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ABSTRACT

Seasonal changes in the rate of translocation in grand fir

(Abies grandis Dougl.) were followed using photosyntheticaily

assimilated 14C-organic compounds and a geiger tube placed against the
outside surface of the tree. The geiger tube technique was sensitive
enough to identify a bimodal pattern of tfanslocation with peaks in
the spring and autumn. Translocation was measured from the tip of branches
to regions on the branch closer to the main trunk.

‘Organic compounds were extracted from thé fed region and a ﬁon—fed
region on the same branch, during the Spriﬁg, midsummer and autumn.
Six hours after the uptake of‘14C02 over 80% of the 14C—organic compounds
were recovered from the needles of the fed region. Different am?unts of
14C were found in the non-fed branch corresponding to the changes in rate
of translocation with seaéon. The metabolism of the ethanol-soluble
organic compounds to ethanol-insoluble organic compounds increased with
increasing rateé of translocation, although the relationship was not
directly proportional. Sucrose was found to contain most of the 146 in
the ethanol-soluble compounds of both the fed needles and the non-fed
region of thé_branch except during the spring when there were also large
" amounts of 1%C-shikimic and ;4C—quinic acids in the fed needles. Thus
sucrose appears to be the form in which the bulk of carbon is translocated
in grand fir.

Following assimilation of both 3H20 and 14C02 by soybean

(Glycine max L.) in the light, similar percentages of non-exchangeable
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3H and of l4¢ were distributed in each of the identified compounds with
the exceptions of glycine-serine and glutamic acids. Glycine-serine
contained proportionally more 14¢ than expected on the basis of percentage

3

of “H; and glutamic acid contained proportionally more 3H than expected

£ 14c. Both 3u- &nd 14C—organic compounds were translocated

on the basis o
at similar rates and in both cases the main compound translocated was
sucrose. The metabolism of dark assimilated SH wasvdifferent from dark
assimilated 14C, but in neither case was it a significant factor in the
plént.

Translocation of 3

H~- and 14C-organic compounds under different
environmental Oy concentrations was observed after a sequential feeding

of 3H20 and 14C02 to the same soybean leaf. At 2% 0, lower translocation

rates were observed than at 21% or 99% 02. This was found to be due to

3

the effect of 0, on the distribution of “H and 14C among the recent

products of photosynthesis.
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INTRODUCTION TO THE THESIS

.Most of the recent knowledge about translocation of organic compounds

14

in vascular plants has been obtained using C-labelied organic compounds..
Translocation rates have been established in many species (1) but because

of the difficulties in detecting low levels of 14C and because trénslocation
resembles a "speeded-up diffusion process', maximum rates of translocation
are not completely agreed upon (7). In fact two types of translocation

have been reported, rapid tramslocation (2000 cm/hr) (9) and slow
.translocétion (100 cm/hr), both functioning in the same plant.

The anatomy of sieve tubes, belie§ed to carry organic compounds (13),
is also controversial. Some workers believe that sieve tubes contain |
cytoPIasmic strands stretching from sieve plate to sieve plate through
the lumen of the cell and these strands function in translopéti&n in
intact ceils (4,12). Other workers believe that stfands are an artifact
of sectioning and are part of an immovable fibril layer attached to the
parietal layer of cytoplasm 2,3). Whicheverﬁtheory of sieve-tube anatomy
is provén correct, it will clérify.the several theories of phloem transloca-
tion which have been proposed to date (6,11;12,15,16).

Although anbaécurate criterion for maximum rate of translocation
" and the mechanism by which translocation operates has not yet been established,
bulk movement of organic compounds can be measured and compared using 140.
Beyond the theoretical level of translocati&n studies, there are many
unanswered questions at the level of movement of o:ganicvcompounds in intact

plants. The factors controlling seasonal changes in translocation in trees

-



Introduction ' a 2

)

(5,10,14) are unknown. These controlling factors are probably related
to énvironmental changes (8) and if they can be regulated pefhaps
t;anslqcafion could be stimulated under certain conditions. Another
problem is variation in translocation between plants of the same species
with the saﬁe previous conditioning. Increésing the number of plants
té obtain statistically significant results is one method to reduce the
probiem of individual variation but if would be useful to perform moré than
one\experiment on the same plant. The nature of most translocatioﬁ
experimehts using.14c necessitates that the plant be used oniy once since it
must be killed and extracted to assay for amounts of 14C-organic comp0undst

