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Abstract

Glycine max L. variety Comet was grown under constant

“conditions of mineral nutrition and environment for 14, 19 and
24 days. When weights, leéf areas, and rate of photosynthesis
were used as an index of growth and physiolégical development,
the plants within each age groﬁp showed little variation. The

total 14

C in the ethanol-soluble fraction of a fed primary leaf
and the total l4c trénslocated were measured after thirty
minutes during which 14002 was photosynthetically fixed in the
primary leaf. Since 24-day-old plants translocated in only )
three out of five cases, they were discarged as material for
short term translocation studies. Under conditions of non-
steady-state photosynthesis, the total 14¢ translocated is not
correlated to the rate of photosynthesis or to the total 14¢ in
" the fed leaf.

3H in the ethanol-soluble fraction of the

The total
fed leaf and the total 3H translocated were measured after thirty
minutes during which 3H20 was photosynthetically fixed in the
- primary leaf. The compounds in the ethanol—soluble fraction of
the fed leaf labelled in the same pattern whether 14¢ or 3H was
fed. However, 14c was translocated as l4c-sucrose while 3H was
not translocated in the form of sucrose but probably in the form
of amino acids. Also, 14¢ was translocated mainly up and down
the stem, while 3H was translocated mainly into the opposite leaf.

A new technique is described for assaying 35 labelled

compounds taken from paper chromatograms.
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Introduction

Plants translocate organic materials, minerals and
water to supply the substrate and energy in various parts of
the plant for the complex processes of growth and differentiation.
Radioactive isotopes are used to follow these movements. Organic
materials labelled with radiocactive isotopes can be fed to the
plant through the leaves or stems, or the plant can incorporate
radioactive isotopes into the organic compounds through the

14C02 or 3

process of photosynthesis in the presence of H,0. The
movement of minerals is followed by using radioactive isotopes
added to the water surrounding the roots. The water stream is
labelled with 2H,0 or ions soluble in water such as S2PO,~3

which is carried along in the water stream. After a period of
time is allowed for translocation, the position of the tracer in
the plant is determined by cutting the plant into sections and
measuring the radioactivity present in each section. The labelled
compounds are separated and identified by chromatography and the
amount of activity in each compound is measured.

Translocation of radioisotopes has been studied
extensively in relatively few plant species. The soybean one of
these species, grows rapidly under conventional conditions,
maturing within a few weeks to a plant which can be used ﬁo

demonstrate translocation. Soybean has been used so exstensively

that a considerable amount is known about the translocation



process in this plant. Also, the chemistry and biochemistry
of soybean have been well documented leading to the publication
of a monograph in 1963 (22). For these reasons, soybean was
picked for the experiments described in this thesis

The translocation of compounds labelled with isotopic
carbon is well documented for soybean. The technique of
introducing 14C—compounds into the cut petiole of a young primary
leaf was used to study translocation of sugars (16) and amino
acids (19) (20). These compounds were shown to move predominantly
up or-down in the stem but amino acids and amides were also shown
to move across the stem into the opposite primary leaf (19). The
technique of labelling the products of photosynthesis starting

14

with ~7CO, or 13C02 has heen used to study the translocation of

14C in the sugars of

14,

sugars (25) (28) (17). The distribution of
the fed leaf has been described for soybean (28). The

incorporated into the sugars and amino acids by short periods of

14

photosynthesis is characterized by about 60% of the C in sucrose,

14C in each of glucose and

small but equal amounts, around 8%, of
fructose, and the remaining 14c is distributed in the amino acids
such as a-alanine, glutamic acid, aspartic acid, glycine and

140 _

asparagine. Of these compounds produced by photosynthesis,
sucrose is the main sugar translocated in soybean. Under certain
conditions small amounts of serine and glycine are translocated

as well (16).



The translocation of 3H is not as extensively documented
as the translocation of l4Cc. Two groups have studied 34 with
conflictihg results. Biddulph and Cory (2) found translocation of
3H20 comparable in amount to the translocation of 14C-organic
compounds. Gage and Aronoff (5) found no translocation of 3H20
as such and translocation of 3H-organic compounds comparable in
émount to that of 14C—organic compounds. Neither group has studied
which organic compounds are labelled by 3H, either in the fed leaf
or in the translocation stream.

Biddulph and Cory applied 3H, 14c and 32p to the first

trifoliate leaf of red kidney beans grown hydroponically and the

individual isotopes were determined in successive stem sections
approaching the roots. 3H20 and Na32P04 were sprayed on the lower
surface of the leaf while 14C02 was fed to the upper surface. The

3H20 was removed from the sections by freeze drying and the sections

were then extracted with 80% ethanol to remove l4C and 32p. The
3H20 was reduced to 3H2 and countéd in the gas phase across a
nichrome wire with a counting efficiency of 7%. The l4¢c anad 32p,
in a solid phase, were counted together in a windowless geiger
counter. An aluminum filter separated the lower energy B particles
of l4c from the higher energy B particles of 32p, fThe counting
- efficiency was 30% for 14¢c and 85% for 32p. The number of moles

of 3H, l4c and 32p per section was plotted against the position of



the section down the stem and all three isotopes decreased
logarithmically down the stem. The fed leaf for a 30 minute
feeding was given 2,500 pc of 3H, 100 pc of l4C and 160 uc of
'32P. Of these amounts only 2.5 muc of 3H, 5 muc of 1l4Cc and 3 muc
of 32p were translocated. Thus the fréction translocated of the
l4c fed was fifty times the fraction translocated of the 3H fed.
The actual amount of water and organic compounds represented by
the isotopes cannot be determined from the data given. Biddulph
and Cory did not determine the amount of isotope present in the
fed leaf nor the specific activity of the isotope in the fed leéf
or in the translocation stream. The amount of isotope in the fed
leaf would indicate how much of the isotope fed was actually taken
into the leaf and the specific activity of the isotope in the
translocation stream would indicate the amount of non—lébelled
compound that accompanied the labelled compounds. Unfortunately,
it is impossible to measure the specific activity of the compounds
in the translocating vessels witﬁgut dilution by compounds in
surrounding tissues.

The relative velocity of each isotope was calculated
froﬁ the distance the front had méved'since the beginning of
feeding. Since isotopes present in large amounts are easier to
- detect than isotopes present in small quantities it is meaningless

to compare the different fronts of isotopes of different specific



activity. Close to the front of movement less radiocactivity is
found because the radioactivity has a shorter time to accumulate
and at the very front of movement radioactivity is difficult to
detect. With low specific activity relatively little radioactivity
is present and the front is hard to determine. Time zero for
translocation velocities is not the time of entry into the leaf

but the time of entry into the translocation stream. Time zero

for each of the three isotopes is impossible to determine because
of differences in penetration time. The l4c goes through the

process of photosynthesis and the'3H20 and 32p penetrate from the

lower outside surface of the leaf to the translocation stream before.

- the beginning of translocation (29) (14). The lag times for 3H20
and 32P have not been studied.

Gage and Aronoff (5 ) used soybean plants érown in soil
in a greenhouse. The plants were watered 10 to 15 minutes before
feeding in an attempt to eliminate internal water tension. The
first trifoliate leaf was surrounded with 3H,0 vapour of a specific
activity of 10 mc per ml. The plant was allowed to carry on photo-
synthesis and translocation for 30 minutes before being cut in
sections. Gage and Aronoff avoid the difficulty of differences
in specific activity by labell%ng the water stream and the organic _
éompounds with the same isotope from the same source. Thus 3H fed
as water vapour labelled the liquid water in the fed leaf and then

labelled the sucrose formed in photosynthesis.



