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Abstract

The diurnal course of assimilate movement from leaves of
cucumber was studied by measuring with a Geiger-Mdller tube
changes in radioactivity in.intact source leaves that were
labelled continuously with 4C. For this approach two condi-
tions had to be satisfied: in the first place specific acti-
vity of carbon translocated should be the same as that of
carbon fed to the leaf. In the second place the relation
between radioactivity in the leaf and the count rate measu-
red with the GM tube on that leaf should not change during
the measurements.

Our experiments revealed that these requirements were
not always fulfilled. Data from the literature support the
hypothesis arising from our own results that,in mature lea-
ves|j considerable exchange may occur between recently formed
assimilates and structural components. Furthermore efficien-
cy of counting with a GM tube positioned close to the lower
surface of the source leaf changed considerably during the
dark period.'This change may be attributed to variations in
self absorption of (i radiation brought away by changes in
the distribution of He over different tissues of the source
leaf.

Due to "the complications mentioned great care is needed
in the interpretation of experiments in which movement of
carbon is studied by means of radioisotopes.
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INTRODUCTION

Although much work in the paet has been devoted to the
study of the rate of assimilate transport in plants, to our
knowledge only a few attempts have been made to describe the
time course of the movement of carbon during a complete
day/night cycle (Gdrdon, Ryle, Powell & Mitchell, 1979, Ma
son & Maskell, 1928). Such patterns are important for under-
standing the control mechanisms involved and for building
plant-growth models in which the spatial organization of
plants is incorporated.

Transport of assimilates from leaves can be calculated
by measuring C02 exchange and variations of the carbon con-
tent of a leaf simultaneously. For this purpose successive
harvests of leaves in combination with determinations of the
carbon content in the dry weight can be used for periods down
to about one day (Terry &!Mortimer, 1972; Ho, 1976K Over
shorter intervals of time, results obtained with this method
are too inaccurate. Using as a tracer, changes in carbon
content of a source leaf can be measured with a much higher
resolution. Besides, variations in radioactivity in the sour-
ce leaf can be monitored with a GM tube on the intact plants
(Geiger & Swanson, 1965).

In the present study the radio-tracer technique was used
in the study of the diurnal course of carbon accumulation and
export in source leaves of different developmental stages.
The results obtained with GV tube measurements were compared
with those obtained by destructive analysis. In addition
the 1 balance after one day/night cycle was compared with
results obtained from a combination of growth analysis and
gas-exchange measurements published elsewhere (Challa, 1976).
Discrepancies found are discussed and explained qualitative-
ly and as far as possible quantitatively.
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MATERIALS AND METHODS

Plant material

Cucumber plants (Cucumis sativus L. cv. Sporu Origineel)
vere sown on day O in humid perlite and kept in darkness at
28°C for 3 days. On day 3 seedlings were placed in the light
in a climate room and on da® 4 they were transplanted on an
aerated modified Hoagland solution. The temperature was 25°C,
the radiant energy flux density (PAR) at plant level provi-
ded by high pressure mercury lamps was 30 Wm < for 8 h and
the relative humidity was maintained at 80%. Experiments were
performed 25 + 1 days after sowing when the plants had 5-6
leaves. The first basal leaf then was fully expanded but
still increased somewhat in dry weight due to accumulation
of organic acids and minerals.

Steady state labelling

One of the leaves, the source leaf, while attached to
the plant was enclosed in a hermetically sealed acrylic plas-
tic leaf chamber provided with double water-cooled windows.
The temperature in it was kept at 25°C. The leaf was kept in
a horizontal position by means of thin nylon wires. The win-
dows transmitted 86% of the irradiance prevailing in the cli-
mate room.

