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" Abstract
Seedlings of Phaseolus vulgaris L. var. Black Vaienﬁine
were grown in fvoilight conditioﬁs of equai irradiances but
different ratios of red and far red light in order to
simulate the light quality of natural sun and subcanopy 1
shade condifions and certain morphological and physiological
responses were compared. . ¢

'Sun' and 'shade’ plants'showéd‘differgpt morphological

Y

respon‘ts, with 'shade’ plant; having less dense leaves,
less chlorophyll on a fresh weight basis, grea%gr .
proportions *of shoot tpan root and/gggher Relative Growth
Rates and Unit Leaf'Raté;. The 'shade' plants .were *_
photosynthetically morerefficient than the 'suﬂ“plaﬁts
under these conditions. |

Endogenous conceﬁﬁrations 6£ IAA, measured using the
indqle-a:pxrone pﬂysical assay, and the Meugt;Benﬁet biocassay
showea’that ‘shade’ plants had higher conpentfé:igns of IAA

than the 'sun' plants in the first internodes, young primary

leaves and young roots.

IAA oxidase isdygmes were separated by disc
electroéhoresis and located with an IAA specific stain,
'Sun' plants had aifferent banding patterns and generally
fewer bands in the root and primary leaf tissues than the
'shade’ planté. The implications of phytochrome involvement
-in enzyme synthesis are discussed, ’

There was a good correlation between the IAA

‘concentration and plant morphology and higher levels of IAA
K
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in the faster growirig 'shade’' plants. Alké,'thE?e were

*

‘generally lower levels of IAA in tissues which had higher

numbers of 1AA oxidase bands. The morphological, hormonal

and enzyme changes due to alterations in éhytcéhreme
photoequilibrium observed are manifestations of the plant's'

response to subcanopy shading and sun light. ’

vi
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1. Introduction

Plants exist in complex, multifaceted environments.
They respond to the environment in a plastic fashion, that
is, with quantitative and qualitative changes in morphology
and physiology, which enables them to adaét to the
environment. Such responses take place at many levels‘
including changes in: rate of photosynthesis, the
proportioning of carbon assimilates, uptake and
!tfaﬂépira}ien of Haéerf changing the morphology of the
plant, endogenous concentrations of growth promotors and
. inhibitors, the type and activities of Eﬁzémes synthesized,
mgmbréne permeability and metabolic rate. The present study
was initiated to study the effects of one environmental
factor, shading by a canopy, on Phaseolus vulgaris
seedlings.

The research presented Eere is comprised of a review of
the relevant literature followed by three studies examining
different morpholegical and physiél@gi:al responses of
Phaseolus vulgaris to light conditions of equal irradiance
but with altered zeta ratios which simulated sun and shade
conditions. |

The first is a écmparisgﬁ of morphological responses of

plants growipg in the two light treatments during an early

developme period. Regressian analysis teshniQnes are used
to éetfrn:ne ﬂ:ffertnces in growth - h;netles.
Tha segand is an attempt tD determine whether these

11ght chdxtians have an effect on endogenous 1AA



- -
concentrations. The roots, first internodes and leaves are
assayed for IAA using the Héudt-sennett bicassaylané éhe
indoie-a—pyrene assay.

In the third study, the IAA oxidase isozyme band
patterns were examined using pelyacryiamide gel '
electrophoresis in the same tissues over the same -
- developmental time period used in the study ¢f the IAA
levels. Each of these studies include the introduction,
methods, results ané conclusions. These are followed by a
general. discussion of the félaticnship between the studies
and the way in which the whole plant responds to simulated

sun and shade conditions.

W
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2. Literature Review

2.1 Light and Plant Growth
Light, the energy source for virtually all biological
processes, is also one of the most important stimuli |
mediating plant growth and éeyel@p%ent, *
The absorptiaﬁ of light by a biological system ia a
quantum phenomena, and therefcre; a proper description of

the light absorbed during a reaction should contain the

number of photons per second per unit va@glength interval

(Seliger and McElroy, 1965). Light for plant growth
in irradiance (the level of energy) and the distribution o}
that energy into various wavelengths. Physialagﬁﬁallg active
radiations range from 200 to 800 nm in wavelength, with
light energies from 5.0 to -8.0 log ﬂh/cmii Spectral energy
distributions (EED) and irradiance levels are affected (from
the norm of clear skies with direct and scattered radiation)
by cloud, humidity, time of day and degree of sub-canopy
shading (Holmes and Smith, 1977).:

Shading by a vegetative canopy has two e}fgcts: a
change in the SED and a ée:rease in light irradiance which
causes a decrease in the energy availablévfér
vphotosynthesis. The filtering of sunlight by vegetation
results in a decrease in blue and red wavelength bands,
green being lessvaffected, while far red is relatively

unaffected- (Holmes and Smith, 1977), Cgﬁsequently, subcanopy



shade light has a lower ratio of red/far red light than
sunlight. Light irradiance may be decreased from
approximately 1400 pE/m’/sec (full sunlight) to
approximately 100 pE/m?/sec (beneath a wheat canopy, as

reported by Holmes and Smith, 1977).

2.1.1 Shading Effects on the Phytochrome Photoequilibrium
Phytochrome is a water soluble chromoprotein found in
plantlzgllsi-and it is usually asscci;ted with the
plasmaiemmar etiaplést and chloroplast membranes (de Greef
et al, 1976). Phytochrome exists in two major isomeric (
forms, Pr and Pfr, both of which absefb light. Pr Has an
absorption maximum at 660 nm in tﬁé red and Pfr at 730 nm in
the far red region of the spectéumi It is known that these
tvo forms are photointerconvertible, -but the actual
meéchanism of the photoconversion is controversial and beyond
the scope éf this study (Schafer et al, 1975; Smith, 1981).
It is also known that an equilibrium is established between
the two forms in multiwavelength light. This
pﬁétnequiiibrium has been measured in various light
conditions by extracting and spectrophotometrically assaying
the relative amounts of Pr énd Pfr in‘etielated tissue
exposed to those light conditions (Smith and Holmes, 1977).
The relative amounts of Pr and Pfr have been expressed as
the Pr/Pfr or Pfr/Pr+Pfr ratio. These ratios have been shown
to change depending on the relative energies of red and far

red light (Smith and Holmes, 1977). The photoequilibrium can



be estimated by measuring the SED of the incident 1light,

“ usually achieved by measuring the zeta ratio, where

L4

- PE/m?/sec 655-665 nm
zeta ratio = : , _

JE/m* /sec 725-735 nm

(Monteith, 1876).

Subtanopy shade light, vhich has a high proportion of
far red light, has a low zeta ratio and therefore a low
Pfr/Pr+Pfr' ratio. In contrast, sunlight has a greater
proportion of red light, and high zeta and Pfr/Pr+Pfr
ratios. ., |

The phytochrome phatcequ%libfium is related ito the zeta
ratio in a non linear fashion, Within ﬁatu:al light regimes,
a small change in the zeta ratio may cause a relatively
large change in PE:/Pﬂ*Pfr_ It has been proposed that this.
provides the plant with a sengitive mechanism for the
detection of small changes in the degree of shading in
natural conditions (Smith and Holmes, 1977).

Thg phytochrome ph@tcequiiibfium has also been shown to
be the mechanism by which a plant responds to long term sun
and shade.conditicns (Holmes and Smith, 1977). It affects
many major processes in tﬁg Bﬁant 1ncluﬁ;ng phataper;adASm

and photomorphogenesis (5m1th, 1975).



2.1.2 Shading Effects on Photosynthesis
Subcanopy shade light, as compared to sunlight,

decreases the photosynthetic rate by reducing the energy

available for phctcsynth is. However, because af the
differences in SED; subcanopy and shade light support
different rates of thEGSYhEhESiEVEvEﬂ in light of equal
irradiance. There are tHQ'EEaS§ﬁS for this. F;fstly, all
wavelengths of light are not used with equal efficiency. The
:'1ight absorption by chl@rcphfll varies with the wavelength
of irradiation. Fér example, an action spectrum for
Phaseolus vulgaris var Red Kidney, gréwn in simulated sun
conditions, showed the highest-fates of photosynthesis at
670 nm and SBD.nm and its photosynthetic rate declined
ifapidly above 680 nm (Balegh and Biddulph, 1979;i Secondly,
Myer anﬂ Graham (1978) ‘have shown that Ear red wavelengths,
vhen given 1in ccn;unct;en with other wavelengths, enhance
the rate of photosynthesis, even though chlorophyll
abséféticnigf far red wvavelengths is quite low. The
. mechanism for this effect (the Emerson enhancement effect)
is ﬁaﬁ known, but it indicates that an SED with high levels |
of far red (shade conditions) would have a higher rate of
photosynthesis than would be predicted by the action
spectrum, ’

Boardman, in his 1977 review of photosynthesis in sun
“and shade piaﬂtsi'stéﬁéS‘that subcanopy light has lower
irradiance levels and different SED than sun light, but does

not separate the effects of these two factors on



evaluate. He does state, however, that generally shade
adapted species (those naa&ally found growing beneath a
Eanépy) are Mes phgﬁasynéheticaliy efficient in low light
irradiances than are sun adapted species.

Changes in the zeta ratios and light irradiances can
;ffecé the gross morphology of the plant and this may also
affect the photosynthetic efficiency. This subject will be
diécussed in more détail in a subsequent section. ‘

The structure of chloroplasts and their density in the
cell is also affected by zeta ratios (Sawhney et al, 1980),
Plants grown in low zeta (shade) conditions generally have
fewer chloroplasts (Holmes and Smith, 1977) and these have
large irregularly arranged grana (Boardman, 1977). The
latter author has suggested that the changes in chloroplasts. °
provide an effective means of interception of low levels of
diffuse orAcattered light. .

Sun adapted species aisa have generally higher levels
of RuBP carboxylase, and Boardman (1977) proposed that this
could be partially responsible for the high light saturation
points of these plants. The relative importance of gross
'mefphélégy, chloroplast and enzyme changes on the |
photosynthetic rates of sun and shade adapted species is not
known (Boardman, 1977),

Three studies have measured the rate of photosynthesis
of plapts grown in long term altered SED light conditions,

Kausperbauer and Peasley (1973) using tobacco growing in -



fluorescent light with end-of-day red or far red light
treatments found that when pBotosynthesis was measured on an
area basis, there were no significant differences between
end-of-day red or end-of-day far feé treatments. However on
a fresh weight basis, fhere were greater photosynthetic
rates in end-of-day far red treasfg plants. Hoddinott and
EHallrgin!Pfess) using Phaseolus vuigaﬁfs Black Valentine and

long term simulated sun and shade conditions found that

leat area and dry veight baSisi McLaren and Smith (1978) in
a study on Rumex obtusifol ius grown in low and high zeta
ratio conditions showed that simulated shade grown plants
had léwe: net assimilation rates on an area and chlorophyll
basis. These studies show that altered zeta ratios may
effect photosynthetic rates independent of changes in

irradiance levels.