. With these ideas in mind, translocation in young grand firs was
studied with the hope of producing results that could be appliéd to field
application of systemic inseéticides to combat the balsam woolly aphid.
This problem was approached from the standpoint of determining if there
was a seasonal nature to translocation in fir trees, similar to other
conifers (5,10,14) and esfaBiishing the controlling factors on thié
seasonal translocation. Because translocation’rates between individual

34

trees were variable it was decided to develop a technique using first
then l%4c-labelled organic compounds under two different environmental
conditions in the samebplant. Since Qoody tissue is hard to extract this

- technique was developed with soybeans. This teéhnique was used to determine

the effect of environmental oxygen concentration on translocation in soybean

but has not as yet been applied to trees.
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Chapter 1 o | 6
INTRODUCTION

Heavy infestations of balsam woolly aphid (Adelges piceae Ratz.) are

destroying economically important stands of_true firs (Abies spp.) in the
maritime provincés, the Appalachians of northeastern United>States, north-
western United States and British Columbia (1,2). The balsam woolly aphid

feeds on the bark of balsam fir causing production of abnormal and non- functional
phloem which eventually kills the tree (13); It has beeQISuggested that an
insecticide might be sprayed on fir treés, absorbed and carried in the
translocation stream to the infested region (12). This would be in preference
to directly spraying the aphids which are protected by their waxy wool and by
crevices in the bark and would protect natural insect predators from contact
with the insecticide. A knoﬁledge of translocation and seasonal variations

in magnitude and paths of translocation is required before a pfoPer evaluation
of systemic insecticides can b; made.

A systemic insecticide sPréyed onto the surface of the tips of fir
branches was found to migrate in the phloem ﬁé other parts of the tree (11).
1f thére is a seasonal character to the translocation in.the fir, then the
correct time to embark on a spray program becomes vital.

There are conflicting reports on seasonal variation of translocation
in trees. Seasonal changes in the magnitude of 14C-pho.tosynthéte translocated

from the shoot to the root of three-year-old white pine (Pinus strobus L.)

(7,8,14) and from new needles to root in red pine (Pinus resinosa Ait.) (&)

fits a bimodal curve with peaks in the spring and autumn and little trans-

location during July and August. Peak translocation of 14C—photosynthate
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has also been reported in the autumn with no peak in the spring from shoots
to roots in young white pine (17) and from old needles to roots in red

pine (4). Only, a spring peak in translocation of 14C—photosynthate occurs

from new needles to old needles and from new needles to mew needles in red
pine (4). |

It was suggested that the time of slow translocation from the shoots
to the roots of white pine can be determined as follows (7):

1. By permitting shoots to carry on photosynthesis in 14002, ext%acting
and measuring the 140 translocated to the roots,. |

2. By observing the growth-rates of the leader stem and the new
needles,

3. By permitting a shoot to carry on photosynthesis in 14C02 for 1
hour and comparing the specific activity of 14002 respired at the end of
feeding as compared to this specific activity 7 hours later. -

4. By observing the bio-electric potential difference between the
base and top of the seedling.

An additional method is the use of a geiger tube to measure the loss

of 4¢ from the fed region of a leaf (5) but this method has not been used
14

to directly measure translocafion in trees. By feeding CO2 and using the
geiger tube to follow the translocation of recently assimilated products of
photosynthesis it should be possible to follow seasonal variations in trans-
location without destfoying the tree, This method could be adapted to
field application permitting determination of the physiological activity

of the translocation process in a particular stand of fir at a given

elevation or location.
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MATERIALS AND METHODS

