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ABSTRACT

4

The distribution of *°Ca, 2K and J2P was studied in

the hypocotyls of Helianthus annus and also in the

coleoptiles of Zea mays in relation to geotropic stimula-
tion and response.

The concentration of calcium was higher in the upper
side and the concentration of potassium and nhosnhorus was
higher in the lower side of the hypocotyls placed in
horizontal position. This differential distribution was
correlated with the curvature.

The redistribution of ions is not connected to geotropic
perception since } hour horizontal orientation at 25°C and
subsequent exposure at 4°C did not result in any
redistribution.

No differential distribution was observed in the
hypocotyls placed in horizontal position when curvature was
stopped by pre-treatment with NPA.

After unilateral IAA application (0.1% W/W in lanolin)
the concentration of calcium was higher in the concave side
whereas the concentration of potassium and phosphorus was
higher in the convex side. TAA probably affects the ion
pumps via differential growth which results in redistribu-
tion of iomns.

In unilaterally illuminated coleoptiles illuminated
(concave) side showed higher concentration of calcium,
whereas shaded (convex) side showed higher concentration of
potassium and phosphorus.

NPA inhibited phototropic curvature as a result

no differential distribution of ion was observed.
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Unilateral application of mersalyl (10'4M in hydrated
lanolin) resulted!éome movement of calcium away from the
donor side and movement of potassium into the donor side.
Mersalyl affects the distribution of ions by altering ion
puups and its mechanism of ion pump operation must be
different from that of iAA as mersalyl does not produce
a differential growth response and the IAA effect is
dependent on differential growth.

Hence, the results show a correlation between
differential distribution of ions and curvature. It is

concluded, therefore, that differential distribution is

probably caused by curvature.
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CHAPTER I

INTRODUCTION

Tropistic movements in plant shoots and in roots in
response to unilateral light and gravity are due to differential
growth on the two sides resulting from the unequal distribution
of auxin. If vertically growing organs, such as shoots or
roots, are placed in a horizontal position a lateral differen-
tial in auxin content occurs in the organs. In the shoots
the rate of elongation is, thereby, accelerated in the lower
side resulting in an upward curvature.

Many important contributions have been made by different
workers in the field of auxin transport and its linkage in
geotropic perception and response but very little is known
about the distribution of ions in relation to tropistic
responses.

Cholodny (1922) was the first to envisage the role of
"microsomes" (Cholodny meant "microsomes' as particles the
size of which is comparable to the size of mitfochondria) as
gravi-perceptors. These particles were supposed to be
electrically charged and would, on sedimentation under the
influence of gravity, bring about an associated migration
of potassium and calcium ions. So, the differences in the
ion ratio would be set up on the two sides of the cell wall.
This would modify the rates of growth of these two sides.

This theory has been discussed later.

Bode's (1959a) observations of the migration of potassium

ions to the site of IAA application in old leaves of tomato

plant are perhaps the first observations on the correlation

between growth substance activation and potassium movement.
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Application of IAA on the surface of old leaves of tomato plant
resulted in an increase in potassium level in the leaves.

This particular observation led Bode to think of an "acceptor
mechanism" which proposed that at the onset of auxin action a
substance is released (he called it an "acceptor") that accepts
potassium at the site of auxin action. The evidence for the
existence of relationship between growth substance and the dis-
tribution of potassium has been suggested by Bode (1959b) in

78
geotropically stimulated hypocotyls of Helianthus annus.

Comparison of potassium concentration on dry, fresh and ash
weight basis has been made between the upper and lower halves
of geotropically stimulated hypocotyls. Potassium in the

lower halves was at a concentration 5% (on ash weight basis)
more than that in the upper halves after 90 minutes of geo-
tropical stimulation. Bode suggested that the increase in
potassium level in the lower halves was preceded by an increased
auxin activity in the lower halves of geotropically stimulated
organs. A suggestion has been made by Bode that auxin probably
increases permeability for potassium ions in the lower halves
and the transport of potassium ions in geotropically stimulated
hypocotyls is predominantly inabasal direction. However, at
the end of 120 minutes of geotropical stimulation the level of
potassium in the lower halves began to decrease but it always
remained higher than that in the upper halves.

The other aspect of Bode's study was to compare the
potassium content between apical and basal parts of geotropically
stimulated hypocotyls cut transversely into equal apical and
basal halves. Bode claimed that there was an increase in

potassium content in the basal part as compared with the apical

part in geotropically stimulated hypocotyls, the basal part
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also showed a higher potassium content as compared to that of
vertical control. He explained these differences in terms of
a basally directed movement of potassium from cotyledons to
the roots. But one can judge from the results that the
increase in the basal part of geotropically stimulated hypo-
cotyls was not equal to the decrease in the apical part

Bode's idea is that the movement of potassium in the basal
direction may be ®ocurring simultaneously with the development
of geotropic curvature. He doubted that there was any lateral
movement of potassium during geotropical stimulation. Bode
finally concluded that basally directed movement of potassium
into loweffhalf was due tosincrease in permeability in the
cells of the lower half following auxin action. Due to
greater availability of auxin in the lower half there was an
increase in the capacity to accept more potassium which after
geoinduction appeared to migrate in the basal direction. He
studied the movement of other cations such as calcium and
magnesium but the results were not clear due to anion interfer-
ence in the flame photometric method. In this connectioﬁ the
work of Brauner and Haéer'(l958) may be mentioned. They
suggested that "geoinduction" may be occurring at 4°C in the

hypocotyls of Helianthus annﬁ%. ‘Hypocotyls curved if they

were placed in a vertical position at 25°c. They concluded
that:co—factor of auxin moved into lower half at 4°cC. It has
been suggested by these workers that this co-factor was
probably a cation. But in Bode's results, it was concluded
that the movement of potassium into lower half took place

after auxin activity had started. Nevertheless, the results

provide some evidence for a correlation of differential
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distribution of potassium with geotropic response. The
problem is, how this change in the permeability could bring
about an increased movement of potassium? Since the movement
of potassium ions is towards the electropositive side the
increased movement of potassium cannot be linked with the
geo-electric effect (Brauner, 1927, 1928, 1956; Woodcock and
Wilkins, 1965, 1969, 1970). Hence, further investigation is
needed in this field.

Following on the finding of differential distribution
of potassium as outlined, Arslan-Cerim (1966) carried out some
experiments on the distribution of calcium (45Ca) in the geo-

w
tropically stimulated hypocotyls of Helianthus annus. There
n

has been a difference in the concentration of calcium onadry
and fresh weight basis between upper and lower halves of
geotropically stimulated hypocotyls. The concentration of
calcium increased with time in the upper half of a geotropically
stimulated hypocotyls. The maximum increase of activity was

14% in the upper half after three hours of geotropical stimula-
tion. She suggested that the cells of the upper half acquired
the facility to accumulate more calcium probably as?result of

a change in the membrane permeability. As a result of accumula-
tion of more calcium in the upper half the plasticity decreases
and the rigidity.of the cell wall increases. The opposite
happens in the lower half. Arslan — Cerim emphasized that the
increase in the activity in the upper half was at the expense
of calcium exported from roots during geotrepical stimulation.
The distribution of radicactivity measured as cpm per mg. dry
weight between upper and lower halves in 1 and 3 hours of

geotropical stimulations was found to be 7.335/6.379 and
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9.025/6.801 respectively. It cannot be definitely concluded
that these differences between the upper and lower halves are
due to differential transport from the roots. It is not
possible to say whether there has been any lateral migration
of calcium from lower to upper half during geotropical
stimulation.

It is worthwhile to discuss the idea put forward by
Bennet — Clark (1956). It was thought that IAA could probably
bring about loosening of the cell wall by removing calcium
ions. This idea is no longer tenable. Cleland (1960) has
shown that IAA does not remove calcium in appreciable quantity
during JAA induced growth. This has been supported by Burling
and Jackson (1965). Many papers are concerned with what is
described as auxin-induced water uptake (Bonner et al, 1953,1956;
Ordin et al, 1956). But the main conclusion from these observa-
tions would seem to be that during differential growth the
total amount of osmotically active solutes increases (by greater
uptake of ions) but the total molar concentration remains
either constant or slightly decreases. It has also been
suggested by these workers that auxin directly or indirectly
stimulates salt accumulation resulting in an increase in osmotic
potential of the vacuélar sap and consequently greater sﬁction
pressure results in the enlargement of the cells. These suggest-
ions indicate probably some kind of relationship does exist
between auxin activity and ion accumulatiqn.

One may now examine the idea put fory¥rd by Cholodny
(1922) which deals with the preferential distribution of ions.
It was the assumption of Cholodny that "microsomes" would
sediment or rise depending upon their density and that of the

Sinee
surrounding protoplasm. He assumed that/these particles carry
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a negative charge a potential gradient would be set up across

the cell which, he supposed, displaced ions such as potassium

and calcium. Cholodny, therefore, believed that there would be
unequal distribution of ions in the cells as a result of gravi-
tational stimulation. Potassium ions being more mobile than
calciun ions, a difference in the ion ratio would be set up on

the two sides of the cell wall. This would modify the swelling
properties and therefore, the permeability of the protoplasmic
membranes and finally differential growth would be brought about,
Various objections to this theory have been raised. Audus (1962),
in a thoréugh analysis of the perception of gravity by plants, says
that the root caps are considered as regions perceiving gravity in
the root and not the elongating region pfoximal to the meristem
(where Cholodny's changes would take place). So this theory had

te fail as it supposed the idea that perception and response would
take place in the same cell. Audus suggests that "microsomes!"

can sediment sufficiently in the known presentation time. A
concentration gradient of mitochroendria could be established in the
absence of protoplasmic circulation, but the establishment of equili-
brium would be too slow to account for presentation times of

2 minutes or less. Furthermore, according to this theoery the
ratio of calcium and potassium ions would follow a similar
pattern on the two sides of the cell wall in any geotropically
stimulated organs such as roots and shoots, although their
geotropic responses are completely opposite te one another.
Hence, this theory fails to explain poesitive and negative
respenses. Electron micrescopical observations of Griffiths and
Audas (1964) reveal that mitechrondria do not shew a significant

difference in their distribution under the influence
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of gravity. Hence, it is extremely unlikely that a shift in
the ion ratio would be brought about on the twoe sides of the
cell wall by the sedimentation of mitochondria in geotropically
stimulated organs.

Another phenomenon, which may have some link with the ion

distribution, is the geo-electric effect. When primary shoots

the
of most plants are placed in,horizontal position, a difference

in potential arises so that the lower side becomes
electropositively charged with respect to the upper side.
This phenomenon was first reported by Bose (1907). géuner
(1927, 1928) observed this effect in a number of plant organs
and noted that it developed within a few seconds of
horizontal orientation and reached a maximum of 8 - 9 mV in
10 minutes. Brauner (1942) did not consider these changes
to be due to preferential sedimentation of heavier ions in
relation to the lighter ions across the cell, but he
concluded that these geo-electric effects could be due to
some kind of modification of ion diffusion through the
membranes by the action of gravity. Following on from

this Grahm and Hertz (1962, 1964) have demonstrated that

the geo-electric effect did not develop until 15 minutes of
horizontal orientation. It has been suggested that the
geo-electric effect is the result moff;ﬁxin concentration
gradient between the upper and lower halves of the shoot (Grahm,1964;
Wilkins-and Woodcock: =, 1965).

In considering the linkage of perception te auxin distri-

bution under grévity, it was considered by different workers
(Brauner, 1942; Schrank, 1945, 1947) that the increase in

positive charge on the lower side could cause an electrophoretic
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migration of auxin anions to the lower side and thus would
result in geotropic curvature. Very recently, Woodcock and
Wilkins (1969a, 1969b) have shown two different types of
electric effects. The first effect develops immediately
after non-decapitated organ is horizontally orientated.This
process is a purely physical phenomena which arises in the
static=drop electrode system. The second effect develops
after an interval of 10 -~ 15 minutes of horizontal orientation.
This process, which is called é delayed geo-electric effect,
arises in the living tissue and i% restricted to the non-
decapitated organs (organs showiﬁg normal geotropic response
by the maintenance of the supply of auxin from the tips).

New developments in the study of geo-electric effects have
shown thatf%eo-electric potential and geotropic response are
due tatIAA concentration gradient resulting from the lateral
transport of this substance from the upper to the lower half
(Woodcock and Wilkins, 1970). This conclusion was reached
from the observation which shoﬁed that unilateral application
of TAA to the decapitated coleoptiles of Zea mays and

u (3 ) .
Halianthus annus gavewxincreased electropositive potential on

the side of the application. This observed potential difference
was of the same order as observed in the géo-electric effects.

. These results led them to conclude that the geo~electric effect ,
at least in shoots, is not probably connected with the actual
percéeption of gravitational stimulus but is merely a side

effect arising from the lateral movement of auxin. It is very
important to find out whether IAA changes the permeability with

respect to particular ions or in general way.
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Woodcock and Wilkins (1971) put forward a fascinating
idea concerning the possible explanation for the geo-electric
effect by the use of a substance called mersalyl. There are
substances, commonly known as diuretics, which give rise to an
increase in surface potential by virtue of their ability to
inhibit or enhance ion pumps, or to bring about a change in
the cell membrane to certain ions. Mersalyl, the substance
used in their investigation, is the sodium salt of ’

0 - ( (- 3-hydroxymercuric -2~ methoxypropyl) carbonyl) phenoxy=: -
acetic acid. The function of mersalyl in the human body has
been shown to block the reabsorption of sodium from praximal
kidney tubule. Probably this substance does affect a specific
, ion pump in the system but the effect of mersalyl on the
transport of ions in plant cells is not known and requires
investigation. By unilateral application of mersalyl (in
agqueous lanolin emulsion pastes at a concentration of lO_BM)
to the decapitated coleoptile tips of Zea mays, Woodcock and
Wilkins (1971) were able to show that mersalyl did result in
the develoément of a voltage difference of about 1& mV
positive on the donor after 18 minutes of application. In

an experiment theée workers have shown that unilateral IAA
application generates electropotential differences even
though the growth has been checked osmotically. This indicates
that the generation of surface potential differences results
probably from the modification of membrane potentials of the
individual cells by IAA. wa can JAA bring about such a
modification? Now, it has been suggested by the above
authors that IAA probably acts through the inhibition or
enh;ncement of ion pumps, or IAA probably brings about a

selective permeabiiity of cell membrane to certain ions. This
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observation led these workers to investigate whether mersalyl
could possibly act in the generation of surface electropotential
comparable with the potential developed during gravitational
stimulation. The experiment with mersalyl led them to
believe that the generation ofjéurface potential either by

the application of TAA or mersalyl is through a common system -
changes in membrane permeability or changes in an ion pump.
It may be interpreted that these two substances may have the
same action as far as the generation of surface potential goes.
Thus, it can probably be said that.the geo-electric effect
arises from the influenxe of auxin and auxin exerts its

effect through changes in membrane permeability or in an

ion pump operation.

Statement of the problem and method of approach

The present study was undertaken as an extension of the
‘work of Arslan-Cerim (1966) and of Bode (£39b). The work
has been carried out by repeating the experiments of the
above workers and als§ new experiments were conducted with
the foilowing objectives in mind.

l. Whether the differential distribution of ions has any
connection with geotropic perception. |

2. Whether the differential distribution of ions is
correlated with the asymmetry in the growth rates of
the curved organ.

3. Whether the differential distribution of ions is the

result of auxin concentration gradient.
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The problem has been approached by studying the

distribution of calcium (4503), potassium (ionic and QZK)

’
and phosphorus (32p) after hypocotyls had shown geotropic
curvature.

From the above approach one cannot say whether there
was any relationship between ion distribution and geoinduction
or perception. The object was to separate geoinduction or
perception from geotropic response. A stimulus was given
at 25°C for 3+ hour -~ this stimulus was enough to produce
geotropic response but curvature (response) was stopped by
exposure to 4°c. Any ion movement in this condition would
presumably be related to geoinduction (perception), if not
it would be related to geotropic response.

Another approach to the problem was the study off;ffect
of Naphthylphthalamic acid (NPA). This substance has been
used by different ﬁorkers. The seeds treated with NPA show
normal germination but lose their ability to direct their
radicle and plumule with respect to gravity (Mentzer and
Netien, 1950). McCready (1968) reported that NPA completely
inhibits the basipetal transport of IAA. So NPA does inhibit
the geotropic curvature through the inhibition of auxin
transport, but probably does not interfere with the gwotropic
perception. The idea was to look into the ion distribution in
the absence of curvature. The seedlings pre-treated with NPA
were placed infhorizontal position. Any redistribution of
ion after this treatment would be related to the perception,
if not, it would be related to geotropic response.

It was considered to be of much interest to study the

distribution of ions after the curvature had been produced
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by the unilateral application of IAA. Any differential
distribution would suggest a correlation with the curvature

(a result of IAA concentration gradient).

As already pointed out, recently some interest has been
focussed on the possibility that the generation of surface
potential differences isprobably through changes in ion
pumps. The object was to study the effect of mersalyl
on the ion distribution and it was thought important to find
out whether these two substances (mersalyl and IAA)
had the same action with regard to ion redistribution.

Thus, at?@pts have been made to establish any relation-

ship between ion distribution and geotropic responses
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CHAPTER II

MATERIALS AND METHODS

The aim of the work, as already discussed, was to
investigate the distribution of calcium, potassium and phosphorus
in seedling stems during geotropic response. The work was

carried with the hypocotyls of Helianthus annus and coleoptiles

of Zea mays. Seedlings were horizontally oriented after being
pre-treated with radioactive solutions of calcium, potassium
and phosphorus. At the conclusion of the experiment usually,
the upper and lower, the left and right and the concave and
convex halves were collected and assayed as necessary. Thus
the distribution of 45Ca, 42& and 32P could be ascertained.
These investigations were also carried out on ionic potassium

in Helianthus annus.

Other experiments included, the distribution at 4°c, the
effect of NPA on the distribution, the effect of unilateral
applicatiom of IAA, distribution in root-less plants during
geotropic response, the effect of unilateral application of
mersalyl on the distribution and the effect of unilateral
illumination on the distribution of radioactivity or ions

as the case may be.

l. Plant Materials

Two types of plant materials were used for the work.

(a) Helianthus annus

Seeds were soaked in running water and the temperature

was maintained as near as possible at 25°C. Warm water
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from a mixer tap was run into a glass jar which had a small
hole at the bottom so that the water could flow out of the
jare On the following day the seeds were taken out of the
glass jar and then put in the glass brick lined with a
tissue paper which was soaked in water. The glass brick
was covered from the top by a similar glass brick lined with
a moistened tissue paper. This was left in the constant
temperature room (2500 s 2) under fluorescent lighting.
on the following day about 80% of the soaking seeds had burst
their testas so that the radicle could be clearly seen.
Then seeds were selected and planted in small glass tubes
(size, 3" x 1") lined with polythene bags containing
vermiculite. Only one seed was planted in each tube. Seed-
lings were allowed to grow for 4 - 5 days in a constant temper-
ature room. When the hypocotyls were about 4 -~ 5 cm tall,
they were ready for the experiment.

(b) Zea mays L. Var. Gaint White Horse Tooth

Seeds of Zea mays were soaked inibeaker containing water.
After soaking they were washed thoroughly in running water and
were arranged in a glass brdck lined with moistened tissue
paper. It was covered by a similar glass brick which was also
lined with moistened tissue paper. Seeds were allowed to
germinate for about 24 hours. On the following day they were
taken out of the dark cupboard. This stage was such that 90%.
of the seeds had burst their testas so that the radicles could
be clearly seen. Then they were planted in glass specimen
tubes as mentioned earlier. Each tube had only one seed.
The tubes were placed in a dark cupboard where:;eedlings were
allowed to grow for about 2 days. The seedlings with their

coleoptiles 3 = 4k cm long were ready for the experiment.
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2. Basic Technigue

The technique used throughout the investigation was
basically that of Arslan-Cerim (1966) and Bode (1959b) with
some modifications depending on the nature of the type of
experiment.

Radioactive solution was applied to the vermiculite.
Seedlings were left in a dark cupboard so as to ensure
adequate uptake of radioactive substance into the seedlings.
While in the dark the seedlings were placed in a horizontal
position for 1, 2 and 3 hours. The orientation of the
seedlings fromf;ertical toxhorizontal position was carried out
by a stand. A diagram of this stand has been shown in Fig.l.

After each horizontal exposure hypocotyls er éoleoptiles
were split into two halves (upper and lower) by a cutter
which has been' shown in the Fig.2. This cutter consists of
a perspex sheet (7 mm thick) on which there were nine
circular holes of varying diameter (range, 2 - 4 mm). A
blade was placed on a straight line so that it passed through
the diameter ofrzircular area of each hole. The blade was
held from the sides tightly by means of two holders. Hypocotyls
or coleoptiles could be inserted through the holes depending
on the size and gplit into two longitudinal halves. Special
care was taken to split the hypocotyls or coleoptiles
accurately. A group of halves were placed in a planchet which
was weighed and numbered before the experiment. Fresh weight
was determined by weighing the planchets again. The planchets
containing the material were left in an oven at 100°C for
about 12 hours to determine the dry weight of the material.

When the materials were completely dry they were cooled in a



Fig. 1. A seedling of Helianthus annus in a horizontal position .
Curvature is shown by the seedling.
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desiccator to determine the dry weight. The processaof

weighing and drying were repeated three times to get the

constant weight. Fach sample was then ground up separately

if the radioactive substance was 45Ca. The process of grinding

was not necessary for 32P and 42K as these substances emit
higher energy radiations and in these cases materials were
directly stuck anto planchets. As QSCa emits [ particles the
process of grinding was carried out to apply an approximate
correction factor due to tissue-thickness. Each sample was
ground up separately in an agate mortar with 0.5 ml of
ethanol. After grinding, the ground-up materials were care-
fully transferred into planchets each containing about 0.5 ml
of 3% gumsolution. The samples were then dried under an
infra-red lamp.. At this stage materials were placed in the

counter for counting radioéctivity.

3. Measurement of Curvature

After.harvestiﬁg, hypocotyls or coleoptiles were left
on a piece of paper and two lines were drawn, one thfough the
top end (apical part) of the organ and the other through the
main axis (basal part) of the organ. Later these two lines
were extended so that they intersected each other. The angle
between these was measured with a protractor and was taken

as the curvature.

4, Radioactive Substances

Radioactive substances were obtained from the Radiochemical

Centre, Amersham, Buckinghamshire.

450a¢12

This substance was supplied in aqueous solution,

Specific activity 2 - 10 mCi/mg
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QZKCL

This substance was supplied in sterile isotonic

solution containing 11.9 mg potassium. 250 pCi in 2.5 ml.
323

This substance was supplied as orthophosphate in

dilute HCl solution. pH 2 - 3, high specific activity,
1l mC in 1 ml,

5. Radioactive Assay

(a) Counting system

A fglly automatic counter was used for radioactive
counting. An IDL end window geiger tube (Mullard MXx123) to
be used in .a. conjunction withafully automatic sample
changer (IDL Betamat type 6050). Scaler (IDL type 1700E)
and progamme read-out unit (type’2007/B) were obtained.
Thus 50 samples could be loaded at a time and left to

count , overnight.,

(b) Preparation of radioactive solution

¥cacl,

Radioactive substance was carefully taken out by a
syringe with a hypodermal needle and transferred into a
polythene bottle containing Hoagiand and Arnon solution.
The activity was maintained in such a way so that 2,0 ml of
the solution contained 1 pCi of 4SCa:':“bH of Hoagland and

Arnon solution was previously measured and was found to be

about 6.8.

h2¢c1

The procedure for making up:radioactiVe solution was t

same as that of

in such a way so that 2.0 ml of Hoagland and Arnon solution
L2
contained about 0.25 nCi of K.

QSCa. in this case the activity was maintained
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32p,

This was obtained as orthophosphate. This was made up

in Hoagland and Arnon solution.pH value of the solution
was maintained between 6 and 7. 2.0 ml of the solution

contained about 0.5 p Ci of 32p,

(c) Preparation of radioactive samples

As already discussed in the basic technique, each sample
(hypocotyl or coleoptile halves) was ground separately in an
agate mortar with 0.5 ml of ethanol. This was transferred
to a planchet and a very fine and uniform film of the sample
was made. To this about 0.5 ml of 3% gum solution was added,
and then dried under an infrared lamp. The samples could be
loaded in the counter for counting. This process of grinding

QSCa.

was necessary for the samples containing But for

L2

substances such as K and 32P, the process of grinding was
not mecessary, because of hardness of the radiation.

Self absorption

45Ca emits soft beta radiation which are readily
absorbed by the material through which they pass. Thus a
proportion of radiation will not be counted due to this self
absorption. This proportion of radiation lost directly deﬁends
on the tissue thickness on the planchet. Hence, it becomes
necessary to find outfﬁorrection for self absorption even
when the tissue thickness varies to the slightest extent.
The weight of the sample is directly proportional to the
thickness of the sample. Thus, a separate correction factor
had to be applied to each sample with varying weight and
thickness. Self absorption also depends on the type of

radiation and the nature of the material used during the
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experiment. In this investigation two different types of

materials used such as hypocotyls of Helianthus ann&g and
A

coleoptiles of Zea mays. Hence, two separate self absorption

corrections were carried out, although their correction
factors varied very little against the same tissue thickness.

The example which has been presented is for the hypocotyls

of Helianthus anndE.

