man has long recognized

that the reddest apples are always found on the sunniest

side of the tree. Light is involved in photomorphogenetic

~

] . ! -
mechanisms as'well a@ photochemical reactions. Photoperiod,

light quality;fand light'intensity’are‘all known.tofaffeot | ‘}
the synthe51s of anthocyanins. B qh'
A Autumn coloration and leaf senescence are photo—
periodic responses of some plapts. Acéording to Hemphlll
and Tukey (1973); photopeniod and light intensity both
influence autumn coloration of FEuonymus alatys compactus.
-They report that anthocyanins are not'sjntheeized'follow;no‘
an inductive photoperiod if the plants'are either exposed
to loQ light intensity or not exposed tollow temperatures.
| S%milatly} light qnality is responsible'for -
$many plant responses. Ehotochemical'reactions requiring o
eneigy from different -parts of the llght speotrum‘hane /
-been reviewed'by Withrow (1959) and summarized by /
Blackwgll (1966). Phototropism occurs at 300 to 500 mu :' R
with max1ma in the ultraviolet at 379 _my and in the blue’ at

[

“both 443 and 475.my. Photosynthe51s and the synthe51s

3

of chlorophyll both occur at 400 to 500 mu and 600 to 700
mu . However; phOtOSyntheSlS'lS actlvated chiefly by blue -~
llght near 435 my and red light near 650 mp. Thase two -

pnotochemlcal reactions are relatlvely 1nact1ve in green

"



light near 560 mu. | ' : . - » ;
Voskresenskaya (1972), reviewing the rqle of blue
light in carbon metabolism, notes that blue light results
in g reduction of carbohydrates,\especially staroh through
increased glycolysis. In contrast the synthe81s of amino
acids; organlc acids, and rlbonuclelc acids is, 1ncreased
by Blue light. .Blue llth lS also associated with enhanced
blosynthe51s of proteln and, as noted earlier;, chlorophyll,
-partlcula;ly chlorophyll b. ‘ _
Research by Thomas et al (1970) indicates'that:
plant materlal grown with a longfexposure—?B blue~and
green light;éf low intensityAproduces more oarbohydrates

than those grown in red light' .However, short exposures

to ed llght of hlgh lntenSLty results ‘in the hlghest

.

pro uction of tarbohydrates ‘ e

The effects: of llght quality on the\sznthesis of

. ant ocyanlns vary with the plant species.. These efiegts

1. »

variations have been studled and reviewed by several\\\\
T

S

hors: Arthur (1936); Grisebach (1965) ; Leopold (1964);

Molr (1962, 1969); vander Veen and Meijer (1959); and

Walter (1967).

The phytochrome system and high enerqgy reactlon

*

( ER) are shown by Mohr (1969) to be important in the synthe51s‘

of anthocyanlns in mustard seedlings. Arthur (1936) and

&
vander Veen and Meijer (1959) conclude that strong blue llght

1s lmportant for.the colorat\on of apple frult In’

o e

contrast Slegelman and Hendricks (195%) report that
. oo -~ . -

red radiation iScresponsible for the formation of

/



anthocyanins in red cabbage. The action spectra for

the s‘nthe51s of anthocyanlns in these three species is
compared by Siegelman (1964) in his review of technlques
of actlon spectroscopy. The various maxima are - shown

]

.to be clustered in the blue;and red regions of the
Espectrum. -
The,biosynthegis;of anthocyanins follows the
shikimic acid pathway. Phenylalanine ammonia—lyase (PAL)
is ; major enéyme component_of this”pathwayl(Grisebach
1965). The synthesis of PAL is controlled by the
phytochrome system in some plants. However, other plants
s‘ow no dependence on light for the\\ynth951s of. thlS
enzyme, and still other plants -possess’ arbiue light hrgh__\ N
lenergy-reactlon (HER) system for the synthesis of PAL |
 (zucker 1972). j¥.‘ o S
Hadw1ger and Schwochau (1971) report that shortewave

ultrav1olet llght (254 mu) stlmulates synthesis of PAL
in pea tlssue, whereas long wave ultrav1olet (366 my)
and blue llght do not In contrast Creasy (1968) Qnotes
that blue light stlmulates PAL synthe51s in strawberry
leaf discs more so than does llght of other wavelengths.

- - The 1nten51ty of light reaching plant leaves variesn
at different altitudes and latitndes and from season to

season ( n, 1940, Robertson, 1966, Brooks and Miller,

1963). The difference in 1light intensity is greater at
some wavelengths - than at others‘and does affect the

- synthesis of. .anthocyanins (Caldwell 1968).



There‘are three means by which ap
of monochromatic radiation is depletéd“While passing
thrbugn the‘atmosphere,JCollingbourne 1966) . ‘The-first
‘is by what is known as Rayleigh scatterin§ and is
respon51ble for the redness of sunset and the blue of
the sky. nght waves are scattered by alrfmolecules and
other partlcles which are relatlvely smaller than
thelr waveLengths. The scattering 1S_proportional to the
density of the scattering medium and‘is_inverselyk
E croportional,to the fourbh power of the wavelengthﬂ
Thus, short wavelengths are affected mq,\\‘L
Secondly, atmospheric gases absorb'radiation.

Radlatlon between 200 mu and 400 muy is absorbed by .
_ozone, oxygen, and water Vapor. Short\wavelengths (less
than 330 mu) are absorbed prlmarlly by ozone. As a
result of this, the shortest wavelengthcdetected in solar
radiation at the earth's.surface is 290;mu.

‘A Atmosoheric partlcles egual tolor greater than
the wavelength ofbthe radiation both absorb and scatter
radiation._ This is the third means of depletion of.

radiation passing through the atmosphere. Clouds, dust;

and atmospheric pollutionoproducts are all responsible.

(J7

The depletion'of radiation by all threegmethods
depend‘upon the amount_of air massﬁthrOugh wnich the
llght passes; Seasonal fluxes are a'direct resultvof.
the variation in the declination.of‘the sun, a'consequence

of the tilt of the earth's axis. Obviously, the daily



total solar radiation at a giVen latitude outside the
tropics is maximum at the summer solstice.
‘ P .

Data on the effect ‘of altltude, latitude, and
season on the 1nten51ty of llght of various wavelbngths
reaching.the earth s surﬁace is, unfortunately, sparce.
_Measurements‘reported by Robertson (1966) indicate'that’
.there are seasonal and latitudinal variations in light .
v'intensity of the shorter wavelengths, that.is; ultra;
violetvandfblue. This %s avresult-of the changing solar
elevations. ﬁ 7 '

The change in ultraviolet radiation with altitude

10

was investigated by Caldwell (1968). >His measurements. . o

show that the 1nten51ty of ultraviolet radf’ilon is up ‘
'to 50% higher at 4350 m elevation than at 1670 m. Caldwell~
notes that earller researchers detected an even greater
increase in ultraﬁigigf radiation with 1ncrea51ng altitude.
Caldwell s results are also.con51stent with those reported.
by Brooks and Miller (1963). " They -report that the 1ntens1ty
of short wavelengths decreases with an increase in air mass.
Plants grown in the artificial environment of a
glass greenhouse also receive‘a different light spectrum
thauvdo those grown under natural conditions. Glass used
in greenhouses is known to reducerthe intensity of short
wavelengths. This is espe01ally true for ultrav1olet
radiation (éopp and Brown, 1936). Short wavelengths are
"

further reduced by a decrease in the angle of 1nc1dence of

the sun to the glass (Dletz, 1963) which occurs during
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evenings and late in the growing season. It 1s reduccd to
80% in June but fs low as 40% in.Deccmber (Scholte-Ubing,

1961) .

.

Shantz, cited by Popp and Brown (1936), notes that
greenhouse-grown plants have less'anthocyanin p;gmentation
than field-grown plants. This is consistent with Popp and
rown's repor£ that ultrav#olet, violep} and blue light are
in the syntheéis of anthocyanins. They; too,

iltering effect of short wavelendths by'giass.

B. Temperature

Exposure to low temperature induées anthoéyanin
synthesis in leaves and fruits of some species of plants.
Furthermore, low tempefakures usually induce leaf senescence,

,and‘;bscission (Abbot, 1970, Tromp, 1970).

Lee and Tukey (1971) observed that exposure to a’

. ' _ |
constant temperature of 5°C greatly increase? anthocyanin

synthesis in Fuonymus alatus plants previously grown in a

warm greenhouse or-controlled environment chamber.
. )

Cool nights in late summer have long been associated
with enhanced coloration of apples. Research reviewed by

Walter (1967) indicates that cool nights (50°F) associated

LN

o

with warm days (77°F) was more beneficial than cdol nights

with cool days  (55°F). Hot days. (89°F) inhibited

anthocyanin,syhthesis. This is cohsistent with results
published by Marten, et al (1970). They found that

synthesis of anthocyanin in Begonia gracilis V. "Garmen"

is greatly reduced at high temperatures. - However, Walter
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(1967) noted that low average absolutce humidity in July
.had a greater effect on synthesis of aﬁthoéyanins'jn.
épplcs than did the average temperature, Chandlef (1958)
noted that anthocyanin devélopment in blood oranges
1s reduced when they are grown in warm and'humid areas,

C. Soil Moisture and Root Growth

Root growth and the availability of soil moisture
may influence the growth of leaﬁcs as well as affect their
metabolism (Kongsrﬁd, 1969, stanhill, 1957). For exgmple,
the movement of water, mineral nutrients and growth
hormones, such as cytokinins\and gibﬁerelLins may be alﬁered
by these factors (Cleland, 1969, Wareing, 1970). Roots
are known to synthesize gibberellins and cytokinins and
both of these hormones are involved with senescence (e.qg.
Lang, 1970; Wareing, 1970; Crozier and Reid, 1971) .

" Blank (1958) pdintscnﬁ:that drought may enhance
coloration of leaves of.some tropicai trees but with some
other plants anthééYanin synthesié may be reduced by

.drought. Toy (1969) observed that irrigatién of Acer
tfuncatum resulted in an increased but delayed éutumn
coloration. Toy also foﬁnd that senescence was delayed

by summer irrigations.

The‘Effects-of Ringing
- Phloem disrupéion by girdling or ringing is a
technique @ﬁat can bé ﬁsed to control growth and to
induce early frﬁiggngfand more intense fruit éoloration.
The use of thié practice impedes the basipetal»translocatiqn
.

/
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of the synthesized organic materials. Carbohydrates,
amino acids, auxins, and other growth regulators arce known
to accumulatce above the disruption (Kozlowski, 1971b;
Stoltz and Hess, 1966; Wilson, 1970). According to
Kozlowskl, the organic solutes tend to diffuse into the
xylem and arec then retranslocated acropetally.

Skéﬁe (1972) reports that riﬁging reduces the
cytokinin level of grape shoots. Weaver énd Poll (1965)
note én increasc in some gibborell}ns while,o&hers are
depre;sed by ringing. ‘They postulate that, following
ringing, there may be a traﬁsformation between the
gibberellins. Skene (1972) Eoncludes that stress
conditions that follow ringing‘may result in the inactiva-

4
tion of cytokinins. . o

Ringing may also interfere with the movement of
carbohydrates as notéd earlier, and this may influence
aﬁtﬁocyanin synthesis. However, the many effects attributed
to Carﬁbhydrate'variation folloﬁing ringing could also‘be
due to differences in the® levels of growth substances
(Luqkwill, 1970). n}”

Effegl of Anthocyanins on Leaf Net Assimilation Efficienéy

Anthocyanins may have an effect én’the réie or
efficiency of other pigments. &The rate of photosynthesis
and respiration may be altered by the presence of antho-
cyaniqs: Anthocyanin. pigmentation, in turn, isroften
masked_by other leaf pigmenté, especiallyAchlorophyll.

Maximum photosynthetic. capacity is usually

s f
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attainced at the time of full leaf expans ion. The subscequent

shotosynthet ic rate tends to decline until leaf abscission
I

~

(Kozlowski 1971a). Respiration, in contrast, 1s higheast in

young leaves and gradually decreases with aqge.

Interestingly, however, it may suddenly increase at the
time of senescenco. (Kozlowski, 1071{/J

Blank (1958), in his review of resecarch on the
relationship of anthocyanins to photosynthesis, obscrves
that the chlorophyll conteﬁt of leqves containing antho-
cyanins m;; be lower than that of grecen forms. HoWeQer,
Blank notes that in some pigmented leaves studied, the
chlorophyll content is greater. Howevér) the rate of
photosynthesis may be decrecased as a resﬁft of the light
fllterlng effect of anthocyéhlns in the‘epldermal cells.
This author concludes that the dlfference between rate

of assimilation in green leaves versus red leaves is often

the result of the difference in ‘chlorophyll content

of the two leaf forms. !

Anthocyanin pigmentation is known to have an
effect on respiration rates of tissue. Shulak and Hapitan,
(1569) repoft a higher respiration rate under red apple
eéidgrmis than‘qndér greeﬁ epidermis. Similarly,

-~ - Bjorkman and Holmgren (1958);£pund that alpine and sub-
alpine ecotypés have increésed respiration rates and this
is associated with increa%ed anthocyanin synthesis.

Conversely, lowland ecotypes have lower respiration rates

and lower anthocyanin synthesis.



~ .
Kelskhoveli and dJaparidze (1972), in their study
of respirvation intensity of rod and green forms of tree
leaves , obsorved that respiration was o5 to 2 times
<7
higher in red leaves than in corresponding green leaves.
1n addition, respiration dec roased during vegetative
growth, These authors suggest that anthocyan in plgments
may have a role in the oxidation reduction processes.