2.1.3 Photomorphogenesis and Phytochrome

Photomorphogenesis has been defined by Mohr (1964) as
the control exerted by light over the growth, development
and differentiation of a plant iﬁdependgnt of
photosynthesis. When a seedling emerges from darkness into
1ight, a series of developmental and biochemical changes are
initiated in response to light, In Sinapis alba these
praéesées include inhibition of hypocotyl elangatiaﬁ?\
unfolding qf thé lamina of the cotyledons, opening of the

hypocotylar hook, initiation of the leaf primordia,



differentiation of primary leaves, formation of tracheid

elements, differentiation of stomata, changes in the rate of

respiration, synthesis of anthocyanin, increase in the

=

cel
rates of carotenoid, protochlorophyll, RNA and protein
synthesis (Smithi 1975). All of these processes are involved
in photomorphogenesis and have been shown to be mediated by
phytoﬁﬁrame. |
lPhetama:phegenic effects are observed to continue over

) e
the course of a plants's life, and these same processes

determine the pattern of plant growth in response to sun and
subcanopy shade light. Because of the range of effects the
phytochrome photoequilibrium has on plant growth,
photomorphogenesis has been studied at many different
levels, from the effects on gross plant morphology to

effects on hormones and individual enzyme activities.

2;1;4 Shading effects on Morphology

lower zeta ratios, have been shown to influence plént
morphology (Hughes and Freeman, 1967; Holmes and Smith,
1977). Therefore, it is essential to segafate these two
factors experimentally. A recent study examined the effects
of ﬁath 1ight~quali£y and light qQuantity on the morphology
af’CﬁEﬁﬂpﬂdium album. 1t showed that altered zeta ratios
affected stem elongation rates and leaf afy wgight/stém éry.

weight ratios, but not leat area or Specific Leaf Area,.

M=
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lévels (Morgan and Smith, 1981). This suggests that light
qualigy and light quantity affect different aspects of plant
ma:phéiggy in this species.

There are generally considered to be two ways in which
a species responds to natural shading conditions; shade
tolerance and shade avoidance (Grime, 1966). Shade tolerance
occurs primarily in shade adapted species. Morphological
changes which tend to increase the photosynthetic capacity
of a plant, such as incréased leaf area, are generally
é@nsiéered shade tolerance adaptaticﬁs? Shade avoidance
responses, found in sée:iés which generally grow among
herbaceous plaﬁts, may serve to overtop the shading génapy
by increased stem elangaéian.

In a comparison of theirespcﬁse of sun and shade
adapted spécies to altered zeta ratios, Holmes and Smith
(1977) repérted that there was a correlative relationship
between species habitat and the response to simulated sun
and shade conditions. All species showed some. response to
simulated shade, including a reduced chlorophyll content and
a decrease in leaf dry weight/stem dry ug}éht ratios, but
sun adapted species showed a significantly greater increase
in stem elongation rates thaﬁ shade adapted species. This
would indicate that sun adapted plants produce a morphology
typical ‘of shade ;v@idaﬁce in low zeta ratios ‘more readily
‘than do shade adapted plants. |

In conclusion, there is evidence to suggest that

morphological responses vary with light irradiance and zeta
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ratio, and that different species and speagies adapted to

different habitats have different reactions to shadipg.

2.1.4.1 Analysis of Growth

Because growth and photomorphogenesis are dynamic
phenomena, it is desirable to describe them by the use of a
method of analysis which determines growth kinetics. There
are two general approaches to the analysis of growth in
response to environmental conditions. The first, classical,
method (Evans, 1972) utilizes large, infrequent harvests of
plant material. The parameters usually measured are height,
fresh and dry weights of plant parts, and leaf surface area.
‘The data collected are a large number of measurements at a
few p@ints'in time. This method gives precise mean values
and estimates af population variance Egr':amparative
purposes, but it daes not facilitate a detalledagnaly51s of
changes in growth parameters Hlth time.

A second approach depends on frequent, small harvests
to derive mathematical functions which express changes in
growth parameters with time (Hughes and Freeman, 1967). The
same growth parameters are measured as in the first method,
but generally, the mean values derived have largeér variances
because of the smaller data set at each point in time.

There are several advantages to the use of fitted

-mathematicel curves to express the relationship of growth to -

time (see, for example, Hunt, 1979). The data collected from

frequent harvests is a set of observed measurements

L



scattered randomly about‘reality; A mathemagical function
‘exact manner than the original data (Hunt, 1979). Small
random deviations from the overall trend are smoothed out,
and the nature of such time dependent phenomena és
ontogenetic drift, and changes in the relative size and )
importance of plant parts can more easily be observed.
Comparisons of compressed data can be made more easily by
considering the relationship over the time span of the
experiment, rather than comparing points in time which may

be of limited importance in the sequence of plant

development., Differences in development rates may be more

more accurate,

There are several types aflmathematicai curves to which.
growth data have been fitted. Landsberg (1977) suggests
- exponential, power, hyperbel and sine curves. Richard's
function has been suggested and tested by several groups
(Causton et al, 1978; Hutd, 1977: Venus and Causton, 1979).
Polwnomial curves have been used by a numbgr of authors
(Elias and Causton, 1976; Nichalls\and Calder, 1973; Hunt,
1979) to analyze plant growth data. The type of mathematical
curve chosen should provide for economy of description
(Laﬁdsberg,’1977), and have the flexibility to describe a
réngé‘éf relationships (Causton et al, 1978)2 The funétién
should be based on a biologically meaningful model, so that

the constants themselves have meaning (Caustén_ét al, 1978).



13

Finally, curves should have a scunﬁg;tatistlial basis far
ccmparlscn @f data (Venus and Causton, 1979). '.! , ’
Palyﬁémial regfessicn equations ‘are very flexible
(almost ali linear and non linear data sets may be described
by polynomial regression equations), but the constants will

not always have biological meaning (Landsberg, 1977).
Regression eqguations have a well de;elcpeé statistical
methodology (Draper and Smith, 1976), and they are linear
from a statistical point of view because the coefficients
are linearly related (Elias and Caustcn; 1976). This allows
standard parametric techniques of aﬁalyééé to be employed in
estimations of variance and %he comparison of Eata_ Venus
and Causton (1979) found polynomial fﬁncti@ns to be as
flexible as Richard's function and that there was rarely a
statistical difference between values derived by both -
methods. Althaugh polynomial constants do not have explicit
?191@91:31 meaning, the 1ogaf1thm1:ally tfansfarmed data,
when derivatized, produce the Relative Grcwth Rate function
-used in classical growth analysis (Elias and Causton, 1976)
Logarithmic transformations also reduce ﬁﬂnhamééenegys
variance in growth data.

Polynomial regression equations have beeen employed by
a number of authors and there is a large body of data

i

avallable for cqﬂparatlve purpose

=5

>



2.1.5 Phytochrome and Hormones

Since it is commonly held that the growth of planté
depends on the balance of the concentrations of growth
promotors and inhibitors (Scott aﬁé-ériggs, 1966), it is of
particular interest to look at the effects of phytochrome on
endogenous hormone levels. |

Although most of ;he-stﬁéies of light effects on

hormones have been carried out using flashes of red and far

red light, these ‘studies indicate a relationship is possible
between hormones and the phytochrome photoequilibrium
established in long term altered zeta ratio conditions.

Gibbgfeﬁs have been shown by Reid, @t al (1968) to
increase in red light»in etiolated barley leaves. Subsequent
work by Evans and smith (1975) showed that this was
primafily due to a change in the permeabilty of etiap}ast
membranes, permitting the ﬁcvemEﬁt of gibberellins from
inside to outside of the etioplasts.. Increéseé gibberellin
levels 'in red light have also beenkgﬁewﬁgfaf lettuce seeds,
apple seed embryos (Graebe and cher,2978) and Sitka spruce
seeds (Taylor and Wareing, 1979). These phenomena were
reversible with far red light, implying phytochrome
_involvement. :

Cytokinin levels have been shown to be reversibly
increased by red light in seeds of Rumex obtusifolius (van
Staden and Wareing, 1972) and Sitka sprﬁ:e seeds (Tayig{ and
Wareing, 1979) as well as leaves of chulus sp. (Hewett éné

Wareing, 1973),



Ethylene production has been shown to decrease
folloﬁing red light flashes (Osborne, 1978). Also, studies
by Bassi and Spencer (1980), using sunflower in simulated
shade SED, and Erez (1977) using Prunus persica in subcanopy
and néutral shade found that ethylene evolution increased in
shade, as compared to sun light conditions.

Theré is also evidence for the involvement of
phytochrome in the control of abscisic acid (ABA) levels.
Tuckef and Mansfield (1972) using Xsnthiumrstﬁumsﬁium and
supplementary red or fafireé light fcun§ changes in-
endogenous ABA levels; However Bajracharya et al (1975)

" using mustard, found no resécnse in ABA levels to red or far
red light. |

The involvement of Indole-3-acetic acid (IAA) and 1igh£
quality will be discussed in the next section.

Many of the affects of phytochrome on hefméne levels
have been shown to be very rapid, For example, Hé:k by Evans
and Smith (1975) shows lag timesvcf 30 minutes aftér red
light treatment, before increases in gibberellins were
detectéd. Even though these hormone changes were rapid, it
is unlikely that the primary effect of phytochrome in the
cell was due té a phytochrome effect on hormone synthesis,
but rather that hormdﬁes were either released from a bound
state (Bandurski and Schulze, 1974) or released into chéf
cytoplasm from the etiaplasté (Evans and Smith, 1975).

Studies by de Greef et al (1975) on the rapid |

transmtssion of light stimulus, show that when dark grown
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Phaseolus vulgaris was partialiy illuminated, the light
stimulus was transmitted within one minute toAqnillumihated
parts of the plant. This was shown to be far red reversible
and thus mediated by phytochrome. It was postulated that
this resbbnse was too rapid to be a hormone effect. The
rapid transmittance of light stimulus was paralleled by
chénges in membrahe'sur{ace potentiél and by large increases
in NADPH and ATP (de Greef et al, 1976). Other studies have
also shown that phytochrome affects membrane associated
reactions (Smith, 1975). These change; could cause
alterations in cellular pH, and enzymatic reaction rates.
This would exert a major .influence on cellular meﬁabol@sm,
including the regulation of hormone levels. This suggegts
that some of the changes of hormone concentrations in red
" and far ;ed light are secondary, rather than primary effects

of phytochrome.