Helianthus hypocotyls were cut into small segments and

dried quickly in an oven at 100°C. The samples were then
ground up in ethanol and ethanol was evaporated off under

an infra-red lamp. Samples of this ground-up material were
reweighed out in the planchet. A standard amount of stock
45Ca612 was added to each planchet followed by 0.5ml of 3%
gum solution, The contents of each planchet were agifated
to facilitate uniform spreading and the planchet was dried
and reweighed. The counting rate of each sample of the same
amount of stock 45CaClz solution was counted alone. Thé

correction factor for each sample was calculated as follows.

Count rate of 456a alone
Correction factor =

Count rate of 450a in the material.
A graph of the count rate against thickness was then constructed
which has been presented in the Fig.3. The correction for
radioactive decay was not applied for 45Ca as this substance
has a half life for 152 days.

Corrections when assaying 42K

As 42K emits hard beta and gamma radiations there was no
. 2
need for self absorption correction. 4 K was a half life for
only 12 hours so a correction for radioactive decay was

calculated. A correction curve has been constructed by plotting
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correction factor against time which has been presented in
Fig.4. The values of radioactive decay in different tim;s
were obtained from the standard chart for radioactive decays.
(*Isotope Tracers' by Francis, Mulligan and Wormall,

Athlone Press, 1959).

Hour O was taken as the first hour of the experiment
and all subsequent experiments were corrected out at this
level. Each half containing 42K was cut into pieces and the
pieces were placed in an oven for drying. Thus, for example,
for an experiment which was counted on hour 5 the correction
factor (1.27) would be read from the figure and all the
observed count rates would be multiplied by this factor.

Corrections when assaying S%P.

L

32P emits hard beta radiations like 2K and so no

self absorption correction was necessary. Estimates of
radioactive decay after the relevant time interval were

obtained from published charts ("Radiotracer methodology

2
in biological science" by Wang and Willis, Prentice - Hall,1965). 3

half life of. 14 days thus a correctioﬁ_fgrVradioéctive detay

was calculated which has been presented in fig. 5. The graph:

L2

was plotted in the same way as for K. Thus for correction
factor on day 6 was found to be 1.33. This correction factor

was applied for the day of counting in one experiment.

6. Non-radioactive Assay

Seedlings of Helianthus annd@_were grown in small glass
specimen tubes (Size, 3" x 1") containing vermiculite.
: o. +
Seedings were grown in a constant temperature room (25°C = 2)

under fluorescent lighting. 100 seedlings were used for each

|

7

P has a
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horizontal exposure. So altogether LOO seedlings were
required for the experiment (0 hour vertical, 1, 2 and 3 hours
horizontal exposure), Seedlings were left in a dark cupboard
after each was treated with 2.0 m( of Hoagland and Arnon
solution. At the beginning of the experiment each hypocotyl
was marked with ink 'on : the side of the cotyledon in order

to be able to distinguish between the sides. Seedlings were
placed in a horizontal position for 1,2 and 3 hours in the
dark cupboard. During the horizontal exposure:of the
seedlings the cotyledons were lying inﬁ;ertical plane. The
side of the hypocotyl which was marked by ink was the upper
side. Vertically growing seedlings were harvested and the
hypocotyls were split centrally into left and right halves

by a cutter. A .group of 25 halves from each side was taken

in a crucible. Hypocotyls involved in each horizontal
exposure were harvested and split into upper and lower halves.
Fresh weight of the halves was determined by a sensitive
Torbal balance. The samples were left in an oven at 100°¢
for 8 hours for complete drying of the halves. When the
materials were completely dry they were coaled in a desiccator.
The materials inside a desiccator were dried and cooled

three times;Iill:;eight of the materials was constant.

After the dry weight was taken the-crucibles were placed in a
muffle furnace at 550 - 600°C for 12 hours. The crucibleswere
put back into a desiccator for complete cooling of the ash.
The ash was weighed for three times to determine the actual

ash weight.

Flame photometric method -

Preparation of standard solution

0.477 gms. dry "analar" quality KCl was accurately
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weighed, dissolved in pure distilled water and the total
volume was made up to 500 ml. To obtain 1 mg.K/100 ml
the stock solution was diluted 1:50.

Calibration

The instrument was set up according to the instruction.
A range of potassium chloride solution at the following con-
centrations were used for the calibration.

0.2; 0.4; 0.6; 0.8; 1.0 mg K/100 ml.
Potassium filter was placed in position inside.,the flame
photometer. A standard solution of 1 mg K/100 ml. and
sensitivity control was adjusted to 100 divisions. Distilled
water was spra&ed and the galvanometer was adjusted to get
zero reading. The process of spraying standard solution
and distilled water was repeated for five times. Then
solutions of concentrations 0.2; 0.4; 0.6; 0.8; and 1 mg K/100
ml were sprayed and the reading was noted. A calibration
curve was constructed by plotting readings against concentra-
tions which has been presented in Fig. 6.

Determination of potassium from ash

A standard procedure was followed which was succeeded by
dissolving 25 mg of ash in 100 ml. of 1.5 N.HCl. .For example,
if the ash weight was 12.5 mg then 50 ml. of 1.5 N HCl was
needed to dissolve it. After different samples of the ash
had been dissolved out separately in 1.5 N HCl, each sample
was filtered so that there was no particle suspending in the
solution. From each sample 5 ml was taken and transferred
into separate numbered flasks. Each was diluted 20 times
with demineralised water (1:20). Each sample was sprayed
through the flame photometer and the amount of potassium
present was calculated fqom the reading. Three determinations

of potassium concentration were made on each sample and average



~35—

100

80}

=2
(=]
T

Reading in the scale
-3
(=]

N
(=]
T

0.0 0.2 04 06 _ 038 1.0
Mg K11oml

Fig.6. A calibration curve for ionic potassium



- 36 -

values were converted into the actual amount of potassium

present in the sample.

7. Experimental Methods for Studying the Effect:of Light

The effect of unilateral illumination was studied to
establishfgzy kind of relationshigfz;tween ion distribution
and phoﬁ?opic curvature.,

These investigations were carried out with the coleoptile
of Zea mays. Coleoptiles were illuminated unilaterally for 2,

3 and 4 houréTéOO lJux white light fromtlSO watts incandescent
bulb. The details about light measurement have been discussed
later. Seedlings were treated with:;adioactive substance
prior to illumination. In general, at the end of each uni-
lateral illumination, illuminated and shaded halves were

|
collected and assayed. Thus the distribution of radioactivity

45 b

in the halves was ascertained for Ca, 2K and 32P.

(a) Light chamber

A light chamber - a wooden box (Size, 15" x 10" x 10")
which consisted of two vertical compartments. The door of
the box had two horizontal slits, each of 9 cm length and
4 mm breadth. A diagram has been drawn of this chamber
Fig.7). Seedlings were arranged in such a way so that the
apical portion of the coleoptiles could be unilaterally
illuminated.

(b) Light measurement

The measurement of light was carried out by means of a
EEL light meter. This was conducted by holding the photocell
inside the wooden box after the light had been switched on.
The door of the wooden box was kept closed as much as possible

during the light measurement. The entire process of light
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Eh—

Fig.7. A light chamber
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measurement was carried out inside a dark cupboard. The source
of light for the phototropic exposures was a single 150 i
incandescent bulb at a distance of 30 cm from the plants.
The intensity of the light at this distance was about 75

lumens/sq.ft. This was converted into lux and was found to

be about 800 lux.

(c) Plant material

Seedlings of Zea mays were used for studying the effect
of unilateral illumination. The details about growing seed-

ling have been discussed in Materials and Methods. Coleoptiles

of Zea mays were found suitable material for the experimental
purpose.

(d) Technigque

Seedlings were growing in small glass tubes containing
vermiculite. The seedlings were pretreated with radioactive
substance when the coleoptiles were3 to 4 cm in length. The
temperature of the dark cupboard (where unilateral illumination
was carried out) was maintained around 25°C~t2°C. It ﬁas
established by carrying out some experiments that with the
intensity of light mentioned above the coleoptiles did produce
curvature in 2 hours unilateral illumination. So curvature
in degrees was measured as already discussed. Coleoptiles were
milaterally illuminated for 2, 3 and & hours inside the light
chamber. The illuminated side was marked by ink in order to
be able to distinguish from the shaded side. Coleoptiles
were harvested and curvature was measured after each treatment
and then they were split centrally by a cutter into two halves.
Each half was put separately in numbered planchets. Determina-

tions of fresh and dry weight were carried out as discussed
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in the basic technique. Radioactive assay wos followed in

the same way as for the other experiments already discussed

in the Basic Technigque.

8. Statistical Analysis

A three factor analysis of variance was performed on
the experimental results, three factors being plant (P),
time (T) and side (S).

Owing to experimental design plant and time effects

were partially confounded in the following way.

Sl s2

T p P p p P P p p

1 1 o 3 4 1 o 3 4

T P P p p p P p p

2 5 6 7 8 5 6 7 8
Ty Py Pio  Fu1 Fiz Pg  Pio P13 Pyrp
Ty Pi3 Py Pis  Pig P13 Py P15 Pig

factors

The analysis of variance combined the varobus /in the
way set out in the table, i.e. determined sum of squares

square
and mean/variance for

T
S
TS
P + PT
The residual error against which the S and ST effects

were tested being the combination
PST + PS
Time effects were tested against the P + PT variance.

Analysis of variance was carried out on the CDC 6600
computer by using scientific sub-routine package (Hartly,

"Analysis of variance", John Wiley, New York).
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The significance of the differences of individual
means was tested by determining L.S.D. (least significant

differences between the means) at ‘0025 probability level by

the following formula.

L. S. D. = —_— \2.t

msv = mean square variance of the residual error
n = number of replications
t = value of student's "t" at 0025 probability level.
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CHAPTER III

THE EFFECT OF HORIZONTAL ORIENTATION ON THE DISTRIBUTION OF IONS

As set out in the Introduction, the object of this study
was to investigate the distribution of calcium, potassium and
phosphorus in geotropically stimulated organs. The experiments

have been conducted with the seedlings of Helianthus annus and

Zea mays. It was hoped that this would give an indicatién
whether the distribution of ions is comnnected gither with «&
geotropic response or with the detection mechanism. In this
detection mechanism all changes are occurring during the
transverse action of gravity before the appearance of geotropic
curvature. Growth responses do not develop immediately on

the reception of the stimulus but after a lapse of period which
is actually much longer than the presentation time. At the end
éf the presentation time of the organ a physiological polarisa-
tion of tﬁe organ develops and this leads to local differences

in the rate of growth.

SECTION I DISTRIBUTION OF qSCa

Calcium is known to inhibit the growth of shoot parts
by making the cell walls more rigid. According to the
results presented by Arslan-Cerim (1966), there was more accumu-
lation of radioactive calcium in the upper half of geotropically

stimulated hypocotyls of Helianthus annus. There was a

considerable accumulation of a radioactivity in the upper half

the degree of which depended on the time of stimulation. It
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seemed< worthwhile, therefore, first to obtain a direct
confirmation of her results by repeating the same experiment
with slight modifications as a basis for an extension to

other ions.

(a) Helianthus hypocotyls with roots

This experiment was carried out in the same way as was
performed by Arslan-Cerim with some modification, e.g. the
number of seedlings and the amount of radioactive substance
used for each treatment. A group of 20 seedlings was used
for each horizontal exposure and each was treated through
the roots with 1 y C{ of 45Ca (made up in Hoagland and Arnon
solution). This was carried out by adding 2.0 ml eof radio-
active solution (which contained about 1 p Ci eof 456a) to
the vermiculite. In this experiment there were three hori-
zontal exposures (1, 2 and 3 hours). A group of 20 seedlings
was used which would establish the initial distribution of
‘radioactivity in the halves of vertically placed seedlings.
All the seedlings after the treatment with 450a were left in
a dark cupboard for 6 hours to ensure adequate uptake of
radioactive substance through the roots. The seedlings invelved
in horizontal .exposure were left in a horizontal position for
1, 2 and 3 hours. This was carried out asvdescribed in the

chapter Materials and Methods. After each exposure the

seedlings were harvested (roots and coetyledons were removed),
degrees of curvature of the hypocotyls were measured. Each
hypocotyl was split centrally (by the cutter as shown in

Fig.2) inte the upper and lower halves. In case of vertically

placed seedlings the hypocotyls were split centrally into the
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left and right halves (sides). Each horizontal exposure had
4 replications, so a group of five upper and lower halves
(sides) were placed separately in numberuplanchets as

described in the chapter Materials and Methods. The technique

for the preparation of sample and radieactive assay was

followed as described in the Basic Technique.

The radioactivity was recorded as cpm/mg. dry weight
and cpm/10 mg. fresh weight. The degrees of curvature have
been recorded in the figure. * in the figure stands feor the
standard error of the mean. Analysis of variance for the

results was carried out by computer pregramme as discussed.
In Table 1 (Appendix) and all subsequent tables, the P and PT have been
lumped as plant effects and provide the residual against which the time

effects can be tested. The idéa of the complete analysis was to eliminate

the plant effects to increase the pré31§i6ﬂ<3fm£ﬁé analysis.
Analysis of variance shows that there has bZeiﬁijigil increase
in radioactivity in the hypocotyl as a whole with time. The
Table I shows that S X T effect is significant. This signifies
the fact that the difference between the upper and lower
halves (sides) varies significantly with time. There is a
progressive differencéi%ﬁé side means with time which is
clearly seen in Fig.8. Least significant differences (L.S.D)
have been shown in the figure.

Fig.8 indicates that in 1 hour ef horizontal expesure
there has been a significant drep of activity in the lewer
side whicﬁ could have been attributed te the lateral migratien
of activity from lower te the upper side. Graphs show that on
the lower side there is first a drop and then a recovery,
whereas on the upper side there is a much smaller drep (not

significant) and a much greater rise. This suggests that the

differences between upper and lower sides are mainly due to
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Fig.8 The effect of horizontal orientation on the

distribution of 45Ca in the hypocotyls of Helianthus

W
AnnNus .

45

Time-course changes in the activity of Ca in the

sides.
Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A :- mean counts/min/mg. dry weight
Full circle :- wupper side

Open circle :~ lower side

s

B :-~ mean counts/min 10 mg. fresh weight
Full triangle :- upper side

Open triangle :- lower side
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migration from lower to upper. Subsequent movement from
roots increases concentration in both sides but upper increases
more than lower. Whether this is due to differential rate of
movement from roots cannot be definitely concluded.

It is clear from the figure that the differences between
the means of upper and lower sides are higher than L.S.D.
after 2 and 3 hours of horizontal exposure.

The results strongly suggest that a concentration
difference of calcium is established between upper and lower
sides and is correlated with the curvature. There are three
possibilities for the accumulation of more calcium in the
upper side. (1) there has probably been more transport of

calcium into cells of the upper side from roots during horizontal
exposure. (2) there has been migration of calcium from lower
to the upper side. Probably there has been combination . of
(1) and (2) taking place simultaneously with the beginning of
horizontal orientation. It was felt necessar& to clarify the

situation. This was attempted by the following approach.

(b) Helianthus hypocotyls without roots

In the last experiment it was observed that thére was
more accumulation of radioactivity in the upper’sidefduring
horizontal exposure. The object was to étudy therlateral
migration of calcium from lower to upper side in reality.

Seedlings of Helianthus annus were treated with 45Ca

(1 uCi for each seedling) through the roots for 6 hours in a
dark cupboard. The seedlings were harvested and roots were
removed. The shoot part consisted of hypocotyl (about 3 cm

long) and cotyledons. Hypocotyls (with the cotyledons) were
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Fig. 9. Rootless seedlings of Helianthus annus in horizontal position,

Fig. 10. Rootless seedlings of Zea mays 1in horizontal position.
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placed in a horizontal position for l, 2 and 3 hours in a glass
tray as shown in Fig.9. A special care was taken about the
orientation of the hypocotyls so that they could stay in
horizontal position as they curved. A glass tray had four
furrows and one cotyledon of the shoot could be piacedfon

it so that the hypocotyl was in horizontal position. On the
two sides of the cotyledon (which was in the furrow), two
pieces of thick paper were placed to keep the hypocotyl
orientated so that it did not fall over as it curved. This
glass tray was covered by a similar glass tray. Both the glass
trays were lined with moistened tissue paper. A:group

of 20 hypocotyls (with the cotyledons) was incl uded in each
horizontal exposure. After each horizontal exposure (which was
carried out inside a dark cupboard), cotyledons were removed
and hypocotyls were split centrally into halves by a cutter as
described. Vertical control (initial as O hour) would establish
the initial distribution of radioactivity in the halves. Each
horizontal exposure had 5 replications. Measurement of curva-
ture, radioactive assay and preparation of sample were carried

out as described in the chapter Materials and Methods.

Analysis of variance of the data was carried out which
has been presented in the Table 2 (appendix). This shows that
S X T effect is nonfsignificant. But the overall S (side)
effect is significant.

Graphs have been plotted both on«dry and fresh weight
basis. Fig.ll indicates that there has been a migration of
activity from‘the lower to the upper side and the maximum

difference was observed after 2 hours of horizontal exposure.
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Fig.ll The effect

of horizontal orientation on the

distribution of 450a in the hypocotyls of Helianthus

w
annus.

Hypocotyls were horizontally orientated in root-

less condition.

Time-course

sides.

changes in the activity of 45Ca in the

Curvatures in degrees are shown at the top of the
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figure. - is standard error of the mean.
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The rises and falls on the two sides run parallel and
are probably due to sampling (i.e. plant) error. That,6this is
so,is quite clear from the analysis of variance Table 2
(Appendix) wherell.S.V. for P + P T is actually greater than
M.S.V. for T. The S effect shows an overall significant
increase on the upper side but no detectable change with
time (i.e. as appears in the graphs all changes are established
in the first hour and subsequently there is no further change).
This sugge-ts that lateral migratioﬂjzgke_ nlace early and
accounts for much of the differences shown by rooted plants.
However, it still leaves open the question whether We suggeeicd
progressive increase in the differences between upper and
lower sides in rooted plants is due to a difference in transport

y

from the roots or to a continuing migration from bottom to top.
(c) Zea coleoptiles with roots

It was thought necessary to carry out similar experiments
in order to be able to bring about a direct comparison with the
results of the experiment in case of Helianthus hypocotyls |
(with roots).

Each seedling of Zea mays was treated with 1 nuCi for 6
hoursin a dark cupboard. A group of 20 seedlings was used for
each horizontal exposure. Initial as O hour would establish
the initial distribution of radioactivity in the coleoptile
halves. Each exposure consisted of 5 replications. Horizontal
exposures were carried out inside a dark cupboard. At the
end of each exposure, seedlings were harvested (roots were
removed), coleoptiles were split centrally into upper and

lower halves. Inner leaves were removed from the coleoptile

halves. Technique for the preparation of sample and
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radioactive assay was followed as described in the chapter

Materials and Methods.

Analysis of variance of the data was carried out and the
results are shown in Table 3 (Appendix). The analysis shows
that S (side) effect is significant. This suggests an overall
increase in the upper side. The analysis does not indicate
any Sigmificamh changeiwith time.

banis

Graphs for the mean counts on dry and fresh weight dre -
shown in Fig.l2. The differences between the sides increase slightly
with time and this is correlated with the curvature. Graphs
show that on the lower side there is fifst a drop and
a recovery, whereas on the upper side there is no change and

then a much greater rise. This suggests that the differences

between upper and lower are mainly due to migration from

‘lower +to upper. There are indications of a subsequent
increase in both sides by uptake from rodts although this

does not reach =significant 1levels. Fig. 12 shows that +the

differences between the means of upper and lower sides are
higher than L.S.D. after 3 hours horizontal exposure.
These results are . Simailox ™ the results obtained in

case of Helianthus hypocotyls (with roots). The results

discussed above = imply o = _ lateral migration from
lower to upper side.¥Sollowing approach was attempted to :zcheck

.

the lateral migration.. ST .

(d) Zea coleoptiles without roots

In the last experiment it was shown that there was more
accumulation of radioactivity in the upper side during
horizontal exposure. The object was to get an exact idea of

lateral migration of calcium from lower to the upper side.
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Seedlings of_Zea mays were treated with 4SCa (1 pCi for
each seedling) through the roots for 6 hours in a dark cupboard.
The seediings were harvested and roots were removed. Coleoptiles
were placed in a horizontal position for 2 and 3 hours.
Coleoptiles were horizontally orientated inaglass tray (lined
with moistened tissue paper) as shown in Fig.l0. Coleoptiles
(about 3 cm long) were placed horizontal in the furrows. The
object was to keep coleoptiles orientated so that they did not
fall over as they curved. This glass tray was covered by a
similar glass tray which was also lined with moistened tissue
paper. A group of 20 coleoptiles were irxluded for each exposure.
Vertical control (initial as O hour) consisted of 20 coleoptiles.
This would estabish the initial distribution of radiocactivity
in the halves. At the end of each exposure coleoptiles were split
by a cutter into halves (upper and lower). Radioactive assay
and preparation of sample were carried wut as described in the

chapter Materials and Methods.

Analysis of variance of the data was carried out and the
results are shown in Table 4 (Appendix). The analysis shows
thathiE:Hfoect (8) is significant.

Graphs have been plotted on dry and fresh weight basts
shown in Fig.l3. The figure shows that there is-a drop on the
lower side and a rise on the upper side. The differences

Fough Twae i mok sigmificomb

between the sides increase with time, $tny increase in the upper

side ‘»mu~f e @ due to lateral migration from the lower side.

& . comparison . ; made with rooted plants (Fig.12) suggesis
that in rooted plants lateral migration takes place early

and there has been progressive differences between upper and

lower sides., But it cannot be concluded that in rooted plants
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the progressive differences are due to differential transport

from rootse.

SECTION 2 DISTRIBUTION OF POTASSIUM

It has already been seen in the Introduction that
Bode (1959b) reported an increased concentration of potassium
in the lower half of geotropicaly stimulated hypocotyls of

Helianthus anndé. He suggested that the increase of potassium

in the lower half is preceded by the movement of auxin and
indicated that auxin probably brings about {Some”
physiological changes in the lower half which .
favour. the movement of potassium in that direction. The idea
of establishment of concentration gradient fromj;pical to the
basal part of the hypocotyl has also been suggested. So the
following experiment was carried out to bring about a direct
comparison with his results of distribution of Potassium in

the upper and lower half of geotropically stimulated seedlings

of Helianthus annus.

(a) Experiment with ionic potassium in Helianthus hypocotyls

(with roots).

Seedlings of Helianthus annug were grown in glass

specimen tubes containing vermiculite soaked in Hoagland and
Arnon solution. The seedlings with their hypocotyls 3 cm
long were placed in a stand which could be rotated from
vertical tof%orizontal position. A group wf 100 geddlings
wasTiQ:%ertical position to establish the initial distribution

of potassium in the halves. Horizontal exposures were carried

out as described in the chapter Materials and Methods. At the
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end of each horizontal exposure seedlings were harvested and
roots and cotyledons were removed. Hypocotyls were split
centrally into upper and lower halves by a cutter as described.
Each exposure consisted of 4 replications, 50 each replication
had 25 hypocotyls. Technique involved in this experiment has

been discussed in the chapter Materials and Methods under

Non-radioactive assay.

Analysis of variance of the data was carried out and
the results are shown in Table 5 (Appendix). ‘tie analysis
shows that S X T effect is significant. This shows that there
has been progressive increase in the differences between the
side means with time. Time effect is also significant
(when M.S.V. for T is compared with M.S.V. for P + PT)..

Graphs have been plotted based on the mean potassium
values on a total ash, fresh and dry weight basis. Fig.1l4
clearly indicates that the increase in the amount of‘potassium
in the lower side is directly related to the time of horizontal
exposure. The figure indicates that there has been a steady
increase of potassium in the lower side but the amount of
potassium in the wpper side remains more or less constant on
ash weight basis. But when the results are considered on a
fresh and dry weight basis, there is a drop in the potassium
level in the upper side after 1 hour horizontal exposure.
This drop in potassium level in the upper half indicates that
probably there has been some lateral migration of potassium
from upper to lower side during 1 hour horizontal exposure.
In 2 and 3 hours there is recovery in the upper side, whereas
lower side showstmuch greater rise. This clearly suggests
that the differences between upper and lower are mainly due to
migration from UPPEr to dewer, There is subsequent movement

Lhe :
from roots. This increases,concentration in both but the
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Fig.1l4 The effect of horizontal orientation on the
distribution of potassium ions in the hypocotyls of

Helianthus anﬂhs.

Time-course changes in the amount of K_O in the sides.
Curvatures in degrees are shown at the top of the

figure. ¥ is standard error of the mean.

A - mg. KZO/lOO mg. ash weight
Full square :- upper side

Open square :- lower side

B :- mg. K20/5 gm. fresh weight
Full triangle :- upper side

Open triangle :- lower side

C :- mg. K20/1 gm. dry weight
Full circle :- upper side

Open circle :- 1lower side
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lower increases more than the pper. It cannot be decided
from the results _ .. whether these differences are due to
differential rate of movement from roots. L.S.D. o&the means
have been shown in the fig.lh. It clearly signifies the
fact that the increase in the lower side is significant after
2 and 3 hours horizontal exposure if mean. values in the lower
gide are compared with L.S.D.