Steady state labelling with 2002 of constant concentra-
tion and of constant specific activity was performed in
a so-called semi-closed system (Jarvis & Catsk”, 1971). In
this system (Fig. 1) air was circulating at a rate of 300 I.h-1.
Its CO2 concentration was measured with an infrarad gas ana-
lyser. C02 taken up by the source leaf was continuously re-
placed by C02 generated in vessel G, by injecting a 0.05 M
sodium carbonate solution in the lactic acid contained in
this vessel. C02 concentration was kept at 300 cnkm by
adapting manually the stroke of the dosing pump to the rate
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of C0,9\ fixation by the aource leaf. Specific activity of the
carbonate solution was 500 kBq.g carbon (13.5 ACi.g ).
Part of the carbonate solution was 500 kBqg.g-1 carbon (13.5.
uCi.g-1). Part of the circulating air was passed through vesse
vessel G, agitating the acid and carrying away the C02 gene-
rated in it.

Humidity of the air in the system was controlled by cir-
culating it through a condensation vessel C, placed in a
thermostated water bath at 20°C. Excess water vapour resul-
ting from transpiration was removed in this way.

The amount of carbonate supplied during an experiment
was measured by refilling the storage vessel S to its origi-
nal level from a burette. Frequent samples were taken the
carbonate solution to check its specific activity.

Determinations of radioactivity

The amount of radioactivity in the intact source leaf
during the experiments was continuously monitored by means
of a GM tube. This GM tube (Philips, type 18516), with a win-
dow of 3 cm diameter was inserted through the lower wall of
the assimilation chamber so that the distance between leaf
and window of the GM tube was about 5 mm The count rate
measured with the GM tube was recorded continously by means
of a rete meter .and in addition every 10 minutes a printed
output was given of the total number of pulses, counted in
that interval.

At the end of each experiment the dried plant parts were
finely powdered by agitating them in a plastic cylinder con-
taining a brass roller of the same diameter as the cylinder.
The cylinders had been treated with an antistatic solution
to avoid sticking of particles against the walls. A sample
of the powder of each plant part was weighed,, burned in an
oxidizer (Intertechnique IN 4104 Sample Oxidizer), followed
by liquid scintillation counting.
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fpTpprinental procedure

Experiments were done in the same climate roan where the
plants were raised, under the same environmental conditions.
Before the start of the day the source leaf was enclosed in
the feeding chamber and co2 was removed from the system. As
soon as the lights were on, CO» wasgenerated at a rate to
keep the concentration at 300 cn13.m . Under the conditions
used in this study, starch and sugar contents in the plant
at the end of the night are very low (Challa, 1976). Hence
it was expected that isotopic saturation of the metabolically
active pools would be rapidly achieved.

At the end of the day COj generation was stopped. During
the further course of the experiment the leaf chamber was
flushed with air from the growing room. At the end of the
experiment the plant was divided into leaves, stem (inclu-
ding petioles and apex), hypocotyl and roots. The area of
each leaf was determined, all parts were weighed, dried at
105°C and reweighed, followed by determinations of radioacti-
Vity .

Experiments were either terminated immediately after la-
belling, or continued until the end of the dark period. Each
of the five unfolded leaves was investigated in this way.
With source leaf 1, however, some experiments were continued
for more days, during which the source leaf always remained
in the feeding chamber flushed with air from the climate
room.

RESULTS

budgets

In a semi-closed system, all co2 generated has to be ta-
ken up by the source leaf. The amount of fixed by the
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source leaf can thus be calculated from the amount of carbo-
nate solution pumped into the vessel containing lactic acid
(G, Fig. 1), when the concentration and specific activity of
the solution are known. u

Putting the amouth of C taken up by the source leaf at
100%, the amount of '43 recovered from different plant parts
was expressed as a- percentage of it (Table 1). The differen-
ce between the total amount of C fixed by the source leaf
and the amount recovered from all plant parts together is
the amount of lost, presumably due to respiration and
perhaps also to excretion of organic substances through the
roots. The average values obtained are the results of only
2 or sometimes 3 experiments. Because of differences in the
size of plants, replicates differed somewhat. Nevertheless
some general trends can be observed (Table 1).

During the day all leaves exported about 23% of the
amount of 1 fixed and more than half of the amount expor-
ted was lost by respiration (and excretion by the roots),
with the exception of leaf 3 where only 22% of translocated
14¢ was lost.