'2.1.5.1 Indole Acetic Acid

Indole-3-acetic acid (IAA) has been inténsively studied
since the 1920's and consequently muéh more is known about
the manner>ih whicﬁ IAA concentrations are regulated in the
plant than is know about other hormones. IAA is found

throughout the plant in concentrations which range from

1-100. ug per Kg fresh weight in vegetative material

’ow

(Schneider and Wightmam, 1978)._Higher_tonqgntragions §f§_

found in seeds and storage organs.
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Endogenous IAA concentrations are highly correlated

with growth rates (Schneider and Wightman, 1978), and it is

generally considered thfhe endogenous concentration of
IAA and its distribufgg® though the plant, is critical in

the coordination of development (Letham, 1978). It has been

shown that, to some extent, phytochrome cantfals the
concentrations of IAA in the plant (Schneider and Wightman,
1978).

The concentration of IAA in variaué tissues is a result
of the balance between the syﬁthesis of IAA, transport in
and out of the tissue,vEﬂzymati: oxidation, reversible

formation of IAA conjugates (bound auxins), and the

The ﬁajar sites of of synthesis of IAA have been
identified, using '‘C labelled precursors, as tﬁe young
expanding leaves and the apices (Schneider and Wightman,
1978). Other tissues also have the ability to synthesize
IAA, but to a lesser extent. Five major pathwayé for the
biosynthesis of IAA have been suggested, originating with
the amino acid tryptophan and proceeding though various
intermediates. There is good evidence for these proposed
pathways since many of the intermediates have beeﬁ found in
various species. Fletcher and ;i}ik (1964) reported that red
and far reéllight.affecteé IAA concentrations in the apicél
portions of Phaseolus vulgaris. Since the apex is a major
site of IAA synthesis, this work suggests that the rate of

‘synthesis may be affected by phytochrome.
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The transport of IAA may also regulate IAA
concentrations thoughout much of the planti=1t is generally
agreed that IAA is transported basipetally in the stem and
acropetally in the root. The rate of transport of
exogenously applied IAA has been shown to vary with red and
far red light flashes, which implies phytochrome involvement
in IAA transport (Yamaki and Fujii, 1968),

The metabolism of IAA by enzymatic degradation and
conjugétién éls@ serves to regulate IAA levels, The role of
IAA oxidase is discussed in section 2.1.6.1. The éanjugatian
of IAA is an apparently reversible process whichrmay serve
to store fAA; When labelled iAA is applied to plant tissue,
much of the label is quickly converted to IAA conjugates
(Schneider and Wightman, 1978). Bandurski (1980) suggests
that conjugates have four metabolic roles in the plant:
1. sources of IAA during seed germination
2. precursors for "seed' auxins
.3. protects IAA against enzymatic oxidation
4. provides a homeostatic system to respond to

environmental stimuli.
" All of these could play a role in the regulation of IAA’
concentrations.

Plants contain substances called auxin protectors,
which cause a lag period in the cxiéatién of IAA. Thgég

- compounds protect the substrate by being strong antioxidants
and they keep tissue in a rééuced state. Highest

concentrations of lAA protectors are found in embryonic
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tissue (Yoneda and Stonier, 1957);>althéugh the chemical
nature of these substances is not known (Stéﬂier et al,
1979). |

The oxidation of IAA is also modulated by phenolics
(Marigo et al,1979). Monophenolics ténd to be cofactors,
whereas diphenolics act as inhibitors of oxidation. The rate
of synthesis of these éémpcunés hés_beeﬁ shown to be
affected by phytochrome (Bottomley et al, 1965). Phytachfame

can apparently affect the endogenous concentration of IAA by

more than one mechanism. The degree to which each mechanism

functions in any one plant and the relative importance of
each is not presentl‘inawé,

Although IAA is considered very important in plant
growth regulation, there are other indole compounds found in
plants including Iﬁd@&éiBéprépiéﬂiZ acid, Indole-3-pyruvic
acid (IPyA) and iﬁéGlE’BibutytiE acid which have alsc been

shown to have biological activity (Schneider and Wightman,

1978)
2.1.5.2 IAA Analysis Methods

As IAA occurs in sudch small guantities in plants,

\n‘

bioassays have been, until recently, the only satisfactory
method for quantitative analysis of 1AA. However, biocassays

generally tend to be inaccurate and non specific compared to

physical assay; they usually respond to all growth enhancers

and inhibitors and not specifically to IAA. Biocassay methods

are usually chosen on the basis of their relative

o e
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specificity and the ease with which they can be performed.
There are two common Eypes of bioassays, those based on
straight growth such as!the Avena coleoptile stfaightxgrowth,
test (Sirois, 1966) and those based on Euréeé grovth such as
the Meudt-Bennett bean hypocotyl curvature test (Meudt and
Bennett, 1978) or the Avena coleoptile curvature test. Dﬁherr
assays have been develcped based on root grauth and other
IAA related phenomena.

The Meudt-Bennett biocassay is a rapid and accurate
method of analysis of IAA, based on the principle that
unilaterally applied auxins cause curvature in stems. Meudt
and Bennett (1978) reported that it can separate the effects
of auxins and gibbberellins because giberellins cause only
increases in length and not curvature. The sensitivity has
been fepcrted to be comparable ta'the Avena coleoptile test
and it has the added advantage of being relatively
unaffected by light.

Phyéiéal assays of IAA have the advantage of beinés
generally more Specific and more accurate. than bioassays.
-They include colorimetric methods e.g. Salkowski method
(Gordon and Webef, 1951); spectrophotometric techniques
wvhich measurer derivatized (Stoessl and Venis, 1970) or
underivatizéd (Fletcher and zalik, 1964) IAA, or by using
‘flame ionization detection and gas chrgmgtégraphy (Beyef and
Mbrgan, 1959). Flame 1cnxzatlan, combined with gas_
chromatography, is the most ac:ufate method of analysis of

IAA (Schneider and Wightman, 1978) but requires

3



sophisticated laboratory equipment.

The indole-e-pyrone method (Stoessl and Venis, 1970)
for IAA relies on the derivatization of IAA to
indole-a-pyrone, a féééarange cgméauné with a distinctive
‘ultraviolet, visible and fluorescence spectrum. The amount
of IAA present can be estimated from the emission of the
derivation product using a scanning fluorescent
spe:tfcphetameter. Improvements to this method have been
suggested by a number of authors including; Knegt and
Bruinsma, (1973); Ino et al, (1980), Eliasson et al, (1976),
and Bottger et al, (1976), and have been used successfully

by Pilet et al (1980) and others.

2,1.6 Phytochrome Effects on Enzymes

Phytochrome has been considered the only clear]

defined pigment in green plants which is able to rceive
light signals from the environment and translate tﬁese
signals into the-metabclic reactions governing development
~(Schopter, 1977).

Red and far red light has been shown to have an affect |
on the activity of several enzymes as reviewed by Mohr 7
(1974) and Smith et al (1977). Most of the studies menticneé
~in these reviews were carried out usxng monochromatic llght
"on a few 1mpaftant enzymes e.g. phenylalaning ammonia lyase,
ribonuclease, nitrate reductase and RuBP ;g:béxglase. Such
studies have begun to elucidate the mechanism by which

phytochrome affects develapmeﬁt.
: .
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There are many stages during the synthesis of enzymes
and the course Qf their action, where enzyme activity could
be affected by phytochrome;

1. translation of DNA information to mRNA

2. activation of new peptides

3.  transformation of stored peptides

4. release of actiQe enzymes

5. inactivation of enzymes via inhibitors or protectors
6. degradation of ensymes -
(§chopfer,1977).

F#ctors-such as changes in celluiar pH must also be
"considered, particularily considering the relationship
between phytochrome and membrane permeability (de Greéf et
al, 1976). There is strong evidence that phytochrome may
have an effect on the translation of mRNA from DNA
(Schopfer, 1977). However, other points of control have not
been excluded, and a multipie control of enzymg,gctivity has
been proposed by Frosch et al (1977);

In most cases phytochroﬁe has been shown to have a -
photomodulating effect on”eﬁzyme'synthesis, i.e. a change in
the levels ;f'activity, (Schopfer, 1977); However, if
appears that phytochrome also has a photodeterminate effect,
i.e. a switching on or off of an enyzme;, on peroxidase
synthesis in mgstara (Schopfer, 1977). Peroxidase synthe;is
can be affected by phytochrome during an induction. period
during which an inactive protein is synthesized. Subsequent

to this is a realization period unaffected by red and far



red 1igh§. during which the peroxidase activity increases,
- ' \
2.1.6.1 IAA Oxidase

Indole-3-acetic acid-exidase (TAA aiidase) is a
hemoprotein enzyme which utilizes hydrogen peroxide as a
cofactor to oxidize IAA. The enzyme is closely related to
peroxidase. Several studies have reported that I1AA oxidase
and peroxidase are apoenzymes, two active sites ;esidiﬁg in

!the same macromolecule, siﬁﬁe, vhen provided with the
suitable substrate, they showed both activities (Srivastava
and van Huystee, 1979). In contrast, other studies (Raa,

§1973) reported no IAA axiﬁase activity in certain
peroxidases. 7

IAA oxidase has been postulated to be a regulatér:ef
IAA concentration and thereby to affect growth rate (Hillman
and Galston, 1963; Sharma et aJ,1979). The rate of IAA
oxidation is fégﬁlated not only by IAA oxidase activity and
IAA concentration but also by the presence of IAA protectors
and phenolic inhibitors.

IAA oxidase and peroxidase hve been shown to exist as
multiple isozymes (Retig and Rudich, 1971; Lee, 1971 ‘
(a),(b); Lee, 1972; Anstine et al, 1970) i;eg enzymes with
more than one molecular form uhichfaggieither encoded by
different genes or modified by a feéétive group.
(Scandalios, 1969). Anstine @t @/ (1970) has shown that for
some specific isozymes of peroxidase, the appearance of a

*

new isozyme is due to de novo synthesis i.e. an effect on
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Phytochrome has been shown to affect the enzyme
activity levels of both IAA oxidase (Hillman and Galston,
1964) and peroxidase (Sharma et al, 1979). As previously
phytochrome influence on a number af pre- or post-
transcriptional events, or due to a change in :anéentratian
of inhibitors, cofactors or protectors. Since phytochrome
exists as a number of isozymes, it is likely that a
phytochrome affect on de novo synthesis would become
apparent by looking at the pattern of isozymes, and that
this could reveal some of the mechanism? by which

phytochrome affects IAA concentrations in plants.