From the results it can be definitely concluded that a
concentration difference of potassium is established between
the upper and lower sides which is correlated with the
curvature. The maximun K20 values were found in the lower side
after 3 hours of horizontal exposure when the curvature was
found to be about 75 degrees ¥ 2.13. In Bode's results the
maximum increase of potassium was found after 90 minutes of
geotropical stimulation and this value of potassium decreased
after 120 minutes. In my experiments the level of thassium
increases with time and also with the curvature.

b

(b) Experiment with °K in the Helianthus hypocotyls (with roots)

In the last experiment it was observed that horizontal

orientation did result in differential distribution of

7
potassium ions in the hypocotyls of Helianthus annus. The results

were )
/conclusive because the increase in the lower side was found on

a total ash, fresh and dry weight basis. It was thought
b

necessary to carry out similar experiments with 2K to compare
the findings of the last experiment.
Seedlings were grown in glass specimen tubes (size 3" x 1")

as discussed in the chapter Materials and Methods.  Seedlings

4

were treated with 2K (0.25 pCi for each seedling) through the

roots for 2 hours in a dark cupboard. A group of 10 seedlings
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Fige 15. The effect of horizontal orientation on the
distribution of 42K in the hypocotyls of
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Time—course changes in the activity of 4% in the sides.
Curvature in degreés shown at the top. + is Standard
error of the mean.
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was used as a vertical (initial as O hour) to ascertain
the initial distribution of activity in the halves. At the
end of each horizontal exposure the seedlings were harvested
(roots and cotyledons were removed), hypocotyls were split by
a cutter. Each exposure had 5 replications, so two hypocotyls
were included in each replication. Technique for the
preparation of sample and radioactive assay was followed as

described in the chapter Materials and Methods.

Analysis of variance of the data was carried out and
the results are shown in Table 6 (Appendix). The analysis
shows that side (S) effect is significant. This signifies the
fact that there has been overall increase in the lower side.
Graphs have been plotted showing mean counts on dry and
fresh weight basis. Fig.l5 indicates an increase (but
M.S.V. for P + P T is of same order as M.S.V. for T) in both
sides in 1 ﬁour horizontal exposure, but lower side éhowsigreater
rise than the upper.f. wpper side shows a drop (not significant)
andrlower side shows a rise (not significant) after three
hours horizontal exposure. This iiiﬂ&gi activity berween ypper £ lowerx

sides could be due to migration from upper to lowe. L.S.D. of

the means have been shown in the graphs. 7 S -

g

)
)
3

The results strongly suggest that a concentration
difference is established between upper and lower sides which

is correlated with the curvature.

(c) Experiment with ionic potassium in Helianthus hypocotyls
(without roots)
This experimentwas carried out to establish the reality of

lateral movement and to indicate whether the differences in

rooted plants could, at least in part, be due to lateral movement.
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Seedlings of Helianthus annus were harvested and roots
were removed. Shoot part consist;d of hypocotyl and two cotyledons.
Orientation of the hypocotyls (with the cotyledons) was carried
out as described in case of the experiment with 45Ca in
Helianthus hypocotyls (without roots), .Section I (b).
This has been shown in Fig.9. Number of hypocotyls, replications
was same as for the experiment with ionic potassium. There were
three horizontal exposures (1, 2 and 3 hours) and one vertical
control. Technique for this experiment was followed as

described in the Chapter Materials and Methods under

Non-radioactive assay.

Analysis of variance of the data was carried out and the
results are shown in Table 7 (Appendix). The analysis shows
S X T effect is significant. This shows that there have been progressively
_imeveasimg . differences between the side means with time.

The T effect is non-significant (M.S.V. for T is lower than |
M.S.V. for P + PT).

Graphs have been plotted showing mean potassium values
on a total ash, fresh and dry weight basis.

Fig. 16 clearly indicates that there has beenoalateral
migration of potassium fromwupper towlower side.during horizontal
exposure. The level of potassium increases with time and is
correlated with the curvature. L.S.D. of the means show that
the differences between the side means are much higher than
L.s.D.

By comparing the results of Fig.l4 and Fig.16 it can be
concluded that the differences between the side means are much
higher in rooted plants than that in rootless plants. But
one cannot be absolutely certain that the greater rise in the
lower side is the result of differential transport as it is
difficult to estimate the degree of lateral transport in

rooted plants.
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Fig.16 The effect of horizontal orientation on the
distribution of potassium ions in the hypocotyls

of Helianthus annus.

Hypocotyls were horizontally orientated in root-less
condition.

Time-course changes in the amount of KZO in the sides.
Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A

- mg.K20/1OO mg. ash weight
Full square :- upper side

Open square :- lower side

B :- mg. K20/S gm. fresh weight
Full triangle :- upper side

Open triangle :- lower side’

C :- mg.KZO/l gm. dry weight
Full circle :- upper side

Open circle :- lower side
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SECTION 3  DISTRIBUTION OF 32p

As already discussed, nothing is known about the
connection of Phosphorus with geotropic response. But some
connection between auxin and protein synthesis has been
established. Nooden (1968) suggested that auxin resulted
into increase in 32P orthophosphate uptake which was thought
to be linked with RNA synthesis during auxin-induced
cell elongation.

In experiments with calcium and potassium it was observed
that a correlation exists between the distribution of above ions
and the curvature. It was thought necessary to look into the
distribution of 32P during horizontal exposure and to find out
whether any correlation exists between the distribution and the

curvature.

(a) Helianthus hypocotyls with roots

Seedlings of Helianthus annus were used to study the effect

of horizontal orientation on the distribution of 32P. A group of
20 seedlings woso used for each horizontal exposure. There were
three horizontal exposﬁres - 1, 2 and 3 hours. A group of 20
seedlings was included which would establish the initial distri-
bution of radioactivity invthe hypocotyl halves of vertically
(initial as O hour) placed seedlings. Each seedling was fed
through the roots with 0.5 pCi of 32P made up in Hoagland and
Arnon solution. Seedlings were left in a dark cupboard for

L4 hours. These seddlings were placed in horizontal position

as described in the chapter Materials and Methods. There were

5 replications for each exposure. At the end each exposure
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seedlings were harvested, roots and cotyledons were removed.
Hypocotyls were split centrally by a cutter into upper and
thalvas.

lower, Technique for radioactive assay and Preparation of

sample was applied as described in the chapter Materials and

Methods.

Analysis of variance of the result has been presented in

the Table 8 (Appendix). The analysis shows that S X T is

significant. This indicates that therehave been progressiVeyimcvewﬁmgﬁ
|

eshablished
differences,between the side mean with time. Time effect is

also significant (as M.S.V. for T is much greater than M.S.V.
for P + PT) which suggests that there has been increase in
activity in the hypocotyl as a whole during horizontal exposure.
Graphs have been plotted showing mean count on dry and

fresh weight basis. Fig.l7 shows that on the upper side there
is no . sigmiF<*m" change in 2 hours and then a rise, whereas on
the lower side there is a small rise (not significant) and then
a greater rise. This ~ " - suggests that the differences
between upper and lower Wmﬁfaue to migration from upper to
lower which is established in 2 hours and subsequent movement
from roots increases concentration in both butfﬁ%per increases
more than the lower. Hence, the results -~ © - suggest that the
differences between the side means mﬁ;ﬁnainly due to migration
from upper to lower. L.S.D. of the means are shown in the
graphs which clearly indicates that the differenées between the
side means are significant after 3 hours horizontal exposure.

| y the results ¢ show _ that the increased
accumulation of 32P in the lower side is correlated with the

>

curvature.

I
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Fig.1l7 The effect of horizontal orientation on the
distribution of 32? in the hypocotyls of

. %
Helianthus annus.

Time~course changes in the activity of 32P in
the sides.
Curvatures in degrees are shown at the top of

the figure. I is standard error of the mean.

A :- mean counts/miymg. dry weight
Full circle :- upper side

Open circle :- lower side

B :- mean counts/min/10 mg. fresh weight
Full triangle :- upper side

Open triangle :- lower side
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(b) Helianthus hypocotyls without roots

In the last experiment it was observed that there was
increased activity in the lower side of hypocotyls specially
after 3 hours. An experiment was carried out to look into

he distribution of 32P in the hypocotyl halves of root-less
plants. This would check whether any lateral migration of
32P takes place from upper to lower side during horizontal
exposure.

A group of 10 seedlings of Helianthus annus was used for

each horizontal exposure. There were three horizontal exposures
(1, 2 and 3 hours). A group of 10 seedlings was used as a
vertical control (initial as O hours). This would establish
the initial distribution of radioactivity in the halves.
Seedlings were treated through the roots with 32P (O.SpCi for
each seedling) for 4 hours in a dark cupboard. Seedlings

were harvested and roots were removed. Shoot part consisted
of hypocotyl and cotyledons. Hypocotyls (with the cotyledohs)
were placed in a horizontal positién as shown in Fig.9. |
Orientation of the hypocotyls has been discussed in detail

in Section I (b). After each horizontal exposure cotyledons
were removed and then hypocotyls were split into halves by a
cutter. Technique for radioactive assay and preparation of

sample was applied as described in the chapter Materials and

Methods.

Analysis of variance of the data was carried out and'the
results are shown in Table 9 (Appendix). The analysis shows
that side (S) effect is significant. This suggests that there
is an overall increase in the lower side.

Graphs have been plotted showing means on dry and fresh

weight basis. Fig.l8 =~ = shows’ a continuing rise on
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Fig. 18. The effect of horizontal orientation on the

distribution of 2P in the hypocotyls(without roots)

of Helianthus anms.

Curvatures in degrees are shown at the tope. + is
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the lower side with continuing drop on the upper side (but boih

not significant). Increase in activity in the lower side is probably

at the expense of migration of activity from the upper

side.

By comparing the results of Fig.l7 and Fig.l8 it
deems o * that since the order of difference
for the two experiments is the same this would indicate that

‘ distribebhaw
the different:al,in the rooted plants could be explained

entirely in terms of a lateral migration of phosphorus. .
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CHAPTER IV

o
THE EFFECT OF 4 C ON THE DISTRIBUTION OF IONS IN HORIZONTAL

POSITION.

In ali previous experiments it was observed that
horizontally orientated organs developed differential
distributions of the three elements (Ca, K and P) which was
correlated with the curvature. To check whether this
correlation is causal would involve the study of the distri-
bution of ions when curvature is prevented even though the
seedlings receive a full geotropic stimulus. Seedlings
are placed in a horizontal position for 3 ~ hour af 25°cC.
This stimulus is enough to show a normal geotropic response
but curvature is stopped by subsequentyputting the seedlings
at 4°c. If any differential distribution is observed it
would suggest the possibility of a connection between ion
distribution and geotropic perception or geoinduction. This

was attempted by the following approach}

SECTION I DISTRIBUTION OF oCa.

(a) Experiment with the seedlings of Helianthus anﬂqs.

o
The experiment relating to the study of effect of 4L7C on

the distribution of 45Ca was divided into two groups.

Group I
(1) Seedlings were in vertical position (initial as O hour).

(2) Seedlings were placed in horizontal position for 1 hour

at 25°c.
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(3) Seedlings were placed in horizontal position for 1
o
hour at 25°C and subsequently placed in horizontal

position for 1 hour at 4°cC.

A group of 20 seedlings was included for each exposure

and each exposure comnsisted of 4 replications.
Group II

(1) Seedlings were in vertical position (initial as O hour)
(2) Seedlings were placed in horizontal position for %
hour at 25°C.

(3) Seedlings were placed in horizontal position for %

o for 2% hours
hour at 25°C and subsequently placed/in horizontal

position at 4°C.

A group of 20 seedlings was included for each exposure and
each exposure consisted of 5 replications.

Horizontal exposures were cafried out after treatment
with 45Ca for 6 hours in a dark cupboard. Horizontal exposure
at 4°C was carried out inside a refrigerator. The details
about the experimental technique, preparation of sample, and
radioactive assay havebeen discussed in the chapter Materijals

and Methods.

Analysis of variance of the data (experiment included in
Group I) was carried out and the results are shown in Table 10
(Appendix). The analysis shows that the side (S) effect is
non-significant. ‘

The results of the experiment (Group I) are shown as
mean counts on a dry and fresh weight basis in Fig.l9. The
seedlings after 1 hour horizontal exposure at 25°C show

some increase (not significant) in the upper side of the hypocotyl
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Fig;l9 The effect of QOC on the distribution of Q)Ca in the
hypocotyls of horizontally placed seedlings of

Helianthus annus.

Curvatures in degrees are shown at the top of the

figure. b is standard error of the mean.

A :- mean counts/min/mg. dry weight

B :- mean counts/ min/10 mg. fresh weight

0 =- Initial (vertical)

1 = 1 hour in horizontal position at 25°C

1 + 1 = 1 hour in horizontal position at 25°C

+ 1 hour in horizontal position at 4°C.
Lt :~ left side
Rt :=m 1right side
U :-~ upper side

L := lower side
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Fig.20 The effect of 4°C on the distribution of “Ca in
the hypocotyls of horizontally placed seedlings of

Helianthus annus.

Seedlings did not produce any curvature and hence

curvature is shown as 0 at the top of the figure.

A :- mean counts/min/mg. dry weight
B :- mean counts/min/10 mg. fresh weight
0

Initial (vertical)

!
=

hour in horizontal position at 2500

o

I
&

+2 in horizontal position at 2500 +25

P

rojs

[

hours in horizontal position at 4°¢c
Lt := left side
Rt :- right side
U :-upper side:

L :- lower side
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and curvature was found to be 5 degrees z 0.21. The exposure

of 1 hour at 25°C and subsequent exposure of 1 hour at 4°c
show some increase (not significant) in the upper gide. This
increase is slightly less as compared to the increase in 1
hour horizontal exposure at 25°C. This suggests that increase
in the upper side may ., occur: at 2500 and any further
increase is stopped as soon as curvature is prevented by
placing the plants at 4°c,

Analysis of variance of results (experiment included in
Group II) is shown in Table 11 (Appendix). The analysis shows
that there is no differential distribution in the hypocotyl.

The results of the experiment included in Group II are
shown in Fig.20. Horizontal exposure of %4 hour at 25°C does
not caus¢ any increase of radioactivity in the upper side and
curvature does not appear in the séedlings.fln % hour.at 25°C

and 2} hours at 4°C.theupper side does not show any increase.

(b) Experiment with the seedlings of Zea mays.

It was clearly observed in the last experiment that

although the seedlings received om above (Treshold’ stimulus at
C ‘/2. amn hou.'v‘) )
25°CAa significant increase of radioactivity was not observed

. o
in the upper side when curvature Yoo prevented at 4 C. Increase

(although non-significant) in the upper side was observed only

when curvaturé'has appeared. Furthermore, there seems to be

no movement og5Ca at 4°C in the absence of curvature. To draw

some kind of comparison with the previous finding an experiment
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was carried with the seedlings of

Zea mays.

This experiment comprises two groups.

Group I
(1) Seedlings were in vertical position (initial
(2) Seedlings were bPlaced in horizontal position for =

2
o
hour at 25°C and subsequently placed horizontal

at 4°C for 4  hour.
(3) Seedlings were placed in horizontal position for 1

hour at 25°C and subsequently placed horizontal at 4°C

for 2% hours.

Group IIXI

as O hour).

(1) Seedlings were in vertical position (initial as O hour).

(2) Seedlings were placed in horizontal position at 25°C
for 1 hour and subsequently placed horizontal

at 4°C for 1 hour.

A group of 20 seedlings was included for each exposure.
Each exposure consisted of 5 replications.

Horizontal exposures were:carried out after treatment with
45Ca for 6 hours in a dark cupboard. Technique for radioactive
assay and preparation of sample was carried out as described in

the chapter Materials and Methods.

Analysis of variance of the data (experiment included in
Group 1) was carried out and results are shown in Table 12
(Appendix). The analysis shows that side (s) effect is non=
significant.

The results of the experiment areshown in Fig. 21.
It clearly indicates that there is mno significant differential
distrigution of radioactivity in case of seedlings placed

horizontal for % hour af 25°C. Curvature did not appear during

this exposure.
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Fig.22 The effect of 4°C on the distribution of '°Ca in
the coleoptiles of horizontally placed seedlings of
Zca mays.
Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A :- mean counts/min/mg. dry weight

B :- mean counts/min/10 mg. fresh weight

O = Initial (vertical)

1 41 =1 hour in horizontal position at 250C + 1 hour
in horizontal position at 4°cC.

Lt :- left side

Rt :~ right side

U :- upper side

L :- lower side
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Analysis of variance of the results (experiment included

in Group II) is shown in Table 13 (Appendix). The analysis

shows that the side (S) effect is non-significant.
Fig. 22 shows that there is some increase (non-significant)
in the upper side after horizontal exposure of 1 hour at 25°C
ard 1 hour at 4°C. This increase in the upper side is

Small
correlated with the,curvature (6 degrees ¥ 0.31).

So there are indications that the increase in the upper
side of horizontally orientated organs takes place only after
the appearance of curvature.

SECTION 2 DISTRIBUTION OF 2k

Experiment with the seedlings of Helianthus annu's

An experiment was carried out with the object of studying

42K in the hypocotyl halves after curvature

the distribution of
was prevented at 4°c. This 4°C exposure was preceded by 3 hour
horizontal exposure at 2500. Experiment consisted of two

groups.

Group I
(1) Seedlings were in vertical position (initial as O hour).

(2) Seedlings were placed in horizontal position for % hour

at 25%.

(3) Seedlings were placed in horizontal position for 1 hour

o
at 25°C and subsequently placed for 2% hours at 4 C.

Group II
(1) Seedlings were in vertical position at 25°c.
(2) Seedlings were placed in horizontal position for 1 hour
at 25°C and subsequently placed for 1 hour at 4°cC.

A group of 10 seedlings was used for each horizontal
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Each exposure consisted of 5 replications.
A2

exposure.
xp Seedlings

were treated with K for 2 hours in a dark cupboard. Horizontal
exposures were carried out as mentioned above. Technique for

radioactive assay at preparation of sample was followed as

described in the chapter Materials and Methods.

Analysis of various of the results (experiment of Group I)

is shown in Table 14 (Appendix). The analysis shows that the

side (S) effect is non-significant. ' CoT

Figs. 23 shows mean counts on dry and fresh weight basis
in the halves. It is clear from the figure that differential
distribution does not take place during 3 hour horizontal
treatment at 25°C amd hypocotyls do not prodiide any curvature.

Analysis of variance of the results (experiment of Group I1)
is shown in Table 15 (Appendix). The side (S) effect is
non—sighificant.

Fig. 24 shows that there is some increase (non-significant)
in the lower side andthis is correlated with the curvature.

To Summarise: Differential distribution of ‘’K is
probably unconnected to geotropic perception since 4 hour
horizontal exposure at{?soc did not result in any . subsequent’

at ye :
differential distributio;A;1though it would have produced a
significant curvature at 25°C. Horizontal exposure of 1 hour

at 25°C resulted in an increase in activity in the lower side

which again is correlated with the curvature.
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Lo
Fig. 23 The effect of 4°C on the distribution of '“K
~in the hypocotyls of horizontally pnlaced seedlings

of Helianthus annus.

Seedlings did not produce any curvature and hence

curvature is shown as 0 at the top of the figure.

- mean counts/min/mg. dry weight

A
B :- mean counts/min/10 mg. fresh weight
0

Initial (vertical)

% hour in horizontal position at ZSOC

[
1]

21 = 1 hour in horizontal position at ESOC +

-

o
+

21 hours in horizontal position at 4°C.
Lt :- left side
Rt :- right side
U :- upper side

L :- lower side
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Lo
The effect of QOC on the distribution of 'K

in the hypocotyls of horizontally nlaced seedlings

of Helianthus annus.
Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A :- mean counts/min/mg. dry weight

B :- mean counts/win/10 mg. fresh weight

0 = initial (vertical)

1 +1 = 1 hour in horizontal position at BSOC
+ 1 hour in horizontal position at 4°¢.

Lt :- left side

Rt :- right side

:- upper side

L :- lower side
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SECTION 3 DISTRIBUTION OF >2p

Experiment with the seedlings of Helianthus anrus.

Experiment concerning the study of effect of 4°C

consisted of two groups.
Group I

(1) Seedlings were in vertical position at 25°C
(initial as O hour).

(2) Seedlings were placed in horizontal position
for 1 hour at 2500.

(3) Seedlings were placed in horizontal position for
1 hour at 2500 and subsequently placed horizontal

for 1 hour at 4°cC.

Group IT

(1) Seedlings were in vertical position at 25°C (initial

as O hour).

(2) Seedlings were placed in horizontal position for 3
hour at 25°C.

(3) Seedlings were placed in horizontal position for %
hour at 250C and subsequently placed horizontal
for % hour at 4°c.

(4) Seedlings were placed in horizontal position for %

hour at 25°C and subsequently placed horizontal for

11 hours at 4°cC.

A group of 20 geedlings was used for each horizontal
exposure. Horizontal exposures were carried out after

seedlings were treated with 32P for 4 hours. Each exposure
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had 5 replications. Radioactive assay and preparation of sample

was carried out as described in the chapter Materials and

Methodse.

Analysis of various of the results (experiment included
in Group I) is shown in Table 16 (Appendix). The analysis shows
that the side (S) effect is significant. This suggests an
overall increase on the lower side.

Fig.25 shows an increase in the lower side after 1 hour
horizontal exposure at 25°C. This is correlated with the
curvature. In horizontal exposure of 1 hour at 25°C and 1 hour
at QOC, activity in the lower side shows an increase (not
significant) and is correlated with the curvature of 4 degrees
% 0.42. There is a drop in activity in both halves in this
exposure as compared to 1 hour horizontal exposure at 25°C. This
drop is probably due to sampling (i.e.plant) error. This
is quite clear from analysis of variance Table 15'(Appendix)

where M.S.V. for P + PT is actually greater than M.S.V. for T.

Analysis of variance of the results (experiment included
in Group II) is shown in Table 17 (Appendix). The analysis
shows that the side (S) effect is non-significant.

Fig.26 shows the distribution of activity in the sides.
This indicates that there is no significant change in the sides
after 4+ horizontal exposure at 25°C. The situation remains
unchanged at 4°C.

Hence it can be . . Seen 7 that Wuew there
was no curvature after } hour horizontal exposure a differential

distribution of 32P was not observed.
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32
Fig.25 The effect 4°C on the distribution of P in the
hypocotyls of horizontally placed seedlings of

. “w
Helianthus annus.

Curvatures in degrees are shown at the top of the

. + .
figure. -~ is standard error of the mean.

A :- mean counts/min/mg. dry weight
B :- mean counts/min/10 mg. fresh weight
0

Initial (vertical)

1 hour in horizontal position at 25°C

-
]

1l + 1 = 1 hour in horizontal position at 2500 +
1 hour in horizontal position at 4°C
Lt : - left side

Rt :- right side

c
n

upper side

=
]

lower side
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Fig.26 The effect of 4°C on the distribution of 32p
in the hypocotyls of horizontally placed seedlings of

Helianthus annus.

Seedlings did not produce any curvature and hence

curvature is shown as O at the top of the figure.

A :- mean counts/min/mg. dry weight
B

:- mean counts/min/10 mg. fresh weight

0 = Initial (vertical)

4 = } hour in horizontal position at 2500

a 1 _ 4 - . . 4. o

+ + 3 = 7 hour in horizontal position at 25°C +
1 hour in horizontal position at 4°C

1 i _ 21 . . s o

= +d3 = % hour in horizontal position at 25 C +

11 hours in horizontal position at 4°C
Lt : - left side
Rt :~ right side
U :- nupper side

II := lower side
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CHAPTER V

THE EFFECT OF NPA ON THE DISTRIBUTION OF IONS IN HORIZONTAL

POSITION

In previous experiments it was clearly observed that the
differential distribution of ions was correlated with the
curvature but not with geoinduction. It was clearly shown
in Chapter IV that 4 hour horizontal orientation at 25°C did
not result in differential distribution of the three elements
(Ca, K and P) when the curvature was prevented by subsequent
exposing the plants to 4°C. Horizontal orientation of 1 hour
at 25°C did result into differential distribution and any
further movement was stopped at 4°c. This differential
distribution which occurred at 25°C was correlated with the
curvature. As a further check curvature was prevented by
the use of a - chemical inhibitor of curvature.

n-1 Naphthylphthalamic acid was first discovered as an
inhibitor of geotropic response and later as an inhibitor of
auxin transport. It has already been indicated in the
Introduction that NPA does inhibit the polar transport of:
auxin at a high concentration (McCready, 1968). So NPA

does inhibit the geotropic response:by inhibiting the auxin
transport. The object was to look into the distribution of
ions in horizontally plaéed organs after pre-treatment with
NPA. This would give an indication whether the distribution

of ions is connected with geotropic response.

SECTION 2  DISTRIBUTION OF 2Ca

In experiments with 45Ca differential distribution of
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calcium was correlated with the curvature. In the following
experiments curvature was stopped by the pre-treatment with
NPA and then distribution of 450a was studied in the upper

and lower halves,

(a) Experiment with the seedlings of Helianthus anﬂhs.

In this experiment NPA was used at a concentration of 10—&M
made up in Hoagland andArnon solution. Each seedling of

Helianthus anﬂﬁs was treated with 2.0 m({ of NPA Containing

1 nCi of QSCa for 6 hours in a dark cupboard. A graip of 20
seedlings was used for each horizontal exposure. There were
horizontal exposures for 1, 2 and 3 hours. Each exposure had
5 replications. A group of 20 seedlings was also included
which would establish the initial distribution (initial as O
hour) - ef 45Ca in the halves. Horizontal exposures were
carried out as described. Technique for preparation of
sample and radioactive assay was followed as described in

the chapter Materials and Methods.

L)

Analysis of variance of the results is shown in Table 18
(Appendix). The analysis shows that the side (S) effect is
not significant. y

Fig.27 shows mean counts on dry and fresh weight basis.
It clearly shoﬁs that there has not been any differential
distribution of 450a in the hypocotyls of horizontally placed
seedlings. There was no curvature after horizontal exposure.