-

PhysiOIOqjcal Fffects of Gibberellins

The most typical responsce Of higher plants to

gibberellins 1is enhanced stem clongation (e.g. Marth ¢t af

K

1956; Mcvey and Wittwer, 1908). shoot. growth 1is -clearly

controlled by the interaction of the major plant HOrmones :

gibbcrelling, auxins, cytokinins, and dormins (Luckwill,
1970, pPossingham, 1970). R

Leaf senesccnce may be the result of a change in

enzymatic activity controlled by hormones or be the result

\

of hormone deficiency (Kozlowski, 1971a) .

~

Brian <t al,(1956) observed that autumn c¢oloration

and leaf fall of some deciduous trees is delayed by

gibberellic acid sprays. ~

Growth retardants are very useful in the study of

gibberellin physiology. ,Lang (1979) reviews their use in
the regulation of gibberellin biosynthesis. The growth
retardénts B-9 (N—diemethylamino succinamic acid) and

Phosphon-D (tribﬁtyl—2—4—dichlorobenzylphosphonium

chloride) .are belleved to be regqlators of the biosynthesis

or action of glbberelllns in some plants (Pharls, et al,



A/\re synthesituod from lcuco(intll()(,‘}'dﬂu'i:;

1970; West and Fall, 1970).
Anthocyanitn Synthoesr s ahd Leacoant hocyann content
Rescarch on the role o leudcoant hioeyanins

the biogensis o anthocyanins I rwrml:gy M TR W ATE

! -

vViews, Bogorad (19n8) concludons tr‘vlll'<"2<;vt'l tnent ol

obsegrvat ton that Leucoant hoey = re possoagb e aniten

lmznli(it,v:: in the brogensis ot ant hocyvanin:g., Robrnoon

\(196'/) L5 ot the opinion that in some plants anthocyaning .
’—\\\‘//\/
. wherceas in othors

they are both ond products of aralltel pathwavs. However,
- L -

'~

others (e, }Iafsﬁc>rrn3, 1964) believe fhat leucoant he
‘

cyanins are involved in the biosynthesis of ta s because

-~

of their common occurrence in woody species
- N
Regardless of the biday ¢ role of leucoantho-

cyanins, they are clearly assinatcd With the Jdegreg “of
. . // .

maturity of leaves (Hillis, l9SGL.'/ﬁescarch by Hillis

and Swain (1959) reveals that the leucoanthdcyanin content
frunuc Zomest iy increases rapidly and then

o
gradually degreases throughout the growing season. Similarly,

in leaves of

Lee and Tukey (1971) determined that leucoanthocvanin in

mature leaves of Zuonymus 2lztus comrzeiue dgradually decreases

during a six-week period in the late summor. Howewver, theqy
noted a, K sharp increase in ieucoanthOcyanin contenty during the
follewsng two. week period. At the end of the eight week periad,

these researchers could induce rapid anthocyanin synthesis

“low temperatures (57C).
+

by exposing the plants t
. -
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MATERIALS AND METHODS v

I. Plant Mdterial

A. Schubert Chokééherry o
Mature trees and potted three year old seedlings .

comprised thé'glant material for research associated with

“

: 2l ' . L. o -
the géhubertﬁﬁhokechergy (Prunus virginiana L. melano-~ .
-~y T T vl .

[P

éarpa (A. Nels.) sarg. 'Schubert!'. - : ' -

The maturg"tfees were approximatelyk4 m iﬂ}height
and'consistéé;of trees grOWiﬁg“oﬁ the University of,
Alberta Cégg;s as well as tree‘ygrowing in the UniverSity
of Alberta nursery. Tree5~of5%;e latter group were either
tfanéplanté%;%o the Uniﬁérsityjef Alberta Camphs during

e

' the fall of 1972 or transplanted to the'UniverSity of

~

pots using a mixture of sand: peat, 1l:1, v/v. These-

A}berta Research Centre during the early spring of 1973.

_Traﬁsplantéd trees received severe root pruning but little

or ﬁo top pfuning and“are'referred‘to in the text as’
those receiving severe root pruning thé previous fall and
those receiving severe roog{bruning'in_the spring.” The
coqﬁrol,tregs we;é.those7lef£7growing in the nursery.

B i ° ‘ s}

< Seedlings werg dug from the University of Alberta

nursery in,the fall of 1972 and potéédvin 20 cm plastic

-

saplings had approximately one-third of their topsxﬁruned

.off at the time of potting. One month later, thg\plants

“

- S -
- - E »
G



were stored at 5°C until required.  These plants are
. —~ . . .

referred to as potted plants in the text.

B. Dwarf-winged burning bush

- T

Ex?eriments‘with the dw -winged burniﬁg%bush

Q

(Euonymus alatus Sieb. zompactus

;@Gégvedvuniform

45 cm_planﬁs obtained from nufse;y stock’ in Ontario on
May 3, 1972, énd one-year-old plants obtaihed'from
ro&yed cuttings of these plaﬁts. The jformer plants were
'trapspfédted into raised greenhouse benéhés divided by,
crg%ﬁ;boards into 60 ¥ 90 cm plots. The?édil depth was
30)cm.“The latter plants were growﬁ in 10 qm-clay pots.
Additional rooted cuttings were obtaihed;ffom plants oﬂ
the University of Aibeﬁ;a Campus. All plants were drown
in é‘mixtﬁre'of'Soil; 5;ét:&sand, 2:1:2} v/v/v.with,a pH\

of 6.5 unless stated otherwise.

S

II. Experimental Procedures T

s

Unless specified otherwise, the methods described

herein applied to all experiments. Colorimetric measure-
ments were made using a Bausch and Lomb'Spectronic 20

Spectrophotometer..
9

A, Extraction procedures

e H
. ? 1. Anthocyanin
4

Ten leaf discs were steeped in 10 ml of 1% HCL
: e
"in .absolute methanol at 5°C for 24 hours. The anthocyanin

content of the extract was measured using the method of
. . « : D

Swain and Hillis (1959) and expressed as micrograms

2

cyanin per cm“ of leaf area.

-

N : _.f
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o

. 2. Leucoanthocyanin

Each sample was boiled in 10 ml of methanol fof'
20 minutes. Tﬁe marc waévgroundnin a metar and re-
.extracted fiye'times with iO ml ‘of hot methanol foruzo
minutes each. The’supgrnatanté after centrifuging were
combined and taken to dr‘ness on a rotgry evaporator
;nder'vacuum éf 40°C. fy

-

10 ml of distilled. water

"résidues were redissolved in

nd the chyordphyll wés EémoVed‘
by partitiopiﬁg with 3 Ml of petroleum ether. Thé
leucoanthocyénin content was ﬁeasured using the method
of Swain and Hillis (1959)‘?nd expreésed as op;iqal
‘density at 550 mu using 1 ml of ektragt ber Samplé. 
3. uChforophyll . : : ”_. R lb )t
L= : e

Chlorophyll was extracted from each sample'by

o .

grinding in a mortar with 2 ml of'SO%FaCetone_add filtefing.

The chlorophyll in the filtrate was pértitioned into g‘ml

awr

.of petro}eum eéher and decanted. This.was répeated'a%d?
_the combined pétroleuﬁ ethe%_éolutions gakeﬁ to drYnesE

in vacuo at 40°C. Thefresidué waé fediésolyed’in a kr;owno
Volume.bf 86% acetone. -Chlogoﬁhyllcwa; estimated
spectrophotome?gicélly‘using the»cgefficieﬁts of Vernén
(1960) and expressed as,téfal chlorophylllber cmz‘éf leaf-
area. ' |

B§f Experiments invoiving'the Schubert chokecﬁerry

Schubert chokecherry leaves were studiéd to
detetmine if the pigment contént of the leaves was

dependent upon their logation on the  shoot and‘if,the

o



chlorophyll content changed as thé anthocyanln content. of
the leaves increased.

\
=}

The results of this experiment led
to a study of the effect of anthocyanin pigmentation on

leaf net a551mllation'eff1c1ency

A

Additional experiments
were conducted to determlne the changes in plgment concen—

tration over a l2-week perlod following the start of

anthocyanln synthesis, as well as the effects of phloem3

diSruptlen, severe root pruning, and anti—gibberellin like

growth regulators on anthocyanin, chlorophyll-and

leucoanthocyanln accumulation in the leaves
1.

Sampling and. sample preparatlon

-~

Sampling con51sted of harvestlng flve leaves from
each of flve trees ’

Each leaf was the fourth basal
leaf on termlnal shoots of branches
k4 .

between 8 and 9 a.m.

Leaves were collected
(]

e
and kept in plastlc ‘containers at
50C prlor to analysis being done the same day.

0

z

The .combined sample was magle: up of dlSCS cut 1in
pairs from each of the five leaves per tree.

Dlscs'were T
cut from the laminae  of leaves by means of a 1.0 c; dlameter
“cork borer. _ . T

v2..A

Relative - leaf position on shoot

Unlform termlnal shoots were harvested at the tlme

when basal leaves appeared fully plgmented ‘and termlnal leaves
appeared to lack anthocyanlnsv
groups of 5 each

Ten shoots were divided into 2

Leaves from 5 locatlons an each group
of branches’ were sequentlally numbered from 1-5 and were
analyzed for anthocyanin, leucoanthocyanln;

%

and - '

o -

20
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chlorophyll contents Leaves from the 5 basal to'
terminal segments are referred to respectively as leaves

from segments 1 to 5 in the text

3. Leaf net aSSimilation efficiency

Respiration and photosynthetic rates of one leaf
showing neo anthocyanin piqmentation and of ‘two - leaves

partially anthocyanin pigmented were measured ‘with a UNOR

(Marhak) infra red gas analyzer. (IRGA) using the method

of Sestak-et aZ'(l97l)' “The IRGA!yas used as a N
S \\_
-drTferential analyzergspanned 30, ppm uSing standard

".gases /The C02 content of the standard gases was determined .

preViously u51ng gases mixed with a Wostoff pump train ]
- 5

.as described by Bate et at (1969) )

An open gas exchange system was used The

v

rlncoming air*s;;eam was lelded such that One portion S
’\_\\ .

passed through the encles drc’buntalnlng the plant material
and the other passed directlv to the IRGA ' Enclosures

were rebtangular plexrglass cuvettes 20 5 x-.12. 5 x 2 cm.
The\air stream passed diagonally through the cuvette and d’L;
'was varied sor that theée change in CO2 concentration was. | |

not

_reater than lS ppm. “This required air flows of 4
to 7»literslper minute;' - S '.?

- Leaf and airgtemperatures were measured uSing
coppen:constantan thermoqouples ( 003 mil) .Leaf‘.

' thermocouples were mounted on hair clips, which were'used'

=3

to hold themw in place memperatures were recorded con-

tinuously ' The ambient aiTr temperature was 23,5°C. " The-

1
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illuminated leaﬁ temperature was 26.5° % 0.5°C.

.Leaves on cut shoots supported in water were
eﬁounted ih_horizontal cuvettes. A bank of six —'75 watt
_Westinghouse Reflector-type Flood Lamps was-placed_2b cm
above the leaves. ' Heat radiation was filtered out hv-Bw
éﬁ ofrwater. Light 1ntehs1ty reaching the leaves was
3.4 x 102 ergs/cm2/sec as measured by a YSI Ketterlng
Model 65 Radiometex. Dark respljagzon was measured by

coverlng the cuvettes w1th alumiMum foil.

4, Pigment development

Sampling of leaves commenced when the three basal
.leaVes'of shootsfshowed red pigmentation but the fourth
lacked such pigmentaEiOn. This date, June 19, 1973, |
{ corresponded to approx1mately 5 i/2 weeks .after the onset
‘of bud expansion. Sampllng continued weekly for six weeks.

A rlnal sample was takem. at the end of 12 weeKs. The

o‘. a
concentratlons of anthocyanln, total chlorophyll and

o

leucoanthocyanln in the sampled leaves were . determlned

for each sampling period.

5. 'Effecta, of phloem disruption ' s

-On Mayv12 '1973 the. tlme of budéexpan51on, a
rlng of bark about 5 mer1de was' removed about 2 cm-below
_the termldal.bud on several branches on each of fogr
estaplished trees. -Care_was.taken to avoid damage to
the Qoody layers. . A commerc1al wound dre551ng was
,applled to  the rlnged area.

