Light and Translocation of C'* in Detached Blades of Sugarcane "*
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Introduction

An cffect of light upon the translocation of photo-
synthate has interested several investigators. Ver-
non and Aronoff (22) reported that light had no
effect upon translocation from soyvhean leaves other
than forming the translocate. However, different
distributions of the translocate up and down the
stem were obtained in the sovbean in light and dark-
ness (15,20). Increases in translocation were ob-
tained in bright light compared with shade in wheat
(4). in rice (18). and in soybean (20). Peel and
Weatherley (16) using leafy rooted cuttings of Salix
reported that aphid stylet exudation responded imme-
diately to light conditions of the leaves. more than
half a meter below the site of assimilation. This
response, however, was attributed to differences in
diffusion pressure deficit. According to Jones and
Fagles (12), the main mechanism resulting in trans-
location from leaves of tobacco and variegated Pelar-
gonium appeared to be located in the veins and did
not act in darkness. In the study of the diurnal
periodicity of translocation in several plants, Anisi-
mov et al. (1) found: A) in the potato, the rate of
translocation was higher at night than by day: B)
in the cucumber, the highest rate was hetween 2 and
4 prx; while C) in maize, the highest rate was be-
tween 10 ax and 2 pyM. Anisimov concluded that
special investigations were needed to determine
whether the daily periodicity in translocation was due
to growth processes, to a diurnal rhythm in the ac-
cumulation of carbohvdrates. to the direction of en-
zyme transformations, or to periodic changes in the
state of the protoplasm.

Nelson (14) stated that it is generally agreed
that the major portion of translocation takes place
by day. He also reported that light intensities of
250 and 2500 ft-c had little or no difference in their
effects upon translocation to the roots of pine seed-
lings.

Thrower (21) reported that darkening a young,
expanding leal of soybean caused its premature ab-
scission, decreased its growth, and depressed its
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2 Published with the approval of the Director as
Paper No. 152 of the Journal Series of the Experiment
Station, Hawaiian Sugar Planters’ Association.

importation of C'*-photosynthate made in the leaf
next below it, although the length of time that im-
port continued was lengthened. Similar results were
obtained by supplying the leaf with CO,-frec air in
the light. Therefore stopping photosynthesis in the
voung leaf did not increase its activity as a sink,
but instead decreased its ability to import sugar.
The ability of the darkened leaf to import sugar
from below was increased by spraying with kinetin.

In sugarcane, translocation takes place by day
and by night (11). The percentage of radioactivity
translocated from the fed blade is greater by day than
by night, and this difference is more conspicuous
when the roots are maintained at 16.7° than at 22.2°
(6,7). Translocation from a blade was decreased
by darkening it after administering the C**O, (10).
This effect was attributed to the need for further
photosynthesis to wash the radioactive sugar out of
the leaf and to enable the fed leaf to compete with
other streams of translocating sugar.

In detached blades of sugarcane, translocation
is basipetally polar; light or a light-formed factor is
required ; darkness reverses polarity; and sugar moves
into darkened parts (9). It was suggested that the
presence or absence of a sink, as well as the changes
in the physico-chemical properties of protoplasm
might play a role in the reversal of polarity in dark-
ness. ‘The small percentage of radioactive sucrose
translocated basipetally in darkness by blades cut
in the morning is not a starvation phenomenon,
since standing cut blades with their bases in a solu-
tion of sucrose increased the concentration of sucrose
in the blade but did not increase translocation, either
basipetal or acropetal. Instead. there was a decrease
in basipetal translocation, both in distance and in
percentage. Neither is the small basipetal transloca-
tion due to a lack of respiratory cnergy in the dark,
since a comparison of several tests indicated greater
respiration in the dark than in the light (9).

Thus, studies with sugarcane have demonstrated
a definite effect of licht upon translocation. The
effect of light was attributed to the need for further
photosynthesis (10), to the presence or absence of
a sink, and to possible changes in the physico-chemi-
cal properties of the protoplasm (9). Tn an at-
tempt to determine which explanation is correct stud-
ies of the effects of duration. intensity. and quality
of illumination were undertaken.
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This paper reports work on the effect of the time
of day, the time course of translocation, the duration,
and the intensity of illumination, upon polarity and
upon the percentage of translocation.