Another experiment (without NPA) was carried out which
was taken as a control for the experiment with NPA. ‘The
experimental technique for this experiment was same as for

the experiment with NPA,
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Fig.27 The effect of NPA on the distribution of

Fig.28

l{_S

Ca in the

hypocotyls of horizontally placed seedlings of

. w
Helianthus annus.

Ji
Time-course changes in the activity of '°Ca in the sides.

Seedlings did not produce any curvature and hence

it is shown as 0 at the top of the figure.

Full circle:- mean counts/min/mg. dry weight
upper side.

Open circle:- mean counts/min/mg. dry weight
lower side.

Full triangle:- mean counts/min/10 mg. fresh
in the upper side

Open triangle:- mean counts/min/10 mg. fresh

in the lower side.

The effect of horizontal orientation on the
distribution of '450a in the hypocotyls of

Helianthus annus.

in the

in the

weight

weight

This is a control experiment for the experiment

with NPA.

Curvatures in degrees are shown at the top of the

figure. ¥ is standard error of mean.

Full circle:- mean counts/min/mg. dry weight
the uppef side

Open circle:- mean counts/min/mg dry weight
the lower side

Full triangle:- mean counts/min/10 mg. fresh
in the upper side

Open triangle:- mean counts/min/10 mg. fredh

in the lower side.

"

in

in

weight

weight
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Analysis of variance of the results is shown in Table 19
(Appendix). The analysis shows that S X T effect is significant.
There has been progressive differences between the side means
with time.

Fig.28 shows mean counts on dry and fresh weight basis.
Graphs show that in the upper side there is a steady increase
with time, whereas in the lower side there is first an increase
and then a decrease (non significant). This drop on the lower
side "amay be  due to migration of 45Ca from lower to upper ' cide
The differences between the sides increase with time and
curvature.

Hence, the results - suggest that when curvature
is stopped by pre-treatment with NPA, differential distribution
of 45Ca does not take place during horizontal exposure. It was
clearly seen in the experiment without NPA that a significant
increase of QSCa takes place in the upper side after the
appearance of curvature. This indicates a correlation with
the geotropic response.

(b) Experiment with the seedlings of Zea imays.

It was thought necessary to bring about a direct
comparison with the results of the last experiment. So the

following experiment was carried out with the seedlings of

Zea mays.
. . _y
Seedlings of Zea mays were treated with NPA (10 M) and

450a for 6 hours in aAdark cupboard. A group of 20 seedlings
was included for each horizontal exposure. There were three
horizontal exposures (1, 2 and 3 hours). Each exposure had

5 replications. A groupof 20 seedlings was included to

establish the initial distribution of radioactivity in the’
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Fig. 29. The effect of NPA on the distribution of 47Ca in

the coleoptiles of horizontally placed seedlings

of Zea mays.

Seedlings did not produce any curvature, and hgnce

curvature is shown ag O at the tope.

Full circle:— mean cpm/hg. dry wt. in the upper side

Open circle:= mean cpm/hg. dry wte. in the lover side

Full trianglet— mean cpm/10mg. fresh wt. in the upper
sgide

Open triangle:= mean cpm/10mg. fresh wt. in the lower
side
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O~
hypocotyl halves of the seedlings in,vertical position.

fnalysis of variance of the data is shown in Table 20
(Appendix). The analysis shows that the side (S) effect is
not significant.

Distribution of radioactivity is shown in Fig.29. This
does not indicate any significant increase of activity in any
particular side. But the figure indicates a continuing
transport of activity into the coleoptiles during horizontal
ezposure. Analysis of variance, however, shows that M.S.V.
for T is of the same order as the M.S.V. for P + PT. It is,
therefore, not statistically significant. L.S.D. of the
means are shown in the figure. The differences between the
means are lower than L.S.D.

The results of this experiment are in agreement with the
results of the last experiment. This again shows that »>Fevr< s ™o

differential distribution ~oher ‘Wexe 15 e _ curvature . -

SECTION 2 DISTRIBUTION OF POTASSIUM

In previous experiments with potassium it was observed
that differential distrbution was correlated with the curvature.
The object was to stop the curvature by the treatment with NPA
and to study the distribution of potassium in the hypocotyls

of horizontally placed seedlings.

(a) Experiment with ionic potassium in the seedlings of

. u
Helianthus annus.

Seedlings of Helianthus anﬁhs were treated with NPA
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Fig. 30 The effect of NPA on the distribution of
potassium ion the hypcotyls of horizontally

placed seedlings of Helianthus anﬁhs.

Seedlings did not produce any curvature and hence

curvature is shown as O at the top of the figure.

A - mg KQO/IOO me. ash weight
Full square:- upper side

Open square:- lower side.

B :- mg. K20/5 gm fresh weight
Full triangle:- upper side

Open triangle:- lower side

C :- mg. K20/1 gm dry weight
Full circle :- upper side

Open circle :- lower side
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(conc.lO_QM made up in Hoagland and Arnon solution) for 6
hours in a dark cupboard. The number of seedlings,
replications were the same as for experiment with ionic
potassium (Chapter III, Section 2). Seedlings were placed
in horizontal position for 1, 2 and 3 hours. Technique for
the estimation of Kzo was followed as described in

non-radioactive assay.

Analysis of variance of the results is shown in Table 21.
The analysis shows that there is no effect of horizontal
orientation on the distribution of potassium when curvature
is stopped by NPA.

Mean KZO values on a total ash, fresh and dry weight
basis are shown in Fig.30. The figure does not indicate any
significant difference in the distribution of potassium
between the sides of the hypocotylsplaced in horizontal
position. Hypocotyls did not produce any curvature after

horizontal exposures.

(b) Experiment with 42K in the seedlings of Helianthus annus.

In the last experiment it was seen that differential
distribution of potassium was completely inhibited when the
curvature was stopped by the treatment with NPA,

An experiment waé conducted to study the effect of
NPA on the distribution of 42K in the hypocotyls of

horizontally placed seedlings of Helianthus ann@%. Seedlings

Ut

u
of Heljanthus annus were fed with ZK and NPA through the

roots. A group of 10 seedlings was used for each horizontal
exposure. Seedlings were placed in horizontal position for

1, 2 and 3 hours. Each exposure had 5 replications.

Technique for the preparation of sample and radioactive assay
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Fige 31. The effect of NPA on the diStribution of 42K in the
hypocotyls of horizontally placed seedlings of

Helianthus annus.

Seedlings did not produce any curvature, hence it has
been shown as 0.
A= pmean counts/min/mg. dry weight
Full circle:= Upper side
Open circle:= Lovwer side
B:~ mean counts/min/10mg, fresh weight
Full triangle:= Upper side
Open triangle:= Lower side
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was followed as described in the chapter Materials and Methods.

Analysis of variance of the results is shown in Table 22
(Appendix). The analysis shows that the side (S) effect is
not significant.

Graphs have been plotted showing mean counts on dry
and fresh weight basis (Fig.31). The figure does not indicate

b

any significant increase of 2K in any particular side. The

Zsz into hypocotyl

figure suggeots a continuing transport of
but this is not significant (as M.S.V. for T is of the same
order as M.S.V. for P + PT).
The results are in agreement with the findings of the
last experiment. It can be definitely concluded fysn the
results that differential distribution of potassium does not
take place ~:m (he:.! absence of curvature. It does demonstrate
a correlation between curvature and differential distribution.

So this differential distribution is probably caused by

curvature.

SECTION 3 DISTRIBUTION OF -2P

In previous experiments with 32P it was clearly observed
that the increased accumulation of 32P in the lower side ﬁas
always correlated with the curvature. Hence, it was thought
necessary to study the distribution of 32P in the hypocotylg -

after curvature was stopped by the treatment with NPA.

(a) Experiment with Helianthus seedlings (with roots).

Seedlings of Hélianthus anﬂbs were treated with NPA

(conc.lO—&M) and 22P for 6 hours in a dark cupboard. A group
of 10 seedlings was used for each horizontal exposure. There

were three horizontal exposures. A group of 19 seedlings
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was used to establish the initial distribution of 32P in
hypocotyl halves of vertical seedlings. Seedlings were
horizontally orientated for 1, 2 and 3 hours. Each exposure
had 5 replications. Radioactive assay and preparation of
sample were carried out as described in the chapter Materials

and Methodse.

Analysis of variance of the results is shown in Table 23
(Appendix). The analysi's shows that the side (S) effect is
not significant.

Graphs have been plotted showing mean counts on dry and
fresh weight basis (Fig.32). The figure strongly indicates that
there is not any significant increase in any particular side.
Hypocotyls did not produce any curvature. The figure indicates
a continuing transport of 32P into hypocotyls during horizontal
e;cposure° This is clearly significant since M.S.V. for T is
much greater than M.S.V. for P + PT (Table 23, Appendix).

Hence the results suggest that differential distribution

does not occur in the absence of curvature.
(b) Experiment with Helianthus hypocotyls (without roots)

In the last experimenf it was clearly shown that
differential distribution did not take place in absence of
curvature. It can be interpreted that differential distribution
of 32P is correlated with the curvature. The continued
transport of 32P occurs during horizontal exposure, but does not
cause anm increased accumulation on any particular side. Hence,
an experiment was carried out with root-less plants (pre~treated

with NPA) in the absence of continuing transport from the roots.
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Fig.32 The effect of NPA on the distribution of 32P
in the hypocotyls of horizontally placed seedlings of

. Y
Helianthus annuse.

Seedlings did not produce any curvature and hence

curvature is shown as O at the top of the figure.

Full circle:- mean counts/min/mg. dry weight in the
upper side.

Open circle:- mean counts/min/mg dry weight in the
lower side.

Full triangle: - mean counts/min/10 mg fresh weight
in the upper side

Open triangle:- mean counts/min/10 mg fresh weight

in the lower side

Fig.33 The effect of NPA on the distribution 2P in the

horizontally placed hypocotyls of Helianthus anﬁgg.

Hypocotyls were horizontally orientated in root-less

condition.

Full circle:- mean counts/min/mg. dry weight in the
upper side.

Open circle:- mean counts/min/mg. dry weight in the
lower side.

Full triangle:- mean counts/m'n/lO mg. fresh weight
in the upper side.

Open triangle:- mean counts/min/10 mg. fregh weight

in the lower side.
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Seedlings of Helianthus annus were fed through the roots

with 32P and NPA for 6 hours in é dark cupboard. Seedlings were
harvested and roots removed. Shoot part consisted of hypocotyl
and two cotyledons. Shoot parts (cotyledons + hypocotyls) were
placed in horizontal position in a glass tray lined with
moistened tissue paper. Details about the orientation of root-
less plants have been discussed in Chapter III, Section I(b).
This is shown in Fig.9. There were three horizontal exposures
(1, 2 and 3 hours). Each exposure had 5 replications.

Analysis of variance of the results is shown in Table 24
(Appendix). The analysis shows that the side (S) effect is
not significant.

Fig.33 shows that there has not been any significant
increase of activity in any particular side during horizontal
exposures. The falls and rises on the two sides are probably
due to sampling ' error. ' . ) - From the
analysis of variance Table 24 (Appendix) where M.S.V. for T is
of same order as M.S.V. for P + PTy changes 1l fime arne not significont.

Henceq the results of this experiment are in agreement‘
with the findingsvof the last experiment. This demonstrates
a correlation between curvature and differential distribution

of 32P. Redistribution is probably caused by curvature.
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CHAPTER VI

THE EFFECT OF UNILATERAL APPLICATION OF IAA ON THUE DISTRIBUTION

OF IONS

Until now it has been observed that a correlation exists
between differential distribution of ions and geotropic
curvature. If redistribution is due to curvature, can it be
induced in absence of a gravitational stimulus? Unilateral
application of ITIAA would produce curvature in absence of a
gravitational stimulus. Would this curvature induce
redistribution of ions? It has already been discussed in the
Introduction that unilateral application of IAA to the
decapitated coleoptile tips results into potential differences
across the coleoptile which is comparable to the geo—eiectric
effects developed in horizontally placed organs (Woodcock and
Wilkins, 1970). It has also been suggested that both geotropic
response and geo-electric effects arise from auxin concentration
gradient which is established between upper and lower halves
of horizontally placed organs. The object was to study the
distribution of ions in the organs caused to curve by the
unilateral application of IAA and to see whether any correlation
exists between redistribution and differential growth.

L5

SECTION I DISTRIBUTION OF Ca

. . W
Experiment with the seedlings of Helianthus annus

. N
In-this experiment seedlings of Helianthus annus were

used to study the effect of unilateral application of IAA on

the distribution of *cCa.
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Paste of IAA (0.1% W/W in lanolin) was made up in the
following way. IAA was dissolved in acetone and then molten
lanolin was added to it. Acetone was evaporated off in a
vacuum desiccator. When no smell of acetone was left, TIAA
lanolin paste was used for umilateral application.

Seedlings of Helianthus anﬁhs were treated with 45Ca

for 6 hours in a dark cupboard. A group of 20 seedlings wos
used for each unilateral IAA application. There were three
unilateral applications (2, 3 and & hours). A group of 20
seedlings was used to determine the initial distribution

L5

(initial as O hour, without IAA) of Ca. Each unilateral
application had 5 replications. Seedlings pre-treated with
VﬁBCé were taken out of the dark cupboard and all cotyledons
were removed except the small basal portion. This is shown

in Fig.34. Cut surface was dried with a blotting paper.

A small drop of IAA lanolin paste was applied to the cut basal
end of one cotyledon of each seedling invo}ved in TAA applica-
tion. After IAA application séedlings were put back in the
dark cupboard for 2, 3 and 4 hours. Each period of unilateral
application consisted of 5 replications. At the end of each
period of application seedlings were harvestedesdroots were:.
removed. Small basal portion of the cotyledons was also
removed. Hypocotyls were split centrally into concave and
convex halves. Technique for the radioactive assay and prepa-

ration of sample was followed as described in the chapter

Materials and Methods.

Analysis of variance of the results is shown in Table 25
: - effect
(Appendix). The analysis shows that the side,(S) is significant.
This suggests that there has been overall increase in the

concave side (M"other!" side). The overall increase in activity

with time is significant.
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IAA in lanolin

Fig.34. Unilateral IAA application to the cut
basal portion of the cotyledon of
Helianthus annus.

Hypocotyl has shown curvature .
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Fig.35 The effect of unilateral applications of TAA

(0.1% W/W in lanolin) on the distribution of 215Ca

in the hypocotyls of Helianthus annus.

!
Time-course changes in the activity of }5Ca in the
sides. Curvatures in degrees are shown at the top

of the figure. * is standard error of the mean.

A :~ mean counts/min/mg. dry weight
Full circle:- concave (other) side

Open circle:- convex (donor) side

B :- mean counts/min/10 mg. fresh weight

Full triangle:- concave (other) side

Open triangle:- convex (donor) side
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Fig, 35 shows mean counts on dry and fresh weight
basis. The figure indicates that on the convex side ("donor"
side) there is first a drop (not significant) and then a
recovery, wWhereas on the concave side there is first a rise.
(not significant) and then a much greater rise. This suggests
that there has been migration of 45Ca4from convex to concave
side. at an early period. Continuing transport from roots
increases concentration in both sides (as M.S.V. for T is much
greater than M.S.V. for P + PT). Increase in the concave side
is greater than that in convex side.

Maximum difference between the sides is observed
after 4 hours of IAAgplication. whenc1 curvature has been
recorded as 19 degrees + 1.11, L.S.D. of the means are
shown in the graphs which clearly suggest that the differences
between the means are significant after 4 hours TIAA
application.

It can be definitely concluded from the results that a
concentration difference of 450a is established between concave
and convex sides. It has been obsérved in preceding experiments
that the increased accumulation is correlated with the curvature
and the increase is always on the concave side in geotropic
response also. Hence, the results are in agreement with the

previous findings.

SECTION 2 DISTRIBUTION OF POTASSTIUM

The foregoing type of experiment (Page 113) was

repeated for potassium.
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(a) Experiment with ionic potassium in Helianthus annus seedlings.
A

0 0 lA
Seedlings of Helianthus annus were used to study the effect
Y

of unilateral application of IAA on the distribution of potassium.
There were three unilateral IAA applications (2, 3 and 4 hours).
The number of seedlings and replications for each IAA application
was same as in experiment with ionic potassium (Page 56 ).
Unilateral application of IAA was carried out in the same way

as described in page 114 . This is shown in Fig. 3k. The
technique for the estimation of potassium was carried out as

described in non-radioactive assay.

Analysis of variance of the results is shown in Table 26
(Appendix). The analysis shows that S X T effect is significant.
This suggests that thergfgeen progressive differences between
the side means with time. The overall increase in potassiwm with
time is also significant dﬂijks% weight banig .

Fig. 36 shows that on the concave side ("other" side)
there is a significant drop, then a recovery and again a drop,
whereas on the convex side ("donor" side) there is first a drop
(not significant) and then a rise till 3 hours, but after 3 hours
there is not much change. This - suggests that there has
been migration of potassium from concave to tonvex at an early

period {2 hours). Increased movement from roots after 2 hours could

‘account fer 5, rise in both sides, but convex increases more than

the contave.side. N ) . ] . . -
{

PN

e ) c The maximum

curvature was 25 degrees ¥ 1.38. L.S.D. of means have been

shown in the figure which suggests that differences between

the means are higher than L.S.D.
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Fig.36. The effect of unilateral application of IAA
(0.1% W/W in lanolin) on the distribution of

potassium ions in the hypocotyls of Helianthus

annus.

Time-course changes in the amount of K20 in the
sides.

Curvatures in degrees are shown at the top of the

figure. ¥ is standard error of the mean.

A - mg. K20/100 mg. ash weight
Full square:- concave (other) side

Open square:- convex (donor) side

B :- mg. K,0/5 gm. fresh weight
Full triangle:- concave (other) side

Open triangle:- convex (donor) side

C :- mg. Kzo/l gm dry weight
Full circle:- concave (other) side.

Open circle:- convex (donor) side
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The results show a correlation between differential
distribution and curvature (result of IAA application) and
the increase is always on the convex side in geotropic

response also.

- l
(b) Experiment with *°K in Helianthus anniis seedlings.

42

An experiment was carried out with K to compare the
findings of the last experiment. ’ﬁf?e were two unilateral
applications of IAA (2 or 3 hours). A group of 10 seedlings
was included for each application. Each period of unilateral
application consisted of 5 replications. Seedlings were

4

treated with 2K for 2 hours in a dark cupboard. Application
of IAA (0.1% W/W in lanolin) was carried out as described in
Page 114 . This is shown in Fig.34. Technique for the .

preparation of sample and radioactive assay was followed as

described in the chapter Materials and Methods.

Analysis of variance of the results is shown in Table 27
(Appendix). The analysis shows that the side (S) effect is
significant. This suggests that there has been overall
increase in the convex side after IAA application.

Fig.37 shows that on the concave side there is a drop after
3 hours (not significant) whereas on the convex side there is a
rise. This drop on the concave side could. be explained in
terms of a lateral movement. This suggests fhat there has
been migration of qu from concave to convex side during “TIAA
application. This jdincrease in the convex side isvcorrelate;dw
with the curvature. The differences between the means are
higher than L.S.D. after 3 hours of IAA application. Hence,.
the resulfs of this experiment are in agreement with findings

of the last experiment.
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Figo 37,

The effect of unilateral application of IAA
on the distribution of 42K in the hypocotyls
of Helianthus annus.

Curvatures in degrees are shown at the top.
+ 1s standard error of the mean.
Full circle:-~ mean cpm/hg. dry wt. in the
, concave gide
Open circle:-~ mean opm/hg. dry wt. in the
convex side
Full triangle:— mean cpm/10mg. fresh wt. in
the concave side
Open triangle:— mean opm/10mg. fresh wt in
the convex side
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SECTION 3 DISTRIBUTION OF -2p

The foregoing type of experiment (Pagell3 ) was repeated

for 32P.

Experiment with 32P in Helianthus annus seedlings.

Seedlings of Helianthus anﬁgs were used to study the effect
32

of unilateral applications of IAA oen:the distribution ef P.
Seedlings were treated with 32P for 4 hours in a dark cupboard.

A group of 10 seedlings was used for each unilateral IAA applica-
tion. There were two applications (1 and 2 hours). Each
application consisted of 5 replications. Unilateral application
of TAA was carried out in the same way as described in page 114 .
This is shown in Fig.34. Technique for the preparation of sample

and radieactive assay was follewed as described in the chapter,

Materials and Methods.

Analysis of variance of the results is shown in Table 28
(Appendix). The analysis shows that the side (S) effect is
significant.

Fig.38 shows that in the convex side there is an increase
with time, whereas in the concave side there is first an increase
and tten a decrease (not significant). The figure sv3j«s that
there has been continuing transport from roots, T effect is net

significant (as M.S.V. for T is of the same order

as M.S.V. for P + PT). L.S.D. of the means have shown in the

figure which suggests that the difference between the means is

higher than L.S.D. on dry weight basis after 2 hours IAA applicatiénf

!

Hence, the results show that the increase in the convex side
is correlated with the curvature and the increase is always in

the cenvex side in geotropic respoense also.

|
|
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Fige 38. The effect of unilateral application of IAA

on the distribution of 32

of Helianthus anmis.

P in the hypocotyls

Curvatures in degrees are shown at the top.
+ is standard error of the mean.
Full circle:- mean cpm/mg. dry wt. in the
concave side
Open circle:~ mean cpm/hg. dry vte. in the
convex side
Full t1iangle:— mean cpm/10mg. fresh wt,in
the concave side
Open triangle:— mean cpm/10mg. fresh ¥k, in
the convex side
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CHAPTER VII

THE EFFECT OF UNILATERAL ILLUMINATION ON THE DISTRIBUTION OF TONS

The curvature of the shoet towards unilateral light is'well
known phenomenon and the growth curvature of the organs in relation
to directional light stimulus is known as phototropism. In all
experiments it was clearly observed that the differential distribu-
tion of ions is correlated with the curvature. The parallelism
between geotropism and phototropism may be drawn from the results
of Nagvi and Gordon (1966) who suggest that gravity and light
probably medify the'basipetal transpert of auxin during growth
response. The work of Pickard and Thimann (1964) has shown that
there is asymmetry of auxin distribution taking place during
photetropic curvature. So a close similarity exists between
positively phototropic and negatively geotropic organs in the
process of producing curvature. Thus, work has been carried out
to see whether any kind of correlation exists between ien

distribution and photetropic curvature.

SECTION I DISTRIBUTION OF 450a

In this section experiments have been carried out with
coleoptiles of Zea mays (with and without roots) pre-treated with
450a. The activity has been ascertained in the illuminated and

shaded halves after different periods of unilateral illumination.

(a) Experiment with the seedlings of Zea mays (with roets)

(vascular bundles transversely orientated, i.e. one
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vascular bundle was nearer the illuminated and the other

was nearer the shaded side as shown in Fig.39).

Seedlings of Zea mays were grown in a dark cupboard as

described in Materials and Methods. Seedlings were treated

45

with Ca for 6 hours in a dark cupboard. A group of 10
seedlings was used for each period of unilateral illumination.
There were three different periods of illumination (2,3 and

4 hours). Each period of unilateral illumination consisted
of 5 replications. A group of 10 seedlings was used to
determine the initial distribution of radioactivity in the
coleoptile halves. Each period of unilateral illumination
had 5 replications. Seedlings after treatment with 45Ca were
placed inside a phototropic chamber as shown in Fig.7.

Special care was taken about the arrangement of the seedlings
so that omne vascular bundle was neérer the illuminated and the
other was nearer the shaded side, as shown in Fig.39..

Then seedlings were unilaterally illuminated for2, 3 and 4
hours. The amount of light available to the coleoptiles was

about 800 lux. Details about the experimental technique have

been discussed in the chapter Materials and Methods. After

each period of unilateral illumination seedlings were harvested
and coleoptiles were split into illuminated and shaded halves.
Preparation of sample and radioactive assay were carried out

as described in Materials and Methods.

Analysis of variance of the results is shown in Table 29
(Appendix). The analysis shows that the side (8) effect is
significant. 'This suggests that there is overall increase
in the iluminated (concave) side. The 5 X T effect is

significant on a fresh weight basis. This indicates that there

has been progressive differences between the means of
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are shown transverse to the

Fig.39. Vascular bundles of Zea coleoptiles

direction of illumination.
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Fig.40 The effect of unilateral illumination on the distri-

45

bution of Ca in the coleoptiles (vascular bundles

transverse) of Zea mays.

. . . 45 .
Time-course changes in the activity of Ca in the
sides. Curvatures in degrees are shown at the top

of the figure. ! is standard error of the mean.

A :- mean ccunts/min/ing. dry weight
Full circle:- illuminated (concave) side

Open circle:- shaded (convex) side

B:- mean counts/min/10 mg. fregh weight
Full triangle:- illuminated (concave) side

Open triangle:- shaded (convex) side.
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illuminated and shaded sides with time.
Fig. 40 shows mean counts on dry and fresh weight

basis in the illuminated (concave) and shaded (convex) sides.
Graphs show that in the shaded (convex) side there is first
a drop (not significant) and then a steady recovery, whereas
in the illuminated (concave) side there is first a small rise
(not significant) and then a much greater risé. This suggests
that the lateral migration of 45Ca is established at an early
stage (2 hours). There has beenwincrease in transport from
roots with both sides (as M.S.V. for T is much greater than
M.S.V. for P + PT), but illuminated (concave) side increased
more than the shaded (convex). Hence, it :see-ns from the
results that differential distribution wmay e  due to migra-
~tion from convex to concave. With the increase in the time of
unilateral illumination differences between the sides increase

e

and maximum is found after L hours when curvature recorded

as 50 degrees ¥ 1.86.