>

X Samples were harvested 5 1/2, 6 1/2 and i0r1/2
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,Weeks after the treatment commenced and analyzed for

anthocyanin, leucoanthocyanin, and chlorophyll contents.,

¢

6. Effects of root pruning

" The following treatments were given to 3 groups
of 4 trees: (1) established trees (control), (2) similar’

trees transplanted the preVious fall “and (3)bsimilar
trees transplanted early in the. spring Transplanted

©

trees received a minimum of top pruning and severe root
. . : a . g
\ N . ot !
- pruning.
: - @

Immediately follow1ng sampling on June 26, 1973,

o

imprints of each leaf were made usang a Xerox lOOO _ "y

photocopying machine. Leaf area of these imprints were
measured using a'planimeter. The average of 2 measurements
per leaf was used. ~ Anthocyanin content of the samples '//~<\_

was determined.,\}

7w Effects—of anti=gibberellin=I1jiKe Growth regulators

Potted- Schubert chokecherry s plings which were

‘starting to show Signs of bud expanSiOn, were given the‘

e A~

follow1ng treatments three days prior to being moved to
a greenhouse from a 5°C storage room-' (l) 5 ml of a 10%
solution of Phosphon D (tributyl-2,4- dichlorobenzylphos—
phonium chloride, Mobil Chemicals) in 350 ml of distilled
- water was applied as a soil drench: (2) 0.5% solution of

.B—9 (N-dimethylaminoJsuccinamic acid Plant Products Co. |
Ltd ) was sprayed on to wet the buds and was repeated

week after growth started in the greenhouse; and (3)

©.distilled water.wa% applied as a soil drench (350 mY)
. . N @
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and as a spray. R o

Leaf anthocyanin content'and elongation of
three terminal shoots were measured 11 weeks after treat-
ment commenced

C. EXperiments involVing the dwarf-winged burning bush

1. Environmental factors

An investigation was undertaken to determine the
effects of a short photoperiod soil m01sture stress, low
soil'oﬁ} and Varlous temperatures on anthocyanln synthe51s

This research involved plants that were 45 cm tall.
'grown in the greenhouse .. Two split- plot design experlments
were set up u51ng the follow1ng treatmentS' (1) normal photo—
perioa (13 hours plus) and  soil moisture maintained at 25%
avallable-ﬁ@ter capacity: (2) normal photoperiod and soil

: m01sture maintained at 75% avallable water capac1ty.

{3) 13 hour photoperlod and 5011 moisture at ?Sﬁ available

water capacity; and (4) 13 hour photoperlod ‘and soil m01sture'

'malntalned at 75% available water capacity. |-

o

All.treatments had three replicates |consisting of

two‘plants each..,Treatments started on July io;Al972.
Treatments are referred to as normal photoperjod - low
mOLSture, normal photoperlod - hlgh m01sture, short
photorind - low m01sture, and short photoperiod'—‘high’
moistu ‘tively,. in the'textw | | |
eriment was conducted usirra~two temperature
rec " arate greenhou’se" comartme he low: :

X
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af night temperature ‘of 10°C, whereas, the high temperaturc
regime was 15°C apg, 18°C, respectively.

Black cloth Was used for shading to prowide the
‘ll hour photcperiod; This was reduced to l2 hours on
August 10, 1972.

One additional treatment was used in the low
temperature greenhouse. This ConSlSth of normal photo-
period and the use of a grow1ng medium of é01l~ peat: perlite,
2:1:2 v/v/%, with a pH of 5.2 and is referred to as low
. pPH in the text. : |

Avdilable water capacity rs defined s the
difference 5etween field capacity and permanent wilting
_percentage (lo&er limit Of available water) . |

. The fleld capaclty and permanent Wthlng per—

centage of the soil mlxture was determlned u51ng the 1/3—

atmosphere éercencag method—arrd rb—atmOSpnere percentage
method, respectively, as described by the U.S.;Salinity
Laboratory Staff (1954). ) |
Bouyoucos absorption blocks were calibrated‘for'
the soil.mixture using the,metnodiof Bonyoucos and Mick
(1940) . Prior to dommencement of treatments, Bouyoucos
absorptlon blocks were placed 15 cm below .the soil surface
equadlstant to the two plants in each plot and’ allowed to‘
|

_reach equlllbrlum Electrlcal re51stance of each block

was measured twice-weekly using a Model BN-2B BoﬁyouCosf

.Mcisture Meter and watering was adjusted accordingly.



2. Effeccts of light quality

Potted one-year-old rooted cuttings and leaf
discs were used to study the effect of verious light
spectra on aﬁLhocyanin synEhesis.' Thrée experiments
were involved in this study. VFifst, individual light
.cabinets were used with petted plants. Floating leaf
discs were substituted for the éotted plqnts in the
second experiment. The' third part of the study involved
the usec of a controlled environment chamber in conjunctlon
with verious broad band filters placed over potted plants.

The individual light cabinets and filters used in
the first two barts of thisvstudy yege primarily those
designed End described by zalik and Miller (1960) and -
modified by Ang (1966). Lamp wattage. and the distance

¢ between lamps and plants were adjusted so that each

26

cabinet-had-a-spectral maximum of 1O uW/cm2/my. —The

light specﬁfum of each filter was measured at leaﬁ'level
using an ISCO MQdei SR.Spectroradiémeter and is shown
in Figure l;

Ind1v1dual light cablnets were used flrstly Qlth
potted plants and- secondly with leaf dlscs Two potted
plants were used‘ln each cabinet. Leaf discs were cut as
deecribed earlier and floated in petri dishes on theirv
adaxial surfaces in 0.3 M sucrose-solution.w Other°growihg
conditions were a l12-hour photoperiod and ﬁemperatures
varying between 13° and 15°C. Each I%ght tfeatment,was

given to 3 replicates of 10 leaf discs each. Anthocyanin
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content of the loeoaves and leaf discs was measured 21 days
after treatment commencoed.

In the third experiment, anthocyanin content was
measured nf&ertpoitgg‘giints were exposed for 21 days to

\\
various light spectra of higher intensiti

ds

available in the previous two experiments.

The potted plants were grown in a controlled

e ironment chamber and subjected to a 12-hour photo-

escent tubes

perdod of 19,500 lux from ©
and d day and night temperature of 15°C and 10°C,

respoctively. The light spectrum is shown in Figure 2,

~

In the contlnuatlon of this experiment broad
band fllters were used to break the former spectrum into

segments. These filters were constructed out of 5-20 x 20

cm plexiglass pieces, They were taped together using black.

i
~_%-—pias€£e~€ape~uu formopemn LUDGS and-were inverted over

—_—

Treatmehts were randomlzed within the chamber and thelr

—

filters are included in Table 1.

single plants. Four 0.5 cm holes 1 cm below the uoper
edges of two opposrte 51des allowed air to circulate
through the fllters in the up—draft chamber.

Each light»treatmentJcontained two replicates.

pOSlthHS were rotated weekly Dlstances between light
source and leaf level were adjusted to glxe the required

spectral lntens;tles as shown in Figure 2. The‘color

oo

. designation used in the téxt end'composition for all the

e
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Figure 2.

CLEAR
BLUE

GREEN-RED
YELLOW-RED
ORANGE-RED

29

o

- :
s T v v v T,
500 550 600 650 - 300

WAVELENGTH (myu)

\
o

Spectra of cubical light filters placed
over plants. Intensity was measured at.
intervals of 25 mp. Color desiqnatibn

refers-to that given in Table 5.



transmittance data for cubrical light failters

TABLE 1 ‘

Color degignation, composition,

30

and

wWavelangths (mo)

plastic

4]

Color i transmitteds designationb
" Clear 400-750 Clear
Blue 400-550 Blucvé424
Green-red 475-750 vollow 2208
Yellow—red 525-750 Yellow 2086
Yellow 2208
Orange-red 550-750 ‘Red 2085

Yellow 2208

— Transmit

tance below 400 mu was not measured. Intensities

. o - )
transmitted beyond theseAlémlts was less than 2 “W/cm™/mu

Transmittance was measured under cool-white fluorescent

lamps.

- These plastics were sold

"Plexigl

f

ass" (Rohm and Haas Co.).

o

under the trade name of



3. Réot@@ cuttings

Rooted,cutting%’were studied to determine 1if the

R4

briginal position of the cutting on the shoot affected.

4

the synthesis of anthocyanin in t@é rooted cutting.
’ ) .

Cuttings of the previbus'years wood were taken,
in May, 1972, and consisted of two types: (1) terminal
cuttings, and  (2) Basal cuttings (that is, shoots.were

essentially cut intc® 2 pieces and identified'aCCordingly).
N 'Cuttings of the current season's grdwth wereiJ(

taken July 6, 1973, from a plant growing on the Uni#ersiﬂy

of Alberta Campus. ‘These cuttings also consisted of

L}

terminal and basal types.

All cuttings were approximately 8 cm long‘and

were rgoted in perlite under intermittenﬁ_&ist for nine
weeks. Those cuttings taken in ;§?2 were'obéerved for
tﬂe'presénce or absence of anthéé&an;ﬁ pigmentationv3
weeks after pgtting. Cuttings_taken'in~i973 were analyéed
’for anthocvyanin content of the terminal leaves and

"the oven dry weight of the roots was also determined:.

The time of analysis in 1973 corresponded to that in 1972.
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RESULTS AND’DISCUSSION

A

I. Experiments Involving the Schubert Chokecherry:
: - - e

A. Relative leaf position oh shoot

Basal leaves were found to contain almost gleven

’ . . ) : . ’ = ) IR : °
times as much anthocyanin as terminal leaves on the same

o

Schubert chokechetry shoot. Analysis was done at the

time when terminal leaves apﬁeared to lack 'anthocyanin
e @

plgmeﬁ¥Etlon but basal leaves were fully colored It

‘must be, realized that the Teaves develop ae the shoot
elongates.v Consequently, the basel leayee may be. fully
ekpanded before the termlnal'leaées are formed. Thus,
the oaS@T leaves were clearly more mature than the
terminal leaves.
- At'the time of analysis, the leayes of the
terminal segment, nnmber 5, appeared to be fully expanded.
Although the leeves from segment 4 and 5 did not'ehod,
vislble signs of anthocyanin pigmentation, they hadl
already started to s§nthesiie this oigment. Leaves from
bothlof these segments contained 3.5 kg of anthocyanin_
per_cm2 (Figure 35. |

A marked increase in anthocyanin content was noted in
leaves from,eegment 3 compared to the mofe terminal
segmentsf Thes= leaves cpntalned 9 1 pg more plgment

per cm? that dld leaves from segment 5. A Stlll greater

increase was noted in segment 2. The anthocyanln content

j
e

. g 32



Figure 3. Aﬁthoqyanin, chldrébhyli and leucoanthodyanin

SEGMENT . ;
o o

content of leaves from five segments_ of

* Prunus virgiwiana

Segment 1 represents “the basal -segment and

segment 5 the terminal ségment..

o

~-appeared3fullyfpigmeﬁtqd %ith antﬁooyanﬁn at

.. the time of analysis.

o

. These leaves,
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o

‘of these leaves increased 17.7 ng/cm? over that meaéured"

in segmeht,3. -The anthocyanin eonteht of leaves from

segment 1, as shown in Figure 3, was the higheét of all.

segments, but dnly incfeaéﬁd 7]8'ug/cm2 over that found
in segment 2 .

The anthocyanln content of leaves from the varlous

segments, when compared‘as in Flgure 3, would appear”to

° <

fit a,sigmoid ¢gurve. That is, the anthocyanin content

© . . o N P

'inCreased gradually iq the leaves from'the°terﬁinal'end
to the mid section of the shoot. . Then a marked increase_

was noted in the next one-fifth of the‘shoot. . This was
followed bY'a’lesser'increase'in the remainder of the -. -

leaves. . . . : , ‘ o

.~

These results 1ndlcate that the 1eaveé of the

Schubert chokecherry must reach a certaln sStage of maturlty
“

before anthocyanin' start»to accunulate rapidly in the

n

" ‘leaves., This rapid accumulation decreased.later-in more
Jvmature leaves and possibly even levels off during a later
stag® of maturity.

Reéhlts from prellmlnary experlments not reported

+

here lndlcated that/anthOCJanln 1s not synthe51zed untll
/
»1eaves ‘reached a certalh stage obH maturlty and, furthermore,
o . : ) - -
dées in fact decrease in mature leaves.

°

° Total ehiorophyll and leucoanthocxénin content
of.leaves from® the variousbsegments were also measured.
The ¢ 1orophyil'content, as shQthin Figure 3, increasged

. o - . oéj_
with leaf maturity in segments 5 to 2. However, a

34 -
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]

lesser amount,“that was not Statistically significant, was

.noted in Segment 1. _ The total chlorophyll content'of the

a L.

showed a marked 1ncrease in concentratlon at ‘a sliightly

o

'earller stageoof maturlty “than dfd that of. anthocyanln

'\

_It 1s not known .1 f this. 1ncrease in chlorophyll content

was partially a result of the preSence of anthocyanln or .
was- rather the normal 1ﬁcrease in chlorophyll COntent
assoc1ated with’ leaf maturlty.

- _Blank (l958) noted that anthocyanln—plgmented

leaves contained more chlorophyll than did green types.

-However, w1th the Schubert chokecherry leaves studled

it is a case of acdlfference in leaf maturlty and not

_of ~a. dlfference in leaf ‘type.

9

_The change in. leucoanthocyanln content of leaves

‘relative to their p051tlon on the shoot was - found to be

P . o~ IS

essentially the opp051te to that of anthocyanln and

“chlorophyll (Flgure 3) . Leucoanthocyanln content was

highest in leaves from segment 4 and lowest in those

from segment l i ’ T e, . ' S
o . 4

o

Thls data, -as shown in Flgure B 'indicates that

‘the leucoanthocyanln content is relatlvely higher in

‘young leaves -than tn the most mature leaves. However,-the

content ofe. thls compound anreases as young leaves become
more mature and then rapldly decllnes and likely
remalns falrly constant in mature leaves.,

. i These resﬁlts are con51stent w1th those reported

o

" by+Hillis and~Swain {1959) . »They noted that‘leaves of

o

" 35
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v Prunus domestica var. Victoria increased -in leucoantho-
cyanin content as. the grow1ng sSeason progressed and then
decreased Withvmaturity. Similarly, the leucoantho-

- cyanin content of the fruit skin-decreased as the fruit
_reddened. This suggeSts that leucoanthocyanins may be

linked-with'anthocyanin synthesis or at least be an

indicator of the leaf's state of maturityl

B. Leaf net assimilation efficiency

From the results-of'the experiment'previohsly

-

'described;—it was,apparent that the chlorophyll content

_of leaves showing distinct anthocyanin pigmentation was
conSiderably higher than that found in younger léaves
not showimrg such intense anthocyanin pigmentation;
‘Therefore, the question naturally arose as to the effect

of anthocyanin pigmentation on the effiCiency of leaves

<

to aSSimilate Coz. Consequently, the Dhotosynthetic and

e

‘respiratory rates of anthocyanin and non-anthocyanin

-

pigmented leaves wére measured uSing a light intenSity of

3.4 x 105 ergs/9m€7sec\ at the‘leaf level.b

- The data presen#ed in Table 2 shows that both

'photOSYnthetic and respfratory rates were considerably P
higher in greenileaves than in. leaves containing antho—

cyaniniv When the rates were expressed on the baSis of

=

unit area, the rates were almost 75% higher in green

o leaves than in reddish—green leaves An- even greater
o

_difference was noted when these rates were expressed

'uaing unit chlorophyll content as a baSis. The respective
‘ A : .