After a complete day/night cycle the young,, fastly gro-
wing source leaves (leaves 4 and 5), retained a larger part
of the fixed radioactivity than leaves 2 and 3. Bather
unexpectedly however, much 1 was also retained in source
leaf 1, which was a mature, non growing leaf. In some orien-
tating experiments we found no further decrease in radioacti-
vity in leaf 1 during the 2 days following labelling, but in
plants harvested after 3 days a strong decrease was observed.
(Table 2).

Because losses of radioactivity were considerable and
because those losses may have differed in different plant
parts, our data (Table 1) may give a distorted picture of the
real distribution of photosynthates. Qualitatively, however,
it is clear that cotyledons and leaf numbers 1, 2 and 3 did
not import C and that distribution patterns for different
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Table

parathesis after the nurer of tte source leaf. After each \valle, betveen

Values listed are the average of 2 or 3 eqerimnts, as indicated between
parenthesis, an estimation of the standard deviation Is given

Distribution of the amount of radicectivity over differant plant parts,
epressad as a% of the amount of AC taken W by the source leaf. Data were
dotained by axidation of groud sanplles folloned by scintillation counting.
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Table 2

Distribution of radioactivity over axrrerent plant parte at
different timee after application of to leaf 1. Time ie
given in hours after labelling started. '*C02 was fed continu-
ously during the first light period only (0-8 h). The data
are expressed as a percentage of the amount of taken up
by the source leaf

Time after oziset of labelling (h)

Organ 8 24 32 72 1 .96
Leaf 1 72.7 46.0 45.9 46.8 22.7
2 0.39 0.18 0.1 0.13 0.26
3 O.H 0.23 0.21 0.13 0.26
4 0.53 0.66 0.12 0.16 0.20
5 2.37 2.36 1.26 0.10 3.24
6 1.36 2.26 0.72 3.38 4.24
Cotyledons 0.06 0.07 0.03 0.04 0.00
Stem + apex 4.22 251 1.32 8.29 6.69
Hypocotyl 0.73 0.73 0.48 0.58 1.29
Roots 1.46 2.03 0.45 0.92 3.86
14c lost 16.0 42.0 49.4 39.5 57.2

Table 3

Ratio between count rate measured with a GV tube on the source
leaf and the amount of radioactivity per unit area, determined
by oxidation of ground samples followed by scintillation coun-
ting. Averages are given of the values obtained at the end of
the day (a) and at the end of the night (b). The relative
increase in counting efficiency during the night (b/a) is given
in the last column. Between parenthesis an estimation of the
standard deviation is given

Ratio (cpm.dpm 1. cm_2 )

end of the day end of the night

Leaf number (a) (b) b/a
1 0.098 (0.0040) 0.14 E0.0Zlg 1.4
2 0.090 (0.0099) 0.30 (0.026 3.3
3 0.10 0.014) 0.18+(4 1.8
4 0.12 0.0) 0.20 (0.0) 1.7
5 0.13 (0.021) 0.24 (0.0) 1.8

¥ area was estimated from the dry weight of the leaf.



source leaves did not differ very much: the importing organs
received radioactivity from all source leaves.

GM tube measurements

The count rate, measured with a GV tube on different
source leaves, increased during the day as a result of growth
and accumulation of labelled assimilates (Fig. 2). During the
night radioactivity in the source leaf decreased due to res-
piration and export' of assimilates. In most experiments this
decrease in activity diminished towards the end of the night.
This phenomenon may be explained by the depletion of reserve
carbohydrates described in a previous study (Challa, 1976).