Hence,.the results suggest that a concentration
difference is established between illuminated (concave) and shade

(convex) sides. This is correlated with the curvature.

(b) Experiment with Zea coleoptiles (without roots)
(vascular bundles transversely orientated as shown

in Fig.39).

In the 1ést experiment it was observed that the accumula-
tion of more radioactivity in the illuminated side was

accompanied with the curvature. In this experiment roots were
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Fig.41 The efect of unilateral illumination on the
distribution of 45Ca in the coleoptiles of (vascular
bundles transverse) of Zea mavs.

Coleoptiles were unilaterally illuminated in root-
less condition.

Curvatures in degrees are shown at the top of the

. +
figure. - is standard error of the mean,

A :~ mean counts/min/mg. dry weight
B :~ mean counts/min/10 mg. fresh weight

0 Initial (rot illuminated)

4 = &L hours unilateral illumination
Lt:- left side

Rt:- right side

I :- illuminated (concave) side

S :- shaded (convex) side

ﬁ".



50

40

30

cpm

20

10

50

40

30

cpm

20

10

Lt

Rt

- 133~

44193

Lt

Rt

Fig.41.

Time (hours)

LSD

LSD



- 134 -
removed prior to illumination to eliminate any possible
effect due to differential uptake for roots.
A group of 10 coleoptiles was used for the period of
unilateral illumination (4 hours). Seedlings were treated

45

with Ca for 6 hours in a dark cupboard and then roots
were removed. Position of vascular bundles was marked by
ink and coleoptiles were placed carefully in small glass
tubes containing some distilled water. Coleoptiles were
unilaterally illuminated for 4 hours.

Analysis of variance of the results is shown in Table 30
(Appenttix). The analysis shows that the side (S) effecf is
not significant.

Fig.l41 indicates =~ ' Some™ - "1 migration of
activity from the shaded (convex) to the illuminated (concave)
side. The activity in the illuminated.side increases with a
corresponding decrease in the shaded side. But this is not

significant. The results suggest that the differences are

greater when roots are present than when they are not.

(c) Experiment with the seedlings of Zea mays (with roots)

(vascular bundles were parallel as shown in Fig..42)

This experiment was carried out to investigate the effect
of orientation of the vascular bundles during unilateral
illumination. In the experiment of transverse orientation of
vascular bundles (rooted plants) the results suggest a greater
increase of 45Ca in the illuminated (concave) side. There
has probaly been differentialtransport and this could be one
reason for thé differential distribution. In case of rooted

plant (vascular bundles transverse) one vascular bundle was



- 155 —~

Light S

Fig.42. Vascular bundles of Zea coleoptiles are shown parallel

to the direction of illumination
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Fig.43 The effect of unilateral illumination on the distri-
bution of 450a in the coleoptiles (vascular bundles
parallel) of Zea mays.

Curvature in degrees are shown at the top of the

. . + .
figure. - is standard error of the mean.

A :- mean counts/min/mg. dry weight

B :- mean counts/min/10 mg. fresh weight

o
1]

Initial (not illuminated)

g
1

4 hours unilateral illumination
Lt :~ left side

Rt := right side

I :- illuminated (concave) side

S :~ shaded (convex) side.

R
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in the shaded side and the other in the illuminated side. One
cen interpret that differential transport in the vascular
bundle on the illuminated and on the dark sides might be
accounting partly for the differential distribution. In this
experiment vascular bundles were parallel to the direction of
illumination (Fig.42) so that they might be expected to be
affected equally by illumination.

b5

A group of 10 seedlings (pre-treated with Ca) was
unilaterally illuminated (vascular bundles were parallel) for
4 hours.

Analysis of variance of the results is shown in Table
31 (Appendix). The analysis shows that S X T effect is
significant.

Fig. 43 indicates that there has beensincrease in the
activity in the illuminated (concave) side. The figure shows
that there has not been any transport of activity from the
roots during unilateral illumination, rather it suggests
that the difference in activity between illuminated and shaded
sides is probably due to lateral migration alone from the
shaded side. “LQSQD.ShQE?gﬁe means of the illuminated and shaded
sides are significantly different from one another.

Hence, the results suggest that the differential distri-
bution of 450a is due entirely to lateral migration and in no

way to differential longitudinal transport in the vascular

bundles.

(d) Experiment with Zea coleoptiles (without roots)

(vascular bundles were parallel as shown in Fig.42).

In this experiment roots were removed after pre-treatment

with QSCa. Coleoptiles were unilaterally illuminated for 4 hours.
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Fig.44 The effect of unilateral illumination on the

distribution of 45Ca in the coleoptiles (vascular

bundles parallel) of Zea mays.

Coleoptiles. were unilaterally illuminated in root-

less condition.
Curvatures in degrees are shown at the top of the

. + .
figure. -~ is standard error of the mean.

:- mean counts/min/mg. dry weight

Initial (not illuminated)

A
B :- mean counts/min/10 mg. fresh weight
0]
4

4 hours unilateral illumination
Lt :-~ left side

Rt t- right side

I :- illuminated (concave) side

S :- shaded (convex) side.

",
-
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Analysis of variance of the results is shown in Table 32
(Appendix). The analysis shows that the side (S) effect is
not significant.

Fig. 4Ll Suggek that there has been some migration (mot
significant)sf activity from the illuminated to the shaded side,
but the difference in activity between the sides drops
considerably as compared to the rooted plants.

If all the results in this section are considered it

Seevg = prabable . that the differential distribution
is 7 - due to lateral migration from the shaded (convex)
to the illuminated (concave) side. It was clearly shown “in

the experiment where,vascular bundles of the coleoptiles ' wasg

parallel to the direction of illumination. All the results
suggest that increase in the illuminated side is correlated
with the curvature.

SECTION 2 DISTRIBUTION OF 2k

(a) Experiment with the seedlings of Zea mays (with roots)

Seedlings of Zea mays were treated with 42K for 2 hours

in a dark cupboard. There were 2 unilateral illuminations (3
and 4 hours). Each consisted of 10 seedlings. Each period
of unilateral illumination had 5 replications. A group of

10 seedlings was also treated with 42K to establish the initial
(not illuminated) distribution of 42K in the»coleoptile halves.

Coleoptiles were unilaterally illuminated (with vascular

bundles transverse as shown in Fig.39) as described in Materials and

Methods. -
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Fig.45 The effect of unilateral illumination on the distribu-
tion of 42K in the coleoptiles ofZea mays.
Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A : - mean counts/min/mg. dry weight
Full circle:- illuminated (concave) side
Open circle:- shaded (convex) side
B :- mean counts/min/10 mg. fresh weight
Full triangle:- illuminated (concave) side

Open triangle:- shaded (convex) side
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Analysis of variance of the results is shown in Table 373
(Appendix). The analysis shows that the side (S) effect is
significant. When the results are considered on fresh weight
basis S X T effect is significant. This suggests that there

o Imcreone 1o (T
has been progressive, difference between the side means with
time.

Eig.45 shows that there is increase in the activity in
both sides but shaded (convex) increases more than the
illuminated (concave) in 3 hours of unilateral illumination.

In 4 hours unilateral illumination the activity in both sides
increases (M.S.V. for T is greater than M.S.V. for P + PT) and
the differences between the side means are higher than L.S.D.

It cannot be concluded from the results that the differences

between the sides are due to differential longitudinal transport.

The results ! Show > that the differential

distribution of 42K is correlated with the curvature.
(b) Experiment with coleoptiles of Zea mays (without roots)

An experiment was carried out with the object of studying
the distribution of ZJ:21( in root-less coleoptiles. Any possible
effect due to differential uptake from roots was eliminated.

Seedlings of Zea mays were treated with 42K for 2 hours
in a dark cupboard and then roots were removed. Coleoptiles
were unilaterally illuminated (vascular bundles were transverse)

for 3 and 4 hours. A group of 10 coleoptiles were used for each

unilateral illumination. Technique was followed as described in

Materials and Methods.
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Fig.46

The effect of unilateral illumination on the
distribution of 42K in the coleoptiles of Zea mays.
Coleoptiles were unilaterally illuminated in
root-less condition.

Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A :- mean counts/min/mg. dry weight
Full circle:- illuminated (concave) side
Open circle:- shaded (convex) side

B :- mean counts/min/10 mg. fresh weight
Full triangle:- illuminated (concave) side

Open triangle:- shaded (convex) side
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Analysis of variance of the results is shown in Table 34
(Appendix). The analysis shows the side (S) effect is not
significant.

Fig.46 shows mean counts on dry and fresh weight basis.

It indicates that there has been some migration (not significant)
of 42K from the illuminated (comave) to the shaded (convex)

side. The rises and falls on the two sides are probably due to
sampling (i.e. plant) variations. It is quite clear from

the analysis of variance Table 34 (Appendix) where M.S.V.

for P + PT is greater than M.S.V. for T.

Although the increase in the shaded (convex) side is not
significant, K the increase is‘in the shaded side in both periods
of illumination and also of the same order as those in the
experiments with rooted plants. Non-significance is clearly
due to greater variability of material, and perhaps due to -

the effects of root surgery.

SECTION 3  DISTRIBUTION OF >2P

Experiments similar to the preceding were also carried

out for 32P

(a) Experiment with the seedlings of Zea mays (with roots)

Seedlings of Zea mays were treated with 32'P for 6 hours
in a dark cupboard. A group of 10 seedlings was uged for
each period of unilateral illumination.. Each period of
unilateral illumination consisted of 5 replications. There were
three unilateral illuminations (2, 3 and 4 hours) and the

orientation of the vascular bundles was transverse as shown in

Fige39. A group of 10 seedlings was treated with 32P
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Fig.47 The effect of unilateral illumination on the
distribution of 32P in the coleoptiles of Zea mays.
Time-course changes in the activity of 32P in the
sides.

Curvatures in degrees are shown at the top of the

. +
figure. - is standard error of the mean.

A :- mean counts/min/mg. dry weight
Full circle:- illuminated (concave) side
Open circle:- shaded (convex) side.

B :- mean counts/min/10 mg. fresh weight
Full triangle:- illuminated (concave) side

Open triangle:- shaded (convex) side
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to establish the initial distribution of radioactivity in the
coleoptile halves. Radioactive assay and preparation of samples
were carried after unilateral illumination.

Analysis of variance of the results is shown in Table 35
(Appendix). The analysis shows that the side (S) effect is
significant which suggests an overall increase in the side.

Fig. 47 shows that there iss~increase in the shadeda
(convex) side which is correlated with the curvature. The
maximum increase of activity in the shaded(convex) side was
found after 4 hours when curvature is 50 degrees h 1.97. The
figure indicates a continuing transport (M.S.V. for T is greater
than M.S.V. for P + PT) from the roots during the period of
unilateral illumination.

Hence, the results: show . that the differential

distribution of 32P is correlated with the curvature.
(b) Experiment with Zea coleoptiles (without roots)

An experiment was carried out with root-less coleoptiles.

3

The object was to study the distribution of 2P in absence of
continuing transport from roots. This would give an indication
about the lateral migration of activity from the illuminated
(concave) to the shaded (convex) side.

Seedlings were harvested after pre-fféafment with 32P for
6 hours in a dark cupboard. Roots were femoved and coleoptiles
were unilaterally iiluminated for 2, 3 and 4 hours (vascular
bunldles were transverse). A group of 10 coleoptiles was used
for each period of unilateral illumination. A group of 10
coleoptiles (not illuminated) was used to establish the initial
distribution of radioactivity in the halves.

Analysis of variance of the results is shown in Table 36

(Appendix). The analysis shows that the side (S) effect is
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significant.

Fig. 48 shows that there has been migration of activity
from the illuminated (concave) to the shaded (convex) side.
Maximum difference is observed after 4 hours unilateral
illumination which is accompanied with the curvature of 4O
degrees x 1.73. The rises and falls in the graphs are probably
due to sampling (i.e. plant) variation. It is clear in the
analysis of variance Table 36 (Appendix) where M.S.V., for T
ig  about the same order as M.S.V. for P + PT.

By comparing the results of ~ - experiments with rooted
and root-less plants it  see-ns likely * that the
differential distribution is due entirely to lateral migration.

Hence, the results strongly suggest that redistribution of

32

P is correlated with the curvature.
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Fig.48 The effect of unilateral illumination on the
distribution of 32P in the coleoptiles of Zea mays.
Coleoptiles were unilaterally illuminated in root-less
condition.

Curvatures in degrees are shown at the top of the

. + .
figure. - is standard error of the mean.

A : - mean counts/min/mg. dry weight
Full circle:- illuminated (concave) side
Open circle:- shaded (convex) side

B - mean counts/min/10 mg. fresh weight
Full triangle:- illuminated (concave) side

Open triangle:- shaded (convex) side
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CHAPTER VIII

THE EFFECT OF NPA ON THE DISTRIBUTION OF IONS IN UNILATERALLY

ILLUMINATED COLEOPTILES

In all preceding experiments of phototropism‘it was
clearly shown that differential distribution of radioactivity
(4SCa, QZK and 32P) was correlated with the curvature. It was
thought, therefore, to use NPA in the hope that it would inhibit
the phototropic curvature. The object was to allow experiments
to run parallel to those performed under geotropic stimulation.

So the following experiments were carried aat with 45Ca, QZK
and 32P to study the distribution of radioactivity in unilaterally

illuminated coleoptiles when curvature was stopped by the

pre-treatment with NPA.

SECTION T DISTRIBUTION OF 450a

In this section experiments were carried out with rooted
and root-less coleoptiles of Zea mays after pre-treatment with

450a and NPA.
(a) Experiment with the seedlings of Zea mays (with roots)

In this experiment NPA was used at a concentration of
1Of4M made up in Hoagland and Arnon solution. Each seedling
of Zea mays was treated with 2.0 ml of NPA‘(containing 1 pCi
of gSCa) for 6 hours in a‘dark cupboard. A group of 10 seedlings
was used for each period of illumination. The side of the

coleppfile (which would be illuminated) was marked by ink in order

to be able to distinguish from the shaded side. Coleoptiles
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were unilaterally illuminated for 2 and 3 hours. In this
exneriment the vascular bundles were transversé to the
direction of illumination as shown in Fig.39. A group of 10
seedlings was used to establish the initial distribution of
radioactivity halves of coleoptiles (not illuminated).
Technique for radioactive assay and preparation of sample was

followed as described in the chapter Materials and Methods.

Analysis of variance of the results is shown in Table 37
(Appendix). The analysis shows that the side (8) effect is
not significant.

Fig.49 shows mean counts on dry and fresh weight basis
in the sides. This does not indicate any differential distri-
bution of radioactivity during umilateral illumination. There
were no curvatures in the coleoptiles. The figure indicates
that there has probably been transport of 45Ca from the roots

during 3 hours unilateral illumination.’

These results are in agreement with results of the experi-
ment with NPA in horizontally orientated organs. Hence, mno

differential distribution occurs in absence of curvature.
(b) Experiment with Zea coleoptiles (without roots)

In this experiment roots were removed after pre-trcatment
with 45Ca and NPA. A group of 10 coleoptiles was used for each
period of unilateral illumination. There were three unilateral
illuminations (2,3 and 4 hours). Each period had 5 replications.
A group of 10 coleoptiles was used to establish initial distri-
bution of radioactivity in the coleoptile halves.
Analysis of variance of the results is shown in Table 38
(Appendix). The analysis shows that the side (s) effect is not

gsignificant.
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Fig.49 The effect of NPA on the distribution of 2ca in
the unilaterally illuminated coleoptiles of Zea mavs.
Seedlings did not produce any curvature and hence

curvature is shown as O at the top of the figure.

A :- mean counts/min/mg. dry weight
Full circle:- illuminated side
Open circle:- shaded side

B :- mean counts/min/10 mg. fresh weight
Full triangle:~ flluminated side

Open triangle:- shaded side

Fig.50 The effect of NPA on the distribution of 'Ca in the
unilaterally illuminated coleoptiles ?f Zea mays.
Coleoptiles were unilaterally illuminated in the
root-less condition.

A :- mean counts/min/mg. dry weight
Full circle:- illuminated side
Open circle:- shaded side

B :- meanvcounts/min/lo mg. fresh weight
Full triangle:- illuminated side

Open triangle:- shaded side.
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Fig.50 shows mean counts on dry and fresh weight basis
in the sides. It clearly indicates that there has not been any
differential distribution of radioactivity in the coleoptiles.
There were no curvatures in the coleoptiles. The increase
in activity in both sides with time is probably due to sampling
(i.e. plant) error. It is clear in analysis of variance Table
38 (Appendix) where M.S.V. for T is about the same order as

M.S.V, for P + PT.

The results strongly suggest that differential distribution
of 45Ca does not occur in the absence of curvature which is in
agreemeﬁt with the last experiment. This redistribution is
probably caused by curvature.

ECTION 2 DISTRIBUTION OF *2K

Experiments similar to the preceding were also carried

42

out for K.
(a) Experiment with the seedlings of Zea mays (with roots)

. -k
Seedlings ' of Zea mays were treated with NPA (conc.10 M)

42

and K for 6 hours in a dark cupboard. A group of 10 seedlings
was used for each period of unilateral illumination. There were
three periods of unilateral illumination (2, 3 and 4 hours). A
group of 10 seedlings was used to establish the initial distri-
bution in the coleoptile halves. Each unilateral illumination
had 5 replicafions. Coleoptiles were unilaterally illuminated.

Radioactive assay and preparation of sample were carried out

as described in Materials and Methods.
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Fig. 51. The effect of NPA on the distribution of 42K in the
unilaterally illuminated coleoptiles (with roots)
of Zea mays.

Coleoptiles did not produce any curvature and hence,
it is shown as 0 at the top.
A :-~ mean counts/min/mg. dry weight
Full circle :-= illuminated side
Open circle :—- shaded side
B :— mean counts/min/10mg. fresh weight
Full triangle := illuminated side
Open triangle :- shaded side
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Analysis of variance of the results is shown in Table 39
(Appendix). The analysis shows that the side (S) effect is not
significante.

Fig. 51 shows distribution of radioactivity in the sides.
The figure does not indicate any significant increase in any
particular side. There were no curvatures in the coleoptiles.
The figure shows some increase in transport of qu with coleoptiles
during unilateral illumination, but this is not significant
(as M.S.V. for P + PT is actually greater than M.S.V. for T).

Hence, the results suggest that there has not been any
differential distribution of 42K which shows a correlation

with the curvature.

(b) Experiment with Zea coleoptiles (without roots)

I

This experiment was carriedoout with a view to eliminate

4

any transport of 2K during unilateral illumination.

Seedlings of Zea mays were treated with 42K and NPA for
6 hours in a dark cupboard. Roots were removed and coleoptiles
were unilaterally illuminated for 2, 3 and 4 hours. A group
of 10 coleoptiles was used for each period of unilateral
illumination. Each period consisted of 5 replications. A group
of 10 coleoptiles (not illuminated) was used to establish the
initial distribution of activity in the halves.

Analysis of variance of the results is shown in Table 4o
(Appendix). The analysis shows that the side (S) effect is not
significant.

Fig. 52 shows mean counts on dry and fresh weight}b%is.

It does not indicate any increase of radioactivity in any

particular side. The differences between the side means are

lower thanl.S.D. There were no curvatures after unilateral

/
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42K in the

unilaterally illuminated coleoptiles (without roots)
of Zea mays.

Coleoptiles did not produce any curvature and hence,
it is shown as O at the top.

A :~ mean
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B := mean

Full
Open

counts/min/mg. dry weight
circle :~ illuminated side
circle :— shaded side
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illumination.
Hence, the results are in agreement with the results of
the last experiment which do. not suggest any differential
42

distribution of K. due to the lack of curvature. This

differential distribution is the result of curvature.

SECTION 3 DISTRIBUTION OF -2p

Experiments similar to the preceding were also carried

out for 42K.

(a) Experiment with the seedlings of Zea mays Grith roots)

Seedlings of Zea mays were treated with 32p and NPA
L

(conc. 10" °M) for 6 hours in a dark cupboard. A group of 10
seedlings was used for each period of unilateral illumination.
Coleoptiles were unilatterally illuminated for 2, 3 and &
hours. Each period consisted of 5 replications. A group of
10 seedlings was also included to establish the initial dis-
tribution of radiocactivity in the halves.

Analysis of variance of the results is shown in Table 41
(Appendix). The analysis of variance shows that the side (8)
effect is not significant.

Fig. 53 shows mean counts on dry and fresh weight basis
in the sides. It does not indicate any differential
distribution of radioactivity. The figure shows some early
increase in activity in the coleoptile as a whole, but this is
not significant.

Hence, the results strongly suggest that differential

distribution of 32P does not occur in absence of curvature.
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Fige 53. The effect of NFA on the distribution of 32P in the
unilaterally illuminated coleoptiles (with roots) of
Zea mays.

Coleoptiles did not produce any curvature and hence,
it is shown as 0 at the top.
A :- mean counts/min/mg. dry weight
Full circle :— illuminated side
Open circle :- shaded side
"B :- mean counts/hih/iOmg. fresh weight
Full triangle :~ illuminated side -
Open triangle :—~ shaded side '
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(b) Experiment with Zea coleontiles (without roots)

In this experiment roots were removed prior to illumination
so as to ensure that there was no transport of activity from

roots during unilateral illumination.

Seedlings of Zea mays were treated with NPA and 32P for

L

6 hours in a dark cupboard. BSeedlings were harvested and
roots were removed. Coleoptiles were unilaterally illuminated
for 2, 3 and 4 hours. A group of 10 coleoptiles was used for
each period of illumination. Each period consisted of 5
replications. A group of 10 coleoptiles was+r used to establish
the initial distribution of radiocactivity in the halves.

Analysis of variance of the results is shown in Table 42
(Appendix). The analysis shows that the side (S) effect is not
significant. '

Fig. 54 sdes mean counts on-:dry and fresh weight. It
does not indicate any differential distribution of activity.

It shows a general drop in activity in the coleoptiies as com-
pared to the initial (M.S.V. for T is greater than M.S.V. for

P + PT). This general drop in activity could probably be
attributed to the movement of 32P into water in which coleoptiles
were standing vertically during the period of illumination.
Coleoptiles did not show any curvature.

The results strongly suggest that there is lack of
differential distribution in absence of curvature which is in
agreement with the results of the last experiment. Hence,
differential distribution is probably caused by curvafure or by

some other changes which also induce curvature.
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Fige. 54. The effect of NFA on the distribution of 32P in the
unilaterally illuminated coleoptiles ( without roots )
of Zea mays. ' T T

Coleoptiles did not produce any curvature and hence, it
is shown as O at the top.

A :- mean counts/min/mg. dry weight
Full circle := illuminated side
Open circle :- shaded side

:— mean counts/min/10 mg. fresh weight

Full triangle := illuminated side
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CHAPTER IX

TH.. ZIFECT OF UNILATERAL APPLICATION OF MERSALYL CN THE

DISTRIBUTION OF IONS

In all preceding experiments it has been observed that
differential distribution of the three elements (Ca, K, P)
was correlated with the curvature. The lack of differential
distribution in case of seedlings pre-treated with NPA
suggests that differential distribution is probably the result
of differential growth reaction. because - it happens both
with geotropism and phototropism. Unilateral application of
JAA results in . differential distribution of ions which is
associated with the curvature. Woodcock and Wilkin?’ (1970) :'%“
study of unilateral application of IAA led them to believe
that IAA probably brings about changes in membréne permeability
or acts through inhibition and enhancement of ion pumps. ‘The
generation of surface potential differences resulting from the
unilateral application of IAA is quite comparable to the geo-
electric effects which develop in horizontally orientated ;rgans.
The lower side becomes more electropositive as compared to the
upper side. Unilateral IAA application resulted into generation
of electro-potenfial differences even though growth has been
checked osmoticallj by mannitol (Woodcock and Wilkins, 1971).
This suggests surface potential differences are the result of
IAA concentration gradient. This led them to use mersalyl
which could act in the generation of surface pqtential differences
without affecting the growth of the organ. Mersalyl is a sodium
salt of 0 - [(3-hydroxymercurie-2-methoxypropyl) carbonyl] phenoxy-

acetic acid. This substance is known to be effective diuretic
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and it increases the flow of urine from the kidney. It does
effectively stop the reabsorption of sodium in the proximal part
of the tubule. As already discussed in the Introduction
that unilateral mersalyl application resulted into increase of

14 m V electropositive on the "donor" side with respect to the

"other" side 18 minutes after application. This suggests that
JAA and mersalyl both have potential inducing effects. In my
2%

experiments of unilateral IAA application, there was increase in
accunulation of potassium and phosphorus on the "donor!" side

and an accumulation of calcium on the "other" side. The object
of the following experiments was to study the distribution of
ions after application of mersalyl and to see whether any.kind
of parallelism exists between its effects and those of IAA on
ion distribution and on curvature. It was thought necessary to
check whether the parallelism in the potential inducing effects

of TAA and mersalyl could be extended to ion distribution.

SECTION I DISTRIBUTION OF oca.