Water was removed from each section by freeze drying
and organic compounds were extracted with hot ethanol. The
ethanol-soluble fractions and the water fractions were counted
separately using the technique of exchanging 34 with hydrogen
in NH4Cl and counting the latter in the solid phase (10).

The counting efficiency was 5%. The fed leaf contained 689,000
cpm of 3H in ethanol-soluble organic compounds and 398,000 cpm
of 3H in water. The other parts of the soybean contained 36,620
cpm of 3H in the ethanol-soluble organic compounds and 301 épm

of 3H in water. Gage and Aronoff assumed from analogy with

l4C02 feedings that l4c_sucrose was the main organic compound
translocated but they were unable to test this hypothesis. About
5% of the 3H in the organic compounds and about 0.1% of the 3y
present in the water of the fed leaf were translocated. Some

of the 3

H20 translocated into the stem may be converted there

to organic compounds by photosynthésis making the 3H20 appear

low. However, the translocation occurred to stems and root tips,

areas which have only a limited amount of photosynthesis.
Although Biddulph and Cory, and Gage and Aronoff were

able to demonstrate limited. translocation of 3H, they were hampered

by the difficulties involved in counting the low energy B

particles of 3H. Sample preparation is extremely complicated when

using the Geiger counter and the best counting efficiency achieved for



3H was 7%. Their conflicting results, reflect this difficulty.

Liquid scintillation assay with its simple methods for sample

- preparation and with a counting efficiency for 3H of 30%

introduces a more accurate technique for counting tritium. A
re-examination of the movement of 3H compounds and a‘comparison
with the movement of 1l4c could be profitable using liquid
scintillation techniques.

For a sound basis of comparison of 14C and 3H trans-
located in different plants, the plants must be similar in their
genetic composition, environmental conditioning and physiological
development. Since workers in the field of agricultural research
have sought a genetically homogeneous strain of soybean this is
the best choice for translocation studies from the point of view
of consistent genetic properties. Certified seed of the Comet or
Hawkeye varieties can be obtained and has been used by Canadian
workers (18) (19) (20) and Aronoff at Illinois (5). Plants grown
from such seed are used with some success in translocation.
However, it must be remembered that these plants are bred mainly
for disease resistance and secondly for their uniform response to
environment, in order to produce a high yield. These plants have
a fairly uniform response to translocation. Examination of short-
- term translocation in hundreds of plants in both the N.R.C. and

Queen's laboratories gives the following results. From a



heterozygous population of seeds translocation in a fifteen-
minute experiment appears in only two out of each ten plants.
With a more homozygous population of a variety such as Comet or
Hawkeye, translocation is obtained in six out of ten plants.
These differences among homozygous plants are probably due to

the different responses of the plants to environment. As
environmental control facilities imprbve and as our understanding
of the environmental factors playing a part in translocation
increase we can now obtain translocation in eight out of ten
plants. However, the amount of material translocated in a thirty-
minute experiment varies as much as a hundred times in different
plants.

In all of the studies published to date some of these
factors were controlled while others were not. It therefore
seemed appropriate to make a careful study of translocation in
which as many factors as possible were taken into account. The
purpose of this study was to develop a "standard plant." This
means a plant that will behave in a predictable way in experiments
where translocation of 14¢c and 3w compounds are studied.

Genetic effects can be illustrated by a comparison of
Comet and Hawkeye varieties. These varieties differ in sucrose
-content (20) (28). As sucrose is the main sugar translocated in
soybean, differences in sucrose content could account for differences
in the translocation rates reported by various workers in the

“literature.




Environmental effects can be demonstrated by comparing
plants grown under various conditions. Plants grown in three
different ways, hydroponically in a growth chamber, in vermiculite
and tap water in a growth chamber, and hydroponically in a
greenhouse supplemented with incandescent light show differences
in external appearance, relative distance between internodes,
thickening of stem and size of leaf (21). These plants trans-
located different percentages of sucrose, serine, and malic acid.
Thus environment can promote variations in plants even though
they are genetically similar. Environmental factors include
temperature, light, water supply,'mineral nutrition, concentration
of 0, and CO, and diurnal and seasonal variations that result in
cyclic changes. These environmental factors will be discussed
in relation to soybean plants.

Temperature has a wide effect on the growth of soybeans.
Soybeans planted early in the spring take longer to germinate
and the size of the primary leaf is small if temperature is low
during early growth (3). A rise in temperature increases the
rate of photosynthesis (1) and the rate of translocation (9).
Clearly, the effect of temperature on growth should be taken into
account when plants are compared for photosynthesis or trans-
location as the anatomy of the plant and the physiological
processes are altered by changes in temperature. Optimal
temperature conditions for growth should be established and this

temperature regime kept constant.
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Light can be divided into three factors for con-
sideration - quality, quantity and photoperiod. Incandescent
light must be added to fluorescent light to ensure good growth
under artificial light conditions. The emission peaks of
fluorescent light do not coincide with the chlorophyll absorption
bands and must be supplemented with incandescent light which is
rich in the red region. Soybean plants were taller and had
lower dry weights when grown under incandescent light as compared
to fluorescent light supplemented with illumination from a carbon
arc lamp (23). Light intensity has a definite effect on plant
growth. Most plants become etiolated under weak light and

& certain minimum light is necessary to obtain peak photosynthetic

v efficiency. The promotion of interhode elongation by far red
and reversal by red light has been shown for pinto beans (7).
Photoperiod affects flowering in long and short day plants.
Flowering in Biloxi soybean is effected by even a short period

of light during the long dark period necessary to promote

flowering (24). Since light quality, quantity and photoperiod
can considerably affect the development of a plant, the light
regime must be controlled to develop a standard plant.

Because soil acts as a reservoir for water, plants
grown under natural conditions are not greatly affected over a
wide range in water content of the soil. Plants grown in

artificial conditions are not limited by ground water if care
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is taken to neither over-water or under~water them. However,
plants grown under artificial conditions are probably more
susceptible to high humidity effects due to confinement. As
humidity increases the diffusion gradient decreases and trans-
piration decreases. The absorption of water by transpiring
plants is controlled largely by the rate of transpiration (ll).
Plants grown in high humidity tend to grow faster and develop
thin walled succulent tissue. Plants at low humidity, with a
marked internal water deficiency, grow slowly, develop thick
walled cells and in general lack succulence (31). Extremes of
humidity should be avoided, although plants will grow quite well
over a wide range of intermediate humidity conditions. Growth
cabinets, especially those with re-circulating air, can develop
very high or very low humidities, making humidity control
necessary.

Many mineral elements are essential for growth.
Soybeans grown on a nitrogen free medium die after approximately
35 days. Mineral nutritional requirements for many plants have
been determined for hydroponic growth. For example, Donovan's
 solution (19) has been developed épecifically for soybean culture.
Plants grow well in soil over a wide range of mineral concen-
trations due to the binding of ions to the soil particles}
Ions are absorbed from the SOil as required and toxic effects
from high concentration ofiéertain elements are eliminated by~

having the ions bound to the soil particles. Soils can vary
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in their mineral content sufficiently to affect the growth of

a standard plant. Therefore, soil is a poor medium for growing

a standard plant, since if conditions are to be exactly dup-
licated at some later date the soil available may not be the

same as in the original experiment. Conversely, in water

culture the mineral requirements can always be duplicated. The
determination of the mineral balance is essential for a standard
plant since mineral deficiencies are difficult to diagnose before
irreversible damage has been done.