Q
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TABLE 2
Photosynthetic and respiratory rates of

- { T
anthocyanin pigmented and:non—pigmented

Prunus virginiana melanacarpa 'schubert' leaves +

a

'Rates expressed as mg Coz/cmz/h

' _ ‘ Photosyﬂtheéis Respiration Net
i a [ Assimilation
' . B A -
. 'Non~pigmented . : ! : A
leaves . 0.205 0.037 A ‘0.168%
Anthocyanih _ . .

.pigmentegd : : . _ : - v
leaves . 02122 ’ o '

0.021 ©0.101

Rates expreésedvas mg. CO,/mg chlorophyll/h

Photoéynthesis: .Respiration Net
S . : ~ Assimilation

Non-pigmented :

leaves v 4.80 0.86 3.94
Anthocyapfn' -

pigmented _ ' _—

leaves | - 0.022 VO,OO4 ., 0.018
+ - Non- anthocyanln plgmented leaves contalned 42 7 ug

chlorophyll (a and b)/cm?

Pigmented leaves contained
77.7 ug chloroghyll (a and b) /cm?2 and 17.3 ug
~anthocyanin/cm ;



rates were then shown to .be over 200 times,aé gfeat in
leaves not containing anthocyanin as in those-that did.

It must be remembefed that the pigﬁented leaved
are older than the'non—éigmen§éd 1eaves. bTherefore, the

deéreasedbphotOSyﬁthetic ‘and respiratory rates associated
}
3
i

result of increased leaf maturity rather than anthocyanin \'

with increaséd anthocyaninopigmentation could be the

pigmentation. These results are consistent with those ’K

4

reported by Kozlowski (197l1a) and the cqnclusiohsjreacheaf }
by Blank (1958). The latter_reSearcherA ohcluded:tgat.
photésynthesis is reduéed in pigmented leaves as a result - %
of the filteringvéffect of antﬁOCYéhins ih the epidermal

v

cells.

The higher chlorophyllccontent noted” in the
pa ;iélly:anthoéyanin-pigmehted leaveé (Table 2) did not
esulf-in these leaves having éh increased rate of.‘
»tosynthesis compéréd to non—pigmented leaves. This
ay not havefnecgssarily been due enfirely to fhe éntho—
cyanin pigmentation because £he‘rate of\photosyntheéis
may not'bg'proportional fo‘the chlorophyll content. In
fact; several authcﬁs héQe reported that there is no

correlation between the rate of photosynthesis and the

" chlorophyll content of leaves (Gabrielsen, 1960; Leopold,

1964) . L )

There is, on the other hand, a great deal of
evidence (Bjorkmah an&”Hdimgren, 1958; Kelskloveli and

Japaridze, 1972; Shutak and Hapitan 1969) to the efféct -

Th—
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' The éubsequent'incgease to 64.6 Wg.per cm? (Figure 4)

o

that‘fﬁthocyanin pigmentation increases the respiratory

raté. This, however, was not foﬂnd'tovbe';he case for the

/
v

Schgbert chokecherry lgaves stﬁdied; The respiratory !
rate was found to bé.considerably.lower for the partially
pigmented leéveg than for those that iackédfthisvpigmenta—
tion. | ‘

’it is not known if similar respxts Qould}have
been obtained if ieaves.with more anthocyaninsahad been
‘used. ~However, this would neceésita%e the use éf'olde?

ocleaves which are known to have a lower rate of

respiration.

o -

C. Pigmeﬂt‘developmént' | , (
During the twelve~week périod‘TOllowing the visual

appea:ancehéf;anthocyanins in the basal léaves>oquchubért
‘chokecherry shoots,fthe anthocyanin éontent bf the fourth
basal ‘leaf increasea prqgressivéiy;' The weekly increase
of this pigment was<generallx‘doublé}during‘the>first‘
three‘weeks, dropped off shér%ly in the féurth week; and
fééuﬂéd tﬁe origiﬁal rate Offipcreasé$in the f£ifth Qeek.
at the end’oflfhe period studigqvwas very graaual. <

| The results notedbaboye generally ;qteed with “those

reported earlier. (Section 1A). It was observed that the

° .

anthocyanin content increaéedﬂrapidly inuleavescafter

reébh@ng a level of apprgximately 5 ug/cm? (Figﬁre 3).
3 N i -
\

Maximim anthocyanin content was noted in the more mature

1q§ves" However, the rate of increase of this pigment

< e
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Figure 4. TPicment develooment in Prunus’ virdiniana melanscarya.
'Schubert' leaves. Week 1 corresponds to -
approximately] 5 1/2 weeks after the onset of .

bud expansionl
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decreaéed at this stage of leaf maturity.

Although there was this similarity in resulfs
from the two studies, differerces were noted. In this
study, it was observed that anthocyanin conten£ almost
reached 'its maximum by the fifth week of the study
fdllowing a very sliéht‘change during the third Week;

No such intermediate stage was noted during the earlier
study. This can be accounted for beEHe\ing that tﬁe
-stagés of leaf'matur3%y corresponding‘with tgé\;;Eio
leaves-onvé shoot cdnnot be direcffy correlatéd with the -
stages of méturity a given leaf "attains atAWeekly

interQals. This is a resultbof thé obvious facé that

thé Schubert chokecherEyAdoes not grow a new leaf a% .

weekly intervals during. the growing season.

!
!

Meteorological data, as shown in Abpendix-l,
indicates that the fourth week, that is July 3rd to . 10th
had precipitation on 6 days. Fﬁrthermore, the second and
third da; of this week had relétively low amounts of
bright sunshine. The amount of light received 5y leaves
is knan to.be an important factor infiuencing tbe
sxnthéSis of aﬁthdcyanins. (Ehis: coupled‘with ﬁhe fact
tﬁat‘following rainy days, anthoéyanin'éYAthesis tends
tq}pejmore rapid (Walter, 1967)! méy account for the'véry

/

siight increase in anthocyanin content during the third
\ ' :

week as well as the marked increase -noted during the

fourth\week. ¢

@
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During;the period studied, leaves were showing
definite red piqmentation by the second week. At this
stage it was noted (Figure 2) that the level of chlorophyil
in the tissue was 52.2 ug/cm? while the anthocyanin
concentratién was 13.5 wg/cmz.

The tdtal chlorophyll content, like that of
anthocyanin, increased most rapidly during the first few
weeks Pf the tést<period. The maximum weekly increase
of this pigment must have occurred prior to the test

é period'ana may have beén at the time.of the onset of the

\\\
deep gfééﬁ“toi@x\g§§933ated with the growth and development

\\»\‘n . N N
- 0f the pallisade cells and their‘EHIDroplasL§lwiw é’(
: The '‘chlorophyll content reached a maximum after
sikx weeKs of analysis and_startéd to decrease by the-

twelfth week. The maximum total chlorophyll content
; : /

measured was 62.8 ug/cmz. It is apparent that chlorophyll

degrada£ion started prior to the anthocyanin tent’

reaching its maximgm of 64.6 ug/cmz. Al;hough the

chHlorophyll continued to mask the anthocyanins during

thé period studied, the masking was ﬁot as significant

during the latter elight weq&s of the study period. ‘
Leucoanthocyanins, accordihg ﬁo Robinsén (1967),‘

are precursors of anthocyaninsvin some plants. If tﬁis

is the case, one would expect the amount of this compound

to decréase_as anthocyanins afe synphesized. However,

the resﬁlts of this study, as présehted in Figuré_Z,

indicate that this is not the case for'thé-Schubert



chokeche

leucoanthocyanins may also be synthesized during the period

rry. This does not rule out the possibility that

of anthocyanin pigmontation and this amount used for

anthocyanin synthesis.

The level of leucoanthocyanin -increased during

‘-/r~\€h§ first three weeks of the period and then showed a
slilght decrcase the fourth week. Subsequently, the level

of this compound increascd during the next two weeks and

then showed a decrease by the twelfth week. ‘ ' ‘I,

. , A
The decrease in leucoanthocyanin content notedas-

during the fourth week, as shown in Figure 2, was con-

current with a decreascd rate of accumulation of antho-,

cyanins.

However, 1t is not possible to construe from -

these results what the role of leuccanthocvanins is.

This compound, nevefthelcss, may be involved in E%?'

a2

kg .

biosynthesis of tannins, as suggested by Harborne .(1964)

or be an

D.

end product of another pathway (Robinson, 1967).

Effects of phloem disruption

Phloem disruption or ringing consisted of the

removal of a strip of bark below the terminal bud on

branches

‘at the onset of bud expansion. This gxposed

ring of wood tissue was covered with a wound dressing

to prevent moisture loss. Leaves grown above the rings

on shoots which did not show phloem regrowth were

-analyzed

for anthocyanin and chlorophyll content.

Five weeks after the branches were ringed, the

G
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anthocyanin content of troatod loaves , that 15, loaves

.
L8 ':' .
. . . . ERR
growing above the ring, was tound to be hi agher than that gy oo
. >
comparable Leaves on ungivdled branches although the Llivffrﬂfoxu\b’
was not statistically signiticant ("Table 3. Howeves, by Liu&
i ) R !)
0 . r . :
s1xth week after treatment, the treated leaves cont&ined
C . ) } ) ..\:‘nf;
considerably more anthocyanins than did untreated leaves, . e
8} .
Ten weeks after treatment, the treated leaves contained
almost twice as much anthocvanins as dig'those untreated,
> .
Treated leaves, at this stime, contained 100.9 g of T

. . ’) ) N

egphocyanlns per cm whereas untreated leaves contained . y
: 2 . o .

onty 50.9 .g/cm”. At this stage, it was noted (Table 3)-

that the level of total chlorophyll in the treated leaves
. E [}

was 27.1 wq/cm2.' In cantrast, untreated leaves contained _

ity

'

64.3 Lg/cm2. ’ ‘
a

Chlorophyll deqradatlon was clgarly‘&VLdenu'

treated leaves by the engﬁof the Derlogg&VThese lggvés

‘f.

showed almost unmasked anthocyanin plgmentatlon ten we ecks

after treatment., Further chloropByll degnﬂdation and

Cpve

intcnse red coloration was evident following the test
poriod but ' was not measured. It was also noted that the ’

trcated lcaves abscised about three weeks earlier than

did untrecated leaves.

The early coloration and maturing of the treated

&

leaves is consistent with resuPts:cattained by the use of 5

the horticultural practice of ringing fruit trees,

especially apples, to produce earlier,/larger and better

fruit.



Z o . - »TABLE 3

= : O

- )

_‘waghocydnln and chlorophyll contéﬁt of Prunus vzrgtnzana

melanocarpa 'ScHubert’ leaves 5, 6 and 10 weeks

°

~after girdling +

Anthocyanin content (ug/cm?)

IWeeks ait--r treatment

Control . Girdled
5 ‘ 9.0 ) 6.7 .-
6 14.02 24,12  ”
10 : 50.9b ' 100.9R
Weeks after i:eat@emt : Total chlorophyll content (ug/emz)
a “ Control Girdled
10 64.3b : 27.1k? »
+ - Girdling was done atﬂthe time of bud expansion.and

1corze5ponded to May 12, l973 e
/ o ":

- 5;ta presented are the means of 4 repllcates

@ . Denotes a 31gn1flcant dlfference of means from one
another at the 5% level of probability as determlned
by a. palred t-test. e :@

b

- Dcnotes a significant difference of means from one
another at the 1% level of probablllty as determlned 3
by a paired t- test £

i e
AR



Magxfélthors (e.g.,SEoltz and Hess, 1966;'dekwill}

~

1970).han reported that pinging incréﬂfés the éoncentfation

. 5

of;carbohydrates and alters the level of grdwth regulators

ahéve fhe phipem disféption. Thétbasipétal translocation
5f cafboﬁydrates, as well as that of growth regulators,
‘is impeded. These subsggﬁces, éccording to. Kozlowski
(1971b), diffuse into the xylem and ar= trahslqcated

acropetally.. ' e

~

S

The:accumulatidn of ‘carbohydratds, particularly
e ) e g . o
sugars, 1s known td be associated with increased antho-

-

cyanin synthesis. .Streef and'Cbckburn°11972) regard this

increased synthesis to be the result of the greater

1}

availability of substrate material for such synthesis.

Increased anthocyanin pigméntation'is also

associated with hiéh au@}n levels. Walter (1967) reports
that many auxin;like coﬁ;ouﬁds have begn usedbto sgimﬁiate
-synthesis of anthogyanins in fruit‘cfops. Wilson (1970) ”
reports. that increased auxin(po@centrations have been
noted ébove the éhioem disruption. This may have been a
factor contributing to the inc?eaéedfconéentration of
anthocyanins measured in the treated leaves. g ““

Earl§ senescence of the treated leaves was

“manifested by the prematurevdegfadatiOn of chlorophyll.