(a) Experiment with the seedlings of Zea mays (with roots)

Seedlings of Zea mays were treated with 45Ca for 6 hours
in a dark cupboard. Hydrated paste of mersalyl in lanolin was
- made up at a concentration of 10-4M. A group of 10 seedlings
was used for each period of mersalyl application. There were
three different periods (20,40 and 60 minutes). A group of 10
seedlings was used to determine the initial distribution of
radioactivity in the coleoptile halves. Each period of

application consisted of 5 replications. Coleoptiles were

decapitated about 1 mm. from the tip and a tiny drop of mersalyl
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Fig. 55. The effect of unilateral application of mersalyl

(10_4M in hydrated lanolin paste) on the distribution
of 43ca in the coleoptiles (with roots) of Zea mays.
Coleoptiles did not produce any curvature and hence,
it is shown as O at the top.
A := mean counts/min/mg. dry weight
Full circle :-~ other side
Open circle :- donor side
B :~ mean counts/min/10mg. fresh weight
Full triangle
Open trlangle

:= other side
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was applied unilaterally to the decanitated end. The "other"
side of the coleoptile was marked by ink in order to be able
to distinguish from the donor side. After mersalyl application
seedlings were put back into a dark cupboard for the periods
mentioned above. Radioactive assay and preparation of sample

were carried out as described in the chapter Materials and

Methods.

Analysis of variance of the results is shown in Table 43
(Appendix). The analysis shows that the side (S) effect is not
significant.

Fig. 55 shows mean counts on dry and fresh Weight basis
in the halves. This indicates that in the "other" side there
is first a small rise (not significant) and then a greater rise
(this is also not significant), whereas in the "donor'" side there
is first no detectable change and then a small rise (not signi-
ficant). The figure indicates that there has . ~. =~ Tbeen
some migration of 45Ca from the "donor" to the "other" side.

The figure shows that there has been some trausport from the
roots during mersalyl application but this is not significant
(as M.S.V. for T is of the same order as M.S.V. for P + PT).
There were no curvatures in the coleoptiles. Anyhow, the results
show a change in the same direction as for IAA.

The results suggest a possible movement of 45Ca away from

the "donor" side and the movement is not associated with the

curvature.
(b) Experiment with Zea coléoptiles (without roots)

An experiment was carried out with root-less coleoptiles

of Zea mays. The object was to see whether any migration

occurs from "donor" to the "other" side after mersalyl application.
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Mersalyl in
lanolin

Fig.56. Unilateral application of mersalyl to the
apex of a decapitated vertical coleoptile

of Zea mays.
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Seedlings of Zea mays pre-treated with 45Ca were harvested

and roots were removed. Coleoptiles were placed in vertical
position in small glass tubes (size 1" x 1'") containing some
distilled water (Fig.56). Each glass tube was covered from the
top by a plastic cap with two small heles through which
coleoptiles could be inserted. A group of 10 coleoptiles was
used for each mersalyl applicatien. There were two periods of
mersalyl application (30 and 60 minutes). Each consisted of 5
replications. A group of 10 coleoptiles was included to
determine the initial distribution of activity in the halves.

Analysis of variance of the results is shown in Table 44
(Appendix). The analysis shows that the side (S) effect is net
significant.

Fig.57 shows distribution of radioactivity in the halves.
The figure shows a possible movement of Qsca away from the '"doner'"
side (but this is not significant). There was no curvature in
the coleoptiles.

Since the results of the experiments with reoted and roet-
less plants are consistent and showjzame trends we can come te
the tentative conclusion that mersalyl probably does effect the
qistributioh ef‘QSCa without preducing a differential growéh
response.

SECTION 2 DISTRIBUTION OF 12Kk

Experiments similar te the prrceding were also carried out

L2

for K.

(a) Experiment with the seedlings of Zea mays (with roets)

42
Seedlings of Zea mays were treated with K for 2 hours
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Fige. 58. The effect of unilateral application of mersalyl

(10‘4M in hydrated lanolin paste) on the distribution
of 4% in the coleoptiles (with roots) of Zea mays.

Coleoptiles did not rpoduce any curvature and hence, it
is shown as O at the top.
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in a dark cupboard. Hydrated paste of mersalyl (conc.l0” "M) was
applied to the decapitated coleoptile tips. There were three
periods of unilateral application (20, 40 and 60 minutes). A
group of 10 seedlings was used for each application. Each
application consisted of 5 replications. A group of 10 seedlings
was used to establish the initial distribution of radioactivity

in the halves. Radioactive assay and preparation of sample

were carried out as described in Materials and Methods.

Analysis of variance of the results is shown in Table 45
(Appendix). The analysis shows that the side (S) effect is
significant.

Fig.58 shows mean counts on dry and fresh weight basis in
the "donor" and "other" sides. This indicates that there has
beenwaccumulation of QZK with the greatest concentration on the

mersalyl "donor" side. This figure shows that the activity

in both sides increases with time (M.S.V. for T is of the same
order as M.S.V. for P + PT), but "donor" increases more than
the "other". The differences between the means are higher than
L.S.D. after 40 minutes mersalyl application. There were no
curvatures in the coleoptiles after mersalyl application.

Hence, the results .~ 7 suggest that mersalyl brings
about differential distribution of potassium without producing

L

differential growth. Increased ascumulation of 2K after

mersalyl application is in the same direction as IAA,
(b) Experiment with Zea coleoptiles (without roots)

An experiment was carried out to study the effect of
. . . U]
unilateral application of mersalyl on the distribution of K
in the root-less coleoptiles. The object was to see whether

there is any lateral migration of activity from. the "other"

side to the "donor" side as a result of mersalyl application.
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Seedlings of Zea mays pre-treated with 42K were harvested
and roots were removed. Coleoptiles were placed vertical in small
glass tubes as shown in Fig.56. A group of 10 coleoptiles was
used for each period of mersalyl application. There were three
periods of mersalyl application (20, 40 and 60 minutes). Each
period of application consisted of 5 replications. A group of 10
coleoptiles was included to establish the initial distribution of
qu in the halves.

Analysis of variance of the results is shown in Table 46
(Appendix). The analysis shows that the side (S) effect is
significant.

Fig.59 shows distribution of radiocactivity in the sides. This
indicates that there has been increase in the "donor'" side with
corresponding decrease in the "otner" side (but this is not
significant). Coleoptiles did not produce any curvature. L.S.D.
of the means show that the differences between the side means

at any one Heme.
are not significant, Although the increase in the "donor" side
is not significant, the direction of the effects is consistent
with the effects seen in the rooted plants.

that
Hence, the results in this section suggest/increase of

42K in the "donor'" side after mersalyl application is in the same
direction as IAA but mersalyl does not produce a differential

growth response.



—_ 176 —

—O

£ §><° LSD
240 ° o

®
30 — —
40 | B
z\\A “ “ | so
a 30} A A e
20 . . —
0 20 40 60

Time (minutes)

Fig. 59. The effect of unilateral application of mersalyl
(10-4M in hydrated lanolin paste) on the distribution
of 4% in the coleoptiles (without roots) of Zea mays.

Coleoptiles did not produce any curvature and hence, itis

shown as O at the top.
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Full circle :— other side
Open circle :- donor side

B :- mean counts/min/10mg. fresh weight
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CHAPTER X

DISCUSSION AND CONCLUSION

It has been shown in earlier chapters that results show
a correlation of ion distribution with geotropic response.
The earlier workers (Bode 1959b, Arslan-Cerim, 1966) did not
study any correlation of ion distribution with geotropic
response.,

In Chapter III results show that the differential
distribution of ions is observed only after the appearance
of geotropic curvature. The increased accumulation of
calcium in the upper side was correlated with the curvature
(Section 1). The results suggest that a migratien of
calcium from lower to upper side is established at an early
stage of geotropic response (Figs. 8 and 12). There is no
evidence for a differential longitudinal transport from the
roots although the results show increased accumulation of
calcium into hypocotyl as a whole during geotropic résponse
(Fig.8). The concentration of calcium in the upper side
increases with timé which is in agreement with the results
of Arslan-Cerim (1966). It cannot be decided from her

results whether these differences between the upper and lower

side are due to differential longitudinal transport from roots

or due to migration from lower to upper side. The reality of

lateral migration from lower to upper side is clearly shown in
Figs. 11 and 13 for root-less seedlings. The increased
accumulation of calcium in the upper side of root-less

hypocotyls and coleoptiles again shows a correlatien with the

curvature. On the basis of the results presented in Section 2

(Chapter III) it may be suggested that there is a strong

indication of a concentration gradient of potassium that is
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established across the hypocotyl during geotropic curvature.
The increase in potassium concentration in the lower side is
correlated with the curvature (Fig.l4). The figure indicates
that lateral migratien of potassium is established at an early
stage of geotropic response since there isadrop in petassium
concentration in the upper side with a correspoending increase
in the lower side after 1 hour horizontal orientation. The
results (Fig.ll4) show an increased transport of potassium from
the roots into hypocotyl as a whole.(Time effect is significant
Table 5 Appendix). The concentration of potassium in the
lower side increases with time and also with the curvature.
Bode's (1959b) results showed a maximum increase of 5% in
potassium concentration in the lower side of the hypocotyl
which did net increase with time. He failed to provide ow
adequate reason for the drop in potassium concentration in

the lower side after 120 minutes of geotropical stimulation

as compared to the potassium concentration after 90 minutes.
Bode explained this drop in terms of a basally directed
movement of potassium going to the roots. The idea of lateral
migration of potassium from upper to 1ower side receives
confirmation from the results (Fig.l16). which clearly show that
the increased potassium concentration in the lower side of hypo-
cotyl is at the expense of migration from the upper side. The
Yesults discussed iﬁ Section 3 (Chapter III) show that the
increase of phosphorus in the lower side is correlated with the
curvature (Fig.l7). The experiment with root-less seedlings
(Fig.18) suggests that the redistribution of phospherus can
only be explained in terms of a laterél migration. This can

be clearly observed if we compare Figs. 17 and 18. Hence, it



- 179 -

can be summarized that the increase of calcium in the upper
side and the increase of potassium and phosphorugjggzoggcurring
simultaneously with geotropic response. The increase in
concentration of any particular ion in any side results from
its migration from the other side. This increase is the

result of greater accumulation of ion in any side since results
suggest an increase both on a dry and a fresh weight basis.

So this increase is not the result of increase or decrease

in cell volume due to differential growth. Hence, the results
strongly suggest that a concentration gradient of jion is
established which is associated with the curvature.

It has been possible to investigate the distribution of
ions during geoinduction. Seedlings were given enough
stimulas (%ﬁheur) at 25°C to show normal geotropic response
if kept at that temperature but curvature was prevented by
exposing the plants to 4°c. In Chapter IV it was shown that
4 hour horizontal orientation at 25°C did not produce any
geotropic curvature. The results (Fig.20) show that the
accumulation of calcium in the upper side is stopped at 4°c.
Differential distribution can only be established if seedlings
show geotropic response. In Section 2 (Chapter IV) it has
been shown that the movement of potassium inte lower side
is coempletely stopped as soon as seedlings'are exposed to 4°c.
InA%ase of phosphorus, differential distribution is net
observed after 4 hour stimulus at 25°C (Fig.26), but 1 hour
horizontal orientation at 25°C results in a significant
increase in the lower side (Fig.25). Thus, differential

distribution of ions is net connected to geeinduction but

is probably connected to geotropic response.
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Further evidence to the above statement is given when
the results of the experiments (Chapter V) with NPA are
considered. NPA is an inhibitor of auxin transport and so
it inhibits geotropic response. Seedlings pre-treated
with NPA do not respond to a geotropic stimulus. Differential
distribution of ions was not observed even after horizontal
exposure for 3 hours. Thus, the movement of calcium into
upper side and of potassium and phosphorus into lower side
was completely inhibited through the inhibition of geotropic
response. This is a strong evidence for the fact that
differential distribution of ions is caused by curvature.

As has been seen in Chapter VI, an appreach was made
to see whether there is any relationship between ion
distribution and curvature (due to unilateral IAA application).
Unilateral IAA application to the Helianthus hypecotyls

the o

produced curvature igkabsence ongravitational stimulus,

There has been increased accumulation of calcium in the

concave side (Fig.35). This increased accumulatien is
correlated with the cur&ature. It has been clearly éhdwn that
there has been migration of calcium from convex to concave
side. It may be that the cells of the concave side develop
a capacity to accumulate more calcium as a result of IAA
action on the convex side. The results shoewn in Section 2
(Chapter VI)  suggestthat a concentration gradientvof
potassium is established across the hypocotyl after the
unilateral IAA application. The concentration of potassium
in the convex side increases with time and also with the
curvature. This increase in potassium concentration is

mainly due to migration from the concave side. (Figs. 36 and

37).
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Tagwa and Bonner (1957) reported that potassium ions probably
make the wall soft and elastic which is necessary for auxin-
induced growth. The results in Section 3 (Chapter VI) clearly
show that the increased accumulation of phosphorus in the
convex side is correlated with the curvature (a result of IAA
concentration gradient); The results discussed have clearly
shown that there is an increase in the concentration of
éotassium and phosphorus in thé convex side and that of
calcium in the concave side. This observation is in keeping
with earlier‘experiments demonstrating that the differential
distribution of ions is caused by curvature. As indicated
previously, Woodcock and Wilkins (1970) reported that:
unilateral IAA application results in . surface potentials
arising from IAA concentration gradient on the donor side.
Hence,T&eo-electric effect has been considered as a result
of TAA concentration gradient which developsr%he horizontal
organ and this effect has nothing te do with the actual
perception mechanism. We would conclude, therefore, that
the re-distribution of ions is the result of differential
growth (a result if IAA concentration gradient). Hence,
differential distribution of ions is noet connected to geo-
electric effects since this effect develops within 10
minutes of horizontal exposure and is independent of differ-
ential growth. In a separate paper (l97l)g§bove authors have
suggested that IAA probably brings about changes in membrane
.potentials by affectingthe permeability ér the ion pumps of
the cell meﬁbraﬁe. Other results favour the second idea.

It seems very likely, therefore, that IAA-induced differential

growth brings about changes in jion pumps. This results in
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differential distribution of ions. JAA cannot bring

about differential distribution of ions by simply affecting
the permeability of the cell membranes since our results
have clearly shown an increase in ion concentration both on
a dvy and fresh weight basis. This suggests an active
movement of ion against a concentration gradient.

Experiments for the study of effect of unilateral
illumination were designed to see whether there is any
relationship between ion distribution and phetotropic
curvature. In geotropism it was clearly shown that
differential distribution of ions is correlated with geotropic
response. The results discussed in Section 1 (Chapter VII)
show that there is increase in calcium in the illuminated
(concave) side which is associated with the curvature. It was

Possible that differential distribution of calcium was
due entirely te a lateral migration (Fig.43) from the shaded
(convex) side to illuminated (concave) side.

The effect of orientation of vascular bundle wes: studied
with the object of seeing whether there is any differential
longitudinal tran5p6rt of calcium in the vascular bundles i.e.
increase in fraﬁsport from the roots in the wvascular bundle
of the illuminated (concave) side. There is no evidence of
vascular trah5port affected by unilateral illumination.

The results of the experiments (Sectien 2, Chapter VII)
show an increase in potassium concentration in the shaded
(convex) side which results frem the lateral migration from

- the illuminated (concave) side. Phesphorus., also follows
similar pattern of distribution (Section 3 Chapter VII).
Hence, the increased accumulation of calcium in the concave

k" of
(illuminated) side and potassium and phosphorus in the convex
. /
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(shaded) side follows same pattern as that in geotropic
curvatures.

There was no evidence that NPA inhibits phototropic
curvature. The results (Chapter VIII) show that there has
not been any differential distribution of ‘ionin absence of
phototropic curvature. Hence, the results are in agreement
with those for geotropic stimulation where differential
distribution was completely inhibited due to inhibition of
curvature.

After unilateral mgrsalyl application a possible move-
ment of calcium away frem the side of mersalyl application
is observed (Section 2, Chapter IX). Mersalyl brings about
a lateral migration of calcium from the doneor side. This
presents a close similarity with the pattern of distributien
which results from IAA application. IAA brings about a
differential distribution by producing curvature but mersalyl
affects the distributien of calcium without preducing
differential growth response. But both prebably affect the
ion pumps. Hence, the mechanism by which they affect the
ion pumps may not be the same. Woodceck and Wilkins (1971)
reported that‘mersalyl results 14 mV electropesitive on the
denor side. This increase probably results from changes in
specific ion pumps. In my resulisit waSQmAMakdthatiZﬁanges in
ion pumps could eonly be established via differential growth.
The effect of diuretic in changing calcium levels has been
established in animal tissue. In this connectioen work of

++
and

Wesson (1962) may be mentioned. The excretion of Ca
Mg++ increases in kidney slices after the injectien of
mercurin (a diuretic). It is not teo fanciful to think

that there occurs an extrusion of calcium from the side of

mersalyl application. A pessibility for the operation eof
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"calcium pump" has been demonstrated in red cells
(Schatzmann, 1970). Cells pgxtruded’! calcium at a rapid rate
against a concentration gradient provided they contained ATP.
It has been suggested by the above worker that ATP maintains
en: uphill calcium transport and it does so by supplying the
necessary energy. How differential growth could operate
the pumps will be discussed later.

In this connection, the work of Toryama and Jaffe (1972)
may be mentioned. Tﬁey reported that during the bending

process of pulvinus. of Mimosa pudica L.a small amount of

calcium moves rapidly out eof the adaxial half of the young
pulvina:s . This calcium migrates from the tannin wvacuole
and from the cell wall. The loss ef calcium from the cell
wall ef the adaxial half facilitates the bending precess.
This change in calcium level in the wall and in the wall

of the tannin vacuole contrels tﬁe turgor movement,

This phenomenon is brought about by changes in permeability
and is completely differient from geotropic response. But
the pessibility of ion pump operation may still exist.

In Section 2 (Chapter IX), it was clearly shown that
there is an increase in potassium cencentration in the
mersalyl donor side. Hence it is clear froem the results
that both mersalyl and IAA affect the distribution of
potassium and in beth experiments a similar pattern of
distribution is ebserved. IAA action on ien distribution
" is not direct like mersalyl but is indirect, i.e., via
curvature. Both affect the ion pump, but the mechanism
of on pump operation must be different. It will be important
and interesting extensien of this study to investigate the

distribution ef ions after IAA application on the one side

when curvature is stopped either by pre-treatment with NPA
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or at 4°cC.

It has been demonstrated (Rawven, 1967) that giant algal
cells have sodium extrusion pump and inwardly directed potassium:
and chloride pumps at the plasmalemfia.. The cation pumps would
seem to be powered by ATP (Raven, 1971). The existence of
such a distinct pump has not been demonstrated in the cell
of higher plants.

It looks probable that there is upward movement of
calcium from the lower side of the curved organ. This is
possible by cell te cell movement through the plasmadesmata
and finally calcium is accumulated in the cells of the upper side
(concave side). There is probably downward movement of
potassium and phosphorus into the cells of the lower (convex
side) side. The movement of calcium is in opposite direction
to that of potassium or phoesphorus. The existence of a Ca.‘-+
activated adenesene triphosphatase has been demonstrated in
animal cells (Schatzmann, 1970). It might be that auxin
brings about the synthesis of this particular enzyme.

It 1eok$ probalde that as growth preceeds '"pumps" develop
which tend te increase calcium concentration in the upper
sidéSESZreases rigidity and reduces exténsibility which
probably accentuates the asymmetrical growth of geotrepically
stimulated organs. The results have blearly indicated that
the differential distribution of iens is the result of auxin
redistribution which is in contrary te Brauner's (1958)
suggestion. In an analysis eof geotropic stimulatien process
he gave the following suggestion. "Also other displaceable
ions like potassipm and calcium may have a function in geotropic

response and their presence can influence the effectiveness of

growth hormones directly or indirectly (Thimann and Schneider,
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1938; Cooil and Bonner, 1967)". In my experiments the
movement of potassium and phosphorus into lewer side and
that of calcium into upper side has taken placé after the
start of activity (appearance of curvature) of growth
substance.

The need of phosphorus is primarily for the synthesis
of protein in auxin-induced growth. Geotropic and photo-
tropic stimulation results in lateral movement of endogenous
auxin in stimulated coleoptiles (Went and Thimann, 19373
Briggs et al, 1957; Gillespie and Briggs, 1961). Auxin
is redistributed in geetropic response by palhr and lateral
transport. A concentration gradient of auxin is established
across the horizontally placed ergan. This increase in
auxin concentration in the lower side results into curvature
responses. Because of the well-known rele of nucleic acids
on celg%i%?.metabolism it seems that grewth regulator-
nuclei%ﬁnteractions are much more important than any other
interactien. It has been suggested by Key et _al (1967) and
Nooden (1968) that the rate of elongation is dependent en
the synthesis of new RNA and protein which is evidenced by
the incorporatioen of 32P inte RﬁA. IAA was feund to stimulate
the incorperation of 32p into RNA (Noeoden, 1968; Nooden and
Thimann, 1966; Masuda et al, 1967). It seems likely that
during the process of curvature there will be more and more
synthesis of RNA in the lower side and phespherus will be
iﬁcorperated inte RNA. But it remains to be seen whether
this increasedphosphorus in the lower side is actually
incerporated igtc RNA er it remains in the form of inerganic
phesphate.

If all the lines of evidence discussed in earlier
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paragraphs are brought together, the general picture weuld be
that the redistribution of ions is the result of precesses

taking place during curvature.
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SUMMARY

b

The distribution ef 45Ca, 2K and 32P was studied in

Helianthus annus hypocotyls and Zea mays coleoptiles.

Seedlings of Helianthus annus (5 day eld) and Zea mays

(4 day 0ld) were fed with radioactive solution through the
was QTuAA"J‘-

roots. The distribution eof radioactivitx'in the upper and

lower, concave and convex, illuminated and shaded, ether

and denor halves as necessary.

The distribution of potassium ion was alse studied

in the hypoecotyls of Helianthus annus. The estimation eof

petassium was carried out by a flame photometer.

1. Seedings were herizontally erientated fer 1, 2 and 3
hoeurs. The results have shown that there was higher
concentration of calcium in the upper side. The
concentration ef poetassium and phespherus was higher
in the lewer side. The difference between the upper
and lewer sides increased with time and alse with
the curvature. This increased concentration was beth
oﬂ a dry and fresh weight basis, i.e. active movement
against a concentratien gradient., The differential
vdistribution was mainly due te lateral migratien,
Experiments with reotless plants have cohfirmed the
reality ef lateral migration.

Hence, differential distributien was cerrelated with
the curvature.

2. Seedlings were placed herizental for‘% hour at 25°C and

subsequently placed at 4°C te stop the curvature.
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Seedlings received enough stimulus at 25°C te show
geotropic respense. Neo differential distributien of
ion was ebserved after the curvature had been
stopped at 4°c. It was concluded, therefore, that
differential distribution of ien is net connected to
geotroepic perception.

Seedlings were pre~treated with NPA te step the
curvature of herizontally orientated seedlings.
Differential distribution of ien was net ebserved
due toe absence of curvature. It was concluded that
differential distribution of ien is caused by
curvature.

Unilateral IAA applicatien (0.1% IAA W/W in lanelin)

resulted into differential distributien of ioens in

absence of a gravitational stimulus. The concave
side showed a higher concentration eof calqium,
whereas convex side shewed a higher concentratien of
petassium and phesphorus., This was coerrelated with
the curvature. It was suggesfed that . IAA probably
changes the ion pumps via differential grewth. Hence,
IAA actien on ion pumps is dependent on differential
growth,

The effect of unilateral illuminatien was studied with
an ebject te see whether thefe is any relatienship
between ien redistributien and phetetrepic curvature.
The ceoncentration ef calcium was higher in the
illuminated (cencave) side. The orientatien ef
vaccuiar bundles dees net have any effect en the

distributioen ef calcium. The cencentration ef
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poetassium and phosphorus was higher in the convex
(shaded) side. The results have clearly shewn the
reality eof lateral migratien. The resu1t§ follow the
same pattern as geotropickcurvaturé.

6. NPA completely inhibited the phototropic curvature.
There has not been any differential distribution eof
ions in absence of phototropic curvature.

7. After unilateral application of mersalyl (IO_QM in
hydrated lanolin paste) to the decapitated coleoptile
tips, a pessible movement of calcium was ebserved
from the side of mersalyl applicatien. The cencen-
tration of potassium increased in the mersalyl domner
side. Mersalyl.affects the distributien of ions by
altering the ien pumps, but does net produce a
differential growth response. Beth IAA and mersalyl
change the ion pumps but the actien ef mersalyl is
direct. IAA action is dependent en differential
growth. Hence, they differ in their mechanism eof
ion pump operatien.

The results ha?e clearly shown that differential
distributien of ien is correlated with the curvature. It
was conﬁluded that the differential distribution of ions is

the result ef all processes taking place during curvature.
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Table I

The effect of horizontal orientation on the distribution

of 45Ca in the hypocotyls of Helianthus anﬁhs.

Analysis of variance of the data the means of which have

been shown in the fig.8 is given below. There were three

horizontal exposures (1,2 and 3 hours) and 1 vertical (initial

as O hour).

Each exposure had 4 replications.

Source of Sum of De§§ees Mean Square Variance Proba-
variance Squares freedom variance ratio bility
S 2803.13281 1 2803.13281 37.73077 <§.1%
T 2834.92344 3 94l , 97448 | 3.704% - (59
bry 6 8 6.96596 %
. ST 1552.56594 3 517.52198  6.96596 A%
basis P + PT 3060.78625 12 255.06552 3.43324
Residual 891.51625 12 74.29300
error
S 550.29031 1 550.29031 34.58521 éiéfl%
Fresh T 383.05094 3 127.68365 3.6305 - {59
wt. ST 224 . 4409k 3 24.81365 4.70196 5.5%
basis -
P + PT 422.03375 12 35.16947 2.21037
Residual 190.93375 12 15.91110
error

L.S.D. on dry weight basis = 151001 CP: 2°5/)

L.S.D. on fresh weight basis = 6'9%82 (P=2'5/)

S

T

ST

P +

N.s.