For a quantitative interpretation of the diurmal ocount
rate patterns (Fig. 2) the ratio between count rate measured
with the GM tube and radioactivity in the leaf 8BS to ramain
constant. Because the area of the window of the GV tube Wes
small, only part of the leaf blade was assayed. Hence, in
order to compare different measurements, the amount of ra-
dioactivity was expressed per unit of area of leaf blade.
The ratio between count rate and radioactivity per unit area
was calculated for different source leaves, for plants har-
vested at the end of the day and for those harvested at the
end.of the night (Table 3). In all source leaves this ratio
increased in course of the night and in leaf 2 a more than
3 fold increase was even observed. Consequently, taking N
to account the magnitude of the errors, even a semi-quantita-
tive interpretation of the diurnal count rate patterns is
difficult (Fig. 2).
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DISCUSSION

H C retention

As has been pointed out in the previous section a.relati-
vely large part of the radioactivity fixed by source leaf
1 was retained in it. Figures given by Wardlaw (1968) in his
article show that strong retention of radioactivity in me-
ture source leaves is commonly observed, but he did not
explain the phenomenon. One explanation may be that frequen-
tly, assimilate distribution is expressed in percentages of
the total amount of radioactivity recovered from the plant.
Because in thjs way losses of4}’\C due to respiration are
neglected, the proportion of translocated from the
source leaf will be underestimated. In our experiments 40-50%
of the amount of *43 supplied to the source leaf was lost
(Table 1). Neglecting this amount would result in an appa-
rent doubling of radioactivity retained by source leaves.

Whereas the way of expressing experimental results may
explain same of the data on high retention of radioactivity

in mature source leaves, there is evidence for still another
phenomenon playing a role. Porter & Bird (1962), Sharkey
(1985) when comparing the balance of C and of in a mx

ture" source leaf of tobacco, found that, whereas the amount
of carbon in structural fractions increased with only 4% of
the daily amount of CO~ assimilated, in it increased by
17%. Lupton (1966) observed with wheat that TC remained in
a source leaf that did not increase in dry weight. Porter
Bird (1962) also showed that specific activity of C02 lost
Dy respiration of the source leaf was only 40% of the spe-
cific activity of C02 assimilated. Specific activity of
C02 assimilated. Specific activity od translocated carbon
however, was not much reduced in this case.

In the experiments' of Porter &Bird (1962) and in those
of other researches (Yamamoto, 1967; Dickson & Larson, 1975)
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a considerable portion of the radioactivity recovered from
mature source leaves was incorporated into structural frac-
tions (predominantly proteins, cell walls and organic acids).
By analysis of the carbon content of old tomato leaves it
has been shown (Ho, 1976) that the structural fractions gai-
ned or lost carbon, over intervale of 6 hours, depending on
the irradiance on’the leaf. Thus about 25% of the loss in
dry weight that occurred at low irradiance of 4 V.m could
be accounted for by losses from structural compounds (Ho,
T976). Dickman & Gordon 0975) found an increase in the tur-
nover of soluble proteins in mature and old -poplar leaves in
comparison to young leaves. Apparently the structural compo-
nents of mature leaves are more involved in metabolism than
is generally assumed.

In a previous study growth, COE uptake and C02 produc-
tion by different leaves of plants, comparable to those used
in the present study, were determined (Challa, 1976, Catsky
et al. 1985, Jeffcoat et al. 1985). Taking into account the
carbon content of the dry weight increase, the carbon balan-
ce for these leaves can thus be calculated. In this way,
losses of carbon from the exporting leaves 1, 2 and 3 can
be compared with the losses of 1 obtained in the present
study (Table 4). For leaves 4 and 5 the situation is more
complicated due to import from other leaves. For leaf 3 both
methods agree well, but with increasing leaf age the radio-
tracer method increasingly underestimated the amount of car-
bon lost. These discrepancies must be caused by a decrease
of the specific activity of carbon lost, compared to that
of carbon taken up by the source leaf. This relative decrea-
se in specific activity was also calculated (Table 4). In
the case of leaf 1 the decrease in the specific activity of
the carbon lost cannot be attributed to a low specific acti-
vity of respiratory carbon alone, as was the case with Por-
ter & Bird (1962), Khavari-Nejad (1984), because only 15% of
the amount of carbon taken up during the day was lost by
respiration (Challa, 1976).
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Table 4