Materials and Methods

The varieties of sugarcane used in these experi-
ments were H 37-1933 and H 50-7209 described pre-
viously (9). The plants were grown in full light
with adequate nutrition in the field at the Experiment
Station. The detached blade method (9) was used.
With the exception of experiment 1 (fig 1), all of
the experiments reported in this paper were conducted
with blades detached in the morning, before 8:30 A M.
The methods of the application of C140,. sampling.
preparation, and counting were as previously de-
scribed (11).

Light during preillumination and application of
C1Q, to the detached blades was from water-cooled
incandescent lamps. A General Electric light meter
placed at the surface of the blade showed the light
measurement to be 2000 ft-c.

To vary the intensity of the light during the
periods of translocation, the blades were placed at
different distances from General Electric cool-white
fluorescent tubes and the number of the tubes was
varied. Most of the experiments on light intensity
were conducted in air-conditioned chambers with the
temperature approximately 21°. In some tests, the
cabinets were ventilated at room temperature but not
thermostatically controlled. Low intensities of light
were measured with a Norwood light meter. Higher
intensities of radiation were measured with a General
Electric radiation meter.

Carbon* results are expressed as: relative specif-
ic activity, which is the net cpm at infinite thickness:
as relative total counts, which is the relative specific
activity times the total dry weight in milligrams: and
as percentage of relative total counts in the blade.
Relative total counts in the blade is obtained by adding
the relative total counts of each part.

Results

Time of Day. Hartt and Kortschak (9) reported
that blades detached from the plant in the early
morning could not translocate in total darkness as
well as blades detached in the afternoon, and the
ability to translocate in the dark gradually increared
during the day if the blades remained attached to
the plant. The effect of light upon translocation in
blades detached in the afternoon compared with
blades detached in the morning was measured after
24 hours in the dark compared with 24 hours at 0.1
g-cal/cm? per minute (fig 1). In the light, the
blades detached in the morning translocated better
than the blades detached in the afternoon; but in
the dark, the afternoon blades translocated better,
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Fic. 1. Effect of time of day upon translocation in

the light or the dark. The dosage, time and illumination
during feeding were the same as in the legend to table I.
The blades to translocate in the light were placed in the
air-conditioned cabinets with light (supplied by alter-
nating red and blue fluorescent tubes) which measured
0.1 g-cal/cm? per minute beside the blades. To trans-
lccate in the dark the blades were wrapped in aluminum
foil and kept at room temperature. AM: The blades
were cut at 8:30-8:40 AM on September 9. pM: The
blades were cut at 2:10-2:20 » M on September 11. Each
plot is the average of 4 blades. Designation: ], percent
translocating to apex ; W, percent remaining in fed part;
parallel lines, percent translocated to base.

confirming previous tests (9). Basipetal transloca-
tion in blades detached in the morning was increased
15.7 times by light. However, in blades detached
in the afternoon, basipetal translocation was in-
creased only 1.9 times by light. Acropetal translo-
cation in the light was not affected by the time of
day: but in the dark, acropetal translocation was
considerably more in the blades detached in the
morning than in those detached in the afternoon.

These experiments indicate that basipetal trans-
location in sugarcane blades was better in the light
than in the dark.

Time Course of Translocation in Blades Detached
in the Morning. 'Translocation at 2000 ft-c (fig 2)
was compared with translocation in similar blades
with fed part plus apex darkened with foil (fig 3)
for 0.5 to 6 hours. The blades in the light trans-
located primarily basipetally each time tested. The
blades with fed part plus apex darkened with foil
translocated much less than the blades in the light.
Translocation with the fed part plus apex darkened
was chiefly basipetal for 2 hours, and chiefly acro-
petal at 4 and 6 hours. With the fed part plus apex
dark, sugar started toward the base but did not have
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F1c. 2. Time-course of translocation for 0.5 to 6
hours in the light. The dosage, time and illumination
during feeding were the same as in the legend to table
I. Light during translocation was 2000 ft-c (incandescent
illumination).

the necessary push to continue hasipetal translocation
throughout the experiment. That which could not
go to the base during the first 2 hours remained in
the fed part. Between 2 and 4 hours, the “door
to the apex opened.” The removal of radioactivity
from the fed part to the apex increased, and some
radioactive sugar that had already gone to the base
returned back up to the apex. In other words,
between 2 and 4 hours, something happened which
resulted in a reversal of polarity.