Side effect

Time effect

Interaction between Side and Time

PT = Plant effects

= Non-significant
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Table 2
The effect of horizontal on the distribution of 45Ca in the
hycotyls(without roots).
Analysis of variance of the data the means of which have
been shown in the fig.ll is given below. There were three
horizontal exposures and one vertical (initial as O hour).

Each exposure had 5 replications.

—

Source Sum of Degree of Mean square Variance Proba-
v ,of Squares freedom variance ratio bility
ariance
s 500.55625 1 500.55625  6.02430 (5%
T 9128.14275 3 3042.71425 0.5%39° . Ng
Dry )
wt ST 359.79675 3 119.93225 1.4434]1 N.S.
basis P + PT 83381.10000 16 5211.31875 62.71934
Residual 1329.43200 16 83.08950
error
S 495,61600 1 495.61600 12.28951 <1%
T 3696.01400 3 1232.00467 0.63]6_. - MN.S
Fresh ST 258.69000 3 86.23000 2.13820 NS
wt. P + PT 31210.63000 16 1950.66437 48.36953 - .
basis pesidual  645.25400 16 40.32837
error
L.S.D. on dry weight basis = 159691

L.S.D. on fresh weight basis =  11-12564
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Table 3

The effect of horizontal orientation on the distribution of
45Ca in the coleoptiles of Zea mays.

Analysis of variance of the data the means of which have been
shown in the fig.l2 is given below. There were three
horizontal exposures (1, 2 and 3 hours) and one vertical

(initial as O hour). Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom Variance ratio bility
s 1271.25625 1 1271.25625 12.14672  {0.5%
T 2027.83675 3 675.94558 1.1101 NS
oy ST 35946475 3 119.82158  1.14488  N.s.
basis  p e 9742.12600 16 608.88287 5.81781 ;
Residual  1674.53400 16 104.65837
error
s 901.55025 1 901.55025 13.53283  <0.5%
Fresh 1175.65275 3 391.88425 1.019% NS
wt.
basis ST 272.35275 3 90.78425 1.36273 N.S.
P +PT 6148.53200 16 384.28325 5.76833
Residual 1065.91200 16 66.61950
error
L.S.D. on dry weight basis = 17-9225

L.S.D. on fresh weight basis = 14°2993
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The effect of horizontal orientation on the distribution of
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45Ca in the coleoptiles (without roots) of Zea mays.

Analysis of variance of the data the means of which have been

shown in the fig.l3 is given below.

There were two horizontal

exposures (2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees Mean square Variance Proba-
variance squares of freedom variance ratio bility
S 20.00833 1 20.00833 6.84475 <z.59o
T 1. 49267 2 0.74633 0.0245 NS
Dry
wt. ST 5. 74867 2 2.87433 0.98329 N.S.
basis
P + PT 365.48200 12 30.45683 10.41912
Residual 35.07800 12 2.92316
error
s 23.58533 1 23.58533  7.98285 {2.5%
T 2.21867 2 1.10933 0.033b N.§
Fresh o
wte ST 7 33067 2 3.66533 1.24059 N.S.
basis
P + PT 344.65800 12 28.72150 9.72127
Residual 35.45400 12 2.95450
error
L.S.D. on dry weight basis =  2°9452
L.S.D. on fresh weight basis = = 3-011%
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Table 5

The effect of horizontal orientation on the distribution of

potassium ions in the hypocotyls of Helianthus annus.

Analysis of variance of the data the means of which have been shown

in the fig.l4 is given below. There were three horizontal exposures

(1,2 and 3 hours) and one vertical (initial as O hour). Each
exposure had 4 replications.
Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
s 115.90031 1 115.90031  218.20808 {0 .1%
T 38.98094 3 12.99365 6.3343  L1%.
Ash
wt. ST 46.70094 3 15.56698 29.30830 ZLo'iY
basis
P + PT 24.61375 12 2.051145 3.86174 ‘
Residual 6.37375 | 12 0.53114
error
s 11.64031 1 11.64031  400.52688 {0.1%
T 13.33594 3 bohbs531 6 -9796 %7
Fresh
wt. ST 5.22594 3 1.75198  59.93907 {0.1%
basis
P + PT 7.64375 12 0.63698 21.91756 .y
Residual 0.34875 12 0.02906
error
s 172.98000 1 172.98000  334.66505 £0.1%
Dry T 200.18125 3 66.72708 g8 -6897. zilzq
wt. ST 67.84750 3 22.61583 43.75494 40.1%
basis
P + PT 92.14750 12 7.67895 14.85651
Residual 6.20250 12 0.51687
error
L.S.D. on ash weight basis = 45544
L.S.D. on fresh weight basis = o-3624
L.S.D. on dry weight basis = 1'36R3
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Table 6
The effect of horizontal orientation on the distribution of

42K in the hypocotyls of Helianthus anﬁhs.

Analysis of variance of the data the means of which have been
shown in the fig.l5 is given below. There were three horizontal
exposures (1,2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees Mean square Variance Proba-
Variance squares freggom variance ratio bility
s 698.06025 1 698.06025 15.75268 &%
T 1717.51275 3 572.50425  0.8937% LS,
Dry
wt. ST 285.11475 3 95.03825 2.14467 N.S.
basis
P + PT 10197.23200 16 637.32700 14,38215
Residual 709.02000 16 44,31375
error
s 225,62500 1 225,62500 1h4.61243 (1%
T 605.71600 3 201.90533 0.8%47 . NS
Fiesh ]
WTe.
basis ST 87.47500 3 29.15833 1.88842 N.S.
P + PT 3651.57800 16 228.22362 14.78072 .
Residual 247.05000 16 15.44062
error
L.S.D. on dry weight basis = '11°6623
L.S.D. on fresh weight basis = 68854
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Table 7

The effect of horizontal orientation on the distribution of

potassium ions in the hypocotyls (without roots) of Helianthus

annus. Analysis of variance of the data the means of which

have been shown in the fig.l1l6 is given below. There were three
horizontal exposures (1,2 and 3 hours) and one vertical (initial

as O hour). Each exposure had 4 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variation squares freedom variance ratio bility

s 22.61281 1 22.61281  75.08924  &0.1%

14.69094 3 4.89698 O: 3620 F NS
Ash -
wt. ST 12.69844 3 4.23281  14.05569  <0.1%
basis
P + PT 162.33375 12 13.52781 44,92113 <
Residual 3.61375 12 0.3011k
error

s 4.57531 1 457531  58.17616 40 .1%

T 5.81094 3 1.93698 1.4592 - NS
Fresh
wt. 0. 59
v, ST 2.42594 3 0.80865  10.28212 0. 5%

P + PT 15.92875 12 1.32739 16.87815 ’
Residual 0.94375 12 0.07864
error ‘

[ 66.99031 1 66.99031 62.65046 4@%1%
oy T 60. 3934k 3 20.13115 _1.0883 NS
basis  gp 32.42344 3 10.80781  10.10765  &0.5%

P + PT 221.85125 12 18.48760 17.28992
Residual 12.83125 12 1.06927
error
L.S.D. on ash weight basis = 1°16%82

L.S.D. on fresh weight basis

L.S.D. on dry weight basis

= 0'59%¢6

"2:2009
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The effect of horizontal orientation on the distribution of

3

Analysis of variance of the data the means of which have been

shown in the fig.l7 is given below.

2P in the hypocotyls of Helianthus annus.

There were three

horizontal exposures (1,2 and 3 hours) and one vertical

(initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees of DMean square Variance Proba-~
variance squares freedom variance ratio bility
S 4324.61225 1 4824.61225 14.86904 L%
T 48894.77075 3 16298.25692 ’ 4.7605 (5%
3§Y ST 4050.18275 3 1350.06092 4.16077 (5%
basis p , pr 54778.13200 16 3423.63325 10.55134
Residual  5191.5800 16 324.47375
errox
s 1464.10000 1 1464.10000 13.82878 1%
T 18255.06900 3 6085.02300 5.0167 5%
Fresh ST 1383.64600 3 461.21533 L4.35629 <§%
Eiéis P + PT 19407.25000 16 1212.95312 11.45664
Residual 1693.97400 16 105.87337
error .
L.S.D. on dry weight basis = 245572,
L.S.D. on fresh weight basis = 18- -02él.
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Table 9

The effect of horizontal orientation on the distribution of

32P in the hypocotyls (without roots) of Helianthus annus.

Analysis of variance of the data the means of which have been
g

shown in the fig.l: is given below. There were three

horizontal exposures (1,2 and 3 hours) and one vertical

(initial as O hour). Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
s 4999,69600 1 4999,69600 8.31117 & 5%
T 564.78600 3 188.26200 ©.0416 NS
Dry
wto. ST 2232.03800 3 744.01267 1.23680 N.S.
basis
P + PT 7240286400 16 4525.17900 7.52236
Residual 9625.01600 16 601.56350
error
s 1459.26400 1 1459.26400 7.11901 <5%
T 128.51000 3 42,83667 0.0265 . ‘NS
Fresh
wt. ST 690. 43400 3 230.14467 1.12276 N.S.
basis
P + PT 25872.54600 16 1617.03412 7.88869
Residual 3279.70200 16 204.98138
error

L.S.D. on dry weight basis L2°9685

L.S.D. on fresh weight basis 25-0224
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Table 10

The effect of 4°C on the distribution of 45Ca in the hypocotyls

of horizontally placed seedlings of Helianthus anﬁhs.

Analysis of variance of the data the means of which have been

shown in the fig.1l9 is given below. There were two horizontal
exposures (1 hour at 25°€ and 1 hour at 25°C + 1 hour at 4°C)

and one vertical (initial as O hour). Each exposure had 4

replications,

Source of Sum of Mean square Variance Proba-'

Degrees of

variance square freedom variance - ratio bility
S 610.04167 1 610.04167 1.72408 N.S
T 5336.84083 2  2668.42042 ‘2. 0530 NS
22? ST 415.08583 2 207.54292  0.58655  N.S.
basis  p . pr 11697.66250 9 1299.74027  3.67329
Residual 3184.52250 9 353.83583
error
S 125.58375 , 1 125.58375 0.83873 N.S
T 1952.43583 2 976.21792 - 2.2003 CNLS
fresh 57 134.12250 2 67.06125 0.44788  N.S.
basis  p . pPT 3993.14875 9  443.68319  2.96320 .
Residual 1347.57875 9 149.73097
error
L.S.D. on dry weight basis = Loro3es
L.S.D. on fresh weight basis = 26-0440
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Table 11

The effect of 4°C on the diétribution of 45Ca in the hypocotyls

of horizontally placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.20 is given below. There were two horizontal
exposures (4 hour at 25°C and 4 hour at 25°C + 2% hours at 4°C)

and one vertical (initial as O hour). Each exposure had 5

replications.
Source of Sum of Degrees of Mean square Variance Proba~
variation squares freedom variance ratio bility
S 11.28533 1 11.28533 0.22370 N.S.
T 770.18067 2 385.09033 0. 1597 Ns
Dry
wt. ST 14.87267 2 7.43633 0.14741 N.S.
basis ‘
P + PT 28942,89600 12 2411.90800 47.81010
Residual  605.37200 12 50.44766
error
S 3.60533 1 3.60533 0.19785 N.S.
T 260.73600 2 130.36800 0.1558 N.5
Fresh
wt. ST 5.41867 2 2.70933 0.14868 N.S.
basis :
P + PT 10043.14400 12 836.92866 45,92705
Residual 218.67600 12 18.22300
error

L.S.D. on dry weight basis ‘Lz-qqsif

L.S.D. on fresh weight basis 7 4787
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Table 12
The effect of 4°C on the distribution of 45Ca in the coleoptiles
of horizontally placed seedlings of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.21 is given below. There were two horizontal
exposures (% hour at 25°C + % hour at 4°C and} hour at 25°C
+ 2} hours at 4°C) and one vertical (initial as O hour). Each

exposure had 5 replications.

Source o Sum of Degrees of Mean sguare Variance Proba-
variance squares freedom variance ratio bility
S 1.92533 1 1.92533 _ 0.19194 N.S.
T Lo.67467 2 24.83733 0-1%76 - NS
ST 2.57067 2 1.28533 0.12813 N.S. |
P + PT 2166.69400 12  180.55783 17.99968 N J
Residual | |
error 120. 37400 12 10.03116
S 1.68033 1 1.68033 0.29897 N.S.
T 27.72067 2 13.86033 L0 . 1252 NS
ST 1.50867 2 0.75433 0.13421 N.S.
P + PT 1328.47800 12 110.70650 19.69691
Residual
error 67.44600 12 | 5.62050

55426

i

L.S.D. on dry weight basis

L.S.D. on fresh weight basis L4,4533
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Table 13
The effect of 4°C on the distribution of 45Ca in the coleoptiles
of horizontally placed seedlings of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.22 is given below. There was one horizontal
exposure (1 hourat 25°C + 1 hour at 400) and one vertical

(initial as O hour). Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variation squares freedom variance ratio
S 21.63200 1 21.63200 1.28114 N.S.
T 21.63200 1 21.63200 0. 1559 . NS
Dry
wte ST 3.52800 1 3.52800 0.20894 N.S.
basis .
P + PT 1110.19600 8 138.77450 8.21880
Residual 135.08000 8 16.88500
error
s 14.62050 1 14.62050 1.39120 N.S.
Fresh T 12.32450 1 12.32450 0.1506 "N
wte.
basis ST 2.38050 1 2.38050 0.22651 N.S.
P + PT 654.88600 8 81.86075 7.78940
Residual 84.07400 8 10.50925
error

L.S.D. on dry weight basis 71987

56793

L.S.D. on fresh weight basis
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Table 14
The effect of 4°C on the distribution of qu in the hypocotyls

of horizontally placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.23 i given below. There were two horizontal
exposures (4 hour at 25°C and 4 hour at 25°C + 2% hours at 1°¢)

one vertical (initial as O hour). Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba
variation squares freedom variance ratio ~ bility
S 8.74800 1 8.74800 0.19666 N.S
T 147.90467 2 73.95233 .0, 0576 - NS
Dry
wt. ST 5.00600 2 2.50300 0.05627 N.S.
basis ‘
P + PT 15399.03400 12 1283.25283 28.84870
Residual 533.78600 12 44 ,48210
error [
1
S 2.02800 1 2.02800 0.12419 N.S.
T 6742400 2 33.71200 0. 0719.= NS
Fresh
wt. ST 1.02800 2 0.51600 0.03160 N.S.
basis ‘
P + PT 5627.64400 12 468.97033 28.71833 )
Residual 195.96000 12 16.33000 J
errorxr ‘
L.S.D. on dry weight bais = [11-6'44"

l
|
L.S.D. on fresh weight basis = 7074 l

i
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Table 15
The effect of 4°C on the distribution of 42K in the hypocotyls

of horizontally placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.24 is given below. There was one horizontal

exposure (1 hour at 25°C + 1 hour at 400) and one vertical

(initial as O hour). Each exposure had 5 replications.
Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 14.,11200 1 14.11200 0.49547 N.S.
T 20.40200 1 20.40200 0.2232._ NS
Dry
wt. ST 34.32200 1 34.32200 1.20504 N.S.
basis A
P +PT . 779:.33600 8 91.41700 3.42030
Residual 227.85600 8 28.48200
error
S 3.78450 1 3.78450 0.36094 N.S.
T 2.81250 1 2.81250 0. 0300 NS
fresh
wt. ST 9.94050 1 9.94050 0.94807 N.S.
basis
P + PT 281.32800 8 35.16600 3.35393
Residual g4 83000 ) 10. 48500
error
L.S.D. on dry weight basis = a*349¢
L.S.D. on fresh weight basgis = 5 eT2T.
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Table 16
The effect of 4°C on the distribution of 32'P in the hypocotyls

of horizontally placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.25 is given below. There were two horizontal
exposures (1 hour at 25°C and 1 hour at 25°C + 1 hour at 4°C)

and one vertical (initial as O hour). Each exposure had 5 repli-

cationse.
Source of Sum of Degrees nof Mean square Variance Proba-
variation squares freedom variance ratio bility
S 395.30700 1 395.30700 9.07132 (g-B%
T 475.84867 2 237.92433 O.3146 . NS
Dry
wte. ST 247 .40600 2 123.70300 2.83868 N.S
basis
P + PT 9076.68000 12 756.3900 17.35729
Residual 522.93200 12 43.57766
error
S 114.85633 1 114.85633 7.24585 {2.5%
T 192.49867 2 96.24933 ©0.3263) N5
Fresh .
wt. ST 76.40267 2 38.20133 - 2.40998 N.S
basis
P + PT 3539.38000 12 294,94833 18.60716
Residual 190.21600 12 15.85133 i
error |
L.S.D. on dry weight basis =  11i'564% '

L.S.D. on fresh weight basis = .¢a749
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Table 17

3

The effect of 4°C on the distribution of -2P in the hypocotyls

of horizontally placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig. 206 is given below. There were three
horizontal exposures (4 hour at 25°C, % hour at 2500 + 1% hours
at 4°C) and one vertical (initial as O hour). Each exposure had

5 replications.

Source of Sum of Degrees of DMean square Variance Proba-
variance squares freedom variance ratio bility
S 47.96100 1 47.96100 0.37684 N.S.
T " 3057.32300 3 1019. 10767 0.3257 N5
Dry ST 39.98700 3 13.32900 0.10473 N.S.
Wt L ]
basis P + PT 50064.54600 16 3129.03412 24.58553
Residual 2036.34200 16 127.27137
error
s 19.60000 1 19.60000 0.38055 N.s.‘
T 982.43000 3 327.47667 0.2973. N5 |
Fresh !
wt. ST 21.96600 3 -7 .+32200 0.14216 N.S.
basis . , . }
P + PT 18895.02400 .16 1180.93900 22.92907 .
Residual 824.06400 16  51.50400
error .
L.S.D. on dry weight basis = 19 7é40

L.S.D. on fresh weight basis = 12'572%.
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The effect NPA on the distribution of 45Ca in the hypocotyls of

horizontally placed seedlings of Halianthus anﬁhs.

Analysis of variance of the data the means of which have

been shown in the fig.27 is given below.

There were three

horizontal exposures (1, 2, and 3 hours) and one vertical

(initial as O hour). Each exposure had 5 replications.

Source of Sum of Degrees of Mean sqguare Variance Proba-
variance squares freedom variance ratio bility
S 129.60000 1 129.60000 0.15718 N.S.
T 50539.72100 3 16846.57367 .3.1585 = <5%
ST 41.89400 3 13.96467 0.01694 N.sS.
P + PT 71716.05000 16 L482,25312  5.43617 ‘
Residual 13192.38600 16 824.52412 |
error ‘
|
S 133.22500 1 133.22500 0.40633 N.S. |
T 18396.02900 3 6132.00967 _3.7491_ . (5% |
ST 7.38500 3 2.46167 0.00751 N.S.
P + PT 26169.28600 16 1635.58037  4.98847
Residual  5245.95000 16 327. 87187
error
L.S.D. on dry weight basis = 50°2051 ~
L.S.D. on fresh weight basis = 31-7220 .
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Table 19

The effect of horizontal orientation on the distribution of

45Ca in the hypocotyls of Helianthus annus.

This experiment was a control for the experiment with NPA,

Analysis of various of the data the means of which have been

shown in the fig.28 is given below.

There were three horizontal

exposures (1, 2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 5 replications.

RO ¢ Sum of “Degrees of Mean square Variance Proba-
Variance Sauares freedom variance ratio bility
S 53363.02500 1 53363.02500 14.77653 {0.5%
T 73209.93700 3 24403.31233 1.4686 . NS’
SZY ST 38106,16100 3 12702.05367 3.51727 <;5% |
basis P + PT 265870.54200 16 16616.90887 4,60132
Residual 57781.39400 16 3611.33712
error {
S 22586.25625 1 22586.25625 16.88626 {0.1%
T 26910.43875 3 8970.14625 1.436% N5
iiTSh ST 16890.06675 3 5630.02225 4,20920 Q5%
pasts P + PT 99922.89400 16 6245.18087 4,66911 :
Residual  21400.84200 16 1337.55262
L.S.D. on dry weight basis = 1052794
L.S.D. on fresh weight basis = c4-07t5
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Table 20
The effect of NPA on the distribution of 45Ca in the hypocotyls
of horizontally placed seedlings of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.29 is given below. There were three horizontal
exposures (1, 2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 0.28900 1 0.28900 0.10196 N.S.
T 111.81400 3 37.27133 0.6111 CONS
Dry
wt. ST 0.70100 3 0.23367 0.08244 N.sS.
basis
P + PT 975.90200 16 60.99387 21.51934
Residual 452735000 16 2.83437
error
S 0.01225 1 0.01225 0.00687 N.S.
T 63.95875 3 21.31958 0.60195 NS
Fresh
wt. ST 0.44375 3 0. 14758 0.08277 N.S.
basis
P + PT 561.52600 16 35.09537 19.68195 . ‘
Residual 28.53000 16 1.78312
error '
L.S.D. on dry weight basis = 2-qyar

L.S.D. on fresh weight basis = ,:2393%"
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Table 21

The effect of NPA on the distribution potassium ions in the

hypocotyls of horizontally placed seedlings of Helianthus anﬁhs.

Analysis of variance of the data the means of which have been
shown in the fig.30 is given below. There were three horizontal
exposures (1, 2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 4 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variation squares freedom variance ratio bility
S 1.32031 1 1.32031 1.47059 N.S.
T 51,6034%4 3 17.20281 4. 4320, (5%
ﬁih ST 0.0709L4 3 0.02365 0.02634 N.S.
basis P + PT 46.05875 12 3.83823 4.27509
Residual 10.77375 12 0.89781
s 0.11281 1 0.11281 1.55827 N.S. i
Fresh T 4,08844 3 1.36281 3.5618 . 4{5%
wte ” |
basis ST 0.03344 3 0.01115 0.15396 N.;.
P + PT  4.58375 12 0.38197 5.27626 i
Residual 0.86875 12 0.07239 f
error ‘
;
1.20125 1 1.20125 1.78018 N.s.
Dry T L4,99250 3 14.99750 3.5022 . {5% .
wt. )
basis ST 0.26125 3 0.08708 0.12905 N.S.
P + PT 51.38750 12 4.28229 6.34609
Residual 8.09750 12 0.67479
error

L.S.D. on ash wedght hbasis = 2:01¢7
L.S.D. on fresh weight basis = 0'572%°

L.S.D. on dry weight basis = 17485
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Table 22
The effect of NPA on the distribution of 42K in the

hypocotyls of horizontally placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.31 is given below. There were three horizontal
exposures (1,2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bhility
0.01600 1 0.01600 0.00570 N.S.
21;3’ T 150.92100 3 50.30700 _1.0330 - NS
basis ST 2.28200 3 0.76067 0.27105 N.S.
P + PT 779.23000 16 48 .70187 17.35402
Residual 44,.90200 16 2.80637
error
S 0.00625 1 0.00625 0.00614 N.S.
T 54.84675 3 18.28225 1.0236 N.S
Fresh )
wt. ST 0.75675 %3 "D.25225 0.24773 N.S.
basis
P + PT 285.77600 16 17.86100 17.54088
Residual 16.29200 16 1.01825
error
L.S.D. on dry weight basis 2.934
L.S.D. on fresh weight basis 1- 7673 .
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Table 23

The effect of NPA on the distribution 52

P in the hypocotyls of

horizontally placed seedlings of Helianthus anﬁgs.

Analysis of variance of the data the means of which have been
shown in the fig.32 is given below. There were three horizontal
exposures (1, 2 and 3) and one vertical (initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 108.24100 1 108.24100 0.16325 N.s.
Dry T 106162.93100 3 35387.64367 © 2.3275. NS
wte. :
basis ST 178.97100 3 59.65700 0.08997 N.S.
P + PT 200245.71000 16 12515.35687 18.87530
Residual 10608.87800 16 663.05487
error
S 33.48900 1 33.48900 0.13527 N.S.
T 39341.82600 3 13113.94200 2.7130. N-§
Fresh
wt. ST 73.68500 3 24.56167 0.09921 N.S.
basis ‘ :
P + PT 77339.20000 16 4833.70000 19.52381
Residual 3961.27600 16 247.57975
error
L.S.D. on dry ﬁeight basis = L5 141t

L.S.D. on fresh weight basis

1]

27°.5657
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Table 24

The effect of NPA on the distribution of 32P in the hypocotyls

(without roots) of horizontally placed seedlings of Helianthus
annus.
b e—
Analysis of variance of the data the means of which have been
shown in the fig.33 is given below. There were three horizontal

exposures (1,2 and 3 hours) and one vertical (initial as O hour).