Comparison of the losses of 12C (L12) and those of (™)
over 24 hours from different source leaves. Loss of 12C was
calculated by: * (- #"Q*C) *100%, where P is the net

amount of C taken up during the day, G is the increase in
dry weight per 24 hours and C is the carbon content in the
dry weight accretion (Challa, 1976). Loss of **C was calcu-

. G..),
lated by: = — LS - L2)- *100%, where Pu is the net

amount of 14'C taken u&4during the day and G~ is the amount
of UC in the source leaf 24 hours after labelling started
(Table 1). The relative specific activity (RSA) of carbon

lost from the source leaf was calculated by (L~/LjgMl0OOai

Source leaf number so ez Lu (%) RSA (%)
1 94 54 57
2 89 80 89
3 75 73 97

Leaf 1 accumulated more 1°C than predicted (Table 4).
For the average plant, where the rate of carbon fixation in
the case od leaf 1 was 10.6 mg C/day this extra accumulation
corresponded to 4.2 ng C/day, equivalent to 15% of the total
amount of carbon contained in that leaf!

In accordance with the evidence obtained from the lite -
rature this retention may be ascribed to exchange of newly
formed assimilatee with structural components. Consequently
a further decrease in the amount of radioactivity in the
source leaf was expected during the days following labelling,
but initially this was not the case (Table 2). Only in the
experiment where the plant was harvested after 3 days radio-
activity in the source leaf was lower (Table 2). The results
of these experiments suggest that assimilated carbon was
partly incorporated into structures that had a certain mini-
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mum age before they were broken down. Further experiments
are needed to confirm the general validity of this observa-
tion.

Efficiency of the GM tube measurements

Another important methodological problem encountered in
this study was the measurement of radioactivity in intact
leaves, attached to the plant. Although this technique has
been qgsed by several authors (Antoszewski & Dzieciot, 1973;
Geiger & Swanson, 1965; Hofstra & Nelson, 1969; Lovell,00
Sagar, 1972; Lush & Evans, 1974; Moorby & Jarman, 1975) the
reliability of this technique has been checked poorly.
C-eiger & Swanson (1965) measured the accumulation of radio-
activity in the sink leaf with a GM tube, after pulse la-
belling of the source leaf with The count rate measu-
red at the end of the experiment was calibrated by compari-
son with the amount of radioactivity found in the total sink
of the shoot, assuming a constant partitioning of radioacti-
vity over different sink regions. By harvesting comparably
treated plants at different times in course of the experi-
ment they tested the validity of their GM tube measurements.
They concluded that these points reasonably fitted into the
curve describing the accumulation of activity in the sink
leaf and that consequently the GM tube measurements were
correct. The procedure followed, of course, equalized the
start and end points of both curves, but their data clearly
show that the GM tube measurements were too low in the steep
part of the curve.

Lovell et al. (1972) demonstrated that under their con-
ditions good agreement existed between the amount of radio-
activity in the source leaf and measurements with a GM tube
on the surface of the intact leaf. Unfortunately they did
not state the conditions under which the leaf was kept after
labelling, but presumably plants were kept in the light.
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Own data clearly show that the ratio between the
amount of radioactivity per unit area in the source leaf and
the amount of radiation received by the GM tube from leaf,
changed during the dark period (Table 3). Such changes may
be brought about by three factors:

1. variations in the geometry of the set-up,

2. variations in the distribution of radioactivity over

the leaf blade,

3. variations in self absorption.within the leaf.

Because leaf and GM tube were in a fixed position with
respect to each other, only leaf growth may have influenced
the geometry of the set-up. Y/ith leaves 4 and 5 which have
a high relative growth rate this factor may have played a
role, but because all the leaves showed the phenomenon of
changing counting efficiency it is unlikely that leaf growth
was the main cause of it. It should, however, be noticed,
that leaf growth did affect the diurnal count rate patterns
(Fig. 2) in another way. Because only a constant area of the
leaf blade was monitored with the GM-tube, this area in a
rapidly, growing leaf represented a decreasing fraction of
the total leaf area. In the case of leaf 4 and 5 this effect
was.counterbalancing the increase in counting efficiency me-
tioned before.