To sharpen the time of reversal of polarity, the
experiment was repeated with sampling every half
hour from 1 to 4 hours. Translocation with the fed
part plus apex darkened with foil was not as much
as in the previous test but showed the same trend.
A reversal in polarity took place hetween 2.5 and
3 hours.

Thus, acropetal translocation rather than basi-
petal, in morning blades with fed part plus apex
dark, started at about 3 hours.

Duration of Light. The effect of intermittent
light upon blades detached in the morning was studied
by brief exposure of darkened blades to 2000 ft-c
illumination for a few seconds every 30 minutes.
Translocation was no better than in continuous dark-
ness.
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F16. 3. Time-course of translocation for 0.5 to o
hours with the fed part plus the apex darkened with
foil. The dosage, time and illumination during feeding
were the same as in the legend to table I.

Table I.  Effect of Intermittent Light upon Translocation

C140, (10 uc) was fed to a 20-cm portion of blade
5 for 5 minutes at 2000 ft-c. After removing the feeding
chamber, the blades to translocate in the dark were
wrapped in aluminum foil. The blades to receive inter-
mittent light were placed in the dark room and exposed
to 2000 ft-c for 5 minutes every 30 minutes for 6 hours.

Part Entirely in dark Intermittent light

A. Distribution as % of relative total counts

Apex 1.5 1.0 0.2 0.5
Fed 794 86.6 76.8 85.6
Base 19.1 124 23.0 14.0
RTC X 108 5.4 5.4 5.3 6.2

B. Relative specific activity as cpm

A2* 10 10 0 10
Al 160 120 30 30
FFed 4210 5190 4770 4860
B1* 1060 930 1870 1090
B2 550 270 760 390
B3 330 110 190 120
B4 140 20 40 30
B5 20 0 0 0

*

A = Apical sections, above the fed part; B =
sections, below the fed part.
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Fic. 4. Effect of light intensity upon photosynthesis
and translocation in blades from the same plot: blade
5 of the variety H 50-7209. Photosynthesis was meas-
ured with the infrared analyzer, at 500, 1000, 2300, and
3300 ft-c. Translocation was measured at the same
intensities of light and in the dark.

Table II. Effect of Darkness after Illumination
for 6 Hours
6 hr at 6 hr at 2000 ft-c 24 hr
Part 2000 ft-c 4+ 18 hr in foil in foil
Distribution as % of relative total counts
Apex 0.3 0.2 84 42 158 18.4
Fed 45.5 40.3 46.9 489 68.5 742
Base 54.2 59.6 44.6 46.9 15.7 7.4
RTC 15.3 14.5 16.0 14.5 9.4 9.5
X 106

Lengthening the time of the 2000 ft-c exposure to
5 minutes had no effect upon basipetal translocation
(table T). However, the 5-minute periods of light
were apparently sufficient to keep acropetal translo-
cation in the normal range, as shown by the relative
specific activity of the Al part (table IB). Thus, the
S-minute exposures to light were sufficient to control
polarity but not enough to drive basipetal transloca-

AND TRANSLOCATION

IN SUGARCANE 721
tion. Apparently, less light is needed to control
polarity than to drive basipetal translocation.

The reversal of polarity by darkness, in blades
detached in the morning, could take place even after
exposure to 2000 ft-c for 6 hours (table IT). Addi-
tional translocation in the dark, after 6 hours at
2000 ft-c, was all acropetal. The percentage data
indicate that some of the radioactive sugar which
had gone to the base while in the light, went back
up toward the apex in the subsequent darkness. The
blades in the light for 6 hours followed by darkness
did not differ appreciably in relative total counts
from the blades in the light. The blades in the dark,
however, definitely had less total radioactivity. Ap-
parently the loss in total activity, which was asso-
ciated with darkening the fed part and attributed to
respiration (9), was prevented by the 6-hour exposure
to light.