The concentrations of COp and 0; affect the rate of
bhotosynthesis and respiration. Under natural conditions no
marked change occurs in the concentration of these two gases
in the atmosphere. Under artificial growth conditions the air
is continually being mixed and exchanged by air circulation and
gas diffusion so CO; and 02 concentrations never fluctuate enough
to affect growth. However, oxygen supply to the roots is
important and lack of oxygen has been shown to reduce top growth
as much or more than root growth (8). This is an important
factor for plants grown hydroponically and the culture solution
must be aerated.

Flowering in plants is accompanied by large changes
in physiological activity. Thus, the physiological stage of
development is important in comparing different plants and

environmental effects which could alter the transition between
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different stages should be kept standard. Soybeans are also
known to have daily rhythms which are related to daily
environmental changes. The peak time for translocation occurs
before ten o'clock in the morning. A second, smaller peak
occurs in the late afternoon. A change in the light schedule
affects the timing of these rhythms.

Physiological activity also changes with age;

Labelled amino acids and amides introduced through the cut
petiole of one primary leaf appear in the opposite primary leaf
in different patterns depending on the age of the plant (20).
The amount of serine translocated to the opposite leaf decreased
with age while the amounts of asparagine and glutamine increased
with age. This indicates that although the conductive elements
were present and functional in the plants at all stages of
development the destination of the amino acid or amide was
controlled selectively. Thus in comparative studies in trans-
location it is important to select plants at the same stage of
development.

In discussing the standard plant, confusion arises
between a standafd plant and a typical plant, i.e. the average
plant present under normal field conditions. The standard plant
is one which can be easily reproduced under defined conditions.
For the sake of practical application the standard plant should

be as close as possible to the typical plant but reproduction
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of a given plant should not be sacrificed to obtain one which
is more typical of field conditions. Once a physiological
process is understood then this understanding of the process
can be modified to meet changes found under natural conditions.
Due to the controversy concerning translocation of
34 and the need for a "standard plant" to compare translocation
studies, the aim of this thesis is threefold; first, to compare
plants of various ages to find the best age of plant for short
term translocation experiments, second, to develop methods
necessary to assay 3 in plant extracts and on paper chroma-
tograms and third, to compare the l4C-labelled productsrof

photosynthesis and translocation with those labelled with 3H.
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Materials and Methods

Glycine max L. variety Comet was grown in a constant

environment in hydroponic solution or in pots containing
vermiculite. Illumination was l1l6-hours per day at a light
intensity of 2400 ft-c. Plants at various stages of development:
were used for the experiments as follows:

Stage 0: Plants grown in hydroponic solution had
fully expanded primary leaves.

Stage I: Plants grown in hydroponic solution or
grown in vermiculite had one fully expanded trifoliate leaf.

Stage II: Plants grown in hydroponic solution had
two fully expanded trifoliate leaves.

The hydroponic solution was modified Donovan's
solution (19). ‘This modified solution contained the same
concentration of salts as previously published except Ca (NO3),.H50
was half as concentrated (0.88 mmoles per litre) and MgS0O4.7H50
was three times as concentrated (3.46 mmoles per litre).

P. R. Gorham; of the National Research Council, Ottawa,
recommended the modified solution for the Comet variety of
soybean. The 1000 ml. polyethylene culture flasks were sprayed
on the outside with a layer of opaque black paint covered with
aluminum. The plywood covers had one hole bored for the stem

of the plant and one for an aeration tube. The plants were held



16

in place with a strip of sponge rubber. The beakers were
aerated with a steady stream of air from glass tubing with a

1 mm. diameter orifice. Seedlings were sprouted in vermiculite
in the growth chamber. After the fifth day, from the time of
planting, soybeans of uniform size between 12 and 15 cm. from
root tip to cotyledon node wered placed in culture flasks. The
plants were returned to the growth chamber until they were 14,
19 or 24-days-old. The roots were aerated continuously and the
growth solution was changed evéry second day.

Plantsvgrown on vermiculite were given a fertilizer
supplement (HiSol 20-20-20) every third day starting on the
fourteenth day.

The area of each‘leaf was determined by measuring
a tracing with a planimeter.

Radioactive carbon in‘the form of sodium bicarbonate
at a specific activity of 31.5 millicuries per gram was obtained
from Atomic Energy .of Canada Ltd. Tritiated water at a specific
activity of 100 millicuries per gram was obtained from New
England Nuclear Corporation.

To measure the apparent rate of photosynthesis, a
primary leaf was enclosed in a plexiglass chamber with a total
internal volume of 39 ml. Air was pumped from the leaf through
an infra-red gas analyzer in a closed circuit and the change of

CO0> concentration with time was recorded (12). Light intensity
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was 2000 ft-c at the surface of the primary leaf. The chamber
was flushed with air and the apparent rate of photosynthesis
measured three times. An average of the three values for change
in COp and the fresh weight of the primary leaf was used to
calculate the apparent rate of photosynthesis in g min‘lg‘lfr wt
of net CO, uptake in the closed system. The variation between
the three readings was less than 5%.

The translocation of the radioactive isotopes from a
primary leaf to the other sections of the plant was measured in
a fume hood under the same light conditions used to measure the
apparent rate of photosynthesis. Thé plants were given a half
hour pretreatment before feeding either 1l4c or 3H.

Each plant was fed 47.5 pc of 1l4c. The l4c was
obtained as sodium bicarbonate and converted to carbon dioxide.
The gas mixture was circulated around the primary leaf. The
closed circuit also contained a geiger tube to measure the
uptake of 14C02 and a 2000 ml reservoir to ensure that the carbon
dioxide concentration did not fall to the carbon dioxide com-
pensation boint during the time of feeding.

Tritiated water (2500 uc) was fed to the primary leaf
of each plant from a small chamber consisting of an open glass
cylinder, 1.2 cm in diameter, with a side arm for holding liquid
3H20. The top was sealed with a rubber diaphram and the bottom
sealed to the leaf with Apiezon stop-cock grease. The 3H20 in
the side arm was converted to water vapour by heating the side

arme.
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At the end of the thirty-minute feeding the plant
was cut into sections, the sections weighed, and extracted with
80% hot ethanol for ten minutes, foilowed by washing with hot
ethanol. Both ethanol extracts were combined and evaporated
to dryness on a steam bath under a steady flow of air blown
into the evaporating extract. The extracts were taken up in
a known volume of 80% ethanol. The extract from the fed leaf
in the 1l4c experiments was taken up in 5 ml. and all the other
extracts were taken up in 1 ml. of alcohol.

The 1l4C extracts were counted with a methane-flow
proportional counter. A 50 pl aliquot of each extract was
plated on an aluminum planchet. Duplicate planchets were made.
Each planchet was counted for 10 minutes or until 10,000 counts
were accumulated. The values were averaged and corrected for
background. Duplicate planchets differed by less than 3%.