Because the window of the GM tube was smaller than the
leaf, only part of the leaf was assayed. Hence when using
this method it is a prerequisite that distribution of radio-
activity over the leaf blade remains constant with time.
Whether large variations in this distribution occurred we
did not investigate but we did not find data in the litera-
ture describing such variations. There are, however, some
good arguments why variations in self absorption within the
leaf may be important. The amount of (b radiation R measured
by the GM tube is given by (see appendix):
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R = (1-e ) *A
where A = the amount of radioactivity in the leaf (dpm)
S = a constant resulting from the geometry of the

set-up and from properties of the GM tube
aC= the absorption coefficient for G -radiation
which equals about 0.26 cmz"mg_1 (Gleason, Taylor
& Tabern, 1951)
T = leaf weight per unit area (+ 15 mg*cm )

The percentage of radiation lost due to absorption in
the leaf, according to this formula is 75%, which is in fair
agreement with the value of 79% obtained experimentally with
Pisum (Lovell et al, 1972). This percentage may be influen-
ced by differences in water content. However, assuming that
variations in water content were fully reflected in leaf
weight per unit area, a 10% increase in water content would
result in only a 6% decrease in count rate. Because an
increase in counting efficiency was observed rather than
a decrease when comparing counting efficiencies before and
after the night and because the increase was of a much grea-
ter order of magnitude (Table 3), it is impossible that
variations in water content were the main cause of it.

Not all 1 contained in the part of the leaf monitored
by the GM tube was contributing to the same extent to the
amount of radiation measured: because the GM tube was on the
abaxial side of the leaf, radiation received from the adaxial
side of the leaf was much more weakened by absorption than
radiation received from in the lower tissues. Consequently,
distribution of 1 over different leaf tissues wase one of
the factors determining the counting efficiency. In order to
investigate the effect of distribution of on counting
.efficiency in a more quantitative way, rather arbitrarily it
was assumed that 1 was homogeneously distributed within
the abaxial and within the adaxial half of the leaf and that
at the end of the night both aides contained equal amounts
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of radioactivity# With these assumptions the relative change
in counting efficiency (b/a) was calculated (formula 7,
appendix) ae a function of the fraction of (f) contained
in the abaxial half of the leaf at the end of the day

(Fig. 3). Most values of b/a observed in our experiments
(Table 3) according to this calculation, could be explained
by a 4:1 ratio in the 1”C contents of the adaxial and the
abaxial half of the leaf respectively (Fig. 3X.

When it is realized that the adaxial half of the leaf
consists mainly of palisade perenchyma and the abaxial half
of spongy parenchyma, these results are not surprising. At
the end of the day much carbohydrate will be stored in the
leaf, mainly as starch in the chloroplasts. Taking into
account the observations of Mokronosov, Bagautdinova, Bubno-
va l& Kobelova (1973);Farguhar et al.(1985>), that the majority
of the chloroplasts (in their case about 80%), is in the pa-
lisade tissue and that in this tissue, starch is the predo-
minant form of carbohydrate synthesized, the explanation gi-
ven above looks plausible, and the numbers obtained reasona-
ble.

An improvement in the experimental technique could be
obtained by using two GM tubes, one on each side of the leaf.
The remaining error depends on how much the distribution of
14C within the different tissues will change during an expe-
riment. A draw-back of this method is that it can be applied
in darkness only, because of shading effects.

Alternatively a more complicated technique may be adopted,
using semiconductor detectors. With these detectors the spec-
trum of the radiation received can be analyzed enabling, at
least theoretically, the determination of the distribution
of UC within the leaf (van de Geyn, 1974).
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CONCLUSIONS

In studies on transport and distribution of assimilates
in plants by means of 14C, it is generally assumed that the
distribution pattern of 4C is reflecting that of C. This
assumption implies that the average specific activities of
carbon respired and translocated are equal to that of carbon
assimilated by the source leaf. The present study however,
revealed that these specific activities may be strongly re-
duced. Because there is evidence from literature that this
is a common phenomenon, it should be taken into account in
the interpretation of translocation studies based on radio-
tracer methods.