3. The Influence of Altered Zeta Ratios on Growth Parameters

"Last year (1906) Professor Nol made a communication
to the Niederrheinischn Gesellschaft fur Naturund
Heilkunde at Bonn concerning the quantity which he
had named the plants Substanzquotient. The
substanzquotient was to be obtained by determining
‘the quantity of dry substance of a plant at equal
intervals and relating each weight thus obtained to
the previous one, by dividing the former by the
latter. Thus the dry substance quotient gives a

measure of the Assimilationsenergie of the plant at
different periods of its life, in that it relates
the assimilatory income to the existing, and
increasing, working capital."”

H. Hackenber. 1909

3.1 Int:aﬂﬁ:tian

Previous work on the effects of subcanopy shade and sun;
light on plant morphology has shown differing and
occasionally conflicting results, It has b%en reported that
a plant‘é responsé depends on the species (Morgan and Smith;
1979), the light environment that species was adapted to
(Morgan and Smith, 1979), the zeta ratio (Morgan and Smith
1978), and the coincident light irradiance (Morgan and
Smith, 1981). This indicates ﬁhat the morphological
responses of a species in a new light regime can not be
predicted from the literature; and that to compare the
effects of altered zeta ratios on morphology, . the light

irradiances must be equal,

25
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Plant morﬁholosﬁ can be quantified by the measurement
of the éimensicﬁ and weight of plant:pafts, However, to
describe growth, mofphalééial paraméters must be analyzed
over time so that the kinetics of their relationships can be
;étgfmined.

.The following parameters have previously been reported
to be influenced by subcanopy shading or altered zeta
ratios; chlorophyll content, (Morgan and Smith, 1978), leaf
atei (Kasperbau%; and Peaslee, 1973), Specific Leaf Area,
(Morgan and Smith, 1978) dry weight of the plant (Morgan and
Smith; 1978), and root/shoot ratio (Boardman, 1977). This
study is an attempt to follow these, and some additional
grawtﬁ parameters of Phaézglus vulgaris grown®in simulated
sun and shade conditions over time, using regression

analysis techniques.-

F

3;2 Methods
3.2.1 Gra;ing éandiéiﬁns 7
Seeds of Phaseolus vulgaris L. variety Ela:k}Valentine~-
(Rogers Brothers, ldaho Falls,rIdaha, USA) were imbibed for
"three days in aerated, saturated calcium sulfate solution,
This solution served to maintain membrane integrity and
appeared to reduce the occurence of fungal infections. The
seeds vere placed in the dark, on sloping trays and covered

with paper towels wet with saturated calcium sulfate
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solution for four da&s. Elongated seedlings were selected
for uniform height and inserted into féaﬁ StappéfS;
Approximately ten of these seedlings were then inserted in
the plastic lids of two liter plastic pots, containing
Hoagland's solutionl(Hewitt, 1966), and placed into one éf
two Controlled Environment Chambers (Chargin Falls, Ohio).
The soiution was aerated constantly, féplenished daily with
distilled water to replace the solution lost by e
transpiration and evépératio;, and replaced weekly. The
seedlings elongated for three days before being separated
ana placed into individual pots.

Two Controlled Environment Chambers were used to
simulate the zeta ratios found in sunlight and éubecanapy »
shade conditions. In the simulated sunlight ('sun') chamber
Sleania (Drumonvile,.Quebec) VHO cool-vwhite fluorescent
tubes were used as a light source. In the simulated
sub-canopy shade ('shade') chamber were similar tubes, plus
two water cooled 1000 watt quartz-iodide lamps (General
Electric, USA) surrounded by ﬁwo 1aye?s of orange and one
layer of blue Cinituff filters (Strand Century Ltd.
Mﬁséissaugq, Ontario). The photosynthetically active
radiation (PAR) was measured at pot height four times weekly
. using a Lambda Instruments (Lincoln, Nebraska, USA) LI 190S
quéntum sensor. Both chambers maintained a éenstantrzﬂiz‘ C.
and 55% R.H. during the 16-8 hour day-night cycle. Both
-fluorescent and quartz-iodide gulbs were synchronized to

turn on and off at the same times. Plants were at the



greatest éisténge p@ssable from the light source, in order
to reduce the changes in PAR as the plant increased in
height .- -

The*spectfai energy distribution, shown in Figure 1, in
the two chambers was determined using a Techtum Instruments
Quantum Spectrometer (Mandel Scientific Co. Lédu, Calgary),
and the zeta fatia (the ratio of quantum flux.in a 10 nm
band width at 660 nm and 730 nm) was calculated as described
by Holmes and Smith (1977). The zeta ratio of the simulated
sun chamber was 3.50 and of the simudated shade chambed
0.62. iight irradiance levels in both chambers were
maintained at 185 pE/HZ/sec as measured between 400 and 735

n% by the Techtum Instument integrator.

3.2.2 Sampling Techniques

A large group of seedlings were grown, from which 150
seedlings were selected £§f uniformity and randomily assigﬂgé_
to a light treatment. From the group of 150 seeélingsi 10
plants from each chamber were randomly selected to be used—
for both non-destructive measurements (from day 4 to day 15)
and for the destructive measurements (on day 15). -
CQSSEQuEﬁtly both destructive and non-destructive samples -
were taken from the same population. Measurments vere made

at the same time each day to ma;nta:n cfthcganality

th:aughaut the experiment,
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Figufs—+.- The spectral energy distribution of the simulated
sun and shade light conditions.
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3.2.2.1 Destructive Sampling

Each day from 4 to 14 days in the light, 5 plants
(exclusive of the 20 plants Ehcéen for dag 15) were randomly
chosen from each chamber for destructive sampling. Damaged

or malformed plants were removed from the samplég

L]

lants were divided into; a) root b) primary leaf c)
first trifoliate leaf d) second trifoliate leaf and e)
internodes, and were weighed immediately to determine fresh
weights. Leaf ageas were determined by photocopying the
leaves and then cutting out and weighing the paper

. equivalent of ea:h-léaf (Verbelen and de Greef, 1979). %lant
parts were wrapped in foil and dried at 80° C. for 3 to 4

days and reweighed to determine dry weights.

3.2.2.2 Non-Destructive Sampling
Ten §lant5 were randomly cﬁesen from the large
population at day 4 and from 4 to 15 days in the light,

height and internode lengths were measured for iRdividual

plants.

3.2.3 Chlorophyll Analysis

o The chlorophyll content of primary lé;ves wés
determined each day from 7 to 19 days in the light using the
method of Hiscox and Isfmelstam (1979)., Five leaf discs, 5
mm in diameter, were bored from primary leaves and immersed
in 9 mls of dimethyl sulfoxide (DMSO) and incubated for 10

minutes at 65° C. The solution was cooled, strained and made
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up to a volume of 10 ml with DMSO. The absorption was
measured using a Beckma; DBG Scanning Spectrophgtémete:
(Arlington Heights, Illinois) at é45 and 663 nm against a
DMSO blank. The chlorophyll a, b, and total concentrations
vere calculated on a fresh weight basis using the method of

Arnon (1949).

3.2.4 Data Analysis

Morpholoqical data.wereianalyzed using the least
squares method of polynomial curve fitting calculated by the
Biomedical‘Computer Programs P-series (BMDP) program
(University of California, USA).

The significance of the difference between the slopes
of the regression equations for the 'sun’' and 'shade’ planﬁs
was tested by the method outlined by wOolf:(1963)i

The values for the Relative Growth Rates, Leaf Weight
Ratio, Leaf Area Ratio, Specific_Leaf Weight and Unit Leaf
Rate were derived from regression equations using the meéhad
suggested by Hughes and Freeman (1967). The Relative Growth
Rate was calculated as the slope of the regressxan of the
natural log of the dry wexght versus time. The Leaf Weight
Ratxo, which expresses the rel//;Qnshlp between leaf we;ght
and total dry weight, was caldqisted from regression °

k‘\equationsas follows; /

. - 1
antilog(ln leaf dry weiggt - 1ln total dry weight)



Leaf Area Ratio, (cm?/g) which expresses the relationship
between leaf area and the total dry weight was calculated

from regression equations as follows:

antilog(ln leaf area - 1n total dry weight)
Specific Leaf Area (cm'/g) expresses the relationship
between leaf area and leaf weight. It was calculated from
regression equations as follows

antilog(1ln leaf area - ln leaf dry ;;ight)

The Unit Leaf Rate (g/cm®/day), a meésurg of photosynthetic

efficiency, was calculated as follows:

Relative Growth Rate

antilog(ln leaf area-1n total dry welght)

from previously derived regression equations.

3.3 Rgsult§;f 

The equations of the regressions of growth parameters
versus time are presented in Table 1, along with the
multiple r* values (coefficient of determination) which

indicates the percent of the total sum of the squares of the
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deviation accounted for by the regression, the associated
standard errors and the results of the t tests which
determine the significance of the difference between the
slopes of the regression lines of 'sun' and 'shade' plants.
The graphs of the regressions for 'sun' and 'shade’

treatments are shown subsequent to their descriptions.