The 3H extracts were counted with a liquid-scintillation
spectrometer, Packard Tri-Carb model 3003. A 50 pl aliquot of each
extract was dissolved in a vial containing scintillation fluid
consisting of 5.0 g PPOL, 0.3 g dimethyl POPOP2 in 300 ml. dioxane
made up to one litre with toluene. Duplicate vials were counted
until they differed by less than 5%. In order to correct for quench

and l4c contamination and to convert from cpm to dpm the vials

1PPO - 2, 5 - diphenyloxazole

2 dimethyl POPOP - 1, 4-bis-2-(4-methyl-5-phenyloxazolyl)-benzene
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were spiked with 3H standard containing 1,998 dpm, recounted

and then spiked with 14¢c standard containing 438 dpm and recounted.
The difference between the actual count rate for spiked and
unspiked samples over the absolute radioactivity of the spike

gives the counting efficiency for each isotope. Counting
efficiency depends on the amount of quench and the width of the

window on the "red" or "green" channel of the spectrometer. The

R A

"red" channel was set to count 3H with a high efficiency and the

"green" channel to count 1l4c with a high efficiency. The radio-

GRS

activity in dpm for both 3H and l4c for each sample was cal-
culated from the efficiency of 3H and 14¢ counts in each channel

and the unspiked count rate for the sample from each channel.

The technique is illustrated in Tables 1 and 2. Table 1l gives

the count rates spiked and unspiked and the absolute activities
of the plant sections from soybean plant number 24 fed with
3H20f Table 2 givés a sample calculation for an aliquot taken
from the fed leaf of this plant.

The 3H products of photosynthesis were separated by
two dimensional paper chromatography (26). The position of 3H
labelled compounds cannot be identified by autoradiography as
the 3H B-particle is not energetic enough. For each extract,
replicate chrématograms were tested for sugars and amino acids.
The sugar test was 0.5 ml. benzidine, 10 ml. acetic acid, 10 ml.

40% (w/v) trichloroacetic acid, and 80 ml. of 90% ethanol sprayed

on the chromatograms and heated at 100-110°C for 5 to 10 minutes.
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The amino acids were located with ninhydrin (27). Spots
corresponding to the positions of the sugars or amino acids
were cut from a third unsprayed chromatogram. These spots
were placed directly in vials containing the same scintillator
fluid without the dioxane, as used to count the ethanol aliquots.
The counting of the spots gave the relative activity of each
compound found on the chromatograms. The background'was taken
from a vial containing a piece of non-radioactive paper which
had been run through the chromatogram solutions.

The geometry of the chromatogram spots within the
vial was tested to determine if the orientation of the spot had

14C-glucose was spread evenly over

an effect on the count rate.
pieces of chromatogram paper 2.56 cm? in area. The paper was
oriented in the vials in the following ways:
1. A square (1.6 x 1.6 cm) lying flat on the
bottom of the vial.
2. A square (1.6 x 1.6 cm) folded diagonally
so half was flat on the bottom and half
standing vertically in the vial.
3. A rectangle (5.0 x 0.51 cm) wrapped around
the inside of the vial about half.way from
the bottom.
4. A rectangle (2.5 x 1.02 cm) folded longi-

tudinally resting on the bottom of the vial.
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5. A rectangle (2.5 x 1.02 cm) folded longi-

tudinally and standing upright in the vial.

The Student-Fisher-t test showed no significant
difference at the 5% level in the count rate between the various
orientations, Table 3.

Paper squares (1.6 x 1.6 cm) orientated with the
pipetted side either up or down‘showed no significant difference
at the‘5% level in the count rate in these two orientations,
Table 4.

Thus for 14c the geometry of the chromatogram spot -
has no effect on the count rate. However, a discrepancy due to
orientation of "not more than 10%" has been reported for counting
tritium spots (4). For this reason, the method of counting spots
containing 3H was checked with the results shown in Table 5.

The spot was oriented in the vial in three positions:
1. Suspended half way from the bottom of
the vial normal to the receiving surface
of the photomultiplier.

2. Suspended half way from the bottom of the

vial perpendicular to the receiving surface
of the bhotomultiplier.

3. Flat on the bottom of the vial.
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Three replicate counts were made of the same spot
in the three different positions. A consistent position to
the photomultiplier could not be achieved in the automatic
system because the vials turn on the track. Thus each vial
was placed in the machine manually. The vial was recounted
after the spot was removed to show that the geometry had not
been upset by 3H-glycine dissolving in the scintillation
fluid. The spot flat on the bottom showed a 20% loss of c¢pm.
Thus the orientation of the spot is important when‘3H is

assayed. The easiest geometry to reproduce in the automatic

SEETEE

" counting system is flat on the bottom of the vial and this

L A

orientation was used throughout.

by B i i i

i
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Results

I Development of Young Soybean Plants

Chronological age is not a satisfactory indication
of development in bean plants. There is a regular progression
from germination of the seed, to development of the primary
leaves and to the expansion of the trifoliate leaves. It is
reasonable to break this pattern of development into regular
stages. Thus, the plant with primary leaves fully expanded
can be recognized as one stage of development, called Stage O,
the plant with primary leaves and one trifoliate leaf fully
expanded, Stage I, and the plant with primary leaves and two
trifoliate leaves fully expanded, Stage II. Under controlled
culture conditions in a growth chamber the primary leaves are
fully developed from 12 to 15 days after germination of the

seed. There is a 3 to 5 day interval between the development

-of each of the succeeding trifoliate leaves.

Plants grown hydroponically for 14, 19 and 24-days
were Stage O, Stage I and Stage II plants. The variation in
the weights of various plant parts and leaf areas were cohpared
to obtain a record of each age group of plants to be used as
experimental material. Weights of plants grown in vermiculite
with added nutrient for 24 days were compared with weights of
plants grown hydroponically for 19 days. These two groups of
plants were at the same stage of development, namely, Stage I.'

The weights of plant parts and leaf areas of l4-day-

old plants (Stage O) are shown in Table.6. The stem below the
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primary leaf made up about half the total weight of the plant.
The roots and primary leaves accounted for almost all of the

' rest. The trifoliate leaf was just beginning to develop in
plants of this age. The variation in the weights of the dif-
ferent plant parts was surprisingly small. For example, the
smallest variation, 13%} occurred in the stem below the primary
leaf while the largest variation, t54%, occurred in the emerging
first trifoliate leaf. This first trifoliate leaf was a rapidly-
growing shoot and was expected to vary greatly in weight. The
variation in weight of the other plant parts feil between these
two values.

The leaf areas for the fed primary leaf and opposite
primary leaf were 22.8 £ 5.0 em? and 22.2 1 4.8 cm?. This is
a variation of 20% for both values. Although leaf areas were
more consistentAmeasurementsvthan the weights, it makes little
difference in the experiments described below which is taken as
an index of development of the leaves.

The weights of plant parts and leaf areas of 19-day--
old plants (Stage I) are shown in Table 7. The stém and the
root were about equal in weight and made up the bulk of the
plant body. The first trifoliate leaf was about twice as big

as a primary leaf when expressed either as fresh weight or as

1 Standard deviations are expressed as percent of the mean.
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leaf area.v The second trifoliate was small and not fully
expanded. The variations in the weights of the plant parts
were similar to those observed for the younger Stage 0 plants
and were from ¥ 17% to t 18% for the primary leaves and from
t 29% to t 70% for the rapidly growing trifoliate leaves and
stem parts above the primary leaf.

Using the weights of the various plant parts as .an
index of development the l4-day-old and 19-day-o0ld plants were
considered consistent enough material to be used in translocation
experiments.