Measurements of the content of *4! on intact leaves by
means of a GM tube may be subjected to large errors, due to
variations in the distribution of radioactivity over diffe-
rent :rrf tissues. Great care therefore is needed when uefng

thic technique, even for semi-quantitative purposes.
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APPENDIX

Absorption of fl radiation in leaves

"If it is assumed that radioactivity in a leaf is evenly

distributed in homogeneous layers with a thickness dx, acti-
vity in one layer is:

where T

dA = ~ A (1)

total leaf thickness, or leaf weight per unit area

A = total amount of radioactivity in the leaf
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If no self absorption in the leaf occurred, contribution of
a certain layer dx to the total amount of radiation received
by the GM tube is:

dR=&*dA (2)
where ft is a constant factor resulting from the geometry of
the set-up and from properties of the GU tube. Absorption
of ft radiation often can be described roughly by an expo-
nential function over the greater part of its range (Siri,

1949). The amount of, radiation dH” received by the GM tube
from a layer dx thus may be represented by the equation:

dRx = « V --* (3)

where dRx = the amount of radiation received by the GM tube
from a layer,dx at a depth x in the leaf.
n = absorption coefficient
drRO the amount of radiation received by the GM tube
if no absorption occurred, from a layer dx in
the -leaf.
Combining equations (1), (2) and (3), and integrating, the
total amount of radiation R received by the GM tube from
the leaf, is:

R=¥ f eetXax=& (l-e“N1) A (4)

In a similar way, the amount of radiation received from
the abaxial and from the adaxial leaf half can be derived. If
f.A is the amount of radioactivity in the abaxial leaf half,
(1-f). Ais the amount in the adaxial leaf half. When radio-
acticity is evenly distributed in each leaf half:

dA| * *EXA (5)

dAu = 572 ‘O-fl'A (6)
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where dAl

the amount of radioactivity in a layer dx in the
abaxial leaf half

the amount of radioactivity in a layer dx in the
adaxial leaf half

Consequently the total amount of radiation (R) received from
the abaxial (Ej; and from the adaxial (f~) leaf half ie:

FEEG Y UTHS o f Y

o] T/2

=N *((1-e" 7~T)f + (emdeeT-e"-e)(I-f)> (7)

Jan Krupa, Hugo Challa

VWBRANE ASPEKTY METODYCZNE BADAN
NAD TRANSPORTEM ASsYMiLATOW Z LISCI
PRZY ZASTOSOWANIU ZNAKOWANEGO WAGLA - MC

Streezczenie

Przy uzyciu licznika Geigera-Mflllera mierzono 21l -

dioaktywnosci liscia ogorka, ktory znajdowat sie w

rze zawierajacej Zaproponowany uklad mierzacy relak
na staty pomiar tych zmian w ciagu catej doby. %%1
prawidtowych wynikdw wymaga spetnienia przynajmniej
warunkow. Po pierwsze - specyficzna aktywnos$¢ wegla _

towanego powinna by¢ taka sama jak uzywanego do enje -
§cia. Po drugie - musi istnie¢ okres$lona i st]a%a a i,
dzy radioaktywnos$cia wewnatrz liscia oraz | 17?

mierzong na jego powierzchni przy uzyciu licznika (el
Mttllera. Przeprowadzone doswiadczenia i [00MI
ze wymagania te nie zawsze sg w peini mozliwe
Na podstawie danych bibliograficznych oraz danych
z wiasnych eksperymentéw mozna przypuszczac, ze S}
znaczaca wymiana miedzy powstajacymi asymilatami 1 tymi WU~
dowanymi w struktury komoérkowe. Oprécz tego wydajnosé zli-
czen impulséw przez licznik Geigera-MOllera, ktéry umocowany
jest po dolnej stronie liscia, jest zmienna, gdy lis¢ znaj-
duje sig w ciemnosci. Zmiany te moga by¢ spowodowane rozne
absorpcja promieniowania oraz zréznicowaniem w dystrybucji
14C w obrebie samego liscia.