3.3.1 Height

- The plot of the 1ln of the height versus time for sun
and shade plants is shown in Figure 2, Table 1 shows that
there was no significant difference between the slopes of
the regressions and therefore no significant difference in

the rate of increase in height between the two treatments,

3.3.2 Fresh and Dry Weights and whe Proportioning of Dry
Weight .
There were significantly greater fresh and dry weights
accumulated by the shade plants than the ‘5un‘rplaﬁts
(Figure 2). The slopes of the regression of the ln dry
weight vs time (the Relative Growth Rate) were also
significantly higher in the 'shade’ (Table 1). By
sub-dividing the plant into shoot and root segments, it is
possible to see that all the plant parts showed thgsg
- differences (Pigures 2 and 3) and the slopes of regression  ** -
equations for roots shoots and leaves were signifieantly;

greater for the 'shade' plants (Table 1). ’ .
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The relative éistfibuzicn of weight into roots and
shoots shows that the 'shade' plants maintained a greater
proportion of the dry mattef:prcducéé by photosynthesis in
the shoot portion of the plant than did the 'sun' plants,
This is shown by the root/shoot ratios in Figure 3,

r

3.3.3 Leaf Area
There were no significant diﬁfere;Ees in leaf areas"gﬁsﬁﬁ‘
(Figure 3) or the rates of increase in leaf area (slope of
the regression, Table 1), between the 'sun' and 'shade’
grown plants.
3.3.4 Leaf Weight Ratio
The Leaf Weight Ratio increased over time for both
;sun‘ and 'shade' plants. Initially, at 5 days, the 'sun'
plants had a higher Leaf Weight Ratio (Figure 4) but the
difference decreased with time until, at 13 days,'there vas
no apparent difference between the&;
3.3.5 Leaf Area Ratio °
The Lea} Area Ratio also increased with time. The 'sun’
plants had higher Leaf Area Ratios than the 'shade’ planés
throughout the developmental period stgéied; they had a
greater p:apaf;i;n of leaf area EQEP;EGd to éry weight thah

the 'shade’ plants (Figure 4).
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3.3.6 Specific<%ea£ Weight

The 'sun' grown plants had a greater Specific Leaf
. Weight than 'shade' élants thoughout the developmental
period studied and the differences$between:the two

treatments increased with time (Figure 4). This is an

indication of denser leaves in the sun’' plants.
3.3.7 Unit Leaf Rate
The Unit Leaf Rate, which is a measure of the
efficieﬁcy of photosynthesis on a day weight and leaf area
- .
basis, decreased with time and was greater in the 'shade’

plants than the 'sun' plants thoﬂgﬁout the expgrimental

period (Figure 4).

3.3.8 Chloroph&ll Content )

The cblorophyll content,‘bﬁ a mg/g fréSh weight basis
wasbgreaber in the 'sun' plants than in.the 'shade’ plants
for most‘of the eipe;imental period (Figure 5). The decrease
in total chorophyll in shade light appeared to be due to a
decrease in both chorophyll a and b which show a similar
pattern of change of concentration with time. There were no
's!gnificant differences in chlorophyll:;ﬂiratios between
the two light treatments. The increased variability in
chlorophyll content at the later stages of growth in both °

treatments was probably due to the onset of leaf senescence

in the primary leaves.
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3.4 Discussion

To.separate the mg}phclcgical changes caused by altered
irradiance, the energy available for phatqsyﬁthgsis must be
maintained at equal levels in the simuléted sun and shade
light conditions. The energy available for photosythesis is
difficult to measure due to the Emmerson enhancement effect. .
which chaﬁges'that photosynthetic rate dépending of the
amount of far red light, and the physical limitations af
light measuringrinstruments_ The Lambda Instrument (LI)
sensor, which has been used in prguicus studies to compare
irradiance levels (Hoddinott and Bain, iSiE::Hgfgan and
Smith, 1981) was sﬁéwn to be in diségreement with the
Techtum instrument integrator values (Hoddinott and Hall, In
Press)., The LI sensor monitors different wavelengths with
different efficiené? and therefore should not be used to
compared . irradiance levels in different SEDs. It is pass;blg
-that some of the previously reported effects of altered zeté
ratios on morphology wére due to changes in irradiance or.
that the effect of the different zeta ratios were masked by

inaccurate irradiance balancing.

L ]

_extreme than those found in natural habitats, the 'sun
being higher-and the 'shade’' being lower than those above
and below a wheat canopy (Holmes and Smith, 1979). It was
therefore expected that if a response occurred under natural

conditions in the field, a similar response would have been
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seen in the present experiment. A cprregpondence beiween
fesponses of Chenopodium album grown in simulated and"
natural conditions has been previously reported (Morgan and
Smith, 1981).

The present work differs fr;m previously published work
in both light conditions and plant species uﬁed. Not only
were tﬁe zeta ratios and irradiance levels of the other
studies different from the present study, but many authors
(Morgan and Smifh, 1978; 1979; 1981; Holmes and Smith 1979)
gave plants pretreatment light. Initial morphological
development of all plants in these studies occurred umnder
similar light conditions (usually high zeta and irradiance,
Morgan and Smith, 1981) before they were placed in simulated
sun and shade light conditions, unlike this study where the
plants were kept in the dark until exposed to the light
treatments. This makes direct comparisons of thié work and
previously published work difficult. '

The use Qf frequent small harvests and polynomial
regression equations to analyze morphology allowed the
. kinetics of plant growth to be. analyzed and compared. The
logarithmically transformed data best fit linear regression
equations as in previous reports by Hughes and Freeman
(1967). '

The present'study,shows how Phaseolus vulgaris adapts.
morphologically toAsimulated sun and shade light

environments. There were no significant differences in stem

elongatida rates between 'sun' and 'shade' light conditions.
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Previous work by Downs et al (1957) using Phaseolus vulgaris

and far red light flashes, and work by Morgan and Smith

\uﬂ\

(1979) with Chenopodium album in long term altered zeta
ratios, has shown increased stem elongation rates in far red
or shade conditions. Homes and Smith (1977) found varying

degrees of change in 'th tes of stem elongation under

simulated shade. light cies adapted to different light

environments. The incre in stem elongation rates in shade

light is generally viewed as a shade avoidance feséénse_but

this response was not evident in the present study.
Phaseolus vulgaris showed no significant differences in

leaf area, in 'sun' and 'shade' light. However Leaf Area

Ratios and Leaf Weight Ratlas ‘showed that, on a total dry

weight basis, the 'sun’ plants had a greater %gaf weight and
area than the 'shade' plants. McLaren and Smith (1978) using
Rumex obtrusifol ius and Holmes and Smith (1977) using
Chenopod fum album found decreases in leaf area with low zeta
(shade) conditions. Kasperbauer and Peaslee (1973) using
tobacco observed longer but narrower leaves in shade
conditions. Leaf area has been considered very important in
determining the ability of a plant to intercept enough light
for photosynthesis in shade conditions, and an increase in
leaf area has been suggested as a shade tolerance fespénse
by Boardman (1977),

Specific Leaf Weight was greater in 'sun' grown plants
than 'shade' grown plants. This was also reported by Morgan

and Smith (1978) when growing Chenopodium album in low zeta



:@naitiﬁﬁs and by Rasperbaﬁet'and=Peaslee’£19§3) groving
tobacco in end-of-day red and far red light ccﬂaiticns,.
Specific Leaf ﬁeight has been used as an indication of leaf
thickness, with ghicker leaves having less area for the same
dry weight. However McLaren and Smith (1978), when they
studied leaf morphologies in high and low ieta ratio
conditions, found decreases in spongy mesophyll air-space
volume and a loss of internal structure in low zeta (shade)
conditions. They found no correlations between leaf
thickness.anEVSpe:ifi: Leaf Weight. Specific Leaf Weight is
therefore more correctly a measure of leaf density and a
'change in!Speéific Leaf Weight can indicate a chénge in leaf
anatomy. |
Leaf morphology has been shown by Nobel and Haftsfeék
(1981) to be important in controlling photosynthetic rates.
Increases in mesophyll surface area (such as those under
"sun' conditions) have been shown to decrease mesophyll
resistance and to increase éhetasynthetic rates. The present
study and others by Morgan and Smith (1978) and McLaren and
Smith (1978), have shown that 'shade’ plants have less total
chlorophyll on a fresh weight basis than 'sun' plants. In
addition to this, the less well developed internal stucture
and the relatively less dense leaves, would suggest that
plants grown in 'shade' conditions have a decreased
photosynthetic ability. However, in spite of the different
morphologies of the 'shade' plants, less dense leaves, lower

Leaf Area Ratios and Leaf Weight Ratios, the 'shade’ plants
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were more phqtosynthetically efficient than the 'sun'

Growth Rates and Unit Leaf Rates) were greater under 'shade’
conditions. A similar response to simuléted shade was
observed by Morgan and Smith (1978) whg found a 26% greater
..dry weight accumulation in Chenopodium album growing in low
zeta conditions. The opposite response was observed by
McLaren and Smith (1979) using Rumex which indicates that
the .response of increased dry weight accumulations may not
be a consistent response to simulated shade light, |
There were lower root/shoot ratios in the 'shade’ grown
plants, indicating that a greater pfép@fti;ns of the
photosynthate stéyed in th§ shoots rather than being
translocated to the roots. The rate of translocation in
similar 'sun' and 'shade' grown plants was examined by
Hoddinott and Hall (In Press) and found, in proportion to
the rate of photosynthesis, to be less in the 'sun' plants.
This was in agreement with the observations of Morgan and
Smith (1978) and Boardman (1977) who argues that shade
adapted plants invest a greater proportion of their
synthetic capability in the synthesis éﬁd maintanance of
light harvesting machinery than do sun adapted plants.
Boardman (1977) has suggested that morphological
,,changes #re one mechanism for optimizing photosynthetic
rates in subcanopy shade conditions. incrggses in the rate
of photosynthesis }n shade light in similar plants and lighﬁ

conditions have been reported by Hoddinott and Hall (In
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Press). A causal relationship between specific morphological
changeé and the increase in photosynthesis rates can not be

established, however decreasing root/shoot ratios, and leaf

anatomy changes are factors which may contribute to the

increase in the photosynthetic rate.



4. The Concentration of IAA in Plants Grown in Simulated Sun

and Shade Conditions

"We must therefore conclude that when seedlings are
freely exposed to a lateral light, some influence is
transmitted from the apex to the lower part, causing
the latter to bend."

Darvin, 1881,

4.1 Introduction

The endogenous IAA ccn§2ﬁtfaticﬁ of the apical portions
of dark grown Phaseolus vulgaris has been shown to remain
higher after treatment with 7 hours of monochromatic far red
1i§ht than with similar red light treatment. Thig implied
‘phytochrome. involvement in the maintenance of endogenous
1éve15 of IAA. Phytochrome has also been shown previously to
effect the rate of transport of exogenously applied IAA 7
(Letham, 1978) as well as the activity of IAA Qxidase,_gni_
_enzyme responsible for IAA degradation (Galston and Dalbgéﬁ,
1954). | |

This study was an attempt to compare the effect of two.
long term light conditions on the endogenous !AM~
concentrations in Phaseolus vulgaris. The light conditions
maintained equal irfadiaﬁces wvhile changing the zeta ratios

to simulated sun and subcanopy shade conditions. Both a

50
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physical assay and a biocassay vere used to measure IAAf
concentrations in root, first internode and leaf tissue
thraugh@ut an initial develapmental period of 5 to 15 days

in the light.