Each exposure had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-

variance squares freedom variance ratio bitik
S 12.21025 1 12.21025 0.11951 N.S.
Dry 28977..20075 3 9659.06692 1. 4580  Ms
t.
ﬁgsis ST 36.41675 3 12.13892 0.11882 N.S.
P + PT 105272.60200 16 6579.53762 64.40038
Regidual 1634.65800 16 102.16612
error
[ 7.48225 1 7.48225 0.20150 N.S.
Fresh T 11076.06275 3 3692.02092 1.436%_ NS
wte -
basis ST. 11.02275 3 3.67425 0.09895 N.S.
P + PT 39730.32200 16 2483.14512 66.87143 ’
Residual 594.13000 16 37.13312
L.S.D. on dry weight basis 17-7078
L.S.D. on fresh weight basis 10-6756
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Table 25
The effect of unilateral application of IAA (0.1% W/W in lan.adlin)

on the distribution of 450a in the hypocotyls of vertically

placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.35 is given below. There were three unilateral
applications (2,3 and 4 hours) and one without IAA (initial as

0 hour). Each period of unilateral application had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
s 9650. 34225 1 9650.34225 5.40889 (5%
T 122296.53075 3 40765.51025 .3.3357 <5%
Dry o
wt. ST 6886.14275 3 2295,.38092 1.28653 N.S.
basis ~
P + PT 170045.75200 16 10627.85950 5.95677
Residual 28546.62000 16 1784.16375
error
s 5189.28400 1 5189.28400 8.47592 {2.5%
Fresh T 41640.71600 3 13880.23867 . 3.0577. . A.S.
wt,
basis ST 3337.92400 3 1112.64133 1.81733 N.S.
P + PT 72630.60000 16 4539.41250 741445
Residual 9795.81200 16 612.23825
error

739942,

L.S.D. on dry weight basis

433423

L.S.D. on fresh weight basis
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Table 26

The effect of unilateral application of IAA (0.1% W/W in lanolin)

on the distribution of potassium ions in the hypocotyls of

vertically placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been

shown in the fig. 36 is given below.

applications (2,

3 and 4 hours) and one without IAA (initial as

There were three unilateral

0 hour). Each period of application had 4 replications.
Source of Sum of Degrees of Mean square Variance Proba-
variance square freedom variance ratio bility
s 68.44500 1 68 . 44500 155.92596 &0.1%
T 35.00250 3 11.66750 . 3.9183 . <5%
Ash :
wt. ST 22.86750 3 7.62250 17.36497 <o.1%
basis
P + PT 35.73250 12 2.97771 6.78358 ‘
Residual 5.26750 12 0.43895
error
S 5.20031 1 5.20031 208.88285 <<o.1%
T 5.0784k 3 1.69281 .1.%086 . - NS,
Fresh '
wt. ST 1.25594 3 0.41865 16.81590 <o.1% |
basis '
P + PT 15.52375 12 1.29364 51.96234 '
Residual 0.29875 12 0.02489
error
s 90.45125 1 90.45125  283.58328 <<o.1%‘
T 39.87625 3 13.29208 l.027Q = '_."‘-5
D i
i ST 26.75125 3 8.91708 27.95689 <o.1%
basis p , pr 155.31250 12 12.94270 40.59805 |
Residual 3.82750 12 0.31892 |
error i
|
L.S.D. on ash wt. basis = 1-4102 ' '
L.S.D. on fresh wt. basis = 0-3553 |
L.S.D. on dry wt.basis = 1'2027%2 |
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Table 27
The effect of unilateral application of IAA (0.1% W/W in

lanolin) on the distribution of *2K in the hypocotyls of

vertically placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.37 is given below. There were two unilateral
applications (2 and 3 hours) and one without IAA (initial as O

hour). Each period of application had 5 replications.

Source Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
' s 638.48533 1 638.48533 8.74917  {2.5%
Dry T 121.92267 2 60.96133 0.2252 NS
wt.
basis ST 290.35467 2 145.17733 1.98937  N.s.
P + PT 3248.13200 12 2,70.67766 3.70910 ‘
Residual 875.72000 12 72.97666 |
error |
|
|
o
s 168.98133 1 168.98133 6.69374  (2.5% |
T 41.84600 2 20.92300 0.219%" NS
Fresh
wt. ST 85.51267 2 42.75633 1.69368 N.S.
basis
P + PT 1144.80400 12. 95.40033 3.77903 -
Residual 302.93600 12 25.24466
error
L.S.D. on dry weight basis = 16°2624

L.S.D. on fresh weight basis = 873022
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Table 28

The effect of unilateral application of IAA (0.1% W/W in lanolin)

32

on the distribution of P in the hypocotyls of vertically

placed seedlings of Helianthus annus.

Analysis of variance of the data the means of which have been
shown in the fig.38 is given below. There were two unilateral
applications (1 and 2 hours) and one without IAA (initial as O

hour). Each period of unilateral application had 5 replications

Source of Sum of Degrees of Mean square Variance Proba=-
variance squares freedom variance ratio bility
S 2590.98133 1 2590.98133 5.87631 {5%
T 28356.84467 2 14178.42233 1. 40717, - NS
ey ST 2268.00467 2 1134.00233  2.57190  N.S.
i " |
basis p , pr 120866.59000 12 10072.21583 22.84366 |
Residual 5291.03400 12 440.91950 }
error :
S 490 445633 1 490.45633 2.91046 N.S.
fresh T 11232.08467 2 5616.04233 1.5027 CONS
wt. !
basis ST 655.42867 2 327.71433 1.94472 N.s.‘
P + PT 44847.64000 12 3737.30333 22.17787 i
Residual
error 2022.,18000 12 168.51500 !
L.S.D. on dry weight basis = 367867

L.S.D. on fresh weight basis = .2277420
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Table 29
The effect of unilateral illumination (800 lux) on the

distribution of 45Ca in the coleoptiles (with roots, orientation
. of the vascular bundles was transverse).

Analysis of variance of the data the means of which have been
There were three unilateral

shown in the fig. 40 is given below.

illuminations (2, 3 and 4 hours) and one initial as O hour (mot

illuminated).

replications

Each period of unilateral illumination had 5

Source of Sum of Degrees of Mean square Variance Proba-
variance square freedom " variance ratio bility
S 101.12400 1 101.12400 7.80632 (g.s%
T 1792.45400 3 597.48467 5. 4014 5%
Dry -
wt. ST 62.65000 3 20.88333 1.61210 N.S.
basis
P + PT 1769.86200 16 110.61637 8.53909
Residual 207.26600 16 12.95412
erxror
S 186.19225 1 186.19225 17.87817 <9.1%
Fresh T 1380.85475 3 460.28492 5.0529°  L5T
wte o -
basis STA 112.62075 3 37 .54025 3.60461 <3;v4,
P + PT 1457.48800 16 91.09300 8.74675
Residual 166.63200 16 10.41450
error
L.S.D. on dry weight basis = ¢ 2054
L.S.D. on fresh weight basis = 56536
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Table 30

The effect of unilateral illumination (800 lux) on the
distribution of 45Ca in the coleoptiles (without roots,
orientation of the vascular bundles was transverse) of Zea mays.
Analysis of variance of the data the means of which have
been shown in the fig.41l is given below. There was one unilateral
illumination (4 hours) and one initial O hour (not illuminated).

Each had 5 repoications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 17.67200 1 17.67200 - 0.22610 N.S.
T 1.68200 1 1.68200 0.0015 ~ Ng
ST 39.20000 1 39.20000 0.50154 N.S.
P + PT 8841.46800 8 1105.18350 14.14029
Residual 625.26800 8 78.15850
S 29.04050 1 29.04050 0437677 N.S.
T 0.02450 1 0.02450  0.00 NS
ST 61.60050 1 61.60050 0.79920 N.S.
P + PT 8428.23600 8 1053.52950 13.66836
Residual  616.62400 8 77.07800

error

L.S.D. on dry weight basis = 15-4882°

L.S.D. on fresh weight basis = .15°3%07
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Table 31

The effect of unilateral illumination (800 lux) on the

distribution of 45Ca in the coleoptiles (with roots, orientation

of the vascular bundles was parallel) of Zea mays:

Analysis of variance of the data the means of which have been

shown in the fig.43 is given below.

There was one unilateral

illumination (4 hours) and one initial as O hour (not

illuminated).

Each had 5 replications.

Source of sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio
] 98.12450 1 98.12450 10.46382 <g.5%
Dry 0.08450 1 0.08450 0.0004 NS
wte
basis ST 92.88050 1 92.88050 9.90461 <:2.5%
P + PT 18659.15600 8 2332.39450 248.72242
Residual 75.02000 8 9.37750
error
S 126.00200 1 126.00200 9.43588 (g.s%
T 0.72200 1 0.72200 0.0003 NS
fiesn ST 120.05000 1 120.05000 8.99015 {2.5%
basis . prp 17127 G4ugoo 8 21u0-9%{p0  160.32733
Residual 106.82800 8 13.35350
error
L.S.D. on dry weight basis = 53647 .
L.S.D. on fresh weight basis = é:4017
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Table 32
The effect of unilateral illumination (800 lux) on the
distribution of 450a in the coleoptiles (without roots,
orientation of the vascular bundles was parallel) of Zea
maysSe
Analysis of variance of the data the means of which have been
shown in the fig.44 is given below. There was unilateral
illumination (4 hours) and one initial as O hour (not

illuminated). Each had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba--
variance sguare freedom variance ratio bility:
s 9.52200 1 9.52200 2.81300 N.S.
T 197.19200 1 197.19200 _0.270%. - N5,
Dry : ; ,
wt. ST 0.64800 1 0.64800 0.19143 N.S.
basis
P + PT 5824.54000 8 728.06250 215.08641
Residual 27.08000 8 3. 38500
error
[ 18.81800 1 18.81800 5.91761 <5%
. 0. L ONLS
Fresh T 203.52200 1 203.52200 2924 . -
wte. . {
basis ST 2.59200 1 2.59200 0.81509 N.S.
P + PT 5562.39600 8 695.29950 218 64764
Residual 25.44000 8 3.18000
error
L.S.D. on dry weight basis = 3-2239,
L.S.D. on fresh weight basis = 31243
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Table 33

The effect of unilateral illumination (800 lux) on the
distribution of 42K in the coleoptile (with roots, orientation
of the vascular bundles was transverse) of Zea mays.

Analysis of variance of the data the means of which have been
shown in the fig.45 is given below. There were two unilateral

illuminations and one initial as O hour (not illuminated). Each

period of unilateral illumination had 5 replicatioms.

L.S.D. on fresh weight basis = 2-3257

Source of Sum of Degrees of Mean square Variance Proba=
variance squares freedom variance ratio bility
S 20.83333 1 20.83333 5.61520 <5%
T 552.78067 2 276.39033 3,058 . NS
ST 20.90467 2 10.45233 2.81721 N.S.
Dry
wt. P + PT 894.99400 12 74.58283 20.10229
basis :
Residual L4.52200 12 3.71016
error ‘
|
S 35.20833 1 35.20833 9.7701L <1%
. |
T 445.12467 2 222.56233 2.64b3. Ns |
|
Fresh ST 38.01267 2 19.00633 s5.27417 (5% |
basis 5 . pr 1009.04400 12 84,08700 23.33373 |
|
Residual 43.24400 12 3.60366 ‘
error
{
L.S.D. on dry weight basis = 3'374y4 ) |
|
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Table 34

The effect of unilateral illumination (800 lux) on the
4

distribution of 2K in the coleoptiles (without roots,

orientation of the vascular bundles, was transverse) of

Zea mays.

Analysis of variance of the data the means of which have been
in the fig.4( is given below. There were two unilateral
illuminations (3 and 4 hours) and one initial as O hour (not

illuminated). Each period of illumination had 5 replications. :

Source of Sumd Degrees of Mean Square Variance Proba-,
variance squares freedom variance ratio
S 9.74700 1 9.74700 1.89213 N.S.
T 31.66467 2 15.83233 0. 4011+ NS
8¥¥ ST 11.10200 2 5.55100 1.07759 N.S.
basis
P + PT 473.66000 12 39.47166 7.66242
Residual 61.81600 12 5.15133
error
S 5.63333 1 5.63333 1.12002 N.S.
T 36.20600 2 18.10300 0.4611 NS
F h
Trt. ST 6.16027 2 3.08033 0.61243  N.S.
basis
P + PT 471.13600 12 39.26133 7.805975
Residual  60.35600 12 5.02966
error
L;S.D. on dry weight basis = 39761 |

L.S.D. on fresh weight basis = 3°9290




- 232 -

Table 35
The effect of unilateral illumination (800 lux) on the distribu-
tion of S2P in the coleoptiles (with roots, orientation of the
vascular bundles was transverse) of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.4 7 is given below. There were three unilateral
illuminations (2,3 and 4 hours) and one initial as O hour

(not illuminated). Each period of illumination had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 1605.28900 1 1605.28900 13.05840  (0.5%
Dry T 10996.46900 3 3665.48967  1.9527. NS
g:;is ST 628.93700 3 209.64567 1.70539 N.S.
P + PT  30033.58000 16 1877.09875 15.26947
Residual 1966.90400 16 122.93150
error
s 553.53600 1 533.53600  9.24017 (1%
Fresh T 7716.00200 3 2572.00067 41,7356 ° NS |
Kﬁ;is ST 134.53800 3 44,84600  0.74861 N.S.
P + PT 23710.61400 16 1481.91337  24.75757 |
Residual 958.48600 16 59.,90537
error
L.S.D. on dry weight basis = la-fja4q4-
L.S.D. on fresh weight basis = 13 55%%4
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Table 36

The effect of unilateral illumination (800 lux) on the

distribution of 32P in the coleoptiles (without roots,

orientation of the vascular bundles was transverse)

of Zea mays.

Analysis of variance of the data the means of which have been

shown in the fig.48 is given below.

illuminations (2,3 and 4 hours) and one initial as O hour

(not illuminated). Each period of illumination had 5

There were three unilateral

replications.
Source of Sum of Degrees of Mean square Variance Proba-
variance square freedom variance ratio bility
S 1836.02500 1 1836.02500 16.77946  £0.1%
T 4921,50100 3 1640.50003 ..0.6430 N-S
Dry
wt. ST 740.52900 3 246.84300 2.25590 N.S.
basis '
P + PT 40821.14400 16 2551.32150 23.31656
Residual 1750.73600 16 109.42100 |
|
s 413.44900 1 413.44900 6.18850 (g..s%j
T 4062.03400 3 1354.01133 _0.6029 '/vs |
Fresh  sp  206.39300 3 58.79767  1.02976  N.S.
basis  p . PT 35932.69200 16 2245.79325 33.61500 |
‘ |
Residual 1068.94800 16 66.80925 :
error (
|
L.S.D. on dry weight basis = 18-3258
L.S.D. on fresh weight basis = 14. 3195 °
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Table 37
The effect of NPA on the distribution of ’Ca in the unilaterally
illuminated coleoptile (with roots, orientation of the vascular
bundles was transverse) of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.49 is given below. There were two unilateral
illuminations (2 and 3 hours) and one initial asO hour (not

illuminated). Each period of illumination had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 0.61633 1 0.61633 0.02684 N.S.
T 882. 35000 2 441.17500 2.5123° . NS
Dy ST 3.24467 2 1.62233 0.07065  N.S.
basis  p . pr 2107.28800 12 175.60733 7.64774
Residual 275.54400 12 22.96166
error
S 0.97200 1 0.97200 0.05001 N.S
T - 785.12600 2 392.56300 -2.5306 . NS
Fresh o
wt. ST 2.95400 "2 1.47700 0.07600 N.S.
basis '
P + PT 1861453200 12 155.12766 7.98173
Residual  233.22400 12 19.435.33
L.S.D. on dry weight basis = g-294¢

L.S.D. on fresh weight basis = 7-7233
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Table 38
The effect of NPA on the distribution of 450a in the unilaterally

illuminated coleoptiles (withoﬁt roots, orientation of the
vacular bundles was transverée) of Zea mays.

Analysis of variance of the data the means of which have been
shown in the fig.50 is given below. There were three unilateral
illuminations (2, 3 and 4 hours) and one initial as O hour (not

illuminated). Each period of illumination had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bilit)
S 2.30400 1 2.30400 0.48372 N.S
T 132.77700 3 k4. 25900 0. 704l NS
Dry .
wt, ST 6.78600 3 2.26200 0.47490 N.S.
basis
P + PT 1005.31800 16 62.83270 13.19142 .
Residual 76.21000 16 4.76312
srror
S 1.29600 1 1.29600 0.33513 N.S.
T 119.10800 3 39,70267 0.686% - NS
Fresp
basis . ) ,
P + PT 925.60600 16 57.85037 14.95953 ,
Residual 61.87400 16 3.86712
error
L.S.D. on dry weight basis = 2-3234

L.S.D. on fresh weight basis = 34450
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Table 39
The effect of NPA on the distribution 42K in the unilaterally

illuminated coleoptiles (with roots, orientation of the wvascular
bundles was transverse) of Zea mays.

Analysis of variance of the data the means of which have been
shown in the fig.>l is given below. There were three unilateral
illuminations (2,3 and 4 hours) and one initial as O hour (not

illuminated). Each period of illumination had 5 replications. |

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 61.50400 1 61.50400 0.20579 N.S.
T 31466.50700 3 10 488.83567 0.436%5 NS
giy ST 916. 37600 3 305. 45867 1.02205  N.S.
basis  p . pr 344681.14800 16 21542.57175 72.08007
Residual 4781.92000 16 298.87000
error
S 56.88225 1 56.88225 0.26470 N.S.
Fresh T 18815.07275 3 6271.69092 .0.4325 NS
wte .
basis ST 4L87.53475 3 162.51158 0.75625 N.S.
P + PT 232007.04200 16 14500.40120 67.47308 . .
Residual 3438.25800 16 214.89112
error
L.S.D. on dry weight basis = 30°236c"

L.S.D. on fresh weight basis = 256312
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Table 40
The effect of NPA on the distribution of qu in the unilaterally
illuminated coleoptiles (without roots, orientation of the
vascular bundles was transverse) of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.52 is given below. There wer three unilateral
illuminations (2,3 and 4 hours) and cone initial as O hour

(not illuminated). Each period of illumination had 5 replications.

Source of Sum of Degrees of DMean Square Variance Proba-
variance squares ~ freedom variance ratio bility
S 8.46400 1 8.46400 0.07772 N.Ss.
. i N
Dry T 3827.62500 3 1275.87500 . 0.1181 S
wte.
basis ST 143.45400 3 47.81800 0.43906 N.S.
P + PT 172843.64400 16 10802.72775 99.18881
Residual 1742.57200 16 108.91075
error
S 0.00900 1 0.00900 0.00011 N.S.
Fresh T 2966.84100 3 988.94700 L 0.1244 : NS
wt,
basis ST 116.97300 3 38.99100 0.47823 F.S.
P + PT 127219.57800 16 7951.22362 97.52229
Residual 1304.51800 16 81.53237
error

1g-2@31

L.S.D. on dry weight basis

L.S.D. on fresh weight basis = 15+ 8186
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Table 41
The effect of NPA on the distribution of 2P in the
unilaterally illuminated coleoptiles (with roots, orientation of
the vascular bundle was transverse) of Zea mays.
Analysis of variance of the data the means of which have been
shown in the fig.53 is given below. There were three unilateral
illuminations (2,3 and 4 hours) and one initial as O hour (not

illuminated). Each period of unilateral illumination had 5

replications.
Source of Sum of Degrees of Mean Square Variance Proba-
variance squares freedom variance ratio bility
S 0.36100 1 0.36100 0.01115 N.S.
T 117.05900 3 39.01967 0.0392 " NS
giy ST 9.85100 3 3.28367 0.01115 N.S.
basis  p . pr 15906.24600 16 994.14037 30.71546
Residual 517.85800 16 32.36612
error
S 0.96100 1 0.96100 0.02956 N.S.
T 111.61400 3 37 . 20467 0.0392¢ NS
Fresh f
wt. ST 12.44900 3 4.14967 0.12764 N.S.
basis !
P + PT 15204.13000 16 950.25812 29,22803 i
Residual 520.19000 16 32.51187 |
error
L.S.D. on dry weight basis = 9-:9667
L.S.D. on fresh weight basis = 94-93%9%
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Table 42
The effect of NPA on the distribution of S°P in the unilaterally
illuminated coleoptiles (without root, orientation of the vascular
bundles was transverse) of Zea mays.
Analysis of variance of the data the means'of which have been
shown in the fig.54 is given below. There were three unilateral
illuminations (2, 3 and 4 hours) and one initial as O hour (not

illuminated). Each period of unilateral illumination had 5

replications.
Source of Sum of Degrees of Mean Square Variance Proba-
variance squares variance ratio qu
S 6.24100 1 6.24100 0.36550 N.S.
T 1663.44100 3 554.48033 L 243627 NS
Dry ST 1.57700 3 0.52567 0.03079 N.S.
::;is P + PT 3754.93000 16 234.68312 13.74415 7
Residual 273.20200 16 17.075125
error
S 3.13600 1 3.13600 0.22182 N.S. ;
T 1489.87300 3 496.62433 2.3161 N-S°
fresh 51 0.24200 3 0.08067 0.00571 N.S.
basis  p . pr  3429.94200 16 214.37137 15.16318 »
Residual 226.20200 16 14.13762
error

7 23aL

L.S.D. on dry weight basis

L.S.D. on fresh weight basgis = &6°5871
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Table 43

The effect of unilateral application of mersalyl (10-4

M in the
hydrated paste of lanolin) on the distribution of 450a in the
coleoptiles (with roots) of Zea mays.

Analysis of variance of the data the means of which have been
shown in the fig. 55 is given below. There were three
unilateral applications (20, 40 and 60 minutes) and one without

mersalyl (O minute). Each period of application had 5

replications.
Source of Sum of ~Degrees of 'Mean square Variance Proba-
variance squares freedom variance ratio  bility
s 29154,60025 1 29154.60025 3.45208 N.s.
T 88184.09675 3 29394.69892 0.4%42 N3
ST 30749.44675 3 10249.81558 1.21364 N.sS.
P + PT 915690.48800 16 59480.65550 '7.04286
Residual 135128.42800 16 8445,52675
error
s 20953. 0 8400 1 20958.08400 4,16119 N.S.
T  60782.75300 3 20260.91767 0.5288 . NS
ST 17746.19000 16 5915.39667 1.17449 N.s.
P + PT 612988.63800 16 38311.78987 7.60673
Residual 80585.02600 16 5036.56412
error

L.S.D. on dry weight basis :1eo0raaqo

]

L.S.D. on fresh weight basis 12433303
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Table Ll

The effect of unilateral application of mersalyl (10-4M in
hydrated paste of lanolin) on the distribution of 4SCa in the
coleoptiles (without roots) of_Zea mays.

Analysis of variance of the data the means of which have been
shown in the fig.57 is given below. There were two unilateral

applications (30 and 60 minutes) and one without mersalyl (O

minute). Each period of application had 5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 5137.82533 1 5137.82533 1.69502 N.S.
T 3105.83267 2 1552.91633 0.5132. NS
gif ST 2236.16467 2 1118.08233 0.36887 N.S.
basis | pr 140712511400 12 117260.42610 38.68548
Residual 36373. 47000 12 3031.12250
error
[ 4438,40033 1 4438,40033 | 2.12374 N.S.
T 550.66867 2 275.33433 0.00627 NS
Fresh » v
wt. ST 989.,71667 2 494,.85833 0.23679 N.S.
baSiS |
P + PT 876021. 08000 12 “73001.75666 34.93081 /. Pl
Residual 25078.74800 12 2089.89566 ,
|
|
L.S.D. on dry weight basis = 9Qe-4520. ;

L.S.D. on fresh weight basis ,20°0877
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Table 45

The effect of unilateral application of mersalyl (lO-ll

M in
hydrated paste of lanolin) on the distribution of 42K in the
coleoptile (with roots) of Zea mays.

Analysis of variancw of the data the means of which have been
shown in the fig. 58 is given below., There were three
unilateral appliéations (20, 40 and 60 minutes) and one
without mersalyl (O minute). Each period of application had

5 replications.

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 186.62400 1 186.62400 11.61681 (1%
T 2229.16200 3 743.05400 . 1.8330, ¢ NS,
Dry ’
wt. ST 86.06600 3 28.68867 1.78579 N.S.
basis ’
P + PT 6486.18800 16 405.38675 25.23416
Residual  257.04000 16 16.06500
error
[ 119.02500 1 119.02500 12.91767 {1% f
T 1342.30600 3 447.43533  1.71955 <N
frieSh ST 56.46900 3 18.82300 2.04284  N.S. |
basis 5 , pr  3987.07800 16 249.19237 27.04461
Residual 147 .42600 16 9.21412
error
:
L.S.D. on dry weight basis = .7-0220

L.S.D. on fresh weight basis = 5-317g’
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Table 46

The effect of unilateral application of mersalyl (lO-&M in

hydrated paste of lanolin) on the distribution of

coleoptiles (without roots) of Zea mays.

%2¢ in the

Analysis of variance of the data the means of which have been

shown in the fig. 59

is given below.

There were three

unilateral applications (20, 40 and 60 minutes) and one without

mersalyl (O minute).

replications.

Each period of application had 5

Source of Sum of Degrees of Mean square Variance Proba-
variance squares freedom variance ratio bility
S 212.06025 1 212.06025 4.37982 N.S.
T 2.46875 3 0.82292 0.0003% NS
Dry ST 98.44275 3 32.81425 0.67773 N.S.
::;is P + PT 41582.55400 16 2598.90962 -§3.67693 .
Residual 774.68200 16 48.41762 |
error
—
3 161.20225 1 161.,20225 5.17088 (5%
Fiesh T 110.05875 3 36.68625  0.0204.  ns. |
basis  gp 80.34275 3 26.78092  0.85905 N.S. |
P + PT 28808.32000 16 1800.52000 57.75525
Residual 498.80000 16 31.17500
error
L.S.D. on dry weight basis = ‘12-1902
L.S.D. on fresh weight basis = 4" 7817, |