Intensity of Light. Photosynthesis in sugarcane,
measured with the infrared analyzer, saturated at
5000 to 7000 ft-c in the varieties used in this investi-
gation (8). Since basipetal translocation in detached
blades was better in the light than in darkness (9)
(fig 1), tests were conducted to determine the light
saturation value for translocation and compare it
with the light saturation value for photosynthesis
in similar blades of the same variety.

Translocation and photosynthesis were measured
in blade 5 of variety H 50-7209 at 500 to 3300 ft-c
(fig 4). Basipetal translocation was saturated at
500 ft-c, the lowest intensity used, whereas the assi-
milation of CO, increased rapidly from 500 ft-c.

When the low level of light intensity was extended
down to 250 ft-c (fig 5), basipetal translocation was
saturated at that level whereas photosynthesis was
very weak. The compensation point was located at
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Fic. 5. Light saturation and compensation point for
photosynthesis in blade 5 of the variety H 50-7209, meas-
ured with the infrared analyzer, compared with basipetal
translocation in similar blades,
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120 to 125 ft-c (fig 3). 'The saturation of translo-
cation at 250 ft-c in this experiment agrees with the
results reported by Nelson (14) who stated that in-
tensities of 250 and 2500 ft-c had little or no differ-
ence in effect upon translocation to roots in young
pine seedlings.

No significant differences in basipetal transloca-
tion were obtained until the intensity of illumination
was reduced to 50 ft-c (fig 6). When all the results
for the variety H 50-7209, blade 5, illuminated or in
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Fi1c. 6. Effect of light intensity upon acropetal and
basipetal translocation for 24 hours: blade 5 of the variety
H 50-7209. Results are the averages of 17 tests and
67 blades. Differences in basipetal translocation from
0 to 50 and 50 to 100 ft-c were significant to the 0.01
level; there was no significant difference from 100 to

3300 ft-c.

the dark for 24 hours (a total of 17 tests and 67
blades) were studied statistically, the differences for
basipetal translocation were significant at the 0.01
level comparing 0 with 50 and 50 with 100 ft-c. But
the differences from 100 to 3300 ft-c were not signi-
ficant. Basipetal translocation for 24 hours was,
therefore, saturated at 100 ft-c.

The factor preventing acropetal translocation
(and therefore controlling polarity) was saturated
at only 50 ft-c (fig 6). These results indicate that
less light is required to control polarity than to drive
basipetal translocation. This finding is in agreement
with the results on duration of light.

The experiments on intensity of light show that
translocation is a low light intensity process.

Discussion

The object of this investigation was to de-
termine, if possible, whether light has any effect

upon translocation other than to make the sugar
which is translocated. The results appear to indi-
cate that light may affect 2 aspects of translocation.
the polarity or direction of movement. and the per-
centage of basipetal transport.

The effect of light upon polarity appears not to
be connected with further photosynthesis in C'0,
after the photosynthetic production of radioactive
sucrose, for the following reasons. There was much
less effect of light upon polarity in the blades de-
tached in the afternoon than in the blades detached
in the morning, although both sets of blades in the
light were presumably making C'? sucrose. More-
over, the factor controlling polarity was saturated
at a light intensity of only 30 ft-c, which is well below
the compensation point for photosynthesis.

Basipetal translocation was significantly increased
by an illumination of 50 ft-c and was saturated at
100 ft-c. If further photosynthetic assimilation of
CO), were the explanation for the stimulating effect
of light upon translocation, there should be a net
uptake of CO,. It is true that the photosynthetic
pool may be small and not much uptake required for
the photosynthetic pool to overflow into translocation.
But without a net uptake, could there be an overflow?
Because basipetal translocation was saturated at a
light intensity below the compensation point, it ap-
pears to the writer that bhasipetal translocation was
independent of the assimilation of CO,. The inde-
pendence of translocation and the assimilation of CO,
was previously demonstrated by Shiroya et al. (19),
who found better translocation in a pine seedling
illuminated at the CO, compensation point (66 ppm)
than in one at 400 ppm CO,.

Because basipetal translocation was increased by
light intensities which give no net uptake of CO,,
and thus was apparently independent of the assimila-
tion of CO,. some other explanation is needed for
the effect of light upon translocation. Because of
these results the writer has referred to the possibility
that translocation is under photocontrol (7). 'I'here
may be alternative interpretations. A tentative sug-
gestion is that light controls translocation by an
electrokinetic mechanism similar to that proposed by
Fensom (3), or by the formation of ATP known
to be important in translocation (13). The process
of photosynthetic phosphorylation is also independent
of the assimilation of CO, (2) and could be the
source of energy which drives the translocation of
sugar.