4.2 Materials and Methods

Seedling of Phaseolus vulgaris var Black Valentine were
grown as described in Growing Conditions, section 3.2.1. At
5, 7, 9, 11 and 15 days in the ‘light, appproximately 10 g.
of yoot, first internode and primary leaf tissue was
cbtaiﬁeé from a uniform group of plaﬁts and weighed, frozen

in liquid nitrogen and stored at -10° C. pending analysis,

4.2.1 Extraction Method

IAA was extracted and assayed using the indole-a-pyrone
method (Knegt and Bruinsma, 1973) with m@dificatians _7
suggested by Ino et al ,1980; and Pilet et al 1979. A single
extraction was made of all samples to minimize the variance
due to extraction and pairs of samples were run in parallel
throughout. The following steps were taken to reduce the

oxidation of IAA and the conversion of IPyA to IAA during

¥
the extraction !
1. all solvents and buffers vere kept gcld
2. ylated Hydraxy Toluene (BHT) ‘an antioxidant was

added to all buffers and solutions

3. exposure of th; pPlant material to light during the
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extraction vas minimized . o :

4. samples vere left in a dry state for minimal time
periods

S5.. all solvents were redistilled to reduce impuritiesAihiéh
could cause oxjdation ‘

Frozen samples were homogenized in 90X methanol and 100
mg BHT with ten ml of the methanol solution for eacﬁ gr#m
fresh weight of tissue. To the extract was added 0.4 ml of
'*C labelled IAA (Amersham, Oakdale, Ontario, specific
activity 2.?8'GBq/mmol) equivelent to 81,000 cpq and 4.90
x10°* g. IAA. The suspension was shaken for four hours ét 5°
C. before being filtered and the residue washed with 90%
methanol solution. The extract was evaporated at 30° C. to
an addeous residue,.

To the agueous residue, was added 20 ml of cold 0.5 M
K,HPO,, pH 8, containg 100 mg BHT. This was passed through a
20 x 1.0 cm column of polyvinylpyrolidine (PVP) and eluted
with 0.5 M K,HPO,. The first 60 ml vere collected and
acidifie%.to pﬁ 3 with 2.8 M H,PO,. This was then
partitidngd three times against 30 ml of ether, washed with
water containing 260 mg BHT. To the ether fraction was added -
20 ml of 0.5 M K,HPO,, pH 8, and the ether partitioned 3
- times against this phosphgte buffer. The aqueous fraction
was taken to pH 3.0 end pertitioned three times against 30
ml of wate;/BHT vashed ether, The ether was eluted through a
5.0 x 1,0 cm column of anhydrous Na,SO, and evaporated to

dryness at 30° C. The dry residue was taken up in 7 ml of

2



methanol and 10 mg BHT and the methanol solution divided
into sevén equal parts, four of which were for flua:esceht
assay, one for bioassay, one for yield éétermingtign and one
extra.,

The sample for recovery determination was dried under
reduced‘pressure at 30° C. To the residue was added 15 ml of
scintillation flﬁid.(Econoscint. Irvine, California U.S.A.)
and the rddiocactivity counted on a Searle Tracor Anaiytic
' Mark III liquid scintillation spectometer (Arlingtcn
Heights, Illinois, U.S.A.) for one minute. Quench was
monitored using External Standard Pulse (ESP) and found to
be negligible. Corrections were made for dilution and a %

yield determined for each sample.

4.2.2 Physical Assay
To the fluorescent assay subsamples was added 10 mg BHT
and 0.0,.0.1, 0.2 or 0.4 ml of a methanol solution of
1.75x10* M IAA standard (Sigma Chemical, St. Louis, Missouri
USA). These were dried at reduced pressure at 30° C. and
then refrigerated at 5° C. until use.
A Perkin-Elmer MPF-44 Fluoreécense Spectrophotometer
with a Xenon'arc lamp and Perkin-Elmer Sé Recorder was used
for spectrofluorimetric analysis. To the dry samples was
- added 0.2 ml of a mixture of equal volumes of cold
trifloroaceti: acid and acetic anhydride and 100 mg BHT. The

reaction was allowed to continue for 15 minutes after which

it was stopped with the addition of 3 mls 90% acetic acid.
’
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Thirty seconds after the reaction was stopped, thé
fluorescent emmission was scanned from 460 to 510 nm.
Excitation was at 440 nm with a half band width of 5.5 nm.
The fluorescence was measured at 490 29 as suggested by
Knegt and Bruinsma (1973). From the fégressicﬁ line of the

samples containing 0, 1, 2, and 4 aliguots of IAA standards,

. the unknown amount of IAA was calculated. This value was

corrected for background, dilution factor, extraction yield
and tissue fresh weight.

T~

4.2.3 Bicassay

I1AA leiels were also determined by biaassa% usingithe
method described Ey Meudt and Bennett (1978). Seeds of
Phaseolus vulgaﬁisgvaf. Kentucky green pod (Robertson Seeds,
Edmonton) were soaked for 3 days in aerated calcium sulfate
 vermiculite, wet with distilled water and covered by 1 cm of -
b.vermicu;ite, Seedlings were grown frag 7 to 9 days iﬁ an
irradiance of 40 yE/m*/sec and an 8-16, day-night cytle,
Temperature and relative‘humidity were kept canstaﬂﬁ at 22
t2° C, and 64% respectively. At the time of harvest plants
vere chosen which had first internodes which were greater
than 4 cm in length and primary leaves which were beginning
to expand.

Small vials (I.D. 16 mm) were filled with 10 mls of 0.1
mM NaH,PO, buffer (pH 6.4). Sponges, previously washed in |

methanol and distilled water, were partially inserted into



the %géls. Onto small discs 6f filter paper were pipetted'
‘100 microliter of plant extract or IAA standards.

The first internodes were cut into 4 cm sections and
placed between filter paper wetvwith with NaH,PO, buffer (pH
6.4) until needed. Two interpodes were placed on opposite
sides of each vial, apical portion uppermost, between the
sponge and the glass of the vial.‘fhen between the sponge
and the stem, and in immediate contact with both,‘was placed
the driéd filter paper (see Figure é). The distance between
-the tips of tpe apical portions of the stems was measured
and';he vial placed in the dark for exactly 24 hours: Vials °
with damaged or malformed internodes were discardtd
(approximately 2%). After ;his time they were remeasured,
the concentrations of IAA wére determihed from a standard

curve and corrected for dilution factors, yield, 1AA added

and the fresh weight of the tissue,

4.3 Results

4.3.1 Physical Assay -
Extraction recovery varied from 64 to.89%. This degree
of varjablity made the individual sample assessment of
yields necessary.
Figure 7 shows an'example of the scan obtained for a

sample with 0, 1, 2 and 4 aliquots of IAA added. A change in

the specrophotometer sensitivity of 3 orders of magnitude is
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Bioassay was carried out. '
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also Détedg.FigUfE 8 shows the standard curve and associated
95% confidence limits.

'Shade' grown first internode tissue had higher levels
of endogenous IAA than 'sun' first internode tissue. The
levels in both 'sun' and 'shade' stems decreased with age
and carrespcnéiﬁg-distanée'f:ém the aggx;.This is shown in
Figure 8.

Root tissue showed lower levels of IAA than either stem
or leaf tissue. Initially (5 days) there were greater levels
of IAA in the 'shade' but éhis éi{ference was not apparent
at days 11 and 15. This relationship is show in figure 8.

" Leaves of 'shade' grown plants showed higher IAA levels
for the earlier part of the growth period, days 5, 7 and 11, -
but by day 15 there were no apparant differences. This is
shown in Figure 8. Leaves have IAA cenceﬁtracicns

. . , -
intermediate between roots and stems.

4.3.2 Bicassay

Figure 9 shows the standard curve for the Meudt-Bennett
bioassay and the associated 95% confidence iimitsi Figures 9
and 10, respect;vely, shows the endogenous IAA for the first
internodes, roots and leaves as determined by the
Meudt-Bennet biocassay. The root tisues had a concentration
in tﬁgfrgﬁge,ef 0.6 to 1.0 ng/g IAA; éhe first internodes of
100 to 600 ngfég IAA and the leaves in the range of 40 to 90
' ng/g IAA. The variability of both the étandard curve and the

sémple'replicafes makes the separation of 'sun' and 'shade’
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treatments impossible.

4.4 Discussion o

"Bound" or conjugate auxins were not removed f%em the
tissue by the extraction method. Acid hydrolyis is required
for their extraction (Bandurski ét al, 1973). fhis method:
did not separate IAA from IPyA or other indole cémpoﬁnds
such as 4-chloroindole-3-acetic acid or 5-hydroxy

indole-3-acetic acid which may have been present in the

plant material and removed by the eitractian procedure. In
preliminary analysis it was found that the separation of
th;se compounds from IAA, byithin layer polyamide |
chrcmatégraphy@‘redu:gd Yield of '‘C labelled IAA to «
inadequate levels (less than 25%)., These indoles have been
shown to be derivatized to indole-a-pyrone by the assay
procedure, however with 40X less efficiency than IAA
(Hemberg and Tillberg, 1980). The concentration of these
compounds in the plant tissues and the degree of
interference with the actual amount of IAA measured can not
be estimated. | |

Preliminary thin layer polyamide chramatggrapﬁy, 7
followed by stainin Salkawski‘é Reagent, showed that the '‘C
labelled IAA, the IAA standards and the IAA purified by the

extraction and identified by physical assay had the same Rf

values,
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While the major problem of the phyéisal assay wvas the
removal of fluorescent or derivatizable compounds other than
IAA; the biocassay required the removal of all other growth
promotors and inhibitors. Because of this and because the
biocassay depends on the variable responses of plants;
bioassay are generally less specific and show more variation
than physical assays.

Both the standard curve and the replicates of the

physical assay. The bicassay did confirm the relative
concentration ranges found in the physical assay but no
conclusions can be drawn from bicassay results about the
presence of Qtﬁﬁglgféﬂth promotors or growth inhibitors that
may have been present in the extract or the difference
beﬁween sun and shade tissues. A biocassay usedﬂiﬂ
conjunction with the indole-a-pyrone method has not been
previously reported.