The weights of plant parts and leaf areas of 24-day-
old plants (Stage II) are shown in Table 8. The stem below the

~primary leaf and the primary leaves of the Stage II plant did

not increase in weight from the Stage 0 or Stage I plants. The
first and second trifoliate leaves were three times as large as
the primary leaves in weight and leaf area. The third trifoliate
leaf was slightly larger than the primary leaves in weight and
leaf area but did not reach the full size of the first and

second trifoliate leaves. The fourth trifoliate leaf was just
emerging. The plant body above the primary leaves was about the
same weight as the roots and each accounted for well over one-third
of the weight of the plant. The variations in weight of the
plant parts below the primary leaf node were the same as the

variation found for the same parts in the Stage 0 and Stage I °
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plants. The weights of plant parts between the primary leaf
node and the growing tip showed variations from t 21% to t 10%.
" In the 24-day-old plant large variations occur above the primary
leaves which is the part of the plant making up 40% of the plant
weight. The 24-day—oid plants have grown too far beyond the
primary leaf node to be considered consistent material for
translocation experiments described below.

The weights of plant parts of 24-day-old plants
(stage I) grown in vermiculite with added nutrient are shown
in Table 9. The roots accounted for half the wéight’of the
plant and with the stem below the primary leaves accounted for
the bulk of the plant weight. The first trifoliéte leaf was the
same weight as the primary leaves and had not reached full
development. The second trifoliate leaf was just emerging. The
primary leaves were the same weight as the Stage I plants grown
hydroponically. The stem below the primary leaves was only half
the weight of the plants grownvhydroponically. The rest of the
plant parts were within the range of the corresponding parts of
the Stage I plants grown hydroponically. Plants grﬁwn in
vermiculite showed greater variation than plants grown hydro-
ponically. However, for the plants grown in vermiculite, the
greatest variation occurred in the plant parts above the primary
leaf node which accounted for less than one-fifth the plant weight.

This was not considered a sufficient weight to make the variation
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important. Plants grown either in vermiculite of hydroponically
up to Stage I were considered comparable plants for translocation

experiments.

II Translocation and Distribution of Photosynthetically-

Assimilated 14c in Young Soybean Plants.

Soybean plants 14, 19 and 24-days-old, grown hydro-
ponically, were chosen for experimental material. The rate of
photosynthesis of one primary leaf of each plant was measured
and expressed at ug min’lg'lfr wt. of net CO, uptake in the
closed éystem. The total l4c translocated throughout the plants
was determined. In addition, the distribution of translocated
l4c among the various parts of the plants such as roots, leaves
‘and internodes of the stem, was determined.

The rate of photosynthesis, the total 14¢ in the
ethanol soluble fraction of the fed leaf and the l4¢ translocated
in 14, 19 and 24-day-old plants are shown in Tables 10, 1l and
12 respectively.

The rate of photosynthesis of an attached l14-day-old
soybean primary leaf was 155 % 18 ug min'lg'lfr wt (Table 10).
The variation of 11.6% in rate of photosynthesis is reasonable
for tissues of this kind, when the carbon dioxide analyzer is
used. From the point of view of the rate of photosynthesis,
l4-day-old soybean plants grown under these conditions can be

considered "standard" plants.
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The total l4c in the ethanol-soluble fraction of the
fed leaf of these same plants was 12.8 t 36 e, or about one-
quarter of the total 14CO2 fed to the primary leaf in 30 minutes.
The variation of 21% was higher than the variation for the rate
of photosyﬁthesis but it is the variation expected in this kind
of experiment. For example, about half of the l4c offered was
fixed in 30 minutes and of this 40 to 60% could be accounted for
in the ethanol-soluble fraction. At least half of the ethanol-

soluble 14

C is in the form of sucrose (20). The remainder is
accounted for in the ethanol-insoluble fraction which is mainly
starch (28).

The mean 14¢ translocated was 379 t 220 mLc. In
30 minutes essentially all of the translocated 14¢c is in the
form of sucrose (20). The variation in the amount of 14c trans-
located is always large in an experiment as short as 30 minutes,
since there is a 1 to 15 minute lag between the time when 14C
is first fixed in photosynthesis and the time the l4c reaches
the translocation stream (29) (14).

In translocation studies, it has been assumed that
the amount of 14c ethanol-soluble material (mainly sucrose) bears
some relation to the l4c translocated and also to the total 1l4c
fixed. However, variation among different plants has been so
great that this assumption has not been tested.

Analysis of the data for l4-day-old plants is shown in

the Appendix in Tables A 1, A 2, and A 3. At the 5% level of
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significance there is no correlation between (a) the rate of

- photosynthesis and the total 14¢ in the ethanol-soluble fraction
of the fed leaf, (b) the total 14c in the ethanol-soluble fraction
of the fed leaf and the total l4c translocated, and (c) the
rate of photosynthesis of the fed leaf and the total l4¢ trans-
located. Similar analysis for five 19-day-old plants, Tables
11, A 4, A 5, and A 6, shows no correlation at the 5% level
between any of these three parameters. Such an analysis shows
that neither the rate of photosynthesis nor the 14¢ in the
ethanol-soluble fraction of a fed primary leaf can be used as

an index of translocation in young plants grown under standard
conditions.

The results for five 24-day-old plants are shown in
Table 12. Only three of these five plants translocated any 14c
and only two of these three translocated a significant amount.
Since the 14 and 19-day-old plants were good material for trans-
location studies, further experiments with the older 24-day-old
plants were discontinued.

All of the data for the 14, 19 and 24-day-old plants
are summarized in Table 13. The rate of photosynthesis of one of
the primary leaves showed little variation among each age group
(Table 13). The rate of photosynthesis in the l4-day-old plants

was significantly lower than the rate in the 19-day-o0ld plants
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(Table A 7), and in the 24-day-o0ld plants (Table A 8). There
was no significant difference in the rate of photosynthesis in
the 19-day-old and 24-day-old plant# (Table A 9). However, the
24-day-old plants showed a greater variation than the other two
age groups. This variation undoubtedly reflects senescence of
the primary leaf and was one of the reasons the older plants
were not tested further.

The amount of 1l4C in the ethanol-soluble fraction of
the fed leaf was more variable than the rate of photosynthesis
(Table 13). There was no significant difference between total
14c in the ethanol-soluble fraction of the fed leaf in the 14
and 19-day-old plants (Table A 10). Both these values are
significantly less than the 1l4c in the ethanol-soluble fraction
of the fed leaf of the 24-day-old plants (Tables A 11, A 12j.
This is probably due to the fact that bean leaves approaching
senescence no longer synthesize starch.

The total 14C translocated was more variable than
either the rate of photosynthesis or the total l4c found in the
ethanol-soluble fraction of the fed leaf (Table 9). Even though
these values are highly variable, they are less v&riable than
translocation values previously recorded. Total l4¢c translocated
decreased in amount and became more variable with age.

The comparisons of the soybean plants of different

ages indicated that the 14 and 19-day-old plants translocated
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consistently. They were good material for translocation studies.
The 24-day-o0ld plants did not translocate consistently and were
not suitable experimental material.

The distribution of translocated 1l4C was determined
by assaying the ethanol-soluble ffaction of each plant part. It
has been found that in a 30-minute experiment there was essen-
tially no 1l4¢ in the insoluble fractions of all parts other than
the fed leaf. Therefore, the ethanol-soluble 14C is a measure
of the total translocated l4c in each plant part. These parts
were the stem beneath the fed primary leaf, the roots, the leaf
opposite the fed primary leaf, and the parts of the plant above
the fed primary leaf.