Many factors are involved in translocation. Tt
is not suggested that light is the only one concerned.
With an attached leaf the pull from bhelow is strong
(9). especially the pull from the young, growing
parts which may be due to kinetin (21). Removal
of the pull from the stalk by detachment of the blade
facilitates the study of the push from the leaf,
More work is needed on the effect of light upon
translocation. However, the finding that light or
a light formed factor is essential for the translocation
of sugar (9), which is saturated below the com-
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pensation point, suggests that this transport may ac-
tually be a phototransiocation. The possibility of
a phototranslocation might be of interest to investi-
gators of photomorphogenesis and other photoregu-
lated processes in plants, since the supply of avail-
able carbohydrate affects photomorphogenesis, ac-
cording to Schwabe (17).

If the transport of sugar from the leaf were in-
deed initiated by a phototranslocation, this would
give a built-in mechanism for the coordination of
photosynthesis and translocation now considered es-
sential for maximum yield in sugarcane (5). The
slowing down of translocation causes an accumulation
of sugar in the blade, which results in an inhibitory
effect upon the assimilation of CO, in that blade
(6.8). A decrease in the assimilation of CO, means
less ATP and TPNH are being used; hence, more
energy is available for translocation, and excess
sugar is removed from the leaf, which facilitates an
increase in the rate of assimilation. So the 2 pro-
cesses of photosynthesis and phototranslocation con-
tinue, both dependent upon light, leading to maxi-
mum production by the plant.

Summary

Investigations are reported on the effect of light
upon translocation of C!* in detached blades of
sugarcane, including the time of day when the blades
were detached, the time course of translocation. in-
termittent illumination, light followed by darkness,
and the intensity of illumination.

Aspects of translocation which were affected by
light were polarity and the percentage of transloca-
tion.

The change in polarity with light and darkness
was greater in blades detached in the morning than
in blades detached in the afternoon. Therefore, ex-
periments designed to study this phenomenon were
conducted with blades detached in the morning.

Darkening the apex plus fed part, after removing
the feeding chamber, resulted in a reversal in polari-
tv. This reversal did not take place immediately but
after 2 or 3 hours.

To control polarity, light did not have to be
continuous. Exposure of the blades to 2000 ft-c
for periods of 5 minutes alternating with periods of
25 minutes in absolute darkness, was apparently
sufficient to keep acropetal translocation in the
normal range.

Sensitivity of the system controlling polarity was
not lost even after exposure to 2000 ft-c for 6 hours.
Part of the radioactive sugar which was translocated
basipetally during the 6 hours at 2000 ft-c was re-
translocated acropetally during the subsequent period
in darkness.

The factor controlling polarity was saturated at
50 ft-c.

Basipetal translocation, measured as percentage
of total counts, was better in the light than in the

dark and (in the light) better in blades detached in
the morning than in blades detached in the afternoon.

Total translocation (acropetal plus basipetal) was
greater in the light than in the dark. The superiori-
ty of translocation in the light could be detected even
in one-half hour. After 2 hours, and associated
with the reversal in polarity, the percentage of counts
translocated from the fed part was almost as great
in the dark (chiefly acropetal) as in the light (chief-
ly basipetal).

Exposure of the blades to 2000 ft-c for periods
of 5 minutes alternating with total darkness for peri-
ods of 25 minutes, was not enough to drive basipetal
translocation.

The factor controlling basipetal translocation was
saturated at 100 ft-c.

The photosynthetic assimilation of carbon dioxide
in blades of the same variety, the same rank, and
from the same plot, measured with the infrared ana-
lyzer, saturated at 6000 ft-c. The compensation
point was located at 120 to 125 ft-c.

Because light affected translocation at intensities
which allow no net uptake of carbon dioxide, the
cffect of light upon translocation is not due merely
to the washing out effect of further photosynthesis
in ordinary carbon dioxide.

The suggestion is made that the initiation of trans-
location of sugar from the leaf is under photocontro!.
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