The levels of endogenous IAA found are in agreement

with previous studies. Bandurski and Schulze (1977),

investigating IAA levels in vegetative tissues and Pilet.
(1979) using root tissue found similar concentration ranges

=

as vere found in this study. The decrease in extractable
:endagenaué IAA with distance from the apex has beeh shown
previously by Scott and Briggs (1968). |

Previous studies on light and light quality effects
have shown that plants grown in the light have more
diffursiblg auxin than E:Ek grown controls (Scc;t and Biggs;

-
. '
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1968). This probably indicates a change in auxin synthesis
rates or in the rates of auxin transport. Fletcher and Zalik
(1964) using Phaseolus vulgaris treated with 8 hour periods
of monochromatic light of different wavelengths’found that
light reduced the extractable IAA in apical portions of the
plant. Plants treated with far red wavelengths had more IAA
than those treated with red ligft-

Although the present study used multiwavelength rather
than monochromatic light and equal irradiances rather than
unequal quantum flux, it confirms the trend found by
Fletcher and Zalik (1964). Plants grawh in low zeta ratio
(shade) conditions* had ine:easgd concentrations of
extractable IAA in the first internodes and young primary
‘leaves and roots.

Because roots were kept darkened, the change in IAA
concentrations is unlikely to be a direct effect of light on
the root tissue probably the change in IAA.is a reflection
of the IAA translocated from the shoot tissue or another
secondary effect. i

The measured concentration of IAA was a function of the
rates of synthesis, oxidation, transport in and out of the |
tissue and the synthesis and hydrolyis of IAA conjugates as
discussed in se:tian.2g1;5.1- At which point, or points,
phytochrome had an affect on the concentration oF IAA vas
not determined in the present study. However, the fact that
the younger tissues, those presumed to be synthesizing most
of the IAA, showed the greatest difference between the

%
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treatments, would be a good indication that the ?hytachrgmg

photoequilibrium changes rates of IAA synthesis.



5. IAA Oxidase Isozymes in Tissues of Plants Grown in
Simulated Sun and Shade Light Conditions
g

"As plant cells age, their in vitro ability to
destroy the plant growth hormone indoleacetic acid
(IAA) increases progressively. Such IAA oxidase
activity rises in young cells after pretreatment
with TAA. This inducible system provides a
biochemical explanation for aging, and rhythmic
growth in plants",

Gi}itan'ané Dalberg, 1954,
.

5.1 Introduction

Indole-3-acetic acid oxidase (IAA oxidase) activities
have been reported to increase after red light flashes. This
effect was shown to be far red reversible and therefore
consi&ered to be controlled by phytachrgﬁe (Gaistcn and
Dalberg, 1954). It has also been shown that IAA oxidase
exi#ts as multiple isozymes which may be inhibited)éf
synthesised-in response to the:develcpmental stage of the
tissue kSharma et al 1979) or exogenously applied hormones
(Lee, 1971 a, b, c).

This study investigates the effect of simulated sun and
shade conditions on IAAvaxiéase i;ezyme band patterns.
Phaseolus vulgaris is grown in two different light

conditions which were equal in irradiance but had zeta
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ratios which altered the phytochrome photoequilibrium.to
those found in sun and shade light conditions. The root,
. first internode and leaf tissues were sampled over a 15 day

separated using polyacrylamide gel electrophoresis.

-
5.2 Materials and Methods

Seedling of Phaseolus vulgaris L. var. Black Valentine
were grown under conditons as described in section 3.2.1.
After 7, 9, 1{, and 15 days in the light plants were

Vhafvested and approximately 1.0 g fresh weight portions of
primary leaves, roots and first internode tissues were
weighed and homogenized in a ground glass homogenizer with §
ml of Extraction Solution (Table 2). The crude homogenate

gg centrifuged at 1500 rpm for 40 minutes, the supernatant 5-
decanted and the pellet discarded. The supernatant was made
up to 10 ml with Extraction Solution and divided into 10, 1
ml aliquots. These were frozen immediately in liquid
nitrogen and stored at -20° C.

Isoymes wvere separated.usiné a Bio-rad Model 1415
Hggizantal anglytiéal polyacrylamide gel electrophoresis
system (Terochem, Edmonton, Alta.).

The gei plates were prepared by mixing the Casting Gel
Solution (Table 3), degassing for five minutés under reduced
pressure and injecting thgidegasseé solutiod between a glass

plate and the casting tray, using a pipette. The casting gel



MONOMER SOLUTION

Acrylamide 24.25 g
BIS* 0.7 ¢
distilled water to 100 ml

GLYCEROL SOLUTION
glvcerol 25 g
distilled water to 100 mi

RIBOFLAVIN SOLUTION
Riboflavin-5-Phosphate 50 mq
distilled water to 50 ml

AMMONIUM PERSULFATE SOLUTION
Armonium Persulfate 100 mg
distilled water to 5 ml

TEMED* SOLUTION '
TEMED* , 0.125 nl
distilled water , 9.9 ml

CASTING GEL SOLUTION
Monomer solution 6 ml
Glycerol solution 6.0 ml
distilled water 16.5 ml
Riboflavin solution 0.15 ml
Ammonium Persulfate solution 0.15 ml
TEMED solution 0.15 m

*BIS M, N - Methylenebisacrylamide
*TEMED N, M, N, N - tetrametheythenedanine

Table 2. The contents of the Casting Gel Solution used for
the IAA oxidase isozyme separation.

- a



EXTRACTION SOLUTION

TRIS* 0.06 M
pvP - 10* 8.0 g
Sucrose 10.0 g
EDTA* 0.17 g
oTT* « 0.015 g
NAD* o - 0.005 g
NADPA* 0.005 g
Pyridoxal -5-phosphate 0.005 g
ph 6.7 :
" STOCK BUFFER SOLUT ION

TRIS* 6.0°g
Glycine : 28.8 g
distilled water to 1 liter '
ph 8.3

STAIN BUFFER SOLUTION
1 M Na Acetate . 500 ml
distilled water to 1 liter i
ph 5.0 -

1AA OXIDASE STAIN
IAA* 7 68.4 mg
p - coumaric acid 65.6 mg
95% ethnol ’ 20 ml
Fadt BB blue ) 400 ml
Stain Buffer solution ) 380 ml

Y
DDT - d-Dithiotheitol

k 4

* EDTA E£thylenediamine tetraacetic acid

* 1AA Indole-3-acetic acid

* NAD nictotinamide adenine dinucleotide

* NADP nictotinamide adnine dinucleotide phosphate
* pyp polyvinyl pyrorolidone ‘

* TRIS 2 - amino - 2 - (hydroxymethyl) - 1, 3 propanediol

Table 3. The contents of the Extraction Solution, Stock
Buffer Solution, Stain Buffer Solution and IAA Oxidase
Stain Solution for separation of IAA oxidase isozymes.

i
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was allowed to polymerize for one hour under fluorescent
light before the glass plate and adhering gel were removed
from the casting tray.

The cooling stage of the Bio-rad equipment was wet with
distilled water and the glass plate placed on it, gel upper
mést; Buffer chambers were filled with prechilled buffer
solution at 5°C. (Table 2) and wicks, made of chromatography
paper (Whatman No. 1) were wet with the buffer salutiéﬁ and
placed between the buffers and the sides of the gel. |
Rectangular slots (0.5 cm x 0.25 cm) were cut into the gel 3
cm from the cathodal buffer wick and the gel removed from
the slots. The slots were then filled with the thawed plant
samples, and bromophenol blue was added as a marker.

A cénstant current of 200 volts was run for 10 minutes
and ﬁhen the current was increased to 400 volts for about 2
hours, until the marker dye reached the anodal buffer wick.
The temperature of the gel was maintained at 5° C. thoughout
the experiment by the flow of chilled water through the
cooling stage. The glass plate and gel were then removed to
a staining tray where they were immersed in IAA Oxidase
Stain (Table 2). They were placed in the dark for 20 hours
and then rinsed with distilled water. Areas containing IAA

oxidase isozymes stained brown against the yellow gel.
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5.3 Results

Root isozymes were designéted R1, R2Z, . . . R4; R

: bands appeared within the same zone that formerly showed a
single band, they were named a'and b ; & being the more
anodal iseéyme.rSimilarily leaf isozymes were labelled L1,
L2 and L3. Zymograms were drawn to indicate the thickness of
bands as well as the intensity of staining, with the solid
lines being more intensly stained than the dashed lines.

No discernable isozyme bands were found in first

internode tissues of 'sun' or 'shade' grown plants.

The isozyme patterns of root tissue after 7, 9 11 and
15 days in the light (Figures 11 and 12) show that 'shade’
light promotes the development of R2a and R2b at 15 days in
the same zone in which R2 was present iﬁi‘sun' roots. Ria
and R3b, after 9 and 11 days in the light appear in the same
zone as R3 was present in the ‘sun‘iraatsi 'Sun' light
promoted the devélapment of R1 at an earlier stage of g?avth
than 'shade' light.

The isozyme bands and zymograms of leaf tissue grown
for 7, 9, 11 and 15 days in the light are shown in Figures
13 and 14. The devélepment of L1 and L2 was iﬁhiﬁiteévby
"sun' light, but they appeared in 'shade' leaves; L1 at 11
days, L2 at 15 until 9 days in the light. days. The ’

development of L3 was delayed in both light treatments -

.
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" Pigure 11, The 1AA oxidase banding fntterns and associated
:z::zra-s of root tissue grown in sipulated sun and
s light st 7 and 9 days in the light.
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Figure

12. The IAA e:id;sf‘b:ndiﬁg patterns and associated
zymograms of root tissue grown in simulated sun and
shade light at 11 and 15 days in the light.
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5.4 Discussion

imulated sun and shade light conditions affected the

w

development of IAA oxidase isozymes in both root and leaf
tissue but not in first internode tissue of Phaseolus
"wvulgaris. These effé:;s changed according to the
!éevélépmental stage of the plant. Similar changes during
development were reported by Scandalios (1974) and Sharma et
al (1979). |

The stain ﬁsed was specific for IAA oxidase, however no
direct relationship between band size and IAA exiéase
activity ‘can be assumed (Gordon and Henéerssnj\1953);
Consequently, no direct comparisons withs studies on light
effects on enzyme activities are made.

Rapid effects of red and far red light on enzyme
activity have been shown for a large number of enzymes, The
investigation of these effects has been used to determine
the sites of regqulation of gene expression by phytochrome,
Although there is evidence to suggest that phytochrome can
have a direct influence*an de novo synthesis of some en:fmes-*
(Anstine et al, 1970), in this study, the mechanism of
promotion of the development of isozymes by 'shade' light
can not be identified.