The l4-day-old plants had a very small emerging
trifoliate leaf and stem above the fed primary leaf. The 19-
day-old plants had both a first trifoliate, and a second tri-
foliate as well as an emerging third trifoliate leaf. The stems .
between the primary leaves and the first trifoliate leaf, and
the first trifoliate leaf and the second trifoliate leaf were
large enough to be extracted separately. In the 24-day-old
plant the fourth trifoliate leaf had begun to emerge and the
stem between the second and third trifoliate leaves was large
enough to be extracted separately.

The 1l4C translocated to the various parts of the 14,
19 and 24-day-old plahts is expressed as percent of total

abti#ity translocated (Tables 14, 15, 16). The data are
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summarized in Table 17. In the 14 and 19-day-old plants
approximately half of the 14¢ translocated was found in the
part of the plants above the fed leaf after a feeding of 30
minutes. In the 24-day-o0ld plant only one quarter of the 14¢
was found in the plant above the fed leaf. Most of the
remaining l4C was found in the stem below the primary leaf
45.0% * 14.1, 34.1% * 9.7 and 65.1% * 12.8 for the 14, 19 and
24-day-old plants respectively. A small amount of 1l4¢c was found
in the opposite primary leaf and the roots in the three age
groups. There is an indication that the pattern of translocation
changed with age. The 14 and 19-day-old plants translocated
relatively more material up from the fed leaf to the rapid
growing shoot than the 24-day-o0ld plants which exported relatively
more material to the lower stem and roots. However, analysis
of more 24-day-old plants needé to be made to be certain of the
effect of age.

To summarize, in 30 minutes, 014 fixed in photosynthesis
in the primary leaf was translocated mainly up and down the

stem but not into the opposite'primary leaf.
III Translocation and Distribution of Photosynthetically-
| ' Assimilated 3H in Young Soybean Plants

Soybean plants grown in vermiculite with supplementary

‘nutrition were chosen when they had one fully expanded trifoliate
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leaf. These plants were comparable to the 19-day-old plants
used in the ldc experiments. Tritiated water was fed as water
vapour to one primary leaf for 30 minutes. During extraction,
all residual tritiated water was distilled from the extracts
leaving tracer only in those organic compounds formed in
photosynthesis. The total 3H translocated throughout the plants
was determined. Finally the weight of each plant part was
determined. | |

- The total 3H in the ethanol-soluble fraction of the
fed leaf and the total SH translocated are shown in Table 18.
The total 3H in the ethanoi—soluble fraction of the fed leaf
was 5.95 muc t 2.37 which is about 0.00024% of the total 3H20
fed to the primary leaf in 30 minutes. The uptake of 3H cannot
be measured with a geiger tube as can the uptake of 14c so there
is no indication of how much 3H20 was taken in by the fed leaf.
Because all the liquid 3H20 in the side arm disappeared during
the 30 minute feeding time it is reasonable to assume that
considerably more 3H20 was taken up by the fed leaf than 0.00024%
indicated by the 3u present in the ethanol-soluble fraction of
the fed leaf. This lost 3H could be either in the form of 3H20
or ethanol-insoluble, 3H—compounds. The ethanol-insoluble compounds
were not counted and the 3H20 was lost in evaporating the ethanol

extracts to dryness.
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Only three out of the five plants tested had enough
34 in the fed leaf to be detected by the methods developed in
this thesis. The fotal 3H translocated in the ethanol-soluble
fraction was 5.75 muc t 1.18 taken as a mean of the three plants
which translocated (Table 18). An equal amount qf 3H was found
in the ethanol-soluble fraction of the fed leaf. .

The distribution of translocated 3H in the soybean
plants showing 3H translocation after 30 minutes is shown in
Table 19. The foots received 29.9%%, the stem below the primary
leaf 12.1%, the opposite primary leaf 56.4% and the plant parts
above the primary leaf 5.7%:oflthe total 3H translocated. The
‘opposite primary leaf and root received the largest amount of
3H translocated. When this distribution is compared to that
obtained with 14C as the tracer (Table 17), it must be concluded
that the distribution patterns of 3H and l4c after 30 minutes

translocation were entirely different.

IV The Distribution of 3H in Organic Compounds of the Fed

Primary and Opposite Primary Leaves

The translocation of l4c in young soybean plants was
mainly to the stem below the primary leaf and to the parts of
the plant above the primary leaves (Table 17). The translocation

of 3H in the young soybean was mainly to the opposite primary
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leaf and to the roots. The distribution of 14C in the organic

14

compounds of the fed leaf is known. It is also known that C

is mainly translocated as sucrose (28) (20). The distribution
of 3H in the organic compounds of the ethanol-soluble extract
of the fed leaf and the form in which 3H is translocated to
other parts of the soybean has not been determined previously.

Thé ethanol-soluble extracts isolated from planfs
number 26 and 28 which were used for the distribution pattern
of 3H in the plant (Tabie 18) were also tested for the distribution
of 3H among the organic compounds. These extracts were separated
into amino acids and sugars by paper chromatography and the
chromatographic spots counted in the scintillation counter.

The distribution of 14c and 3H in the labelled compounds
in the ethanol-soluble fraction of soybean leaves is compared in
Table 20. The sucrose in the ethanol soluble fraction of the
fed leaf contained 60% of the 14C. Glucose and fructose both
contained 8% of the total 14c. The amino acids, a-alanine,
glutamic acid, aspartic acid, glycine and asparagine, contained
22% of the total l4c. The sucrose in the ethanol soluble fraction
of the fed leaf contained about half the total 3H. Again glucose
and fructose both contained the same amount or ¥ 5% of the total
3H. The amino acids, a-alanine, glutamic acid, aspartic acid,
glycine and asparagine contained % 35% to t 48% of the total
activity. The sucrose contained slightly less of the total 33

and the amino acids slightly more of the total 3H than was



54

9°¢¢ 6°8C ‘ z2°g8 vy 0 jo0y

Z "9¢ T°2T T°2T A 74 0 saaeaT Axewtad moTaq wals
v ve v°95 1°21 CT°T9 0°96 JeaT Aaewtad s3Tsoddo
1°€ LS L2 €°0T 0°% dn Te30%

S9ABRST 93RTTOJFTII} ISIATI

0 0] 0 pue Axewtad usamilaq wa3ls
L2 £°0T . -0 JeaT 93eTTIOFTIJ 3ISIATI
0 0] (O 74 FeaT 33eTTOJITI3 PuUOOSS
% % %
s uesu Lz 9z ¥z 3IRg 3JURTd
juetd

*pa3edOoTSuUrRI] mm 12303 Jo 3jusoxad e se
:se3jnuTW Qf I933e jueTd uesaqihos I obe3ls B urt mm po@3edoTsSuURI} JO UOTINATIISTA °6T1 9T19el



55

*93BDOTSURI3 3JOU PTP 8Z 3IURTd ¢

*UOSTaN *d "D aq Aq patTddns

ser
nem

e3ep Op1 UL T

ZT
|| S i € T
.|| €€ 0T 9T 4
|l Z 0 Z 4
— 1z 61 €T b
1| LT 174 AN 9
.xu 0 g g 8
|| Al S S 8
T 8 €5 Zv 09
% % % % %
z8Z 3ueTd 9z 3ueld 87 3jueld 9z 3ueld
JeoT Axeuwtad o31soddo yesT Axewtad paz JesaT Axewtad pa3z
He He 1 °v1

sSI9Y30
sutbeaedse
aUuTOATH

pToe DT3IedSE
pToe oTweantb
sautuelTe-p
9so3ona3y
asoontb

2s50Jons

wexbojewoays ut punoj wdo Te303 yo wdd %

‘saAeaT ueaqAhos
JO uoT3deIF STqnTos-Toueyze yo spunodwod OTuebIO UT H IO D JO UOTINQTIIISTA °0Z 919el

€ 71



56

expected from known results of photosynthetically fixed l4c
organic compounds.