W zwigzku z tym dane dotyczace transportu asymilatéw, uzy-
skane przy zastosowaniu radioizotopow, muszg byc¢
statej i krytycznej ocenie przy ich interpretacji.




AH Kpyna, Tyro Xanna

V3BPAHHBIE METOLOMOMVYECKVE ACMEKTH VICCENOBAHIAN 4 + 1 TPAHOTICH?-
TO ACCUMANATOB 13 NUCTHEB MPU NMPWEHEHNWA MEYEHHOIO Trid14C

Pe3tome

Mpn npvmeHeHn cyeTunka leirepa-Monnepa 13mepsanucb n3-
MEHEHVS1 B pPAMOaKTUBHOM /IUCTa Orypua, KOTOPbIA Haxoauncs B
aTmoctepe, copepxawein C. lpegnaraemas U3MepUTENbHAA CHUCTe-
Ma MO3BONAET Ha MOCTOAHHOE W3MEpPEHWe 3TUX WU3MEHEHWN B Teue-
HUe Le/biX CyToK. [loydeHne npasBuiibHbIX pe3y/nbTaToB TPebyeT Mo
KpaiiHel Mepe [ABYX YCNoBuiA. Crneupuyeckas akTWBHOCTb TpaHC-_
NOPTUPYEMOr0 YINA [OMKHA ObITb Takad e, Kak K TOro, KOTOpbi
NPUMEHAeTCA ANA NUTaHuA fncta. Kpome TOro, AO/MKHO CYLECTBO-
BAaTb OMPEAENIEHHOE M MOCTOSIHHOE COOTHOLEHVE MEXAY PafnoakTUB-
HOCTbI0 BHYTpW /IUCTa U U3MEpPSEMOU p?ggoaKTMBHOCTbm Ha ero no-
BEPXHOCTY MpW NpUMEHeHUM cyeTumka [enrepa-Mionnepa. [lpoBeseH-
Hble OMbITbl W M3MEPEHNS MOKa3aM, 4TO 3TU TpeboBaHWS He BCErja
BO3MOXHbI 19 OCYLECTBNEHNSA .

Ha ocHoBe NNTepaTypHbIX AaHHBIX U AaHHbIX U3 COBCTBEHHbIX _
SKCMEepUMEHTOB MOKWMO npefnonararb, YTO BLICTYMNaeT 3HAUUTE/bHbIN
OOMEH Mexay BO3UMKaMWWMK aceumumxTamm U acCUMWISTamuM, BCTPO-
EHHbIMM B KNETOYHbe CTPYKTYpbl. Kpome Toro, 3S(deKTUBHOCTb €0-
CYETOB MMMYNbCOB-CHETUMKOM [enirepa-Monnepa, KOTOPLIM YKpennss
€TCA C HWKHE/ CTOPOHLI /INCTA, MOABEPraeTcs 3HAUUTENbHLIM K3Me-
HEHMAM, KOrja NUCT HaxoauTCsA B TEeMHOTee® 3TU W3MEHEHUA WoryT-
ObiTb Bbi3BaHbl Pa3HUM MOT/IOWEHVEM W3NYyYeHUs, a Takke AudhepeH-
UMpOBaHVEM B pacrpefeneHnn X U B npegenax camoro smcra.

B CBA3K C 3TUM JaHHble, KacawwWeca TpaHCcnopTa acCuLniATos,
NoNy4YeHHble NPU NPUMEHEHWUN PaAMOM30TONOB, [AOMKHbI MOABEPraThCs
MOCTOSAHHOW U KPUTUYECKON OLEHKE MpW WX MHTepnpeTauum»