"Sun’' and 'shade' light effects on isozyme bands in
leaf tissue may be due to a direct influence of phytochrome
on gene expression. However, because the roots were kept
darkened, it is unlikely that the altered isozyme bands in

the roots were due to a direct effect of light on root
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tissue. There is evidence to suggést that hormone
concentrations affect the induction and rep;gssian of IAA
oxidase isozymes. Lee (1971 a, b, ¢) using tobacco callus
concentrations induced the development of.rapidly migrating
isozymes of IAA oxidase. The effect of IAA was éepenéentAen
the presence of kinetin in the culturé medium. The
inhibitors actinomycin D and cyclohexamide repressed the
éevel@pﬂeht of isozymes induced by IAA anélgibberelliﬁ Hhich

suggests that RNA and protein synthesis is necessary for IAA

#
to influence IAA a;idase isozymes, The enhanced development
of isozymes by 'syn’ and 'shade' light could, similarly, be

#

due to a change in endogenous hormone levels as a result of
translocation from cthe; parts of tﬁe plant; or other
stimuli transmitted from the shoot (de Greef et al, 1976).
IAA oxidase is related to pg:axiéa;e. although the
nature of the relationship may vary between species.
Srivastava and van Huystee (1973) working with pganuﬁ cell
suspensions and Shinshi and.Noguchi (1975), using cotton,
found that IAA oxidase and peroxidase exhibited the same
electrophoretic paéterns and suggested %ﬁat these vere

apoenzymes, This was contradicted by a report of Lu et al

1
peroxidase isozymes did not show the same banding patterns

as IAA oxidase isozymes., Because IAA oxidase and peroxidase
may represent two different active sites on one molecule,

the effect of phytochrome on peroxidase activity may be
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relevant to IAA oxidase activities.

Peroxidase activities have been repcrteéltc follow
kinetic patterns of photomodulation in maize (Sh#fma et al
1379) and photodetermination in mustard (Schopfer, 1976).
Sharma et al (1976), using mai;'r showed that red light

1 |

increased IAA Qxidase»activity leaves but not in roots.
The response was found to be age dependeat and tissue
dependent as was found fn the present study.

Schopfer (1976) reported that, in &ﬁstard, the incréasef
in peroxidase activity involved two sequgntial_sﬁeps which
did not overlap. The first was an inductive period during
" which light was effective but the respohse was latent. This
was followed by a realization periaé‘during which fedger far
red light had no effect but enzyme activity increased,
prgviéing‘red lighg had previously been perceived. This
indicates that in the present s;udy;;the dggéleémen;als‘\
period during which the change in'isézymes"éccurs is not
necessarily the same as the period of the initial llght

influence.

The finding of the present study, thgt changes in 'sun
f

and 'shade' light were associated with changes in IAA
oxidase isozyme bands, implies-that the 1hh1b1;iﬂn and
development sf IAA axléase 1aé:ymes may be one of the
’ccntfelllng Ea:ters in phatamcrphegenes;s in Phaseelus

‘ vulgaﬁis.



6. General‘Discussion
.

: e
"The idea &§ like grass; It'craves light, likes
crowds, thrives on crossbreeding, grows better for
being stepped on." . o y

- U. L. LeGuin, 1974.

~

o~

Pl
L3

The present study has Shp!n that long term ‘sun’ and
‘shade' conditions influence the gross morphology,
endogenous I1AA concentrations and the pattern of IAA oxidase

13

L J
isozyme bands of Phaseolus vulgaris.
L - .
These studies raise questions.on the relationship
. v
between IAA and IAA oxidase isozymes, and between IAA and

plant ‘morphology.
‘ \

6.1 IAA - IAA Oxidase Relationships’

Stem tissue and young leaf tissue, which had the
highest levels of IAA in both 'sun’ and 'shade’ conditions,
had no discernable IAA oxidase isozyme bands present. The_
highest IAA levels in the first internode occured when they
were immediately basipefal to the apices, a major site of
IAA synthesis. The high‘}evels of IAA in thé leaves might
also have been dug to high rates of synthesis of IAA as they
have also have bgen repogted to be primary sites of !
vsynthesis. After 9 dayé in the light, when most primary leaf

7

84
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expansiorl had takKen place IAA oxidgse isozyme bands vere
aiSéEEﬁable and there was a corresponding decrease in IAA
.concentration.

"Roots showed the greatest IAA oxidase isozyme bépé

number and intensity as well .as the lowest IAA
. A

concentrations. Only the y#gung roots showed éiffgrEﬂtﬁIAA .

levels in the 'sun' and /'shade'. Although there was no
apparent rel*ticnship between band numbers, light treatments

and IAA 1évels'éﬁ§ IAA oxidase activity was not directly

a essed t can be stated "that tlssues with low

w
‘U'l‘

- *
concentrations of IAA potentially had the greatest IAA
.. .. : -
oxidase activity. s
- T , ) ,
. The lack of an absolute association between the number

and intensity of IAA oxidase isazyme bands and IAA
Eﬁﬁcgﬂtfétiéﬂs is not suprising in the light of the number
of possible mec h sms for the control of IAA 7 |
canéeﬁtfatians, Some of these have been shown previously be
influenced by phytochrome; phenoljc cofactors and
inhibit@rs, (Bottomely et al 1975), IAA oxidase aétgvity
(Galston ané Dalberg, 1954) and the tféﬁSPﬁft of IAA (Yamaki
and Fujii, 1968) Chaﬁges in the phyta:hrame
phataéqu111br1u@ could be affecting IAA levels thsugh
changes in one or more of these processes. Gther meéhanisms
have also been show to affect IAA concen£faticn but as_yet
have not been relatégjkc phytochrome, including IAA

. : . \
‘conjugation and IAA protectors.
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.Multipfg points of éonrrdl of'IAA concencratiéns by
phytochrome are certainly'possible. Since IAA is such an
< important regulator of growth and development, it is likely
that a regulatory and feedback system is operative. Similar .
| multiple regulation systems have been suggested for enzymes

by Fosch et al, (1977).

)

6.2 IAA-Morphology Interactions Lt
There was generally a strong relationship between tge
concentrations of enaj'Fnous IAA and the rate of grcwth in-
Phaseolus vulgaris. H1ghe} concentrations occurred in young
tissues which have the highest growth rates, and in the
‘shade’ plants which had higher growth rates *than the js;g'
'plantsr : . ‘ ' , 2
The decrease in endogenous 1AA concentrations w;;h time:-
.in the leaf tissue was assocxated w1th a decrease in leaf

expan%&rn rates. In a p;ev1ous study, Hoddinott and Hall (In

Press) found thet“primary'leaves of Phasqolus vu?gaﬁié in

4

'shade’ cqndltlons had, after approxfmarely 11 days in the .

light, a greater rate of expansxon than in 'sun’ conditions.
There were correspond1ng dlfferences in IAA concentratlcns
in 'shade' and 'sun' leaves. When leaves ‘had stopped
expanding and beéan te show signs of senescence at about 14
days (aecreases end Variablity in" chlorophyll content),

decreases were seen in endogenous IAA in both ‘sun' and

‘shade’ conditions. This is consistent with the observations
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of Wheeler (TQESPchag in Phasééixus vulgaris the auxin
levels increased to a-maximum-dUEing rapid- leaf expansion
aﬁd aere reduced toc low levels as!th; leaves matured.
Exogenous IAA, applied to 1éa§es: induced the development of
2main=veins but not of lamina (Goodwin, 1978). Leaves with
large vacuclated pafenchymatcus tissue- aﬂé ?as:ular bundles

but llttlé mesaphyll have been fep@rted in response to IAA

applicatian .in Phaseolus vulgaﬁis (Goodwin, 1978) but this

' -

may be due to the abndrmally high endogenous concentrations
this causes.
The roots of 'shade' plants had higher gréwth rates, in

terms of increases in dry weight, than ¥he 'sun' grown

}eétsg but they showed higher levels of IAA only in the 5
- day old root. Goeschl (1978) in reviewing interactions of
harménés, growth and differentiation found no clear evideﬁce
for a correlation between end@geneus auxin, cytokinin or ‘
gibberellin distributions and growth. rates of roots,
However éuxin)applied to Zea mays root bases at
concentations of 10° M has been shown to stimula%e root
growth (Goodwin, 1978). |

First internode tissue showed thétAthe concentrations
of '1AA wvere higher in "shade’ grown planté which have the
highest relative growth rates. Fast elongation rates have

been sh@wnibreviauély, to éertesp@né with high IAA

’ =4

ccncéntfatiénS; In Nerway spru:e the highest auxi ac ctivity

(Gaadwin, 1978). However, applied auxins have been reported



to have little or no promotive effect on stem glcngagicn in-
: h )

a number of species, including Phaseolus vulgaris (Goodwin,

1978)» However auxin transport inhibitors have an 1nh1b1taiy

/

effect on stsm elongation (Schneider, 1972). This could .
indicate that the application of auxin, in combination with
the already high levels of IAA in_the stgh, become
inhibitory to growth, . ' ) 7 : ; . 5
-There aréiéf :cursé many other factors shown to be
affected by phyto whi:hifcu;d have ;néiﬂflﬁeﬁge on plant
morphology. As discussed in the Literature Review (Section
2.1.5) al; plant hormones, both praﬁctafs and inhibitors
have been shown to be effected by phytochrdme in some
species. Although most éfithe.studiés on hormones and
phytochrome levels have been carried out using monochromatic
light and different plant speclé% and tissue and the results !
are not entirely ccmpataﬁle they .indicate that theré is a o
‘'strong possibility that IAE was not the only hormone
dffe;gednby changes in thé phyta:hr@me phatcequilibfium.
It has also been demanstrated that harmanes interact,
that'is.;ﬁe changes in the caﬁcgnt:at1cns of one hormone
’:éill affect the_cencentratlgnsiAppll:at:an éf;gibberellins
to plantsvreshlts in increases in endogenous éuxin5>
_(Schneider et al, 1978). Cytqkiniﬁs also have a promotive
affect on IAA levels and may be imp@rtant in maintaning
endogenbus 1AA leve;s. Increases in ethylene ;Qnientraticns
redﬁceVIAA levels (Schneider et al, 1978). Combinations of

hormones may show different effects than thege obtained for



a 51ng1§ hormone.

(SéhﬁéldEf and W1ghtmaﬁ 1978)

These complex ghterrelatlénshlps make 1t dlfflcult for

a causal re;atlanship bEtHEEﬂ TAA, TAA ax;dase and

morphology to be def;ﬁ*t{vel¥ established. However, it is

clear that there

5

is a correlation between the phytochrome

* = . 5 = £ 5 5 3 i ’ x
mediated responses to shade conditions discussed herein.

L]

#*
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