The opposite leaf was the only area of the soybean
plant that contained enough 3H for chromatographic separation
of the organic compounds translocated. The sucrose of the
opposite leaf contained much less 3H than that of'the fed leaf
(Table 20). The fed leaf contained equal amounts of 3H in the
glucose and fructose but, the opposite ‘leaf contained no 3H in
the fructose. Thus, the distribution of 3H in sugars of the
opposite and fed leaves was entirely different. The distribution
of label in the sugars of the fed leaf was similar whether l4c
or 3H was used as tracer. This distribution is typical of sugars
formed in photosynthesis. However, the distribution of 3H in )
the sugars in the opposite ieaf is not typiéal of photosynthesis.
The distribution in the opposite leaf is also, not typical of
l4c translocation. In 14c translocation almost all the l4c is
in sucrose. In 3H translocation very little 3H is in sucrose
.and most of the 3H is in the amino acids.

It is interesting to note that the distribution of
label among the amino acids of the fed leaf is different when
3H and l4Cc were used. Glutamic acid and glycine were labelled
more heavily with 3H than with l4c. These same two amino acids

accounted for over 50% of the total 3H translocated to the

opposite primary leaf.
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Discussion

When 3H is fed as water the label may exchange with
the water in the fed leaf and it may be fixed into organic
compounds by photosynthesis. It is expected, that after thirty
minutes photoéynthesis in 3H20 that both the water fraction and
the organic compounds in the ethanol-soluble fraction of the fed
leaf will be labelled with 3H. The present work shows that the
organic compounds are labelled and in a pattern that is expected
from a nbrmalrshort-term photosynthesis. However, no data_h/ltaé%;6
been gathered concerning the 1§be11ing of the water fraction.

Three groups of workers in three different laboratories
have studied translocation of 3H. Biddulph and Cory from the
State College of Washington studied translocation of 3H in kidney
bean. Gage and Aronoff from the University of Iowa carried out
similar studies with soybean. The present work, carried out at
Queen's and Simon Fraser Universities, also used soybean.

Both ﬁiddulph and Cory (2) and Gage and Aronoff (5)
collected data on the water fraction and found that it was
labelled in the fed leaf. Gage and Aronoff further analyzed the
organic compounds and found they contained 3H, but their
techniques did not allow them to separate these compounds to give

a distribution pattern of 3H among the products of photosynthesis.



58

The translocation of 3H from the fed leaf was shown
by all three groups of workers. The water fraction of the leaf,
the organic fraction of the leaf or both of these fractions are
possible sources of supply for 3H translocated. In other words,
3H may be translocated out of the source leaf either as water
or in the form of organic compounds or both.

The assay of sections of plant remote from the fed
leaf gives data on the presence or absence of 34 in both water
and organic fractions. However such an analysis cannot be used
as proof of the form in which 3H is translocated. For example,
3H translocated from the source or fed leaf in thé form of
water, may exist in the form of water in the stem and leaves or
it may be photosynthetically fixed into the organic compounds
of the stem and leaves aftei arrival in these parts. Then, eveA
if water is the form in which 34 is translgcated, there may be
no 3H in the water fraction of these parts.

Conversely 3H translocated from the source leaf in
. the form of organic compounds, may exist as such in the stems
but may exchange some of its label with the water fraction
resulting in both the water and organic fractions of stems
being labelled with 3H. One would not expect that such an
exchange of label would be so cqmplete as to label the water

fraction to the exclusion of the organic fraction.
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Biddulph and Cory measured 3H translocation only in
the water fraction of the stem. They found decreasing amounts
of 3H20 in sections down the stem. The specific activity of
the 3H20 was not given so the amount of water translocated down
the stem could not be determined. However, their resuits show
that 3H20 was translocated, and emphasize the importance of
determining whether the 3H found in organic compounds, in parts
of the plant other than the fed leaf, are translocated as
organic compounds or are translocated as water and subsequently
fixed in photosynthesis.

Gage and Aronoff separated the water fraction and
organic compounds and measured thevcontent of the translocated
3H in each fraction. They found 3H in the organic compounds of
the plant parts other than the fed leaf, but no 3H20. Since it
is unlikely that a large quantity of 3H20 would have been fixed
by photosynthesis in the stem, the 3H must have been translocated
in the organic compounds from the fed leaf and not in the form
of 3H20. Since the fed leaf contains both 3H-organic compounds
énd 3H20 the labelled compounds translocated apparently did not
mix with the labelled water in the source leaf before thisv
translocation took place.

In the present experiments the ethanol-soluble fraction
of parts of the plant other ‘than the fed leaf was found to contain
3H. The water fraction was not tested for 3H. However the 3H

was considered to be translocated in the organic fraction on the
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basis of the distribution of SH in the organic compounds of

the fed leaf and in the opposite primary leaf. The 3H was
distributed in the organic compounds of the fed leaf in a
pattern typical of photosynthesis; high amounts of sucrose,
equal amounts of glucose and fructose, and low amounts of amino
acids.

The'3H-organic compounds formed photosynthetically
from 3H20 were chromatographed once before (15). Using large
amounts of activity and autoradiography, Chlorella was found
to contain a large quantity of 3H—glycollic acid, but little
3H in other organic compounds. It is interesting that the two
carbon compounds, glycollic acid in the experiments with-Chlorella
and glycine in the experiments with soybean, contained considerable
3H fixed in photosynthesis.

The 3H was distributed in the organic compounds of
the opposite primary leaf in a different pattern than that
obtained in the fed primary leaf. There was a §mall amount of
sucrose, some glucose but no fructose, and high émounts of amino
acids. The low amount of sucrose and absence of fructose is not
typical of a photosynthetic pattern. Thus, 3H20 which might
have been translocated to the opposite leaf does not contribute
the major part of the 3H in the organic compounds of the fed
leaf. The most probable source for the 3H amino acids would be
the fed leaf. Thus 3H in the organic compounds of the opposite

leaf was translocated as 3H organic compounds not 3H20. Gage



61

and Aronoff make the assumption that 3H was translocated as
3H-sucrose from analogy with l4c translocation. Clearly their
assumption is not justified. There is some evidence from l4¢
experiments that amino acids can be translocated in soybean.
Under high nitrogen fertilization, serine was translocated from
a leaf which had photosynthetically assimilated 14C02 (20) .
Gage and Aronoff's experiments were similar to the
present experiments in that both of us assayed for 3H in the
organic fraction, and both found translocation. Although Gage
and Aronoff give the specific activity of the water fed to the

1 in the

leaf, 0.18 mc mmole~l as compared to 1.8 mc mmole™
present experiments, they fed water for one hour in the dark
previous to photosynthetic assimilation and translocation. They
claimed that this technique allowed the water in the leaf to
become equilibrated with the water sutrounding the leaf. 1If
their claim is correct then the water in the leaf would have a
higher specific¢ activity after equilibration had taken place.
Since in the present experiments there was no equilibration
period the specific activities in both types of experiments are
not comparable. There is no way of comparing the amounts

translocated when the specific activities of the sources of

supply are unknown.
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The present experiments show that both the 14¢
administered as 14002 and 3H administered as water vapour are
photosynthetically fixed in primary leaves of young soybean
plants and both isotopes are translocated to other parts of the
plant. However, the distribution patterns of the translocated
14c and 34 are different. The l4C is translocated vertically
up and down the stem and only slightly to the opposite primary
leaf while the 3H is translocated mainly into the opposite leaf.