] M

This phenomenon may have been. the result of'either?mgﬁétdre
' E P ..

: ¢ ) ) s

stress or the decreased levrels of cytokinires above “the™

X . Y’ . R - ] = . .

) K . - 3
ring. g S
‘ ¢ . i ) ; 07

R N . e e ) . : "
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Noel (1970) reports that a water stress condltronu

. « B 0 S

may ‘Sccur above the srte of rlnglng ‘as a resultiof occlusron°

of the xylemfby tyloses. 'Skene (l972) toncludes that

:thlS stress condltlon may result in the lnactlvatlon of

o -
cytoklnlns.- Therefore, the advancedﬁg{lorophyll” o °

e .
©

-

degradatlon whlch resulted 1n  the 1low éhl@rophylb conCen—EQ

triations noted in treéted lea@es may have beén - caused by

-]
c

a decrease& cytokﬁnln concentratlon Bn treated shoot%

/. s = <

(Sitton et g1, 967y e e 0 e °';, o

E. Effects of root‘brunlng e,

o © 0 o0 o ’ £ g
. g CER

It was noted that when Schubert chokecherry trees
] ° X0

approxrmately four meters tall were transplanted ylth a”

.o

greatly reduced root sy%tem but w1th llttle or no- tbp e

‘0 Co O‘

prunlng, these trees developed r qﬁves very.earlyu'°

subsequent to plantlng Ther- 'eXperlments

were conducted to flnd oum
root pruning (i.e. transp}a"
did have an effect on the amount of anthocyanlns synthesazed

< <

Trees were glven the, followrng three treatments- (1)

3 . o

4 (=2
e‘ofcsevere
¢ - Lo,

‘and the timing &f it . . -

\

severe root«prunlng the- prev1ous fall oé2)_sévere'root \

\prunlng 1n the sprlng, and (3) control Leavesfwere ‘ }

analyzed when the control leaves shOch slight plgmentatlon.
‘ The results in Taole 4 show that leaves from trees

o [4

root— ‘pruned in the sprlng had more than trlple thev
concentratlon of anthocyanlns than dld leaves from- the L
control trees. Leaves from trees treated the prev1ous

fall contained more anthocyanlns per leaf area than dld

Sgs



TABLE 4

o

'»Influence of severe reot pruning on .

anthocyanln content and slze of leaves

o ] - 2 .
from Ppunus vﬂﬂgtntana meZanocaPpa ‘Schiﬁért' trees+
-] . ) 2

o

- ' R . - Anthocyanin - . "Leaf Area
e T . wug/cmz I L cm?
 Established Trees ° | 13.54% " 26,277
P R o o ‘- ~D “b -
. Fall Transplants - 20.86 17.62:
Spriag Transplants:‘ : 54 .09°¢ o ‘ . .10.58€
< - . " " B . - ‘», i ° < 5 o
S+ - Severe root pruning con51sted of unlform saﬂnlng and

transprantlng of trees Wlth little or no top prunlngmf

a - Data presented are means of 4 repllcates. Means
followed by the same .letter are not significarftly
different from one another at the 5% level of Y
probability as determined by°Duncan's new multiple
range test. . e e
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the control.trees;

Leaves'frOm'trees treated in .the spring had.
synthesized almost their,maximumtamount of 'anthocyanins
(FlgUre.B and Table 3) by the timelthe control trees
'were.just starting to show'red_coloration.' The spring
transplanted trees, with their greatl§ reduced»root-system
ewere at"a‘disadvantage in the;uptakerf soil.water and
mineral nutrlents (Wareing, 1970) .- Theﬂproduction of
smaller léaves (FigureVS) in conjunction with the oocur~
. rance of earller plgmentatlon of sprlng treated trees is
"con51stent-w1th reports that root growth and the ava;lablllty
of 5011 m01sture may 1nfluence both leaf growth and leaf
metabollsm (Blank, l958;'Kongsrud, 19697'Stanhlll, l957;

ToY, 1969)i ’ o -_ - -
Blank (1958) states that drought may enhance autumn
leaf coloratlon(Qj some plants but not of all plants studled.

‘This is in agreement w1th Toy S (1969)'report that Adcer \

\

\
truncatum trees grown in a dry area of Callfornla developdd
*better autumn coloratlon when summer 1rr1gated than dld

c

non- lrrlgated trees. - Toy found that 1rr1gation delaYed
autumn coloratlon by four to five days but Had no effect » '\\
on the average color of the - leaves o _FA -

Therefore, it seems qulte.pOSSible that- the
increased_anthocyanin content detected in leaves of trees-

subjected to severe rodtfprunipg was -the result of earlier

C——



© CONTROL®

. Q

’

Figure's.

melanocarpa 'Schubert’'.

SPRING

a

Q

- Effects of 'severe root pruning and season of

root pruhing on leaf size of Prunus virginiana
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as well as'accelerated synthesis:of‘anthoqyanins'in these
leaves. The final peak coloration, however may not have

" been more 1ntense than that attained by the control trees

at .a later date !

The greatly reduced root system and the resultlng

'm0lsture stress of sprlng treated trees may have been

associated w1th restricted synthe51s and translocation of

/

'cytoklnlns and some glbberellins (Cleland, 1969; Wareing,

o

1970). ThlS could lnfluence'shoot growth as well as leaf

érowth and metabollsm.

Wareing (1970) notes that shoot and root growth
must ‘be- kept in. balance since the roots are responsible
for the factors such as cytoklnlns and some glbberelllns.
Slmllarly, Kozlowski (l97la) states that a water def1c1t
‘can result in decreased shoot elongatlon and leaf

‘
expansion. N

AN

F. Effects of ‘anti- qlbberellln llke growth regulators

\'.

Glbberelllns have been assoc1ated with stem
¢longation in many plants (e.g. Marth e%‘al, l956‘
McVey and Wittwer, 1958) These compounds have also
been. known to delay autumn coloratlon (Brian et al,

1959) . Growth retardants whlch act as’anti- glbberelllns,

‘that is ones whose’eifects can be reversed by the applicar

tion of gibbérellins, are a useful tool in studylng the
blosynthe51s and phy51ology of glbberelllns (Lang,'l970).
The results, as shown in Table 5, indicate that

nedither phosph@n ngr B- 9 two anti-gibberellin—like

N

¥
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TABLE 5

yErfeCt of anti-gibberellin-like
' ;growth regqulators on shogt‘elongation

and on synthesis.of anthocyaﬁlﬁ‘
by Prunus virginiana melanocarpa. 'Schubert' +

eQ%:

: Anthocyanin Content Elongation .
Treatment N (vg/cm?) : . {cm)
Phosphon ' r 67.7% 8.5%

B-9 A : 58.22 11.3°
Control’ ' - 51.7% 16.9°
+ - Data represents the means of 3 replicates measured

: 11 weeks after treatment commenced. ' -
a .

-~ Means followed by the same letter are not significantly
different from one another at the 5% level of
probability as determlned by Duncaﬁ's new multlple
range test >



comfjounds (Pharis et 'al, 1970; West and Fall, 1970),

»

appreciably increased the leaf content of anthocyanins or

»

decreased shoot elongation;
The lack of statistically significant differences

etween treatments probably was the result of using saplings

that were top pruned when potted at the time of the onset

of dormancy the previous fall. As a result of this prior
treatment, the terminal buds were not morphologically r
uniform.

N « Even though the resu}ts are- not statistically
different the data does indicate that the anti—gibberellin—
like compounds used did tend to increase the anthocyanin

content, and to decrease the shoot growth. It also was

ﬁobserved that the number of leaves was not reduced on the

a

treated plants Consequently, the 1nternodes were
shorter on treated plants than on those on the control
plants.

‘Earlier . experiments revealed that leaf coloration uas

_ delayed until the leaves reached a certain stage of maturity or

were no longer on shoot sections near the site of active stem

elongation. From the effects of two anti giberellin like
compounds it was not apparent that the delay in -leaf coloration

was a possible result of a higher gibberellin gontent in these

shoot sections

II. Experiments Involving the. Dwarf- Winged Burning Bush -

A. EnVironmental fadtors

The first investigation of environmental factors

influencing anthocyanin synthesis included the effect of
s ) : C ’
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‘photoperiod, soil moisture stress, soil pH, and temperaturo.
Leaves on;ﬁiahts grown in a ggeenhouse under either
-normal light conditions for.this area or under a 12 hour
photoperﬁod dia not show red coloration prior to absc1551on-
-Similarly, leaves on plants grown under soil moisture stress'
conditions or with adequate s01l moisture dld not show red
coloration. Soil pH of 5. 8 Qr 6.5, likewise, did not influence
,leaf Coloration. Neither of the temoerature’regimes used
in conjunction w1th the other grow1ng conditions used
stlmulated anthocyanln synthe51s

Even though soel moisture stress and neither of.
the temperature regimesdhad any visible effects on red
lcoioration, they did affeot the growth‘of the leaves.
Leaves on plants grown- under a 5011 m01sture stress condltlon
%Fveloped llghter green plgmentatlon than did those
%ce1v1ng adeqguate moisture. Leaves on plants,grown under
t‘“ high temperature regime absgised over fiue months later

©

than &id leaves on plants grown under the low temperature
regime.- ’ |

Moisture stress conditions are known to influence
nutrient uptake and'metabolism. Kongsrud 11969) reports
that the growth of leaves ana thel? metabollsm may be
1nfluenced by the‘avallabrllty of 5011 molsture. Cleland
(1969) associated the rnfluence of the availability of soil
moistureHWi h the moVement of mineral nutrients. Therefore,

it seems apparent that the m01sture stress experlenced by\’

plants glven the low mOLSture treatment was respeonsible for

o
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a decrecased uptake of nutrients Nltrogcn uptake may then
have beon sllghtly deficient and requlted in light- green
leaves on these.plants.
oo The delayed ieaf senescence and'ebcission
observed on plants grown'under the hithtemperature
;treatment is consistent with results publlshed by Abot
(1970) -and Tromp (1970) ‘These authors noted that leaf
éenescence ‘and absc1551on is usually 1nduced by low
temperatures. Thus, it is logical that leaf senescence -
would.be dciayed by high temperatures |
From the results of the experlmgnt itﬂwas*

apoarent that the synthesis of anthocyanlns could not be
';nduced in leaves of plants grown in a greenhouse'and
'expoeed to the natural-summer and.fall photoperiods, or’
. to a 12-hour photOperiodi nor both_photoperiode in
conjunction with the high~andrlow'temperétures. Also('

neither‘nigh nor- low mobature levels in cenjunction with

-

rthese treatments 1nduced anthocyanln synthe51s However,
it was not known from these results if lower grow1ng
temperaturts or different light condltlons would have

induced anthocyenin synthesis. Therefore, experiments

were carried out to elucidate the latter.

B. ﬁffects'of light quaiity

The effects of varlous llght spectra on antho--

- . ~

cyanln synthesis proved to be most lnterestlng.

Potted plants grown under white iight and tﬁose
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grown undor narrow 1fght spectra failed to develon
anthocyanin pigmentation for the six weok duration of
\the experiment. However, the latter group of.plunts
abscised therr leaves duringuthe erperiment.

Al1 lcaves that abscised became chlorotic prior
to abscission except those receiving blue light. Plants
grown under the yelfow, orange,‘and far-red light filters
received eSpeciqlly low light intensities (Figure 4) in
those portions or the spectrum (400 to 500 ﬁu and 600‘to
706 mu)lwhere both chlorophyll synthesis and photosynthesis
are known to’oecur (Blackweli 1966) . The llght lntenSLty
reachlng ‘the plants through the red fllter may also have
been too low for elther of these plant responses -to have
occurred Leaves of plants grown in blue light may have
synthe51;nﬁﬁchloroohyll but possibly did not receive

A
enough 1 t intensity for photosvnthe51s to occur and,

‘m

therefore, also abscised thelr leaves
In order to overcome the problem of leaf abscission,

. a further study was undertaken using leaf discs floated on
their edaxial surfaces'in a 0.3 M sucrose solution in petri
dishes. These leaf discs, unlike intact plants, diad
synthesize anthocyanins under ce¥rtain light spectra.

| Data presented in Table 6 indicates that leaf.
discs ekposed to white light):synthesiéed appreciably
more anthocyanlns than did those exposed to blue llght

The anthocyanin contents resultlng from these two treatments
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TABLE 6.
Anthocyarsin content of Fuownyrmue lfue compoetus
leaf discs floated on a 0.3 M sucrose
solution ;ﬁi exposecd to various light spectra+
Anthocyanin Content
Ligh% Spectra (ug/cmz)
- 'S
White . 6.6
Blue . 3.6
Yellow ‘2.3-.
Orange ' 1.1
) Red - )
Far-red . -
Zf‘f Lééf discs were .flpoated on their adaxial surfaces
: s ¢ it R L :
tf{ U;o'Epe‘§éﬁiousﬂsgectra'shown in Figure 1



HE

o () h’

D . . .
were 6.6 and 3.6 pqg/cm”, regspect pvely, A atystacally

significant decrease in anthocyanin contont was not od

whoen leat discs wore exposed to Tight spectra of Tonger ¥
0 P
wave lerrgt hs . Leat disces oxposed to rod or far=roed 1 ight
. . o r
faitled to synthesize anthocyvaning.,

These results tend to agree with results roeportod
by Creasy (1968) which showed that stravberry leaf disco

floated on a sucrose solution had o h Lgher phenylalanine

LA 9

ammonia-lyasce (PAL) activity than did these floated on
distilled witgi. Griscbach (1965) reported that PAL is
a major cnzyme compénent of the pathway by thch antho-
cyanins are synthesized,

It may be noted that the leaf discé exposed to

white light received more. than twice as much total light

energy as did those exposed to any other light Sogrc"gf
3 o - Y

ption to this, the-white light was
Q

(Figure 1).
low in orange light and contained even less vellow light
and next to no blue light. Therefore, the increased
synthesis of anthocyanin noted in leaf discs exposed to
white light compared to thoSerexp?sed to other.light

sources could be attributed /to an exposure to higher

vlight energy. However, this was not the case for the

difference in anthocyanin content noted in leaves

~

exposed to the various other light spectra. These results
may indicate part of the action spectrum for anthocyanin

formation in leaves of the dwarf-winged burning bush.
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/Certalnly, they do lndlcate that light quallty and llght

i

.1nten51ty are 1mportant factors in anthocyanln synthe51s.

7 o
The synthesis of anthocyanln by leaf discs
R = A " - N
floated in'sucrose\Qdiubion is consistent with other

research on this plant reported by Lee and Tukey (1971)

»These researchers observed that feedlng sucrose solutlon

to leaf dlSCS obtalned from elther normal ‘leaves or

Xy

ﬁleaves from whlch sucrose had been lcached, significantly

1ncreased anthocvanln syntheSLS

The availability onSucrose,'and possibly of

other metabolites, may have been a limiting factor in .

- the synthesis of- anthocyanins in leaves of plants grown

undet the Various light sodrces' However, the stlmulatory

effects of llght of short wavelengths on the synthe51s of

7

'anthocyanlns was ev1dent when leaf dlSCS were floated on

a sucrose solutlon. It was, therefore,fdecided‘to continue
. @ J

the investigation of the»effects>0f”various light spectra

2

on synthesis of anthocyanins on intact plants using higher
light intensities,
Potted plants were moved from the greenhouse to

a controlled environment chamber and exposed to‘light from

cool-white fluorescent tubes. One week later, plants

" started to show anthocyanin pigmentation. Two weeks after

treatment commenced, pigmentation lntenSLfled but was

‘masked by chlorophyll _ The masking effect of chlorophyll

7yas not noticeably reduced prior to leaf abscission and as
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jthat short wavelengths, that is those less than 400 mu and

o
a result of thi&; the leaves did not develop the typical
brilliant"red,coloration fdr which:these'plqnts are noted.
| Even though'chiorophyll dégradatioﬁdwas noﬂ

achieved in Qeaves grown under this light spectrum, the

investigation was cont;nued‘%Q ascertain the effects of

various regions of this spectrum on anthocyanin pigmentation.

Broad band filters were designed so that either the whole
: -+

spectrum was included or parts of the spectrdm were reduced

. or eliminated'(Figure 2); The normal reduction in light'

intensit?}baused by the various filters was compensated
for by altering the distance from the light source.

. If part of the light spectrum gmiﬁtédﬂby cool-

‘.white fluorescent tubes was eliminated by ‘placing :broad

band filters over thé plants, visible anthocyanin synthesis
‘ - o eaf M

: ; o ~ [ i
did not occur (Table 7). ,The reduced anthocyanin synthesis

in leaves grown under the clear plastic filter was an
intereéting deVelopment.v This filter did not reduce or -

eliminate any part of the test spectrum. It is possible

"not able to.be measured’ with %*he instrumeht uséd,'were e iither

reduced in intensity gr filtered out completely by the clear
plastic. ‘ .

Collingbourne (1966) repogté that éhe shortwaye
ultra-violet portion of suﬁlight, that 1is wavélengths
shorter than 290. mp, does not reach the earth's surface.

It is, therefore, not a factor in the synthesis of .

anthocyanins in plants grown under normal conditions.

60
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TABLE 7
Anthocyanin content of Fuonymus alatus compactus N

<

leaves grown under various light filters+

_Filter ' Anthocyanin content (pg/sz) o
Control -' | - - 42,5 .
. . : o
Clear ’ 11.4 5
Blue _ L .-

. T4 \

Green-red ' 1 S
Yellow-red C , R
Orange-red ‘ : -

Glass - e DT " 6.7

Filter composition and spectra are given in Table 1

and Figure 2 respectively.

¢ =

The;light source was cool-white Fluorescent tubes. o
o . R ) —
_Plants were .grown under: the filters for 21 d%ZEL////////
. -
// o
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However,‘it is known‘to have an effect'ou“plants grown under
artificial conditions. Hadw1ger and Schwachau (1971)
observed that this shortyave ultra- v1olet llght stlmulated
the synthesis of PAL in pea tissue. _Arthur (1936), in
oontrast, reported that shortwave uitneviolet light was
‘deleterious to apple skin. ‘Interestinéiy, he eiso reported
that the UV portlon of sunllght reachlng the -earth's Surface
'ipd blue- VlOlet llght were very 1mportant for the development
of anthocyanlns ‘in apple skin.

It is, therefore, very possible that wavelengths
shorter than 400 my stimulate the synthesis of anthocyanlns_
infleaves of ‘the dwarf—winqed burning bush.uFurtheth;eqj“*//(////

thlS portlou of" the spectrum may have be cduced by'the.

clear‘plastlc, thereby re g the amount of coloratlon

of 1lecaves

rowm under it.

Oordinary wiudow glass, such as that usedvin
greenhouses, is known to filter.out visible blue—violet‘
ana the,ultra—violetiof sunlight, that is, waveleugths

of 313 to 290 my (Arthur, 1936) . Assuming‘that light

o
o

from. thlS part of the spectrum 1s 1mportant for the
vsyntheSLS of anthocyanin- ith Leaées of the dwar f- -winged
burning bush, then plants. exposed to light from oool—'
white fluoreseent tubes filtered through one pane of

- window olass'would be expected to synthesizeviess
anthocyanin than plants-exposed to similar but unfiltered

iight. This definitely proved to be true.

-



Leaves on plants exposed to glass4filtered light
contained 6.7 ug anthocyanin per cmz whereas similar
fleaves exposed to non- flltered llght contained 42 5 ug/cm2
or more than six tlmes as much anthocyanin. These results
concur w1th the results of‘prev1ous studles {(Popp and |
Brownp 1936) and suggest that thi‘filtering effect of
window glass‘is; at least in part, respons1ble for the
lack of anthocyanln plgmentatlon noted in leaves of
plants grown in a greenhogse andvgiven the various
treagmentsﬂdeSCribed earlier. Furthermore,fthese results
reveal that v181ble blue—v1olet and longwave ultra—V1olet
llght may be 1mportant for the: development of anthocyanin
élgmentatlon in leaves of the dwaﬁi—w1nged burning’bush,
| If the'lightgspectrum, and especiellylthat near

~

the lower limits of the light reaching the earth's surface,

- ‘ \

does indeed decrease with an increase in air mass

'(Collingbourne, 1966) as associated with changes in .

alti_'tq'gie (Caldwell, 1968), latitude, and season (Brooks
and %iller, l96l} Robertson, 1966), then it is conceivable
that ﬁhis could be a;factor in the reduced fall coloration
of the dwarf-winged burning bush in the Edmonton.area.
Furthermore, it may partly adcount for the decreased

.synthesis of anthocyanin in leaves'during rainy weather

as reported by Lee & Tukey (1971).

C. Rooted cuttings : : ‘ C
An interesting phenomenon was observed in young

greenhoﬁse grown rooted cuttings of the dwarf-winged burning



J

from basal cuttin

“from non-misted plants.

“

bush. Prior to these rooted cuttings going dormant their

first season aftér rooting, it was noted that terminai

cuttings developed intense red pigmentation Uunmasked by

cthrophyll, whereas baSaL_cuttings lacked red pigmentation.
. . ; ' eI

- ' ' . 5 s T . Cariey .
Consequently, additiondld cuttings were taken,»rootea¢fand
grown in a greenhouse.  The phenemenon was repeated and '

7

this time the anthocyanin pigmentation wa- measured.

Leaves from terminal cuttings in this experiment

contained 26.Q'Qg of anthocyanin pér cm2, but leaves

ontained. only 6.2 ng of this pigment
per ém2 (Taple 8). Thes reéults indicate that the

erminal set of leawes .from

anthocyanin\conteﬁt of the

these two types of cuttings was generally dependent upoﬁ

the relativé-locétion_of hé{cutting onfthe intact pargnt
shdbt. |
It was surprising to note that rooted %terminal
cuttings developed anthodyanin pigmentatién when removed
from under the mist of the'propagAtiog bed and placed in
a greenhouse, whereas one-year-old ané £hree-yéar—ola A
planﬁs 'rowing in ‘the®same greenhocuse failed;»as ﬁoted
earlier, to devélop this pigmentation. |
Lee and Tukey (1971) reported‘similar results,

that is, misted plants of thiS’specieé developed antho—

cyariin pigmentation when removed from under intermittent
N . A

'mi§$;@ Furthermore, cuttings from these misted plants

rooted earlier and dévelopéd more roots than did cuttings

-

&

~
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TABLE" 8

Anthocyanin content and root growth
of rooted terminal and basal cuttings

of Euonymus alatus compactus +

Type of Cutting | AnthoéYanin content - Root dry weight
(ng/cm”™) : (mg)
‘ - -
Terminal , " 26.0 - /{329
" Basal ' ‘ 6.2 ‘ 143

+ - Analyses were done 3 weeks after cuttings were potted;

~
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The question naturally arose as to the difference
there might be in the welghts of roots from: the two types
0f rooted cuttings. Three weeks after the time of potting,
the oven dry weights of the roots were determined. - Thew%,
reswlts as shown in Table 8 indicate“that the weilight of
roo from terminal outtings Qas significantiy higher
\than jthat of the roots from basal:cuttings. . It is not
known if a more pronouneed-difference_in root weights
would have been obteined'if the‘roots had been weighed
at a different time. . | |
The cause of the enhanced red eoloretion of leaves
on terminal shootncuttings over "that of leaves on basal
cuttings is aiso open to speculation. It_is’poss}ble |
that the levels of growth hormones and other metaholites
- were dlfferent in the two types of cuttings. Rooting
hormones were not used in this experiment and, therefore,
_did not contribute to the.phenomenon; 'Metabolites, .a
including growth hormones, are produced in leaves as, well
as in roots. ‘Terminal cuttings had greater root growth
‘and leaf area (Figure 6) than did basal cuttings. Therefore,
the concentratlon of growth hormones and other metabolltes
could have been hlgher in terminal cuttlngs than in basal 4
cuttings. ‘ThlS, in turn, could have been a cau51t1ve factor
in the dlfference of anthocyan;n content noted in the two

-

'types of cuttlngs

66



67

i7" 4
e -
Figure 6. Terminal (left) and basal (right) rooted cuttings of
.Eyonymus alatus 30mpactué. This picture was
Li e 'takeh 3 wecks ffter the cuftings weré potted
. and_mqveé to a greenhouse. .




SUMMARY AND CONCLUSIONS

%hie investigation has shown‘that both anthocyahin
and chlorophyll eontent of Schﬁbert chokecherry leaves are
dependent upon the maturity of the leaves. Furthermore,
.anthOCyahin pigmentation was correlated with a low.
assimilation of CO, in leaves. The'cqltaral practices
employed enhanced the colo:ation of Schubert ehokecherty
leaves. ﬁ0wever, leaves of the dwarf—wingedVBurning_bush
did not color ﬁp in response to the cultural techniques
used on this plant Subsequent\research with various
llght spect}a revealed the probable reason for the fallure
-of the greenhouse experiments w1th this plant.

In research on the Schubert chokecherry, it wae0
determined that its leaves rapidly syntheelze anthocyanins
once the'process_etarts, During ﬁhe first ehree weeks
after phe enset"of pigmehtation, the anthocyanin'content
of leaves generally doubled each week. This was follo@ed
- by a Slower rate of accumhlation in the fourth week and 0
then rapld synthe51s the following week. At the end ef
the twelfth ‘week, these leaves contalned 64. 6 ué an&ho;
cyandin per cmz. Chlorophyll degradation had started =
somewhat prior to-this time since the chlorophyll content-
at the end of 12 weeks was sllghtly lower than the .62. 8 ug.

per cm2 noted during the sixth week. o

68



< anthocyanin per cm2. Therefore, even though the

A similar progression of increased anthocyanin

and chlorophyll content was noted in leaves on the same

<y ‘

shoot. Baéal 1éaves contained almost li times as much
anthocyanin and 60 per cent more chlorophyll than did
terminal lea%es. Chlorophyll deg;adation probably
accounted for ﬁhe‘basal leaves containing less chlorophyll

than did those‘on the second ’basal ségmeQL of the same

shoot. , ’ . R

Tt was not known if the chlorophyll dbntégéh
increased substantially to compensate for the accumﬁlation
of anthOCyanins._ However, meésurement of photosynthetic
rates and reSpiratory'rates indicated that green le;ves
photosynthesized anduréspifea 75 per éént mofe C02 per
cm? pef_hr or 200 times as much Co, per mg chlorophyll
per hr than did pigmented %eayes/wgich contained 17.3 ug
» - >pigmented:
leavesucontained,mbre thaﬁ 80 per cent more chibrophyll
tﬁan'did the green leévés, the ﬁhotosynthet&c and respira-
tory rates were ‘greatly reduced. This coﬁlé be a result
of the anﬁhgéyanin éigmentation, but it could a}so be due to
thé greater maturity of pigmented leaves. |

. | The leucoanthocyanin ntent 6f lea&es displayed-

great variability over the 12 week period studied. However,

‘analysis of lecaves from the same shoot revealed that

terminal :leaves, that is, the youngest leaves, had a low

content of this compound. An increasing gradient of



leucoanthocyanin was obscrved in leaves from

v

terminal to basal locations on the_shoof with the exception
\ _ K

of the most basal sFt of leaves. These contained the lecast

amount of the compound. This qiadient of concentration,

when compared with an almost opposite gradient of anthocyaniﬁ
: —,

concent}ation suggests that this compound may be involyed

in tﬁe synthesis of anthocyanin. Certainly, the amount
V4

of lJucoanthocyanln '1s an indication of leaf maturity.