The translocation of 14¢ and 3H cannot be compared
further. The amount of material represented by amounts of 14¢
and 3H is determined from specific activities. The specific
activities can be determined for the carbon dioxide and water
fed to the leaf. However the water present in the leaf will
alter the specific activity of the water fed even before it is
fixed by photosynthesis. Furthermore, specific activity of the
isotope in the organic fraction is no longer an indication of
the specific activity of the isotope in the organic compounds
as unlabelled organic comPOunds,will dilute the labelled organic
compounds. This would not be a factor in compéring translocation
of the 14c and 3H if the same organic compound is translocated
as the specific activities of the organic compound whether it
contained 3H or l4c would be diluted the same amount. This is
not the case, however, since 14¢ is translocated as sucrose and
3 is translocated as amino acids. Since specific activities of

the isotope in the organic compounds of the fed leaf and the
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translocation stream are unknown, the amount of organic compounds
involved in translocation, and represented by movement of 14¢ ang
3H, cannot be determined from the data. The limitation of this
data can be understood by considering the amounts of radioactivity
involved in translocation of 140 and 3H and the sﬁecific activity
of the l4c and 3H offered to the fed leaf (Table 21).

The total radioactivity found in the ethanol soluble
fraction of the fed leaf is 15 pc for 14c and much 1less, only
0.006 uc for 3H. However, the total radioactivity offered is
50 pc of 14¢ and 2500 e of 3H. The specific activity of 14¢
is fourteen times the specific activity of 3H when the specific
activities are expressed as mc mmole~l. This means that the
cpm of 3H must be multiplied by fourteen to compare with the cpm

14¢ offered 30% was incorporated into the

of 14c. Of the
ethanol-soluble fraction of the fed leaf but only 0.00024% of
the 3H offered was incorporated into the same fraction. The
factor of fourteen is not eﬁough to bring the 0.00024% for 3
close to the 30% for l4c. However, the specific activity of the
3H fed to the leaf may be diluted by a considerable amount of
water already present in the leaf. The water in the leaf would
~decrease the specific activity of the 3H to an even greater
extent and increase the factor of fourteen. From the specific
activity the 0.006 pc of 3H in the fed leaf represents 3.3 x
10~® mmoles or 6.04 x 108y of water. The fresh weight of the

leaf is 0.38 g of which over 80% is water. The water fed could
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be diluted considerably by the water present in‘the leaf. From
this data the dilution factor cannot be determined. Thus,
these experiments cannot be used for comparison»df the amounts’
of l4c and 3H incorporated in the fed leaf.

The amount of 14C and 3H fixed in the fed leaf
indicates the size of the pool from which organic compounds can
be drawn for translocation. The total 14C translocated is 0.67%
of the total_14C fixed in the ethanol-soluble fraction of the
fed leaf (Table 21). The total 3H translocated is 50% of the
total 3H fixed in the fed leaf (Table 21). prevef, these ratios
do not necessarily represent the total amount of organic compounds
which are translocated. The specific activity of organic compounds
which are translocated must be known before the 14c and 3
translocated can be interpreted to movement of organic compounds.
The specific activity of the organic compounds can be decreased
by unlabelled compounds already presént in the leaf and also
unlabelled compounds being translocated from other leaves.
Dilution of the organic compound translocated would not be
important if the 14c and 3H were translocated in the same compound
as the specific activities would be changed by the same amount.
However, 1l4C is translocated as sucrose and 3H appears to be
transiocated as amino acids. This difference means the specific
activity of the organic compounds in the fed leaf and the trans-
location stream must be known for a comparison of the different

amounts of 14C and 3H translocated to the amount of 14C and 3H
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in the ethanol-soluble fraction of the fed leaf to be sig-
nificant. Since this is unknown, no comparison can be made.

The comparison of 14¢ and 3H translocation required
plants which could be expected to have regular and uniform
translocation. The Stage 0 and Stage I plants were found to be
good material for translocation studies while the Stage II plants
were discarded on the basis of only three plants out of five
being found to translocate. To have as much grounds as possible
for comparison of the plants used as experimental material the
weights and leaf areas of the plants were taken as an index of
development, the rate of photosynthesis, the total amount of 14¢
fixed in the ethanol-soluble fraction of the fed leaf and the
total 14c translocated were taken as indication of the physio-
logical response of the plants.

Any one physiological response is often considered an
indication of the general physiological activity of the plant.
However, this may not be the case for all translocation studies.
Correlations showed no relationship between the rate of photo-
synthesis, the total amount of l4c found in the ethanol-soluble
fraction of the fed leaf, and the total l4C translocated. Lack
of correlation between l4c assimilated and l4c translocated has
been repofted previously (20). However, it has been reported
that the rate of l4C translocation was linearly related to the
specific activity of the sucrose in the source leaf in steady

state photosynthesis where sucrose was the dominant source of the
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transport molecule (6). However, under non-steady'state
conditions of photosynthesis such as those reported in this
work, no correlation exists between the rate of photosynthesis
and the rate of translocation, and it is incorrect to use the

rate of photosynthesis as an indication of translocation.

Addendum Arising Out of Thesis Defence

Dr. Vidaver questjioned whether 3H was assimilated
intothe organic compounds by photosynthesis or by metabolic
steps other than photoéynthesis. No dark control of 3H20 was
done. In answer to this quesfion it can be pointed out that
Gage and Aronoff (5) found no assimilation of 3H into the
organic compounds of soybean from 3H20 in the dark. Moses and
Calvin (15) found less 3H and a different pattern of label in
the organic compounds during a dark feeding of Chlorella. Thus,

3H is either not assimilated into

from previous experiments,
the organic compounds in the dark, or is assimilated into the
organic compounds in diffefent patterns during photosynthesis

and in darkness. In the experiments described in this thesis

the isotopes were assimilated into the sugars in a similar pattern
during both 14¢c and 3H feedings. The 14c pattern in the sugars

is typical of photosynthesis. The pattern of 3H assimilation

into amino acids is not typical of photosynthetic assimilation

patterns using 14c, The incorporation of 3H from 3H20 vapour

may be due to dark fixation. This question remains unanswered.
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Summary

The primary leaves of young soybean plants photo-

synthetically fix 14¢ administered as 14C02 and >H
administered as 3H20 vapour in to the ethanol-soluble
fraction of the leaves. However, the distribution

14¢ ana 3H, translocated to various parts

patterns of
of the plant, are different.

Although, l4c is translocated in the form of sucrose,
34 is not translocated as sucrose but appears to be
translocated in the form of amino acids.

when 14c is fed under c?nditions of non-steady state
photosynthesis, the total 14¢ translocafed in a young
soybean plant in thirty minutes does not correlate
with the rate of photosynthesis of the fed leaf or

14c in the fed 1leaf.

with the total ethanol-soluble
A new technique is described for assaying 3H-labelled

compounds taken from paper chromatograms.
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