Cultural practices employed greatly increased

anthocyanin content in Schubert chokecherry leaves but .
others failed to do so in leaves of the dwarf-winged -
burning bush. Severe root pruning in the spring, girdling

the prev1ous year s growth and tbe appllcatlon of anti-

gibberellin-like compounds enhanced anthocyénin pigméntation
of Schubert chokecherry leaves. .Furthermore, severe root

‘pruning greatly reduced leaf growth on thiS'plaht,'while
. ,
girdling hastened leaf maturity and senescence.

It was not known if the development of anthocydhin

pigmentation of tﬁe;dwarf—wihged.burning bush was a photo-

periodic response or not,. However, manipulation of the
. ! o
"pPhotoperiod in combination wiﬁh.d;fforent soil- moisture

,Lgvelé and;gfowing temperatures failed to initiate the

synthesié of anth&annin.

Interestingly, however, some of the cultural

-

practices used did affect leaf -senescence and growth.

-

Leaf abscission was delayed five months on plants grown
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 lack of low {Qm@ ratures which are known to stimulate

.. \%V,» ‘ p -"‘Miﬂ%‘:\-\‘.\ -
B, Lo . o
¥ Twt ' Lo . ' o K‘l

w\ . tw;u. e _

1n “the hﬁgh tompcraturc rggime, while leaves on plants

subﬁegtgdwtoﬁlow m01sturo .conditions were light grecen in

color., Thcﬁfor@hg was asquﬁtd to be the result of the

2%
»

sencsccncg. (A possSthle decreased nutrient uptake by plants
éubjectéd to moisture stress conditions may have resulted
in nitrogen defiziency symptoms in the latter..

Thé failure of the greenhouse exgeriments to give
positive results with the‘dwarf—winged burning bush led
to the study of the effects of light quality on anthocyanin
synﬁheéi; in leaves of this plar-. Leaf discs floated on
their adaxial surfaces in-'0.,3 M sucrose solution~aﬁa‘exposed
to various low intensity light spectra gave'théufiyst
indication of what light wavelengths are important i;% ’
anthocyanin synthesis in leaves »>f this plant. ™Blue light
resulted in 5.6 Lg anthocyanin per cmzmof 1eaf_&iscs.
However, the concepﬁration of this Gigment decreased with
longer wavelengths and was not detected in leaf dlscs:
exposed to red or far red light. Plants exposed to these
spectra failed to develop pigmented leaves and soon
abscised their leaves. It seemed logical th@tﬁhigher«}ight
intensities would have to be used in‘fgrt%er studies.

Preliﬁinary éxperiments revéaledwthat mature
greenhouse—grown plants exposed to light emitted by cool~

white fluorescent tubes started to cqior up one’ week

after treatmenp'commenced. . This was a very enlightening

. ’
. v [
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obscrvation since the growing conditions were Kept similar
to thosce in the cool greenhouse. Consequently, it was
4.

concluded that part of the spectrum emitted by cool-white
fluorescent tubes must be required  for the synthesis of
anthacyanins in iéaVQs of the dwarf-winged burning bush.
Furthermore, part of this spcctrum must be reduced or
eliminated from sunlight as it passes through window glass.
Therefore, filters wore designed to climinate various part
of the spectrum above 400 mu. Intensities of shorter
wavelengths were not mea®urable by the instrument useds

Anthocyanin synthesis was completely ‘impeded by ’
these filters., Furthermore, plants grown under a clear
plastic filter had greatly rédpced anthocyanin content
even though this filter did not ediginate any of the
measurable test spectrum. ‘It was thergfore_Suspectcd that
short @avelengths (less than 400 mi) are either eliminated
Or reduced in intensity by the clear plastic.

The fdct that window glass is known to filter out

visible blue-violet and ultra-violet of sunlight, that

1s, wavelengths of 313 to 290 mu, led to the use of it

v
3

vas an additional filter:' This was also in anticipacion
that it would elucidaﬁe the problem of the lack of
pigmentation iﬁ the gréenhouse experiment, Inte;estingly,
lea;es of plants grown under this filter containéd less.
‘than onessixfh theg?mounf‘of anthocyanin of the contro}s,x
Therefofe{ it~@ust be-cohcluded'that'light filtered out
_by window glass issfimportant in_ the synﬁhesis:%fﬁaného_

E
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“the;g%écnhouse‘experiment. ' L

‘weeks afteg pottlng, the oven.dry weight of roots from

- deserves furthervinvestigatién. ' -

cyanin in léaves of the dwarf-winged ' 'rning bush.

§ " : | . . : .
AFuftHFrmore,othis could -account' fo lack of results in

L

Q*\

Propegatlon of the dwarf w1nged burning bush

’by cuttlnqs revealed that leaves. on rooted termlnal cuttlngs
. cOntalncd more anthocyanin.than did'those on rooted basal

cuttyﬁﬂs Fdrthérmorc at the time of analysis, that is 3

terminal- cuttings was significahtly higher'than that of

roots from basial cuttings.

Growth regulators are'khOwn to accumulate above

e . ) " N ~— ) ) ' ) ! .
“the site of phloem disruption '‘and are. also known to enhance
R . . : - . . +

&

o . _ ot
"root. initiation. Therefore, it is possible ,thHat the difgsrqnce_

in anthocyanin accumulation and_root growth,is a result of a

difference in concentration of growth regulators in the two

‘types of cuttings. 'Thisfphoﬁomenqﬁ as well as the fact that

'theserrooted_éuttingsﬂdevelopcd full anthocyanin coloration

in a glass greenhougc whemneas mature plants grown under

51mllar condltlons falled to bYPLhC%lAe anthocyanzns, cﬁﬁdﬁiy ‘

.

The lack of full autumn coloration of the dwarf-

i

.winged burning bush in,thée Edmonton areé‘may be attributed

-

to‘the_fact that short wavelengths of sunlight are fgduced

°

in intensity by the increased air mass through which the-

. ~ > _ .
light,ﬁust bass; ‘This is a result of the decrease in solar

elevation ‘during thé fall moﬁths»and would be compagfble

to some-of the data reparted by Céldwell (1968). cCaldwell

Lo
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found that high altitudes permitted the recegption of more
S _ ,
’ -, o : S . f s )
energy~from ultraviclet light than at lower altitudes

which were buffered by a larger air mass. The exact

seasonal fluxes in the solar spectrum for-this area are
W

‘not known at this timc. However, this factor in connection--

with the severe frosts typical in the ﬁ@ll'may account

v

for the -lack of pig%ontation prior to leaf abscission. .,

7
4

\
4

b

H(Lﬁ'v .

74



LITERATURE CITED

ABBOT, D.t. 1970. The role of budscales in the morphdgenesis'
. : , )

and dormancy of the apple fruit bud. In Physiology.

of Tree Crops. Ed. by L.C. Luckwill and c.v. Cuttingj 

London, Academic Press. 382 p. : N ' .
ARTHUﬁ; J.M. 1966; Radiation and anthocyadin pigments.

In4Biologica1iEffects of .Radiation, Vol. II. Ed.vby

B.M. Dgggar{'New York, McGraw Hill. 653 p. ,
- . ,/
kANG, D. 1966. Effects of several spectral bands of /

/
i

visible light on development and lipidvand protérn

metabolism of soybean seedlings. M.Sc. Thesis.

’.Univ. of Alberta, Edmonton.

BATE, G.C., A. D'AOUST and D.T. CANVIN. 1969. Calibration
. : ‘ : . -/
of infra-red CO, gas analyses. Plant;Physiol."345' ZL/

. . e
1122-1126. : . AT

B

‘BJORKMAN, O. and P. Holmgren. .1958. Prelimin;7y/

observations on anthocyanins and other fldvonoid

compounds and respiration rates in different )
ecotypes of Solidago virgaurca. Physiological

Plantarium 11: 154-157. :E
BLACKWELL, M.J, 1966. Radiation meteorology in relation
to field work. In Light as anJEcological Factor.

Ed. by R. Bainbridge, G.C. Evans, and O. Rackham. .

Oxford;~Blackw%}l Scientific Publicationsgﬁ_452 P.



76

BLANK, F. l§58. .Anthocyanins} flavones, xanthones. /In
Encyclopedia of Plant Physiol. 10: 300-353.

BOGORAD, L. 1958. The biogenesis of flavonoids. Annu. Rev.
Plant Physiol. 9: 417-448.

BOUYOUCOS, G.J. and A.H.‘MIcK. 1940. An eléctrical
resistance method for the continuous measurement of
soil moisture under field conditions. Michigan State
Coll. Agr. Expt. Sfa. Teéhf Bull. 172. 38 p.

BRIAN, P.W., J.H.P./_/PETTY and P.T.: RICHMOND. 1959,

Effects of qibbeperctacid on development of autumn
color and’leaf—féll of deciduous woody plants..
Nature 183: 58-59. e o

BROOKS, F.A. and .W. Miiier. 1963, Ava&labé 1£y o; solér:
énefgy. I»n Introduction to the Utilization of.Sdldr'
Energy( Ed. by A.M. Zarem and D.D. Erway. New‘ybrk,
McGraw Hill. 398 p.

CALDWELL, M.M. 1968. Solar uitra?iolet radia%ion as an
v ecologicql factor for alpine piénts. Ecoi. qupgr.
38(3): 243-268. . o

CHANDLER, B.V. 1958. Anthocyanins of bfbod oranges.

Nature 182: 933.( | |

CLELAND, R.E. 1969. The gibberellins. In The Physiology
of Plant Growth aga Deveiopment. Ed. by M.B. Wilkins,
‘New York, McGraw Hill. 695 p. ‘' ’ 4

COLLINGBOURNE, RGH. 1966. General priqciples.of radiation

meteorology. I» Light as an Ecblogicalf?actor.\ﬂEd. by

~o



phans
©

e

77

R. Bainbridge, G.C. Evans, and O. Rackham. Oxford,
Blackwell 8&ientifi. >ublications. 452 p.Al
CREASY, L.L. K@68. The increase in phenylalanine
amﬁonia—lyase activity:in strawberry leaf diécs and
its correlation with flavonoid synthesis. - PhYtochem._
7: 441-446. | |
CROZIER, A. and D.M. REID. 19712\'Do roots synthesize”
gibberellins? Can. J. Bot. 49: 967-975. . | |
DAUQENMI&E,AR.F.' 1959. Plants and Environment. 2nd ed.

New York,. John Wiley & Sons. 422 p.

DIETZ, G.H. 1963. Diathermanous materials and propertidés

» . -
of .surfaces. /n Introduction to the Utilizat®Ngn of =
A ; S -
Solar Lnergy. Ed. by A.M. Zarem and D.D. Erway. New
0 [" k3 ! ) :
~* York, McGraw Hill. 398 p.
% B . \

GABRIELSEN, E.K. 1960. Chlorophyllkonzentration und

JPhysiology.f

)N

photosynthese. Encyclopedia of PY

Ed. by W. Ruhland., Berlin, Springer-vVerlag

it

-

"o
5(2): 156-167.

GRISEBACH, H, k965. Biosynthésis of flavonoids. In
Chemistry”agﬂ@Biochemistry of Plant Pigments. Ed.
by T.W. Goodgins.‘New'YorkrbAcademip Press. 583 p.

HADWIGER, L.A. and M.E. SCHWOCHAU. i9f1. Ultravigplet
light-induced fofmation'of pisatin and phenylalénine i
ammonia lyase. ~Plant Physiol. 47:l588—590. //

"HARBORNE, J.B. 1965. Flavonoids: Distribution aﬁd o
\coﬁtributipn to plant colofr. In Chemiétry a;d -

o Biochemistry of Planf Pigmentsl "Ed. by T.W. é?

\ Goodwin. . New York, Academic Press. 583 p.

@



78 *

o
b,

_HARBORNE, J.B. 1964, phenolié'glycosides and their

natural distribution. In-Bioehemistry‘oﬁ Eheholic

Cdﬁpounds. Ed. by J.B. Harborne. London, Academic

%Fess. 618 p.
HEMPHILL, D.D.,-Jr. and H.B. Tukey, Jr. 1973, The

effect of intermittent mist on abscisic acid

cSmpactusf.q J.
\

content of Fuonymes alatus Sieb. !
0.

416-4

Am. Soc. Hortic. Sci: 98(4Y:

HILLIS, W.E. 1956. Leucoanthocyanins as\the possible

e . A SR
" precursors of extragtives in woody tikssues.  Aust.

ééga & J. Biol. SCi. 9: 263-280.
‘ HILLIS, W.E. and T. SWAIN. 1959. The pheAblic constituents

of Ppunus'démea§ich. IT. The analysjs of tissues of
N i >

the'victoria plﬁ& tree.” J. Sci. Food. Agric. 10: 135-144.
'KANDELER, R. 1960. Uber diec 1%chtabhangi§keit der
. . . 3
anthocyanbildung. Flora 149: 487-519. % N
KELSKHOVELI, E.N. and I.G. JAPARIDZE. .1972, Respiration

of anthocyanin-containing and green forms of some |

tree—spécies plantgs.: (English s%g@ary). -Soobshch.

Akad. Nauk Gruz. SSR. 63(3): 661-664.

KONGSRUD, K.L. - 1969. Effects of soil moisture tension
currants and apples.

~on growth and yield in -black
Acta Agrig. Scand. 19: ~245-257.
KOZLOWSKI, T.T. 197la. Growth and Development of Trees.

vol. I. .Seced Germination, Ontogeny and Shoot Growth.

New York, Academic Press. 443 p.



t

L.

,KOZLOWSKI,&T.T;' 1971b. Growth and Development of Trees.

Vol. ITI. Cambial Growth, Root Growth and Reproductive

Growth. New York, Academic Press. 514 p.

il

LANG, A.” 1970.  Gibberellins: Structure. and metabolism.
Ann. Rev. Plant Physiol. 21: 537-570. “

LEE, C.I. and H.B. TUKEY,.Jr. ©1971.  Effect of intormittent
mist on dévelopment of-g:lf color in foliage of
H;onymﬁa-qfhiuh Sieh. ;Eompdoths't J. Am. Soc. Hortic.

Sci. 97(1): 97 101.

‘ pa s Tt

LEOPOLD, A.C. 1964. Plant Growth and Dtvelopmgnt New
, o B A e ‘:

. York, McGraw-Hill. 466 B Jaey o

_tUCKWILL, L.C. 1970. The control of growth and frultfulnLSb

| .
of apple'treeF. In Phy51ology of Tree Crops. Ed. by

N
L.C. Luckwiil and C.V. Cutting, London, Academic

Press. - 382 p.

[

MCVEY, G.R. and S.H. WITTWER. 1958. Gibberellin and
higher plants: XI. Rosoonses of certain woody
ornamental plants. - Mich}! Agric} Exp. Stn., Q. Bull.

40 (3) : '679-697.

. MARTIN, C., M. PAYNOT,@nde %iﬁggLLEE. 1970. . Some effects

of temperature on flowerlng, amine mwtabollsm and
anthocyanogeneSis In Proceedlngs of the 18th
Internatlonal Hortlcﬂitural Copgress, Tel-Aviv.

Vol. 2:129. - -

MARTH P.C., W.V. AUDIA -and J W. MITCHELL 1956 Effects

.

of gibberelllc ac1d on’ growth and development of

plants of various, genera ahd species. Bot. qu.

chicago) 188: 106-111.



R

80

" MOHR, H. 1962. Primary effects of light on growth.
Annu. Rev, élént\ghysiol; 13: j465—488.
MOHR, ﬁ. 1969; Photo&érphogenesis.u In The Physiology of
Plant Growth and Deleopment. Ed. by M.B. Wilkins.

London, - McGraw Hill;x 695 p.

MOON, P. 1940. Proposed stanaafd solar radiation curves
for engineering use.| J. Franklin Inst. 230: 583-617.
B . 1
NEISH, A.C. 1960. Biosynthetic pathways of aromatiec

compounds. Annu. Rev. Plant Physiol. 11: 55-80.

NOEL, A.R. 1970. The girdled tree. Bot. Rev. 36. 162-195.

PHARTS, R.P., CHUNG-CHI KUO and J.L. GLENN.  1970.
. R G :
Gibberellin, a primary determinant in the expression

. of apical dominance, apical control and geotropid.
. A
movements of conifer shoots. In Plant Growth -

o

Substances. E4

verlag, 837 pl 1 o~ L R

4 ]

by D.JiCarr. Berlin, Springer- “

" POPP, H.W. and F. BROWN. 1936. The effect of ultra-

violet radiation ﬁpon seced plants.  I» Biological

Effects of Radiation. vol. II. Ed. by B.M. Buggan.

~T

t

New?¥ork, McGraw ﬁill. 653 p.
.'PQSSINGHAM, J.V.. 1970. Aspects of the physiology of grape
| vihes. In Physiology of Tree Crops. Ed. by L.C.
Luckwill and C.V. Cutting. Londoh, Academic Press.
382 p. | |

PRICE, J.R. and V.C. STURGESS. 1938. A-survey of antho-

cyanins. VI. Biochem. J. 32 1658-1660.



81

ROBERTSON, é.W; 1966. The light composition of solar and
sky spectra available to plants. FEcology 47: 640—643.

ROBINSON, T. 1967. The Organic Constituénts,of Highor !
~Plants. 2d ed. Minneapolis, Burgess Publishing Co.
319 p.

SCHOLTE-UBING, D.W. 1961. Short-wave and net radiaﬁion

k'

under‘glass a&_%ompafed with radiation in the open.
Neth. J. Agric. Sci. 9: 163-167. *,
SESTAK, 2., J. CASTSKY and P.G. JARVIS (é(is.) 1971.
‘ Planf Photosynthetic Production. The Hague, Dr.
"W. Junk Puﬁlishers. ‘318 P- .

SHUTAK, V.G. and J.C. HAPITAN, JR.- 19692 Respiration
rate of fruit fleéﬁikromArodland green sides of
'Coftland"apples. ,Piant Cell pPhysiol. 10: 217—220.

SIEGELMAN,. II.W. 1964. Physiological studiesfon_phenolic
biogénesig. In Biochemistry of Phenolic Compoundé,

Ed. by J.B. Harborne. London, Académic Press. 618 p.

SIEGELMAN, H.W.‘ and S.Bd. HENDRICKS. 1957. Photocontrol.

r of anthocyanin formation on turnip and rqd cabbage
seedlings. Plant Physiol. 32: 393-398.

SITTON, D., C. ITAgg;nd H. KENDE. ‘l967. Decreased cytokinin
production in £he roots as a factor in shoot senescence.
Planta 73: 296-300.

SKENE, K.G.M. 1972. . The effect of ringing on cytokinin
activity in shootsléf'ﬁhe‘gfape vine, IJ.‘Exp. Bot.

23: 768-774.

) ) . | | : ’ f~



i

STANHILL, G. 1957. The éffoct of difference in soil-

‘moisture status on plant.growth: A review and

‘ y
analysis of soil moisture roqiﬁo QXporiménts, Soil
Sci. 84: 205-214. .

STOLTZ, L.P.vand C.E. HESS. 1966; The effect of girdling
upon root initiation: .auxin and rooting cofactors.
Proc. am. Soc. Hottic. Sci. 89: 744-751.

STRELT, H.E._ahd W, COCKBURN; 1972. Plént Motabol%sm.

24 ed.‘ Oxford, Porqamon'Press; 321 p.

SWAIN, T. and W.E. HILLIS. 1959,  The phenolic
constituents of DrUNUS Jnmuﬁténa. 1. The quantitative
‘analysis of phgnoliéhconstituents. J. Sci. Fodd

Agric. 10: 64-68. - .

THOMAS, A.S., Jr., S. DUNN and D.G. ROUTLEY. 1970.

-

Fluoresgent 1amb spectral‘emiSsgon andAcargohydrétc
formation iﬁuleaves. I. Spectral qualit},onposurc
time and ingenéityieffects on alcohol solublo 
constituentgéh”Adv}‘Front,.of Plant Sci. 26: 83-98.

TOY,. S.J. l969f Bffect of irrigation on autumn leaf
coloration in the purpleblow maple, Aonp.tpuncatum
Bunge. HortScience 4(1): 52-53.

TROMP,.J;‘I197O- ' Storage and mobilization of nitrogenous
compounds ih apple trees with special reference to
argini:- . » Physiology of Tree Crops. EAd. ber;C.
‘Luckwill and C.V., Cutting. Lbndon,.ﬂcademic Press.
382 p. ’ |

s

U.S. SALINITY LABORATORY STAFF. 1954. Diagnosis and

improvement of &aline and alkali soils. Agr. Handb. 60

D

.



U.s. Edvt. Frinting Office, Washington, D.C.

van der VHHN, R. and G. MEIJLR, 1959. Light and Piqnt
Growth. Lindhoven. (}onl.]_and;‘, Philips' Technical
Library. 161 p.

VERNON, L.P. 1960, Spgctrophotomogric determination of
chlorophylls and pﬁeophytins in pldﬁtiéxtfacts.
Anal. Chem. 32(9): 32(9): 1144-1150.

VOSKRESENSKAYA, N.P. 1972, Biue light and carbon
motabolism. Annu. ﬁcv. Plant Physiol. .23 219-234.

WALTEﬁw T.F. 1967;' Factors“affecting fruit,cblourmin‘
apples: a review of world litefaturo. Rep. E.

.Malling Res. Stn. for 1966. 230 p..
WAREING, P.r. - 1970. Growgh and its co;brdinﬂtion in

4

. treces. 1 Physiology of Tree Crops. Ed. ‘by L.C.
‘Luckwill and C.V. Cutting. London, Academic Press.

382 p.

. ~
.
'

WEAVER, R.J. and R.M. POOL. 1965. Relation of ringing
. R
‘to gibbercllin—like activ%ty in berries of Vitis

vinifera L. Nature 206: .518—319.
WEEKS,;W.DT, F.W;‘SOUTHW§CK, M. DRAKE and J.E. STECKEL;
/1958. The effect of vérying rates-of nitrogen éﬁd

potassium on the mineral composition of McIntosh

foliage and fruit colo:.j Proc. Am. Soc. Hortic. Sci.

- <

71: 11-19.
WEST, C.A. and R.R. FALL. .1970. Gibberellin biosynthesis
and its regulation. 7x Plant GrawtH Substances. Ed.

by D.J. Carr.’ Berlin, Springer Verlag. 837 p.

P | | ¥



WILSON, B.¥. 1970, The Growing Tree.. Amherst,  The
< :

"University of Massachusotts Pross, 152 p.
WITHROW — 2.B. 1959, A Kinetic andalysis of photo-' 7

periodism] v Photoperiodism phenomena in Plants

and Animals. Am.. Assoc. Advnt. Sci. pPubl. 55: 439x471.

ZALIK, s. and; R.A, MILLFR, 1960. Construction of large low
cost’ filters for plant.growth studies. Plant Physiol.
35(5):  696-699, i

ZUCKER, M. 1972, Light and o.nzynies. Annu. Rev., Plant

Physiol. 23: 133-156.

.

84



-

rf"'

A

*

Table. 1.

APPENDIX

Motceorolo

b

»
. , !
Daitly Toemperature

Min.

CDaily

gical batat

O

Daily Bright

Date _ Max, Precipitat iiL’Ll: Sunshinged
SJune 1 60 40 102
T2 L 66 36 145
' 43 141
- 40 134
b o 38 T 121
</
S 71 45 T 61
~ 7 71 51 ‘ 129
87 39 01 / 95
9 65 36 T P—
10 58 36 02 59
11y 63 41 01 -109
12 75" 40. ) 104
13 74 ‘55" | T 112
14 59 50 * 47 08
15 54 47 188 00
16 59 . 47, .65 12
17 3 69 41 18 96
18 70 45 01 113
19 73 - 45 05 128
20 73 48 | 06 - 162
21 78 ag 124
22 88. 49 136
23 84 56 110
24 69 " 52 130« " 00
25 65 51 66 52
26 71 47 158
27 76 49 145
28 70 51 T 32
29 69, 45 23 124
30 58 47 w2l 05
Y -
(Continugd)
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Table

i.

, Moetcecorological Data '

(Cont inuced)

- 1
Daily Temperature®

5

: , l.)q):.ly b bDaily. lh"i,qht
Datoe B Max., Min. Praocipitation sunshinodd
July 1 60 46 " 100 29
2 72 44 | 156
3 74 48 159
4 74 55 12 84
5 67 47 14 92
6 67 45 v T 4117
7 68 44 T 147
8 72 43" 08 - 111
9 74 41 35 ' 134
10 81 48 T 128
11 71 49 T 131
12 70 50 T 148
13 71 44 144
14 80 46 . 134
15 70 50 T 68
16 70 45 " 144
17 66 50 12 ! 34
18 72 472 T | 98
19 76 5 : 149
20 88 52 135 ¢
21 67 - 53 08 32,
22 63 48 17 26
23 74 43 50 125
24 69 a4 03 13
25 73 49 /69
26 74 55 //85
27 64 50 86 740
28 70 48 143
29 77 47 ! 142
30 80 55 o1 145
31 83’ 51 - 146

(Continued)

86



~ -

-‘Qable i. Meteorological Datat (Continued) Lo
A : ' ' R .

‘ /  — .
' Tf—\Meteorological\baga for the Edmonton International
-7 . e ) : .
Airport. Canada Atmospheric Envirofimental Service
Monthly Reéord.*oMeteorological Gbservations in

Canada. June 1973, July 1973. .

-

. . _ . ‘ \
a - The unit of :températurc is °F. f .
- 4
b - The unit of procipitation is 0/0} inches.
‘¢ - The unit of bright sunshine is Q.1 hour. These

figures are based on observatioris made with a Cambell-
Stokes Sunshine Recorder Wﬁich'gives a record of.
. - sumshine intense enough-to ‘scorch or burn a, standard

card upon which the rays of the sun have‘been

concentrated by a glass sphere.

2

'
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