Grand firs (Abies grandis Dougl.), 20 stock, potted in November 1966 were

replanted and lefF out of doors until taken to the laboratory between May -
and séptember 1968. At the beginning of May 1968 branches to be fed Léco,
were selected for uniform size from the top whorl of branches on the trees.
On the day before feeding, the trées were‘placed in a growth cabinet (16 hours
of 1light at 70°, 8 hours of darknmess at 56°). Light intensity was 2,000 ft-c
as meaéuredlby a Weston light meter. At the #ime of feeding the trees were
four-years oid and had two whérls of branches, one at the top of the tree
and another at the base of the main_trunk. |

" A1 cm section éf the branch tip was sealed (with paraffin wax and
vaseline 1:1) in a plexiglass feeding chamber (Fig. 1.1). During feedings
from May 16 to june'4 (May-June), the feeding éhamber enclosed the branch
tip, In feedings during July and Septembér the branch tip was left Outside
the chamber and a section 1 cm long lower on the branch was enclosed in the
chamber., A geiger tube (Anton-Lionel type 6222) wés held by a projection
from the feeding chamber against the under surface of the branch between
the feeding chamber and the main tree trunk. Thus on different trees the
geiger tube was placed iﬁ Eonstant position 1 cﬁ from the feeding chamber.
The geiger tube output was connected to a ratemeter (Nuclear Chicago 8731)
and a recorder (Riken Denshi Model S P-J 2). This arrangement measured l4c
which was transported from the fed region. The feeding chamber Qas part
-0f a closed gas circuit containing a pump, é 14C02 generating flask and

a second geigér tube (Anton-Lionel type 6222). The second geiger tube
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Figure 1.1 Apparatus for feeding 14002 to 1 cm section of grand fir,.
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with its ratemeter and recorder measured the 14002 remaining in the closed
* eircuit of the feeding apparatus to indicate uptake of lag by the branch.
A 10 pyl aliquot of Na214COZ (specific activity 76.6 atoms pércent, 140 pc)

was converted to 14002 with 2N HZSO4 and the 14

CO, offered to the branch
section for 1 hour. At the end of the feeding, time the circuit was opened
And room air was pumped through the chamber. Care was taken to flush the

14002 out of the growth cabinet.

From the beginning of feeding until extraction a éontinuous record
- lasting for 2, 6 or 24 hours in May-June, 2, 6, 36 or 48 ﬁours inrJuly and 2,‘
6, 24 or 48 hours in September was kept of the counts per minute (cpm) on the
geiger tube outside the fed area. At the end of these times the branch was
cut into the fed region, tip of the branch above the fed regipn, and the branch
between fhe fed region and the main trunk was divided into stem, needles and
side branches off the main branch. 1In feedings during May-June, side branches
were included‘with néedles of the main branch. Each piece was weighed, killed
in boiling 80% ethanol: 20% water, homogenized (VirTis Homogenizer Model 45)
and extracted with hot 807 ethanol: 20% water.: The~extréct was filtered
through Whatman No 1 filter paper and the ethanol removed from the extract
in a flash evaporator. The extract was diluted with water to a known volume
and the amount of l4¢ was‘aséayed in a liquid scintillation sPectromefer (Packard
Tricarb Series 3000) using a dioxane-based scintillation solution. Counts of

C were corrected fof quench (18) with an external standard (Radiﬁm 226).

'The ethanol-insoluble residue was washed from the filter paper, dried

and then converted to 14C02 by wet combustion (9,10,20). The resultiﬁg

14
COy was dissolved in a 2:1 mixture of ethylene glycol monomethylether and
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1
methanolamine and its radioactivity determined in a dioxane-based

scintillation solution in the scintillation spectrometer.

11
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RESULTS

In May-June the fresh weigﬁts of stem and needleé of the fed region was
slightly less than later in the season (Table 1.1) since new growth at the
tip of the branch was not fully expanded and the chamber enélosed the tip
rather than a section further down the branch. Fresh wéights of the branch
tip and the side branches off the main branch showed the greatest variation (for
July feedings 807% and 837% coefficient of vafiationl'). Difficulty in
placing the chamber so that a uniform amouﬁtAof the branch was exposed above
the tip accounts for variation in fresh weights of the branch tip. Uneven
growth of side branches off the main branch accounts for their variabilify.
Fresh weights of the fed region showed the smallest variation (less than
25% coefficient.of variation), except for the fed needles in the May-June
feedings which showed a larger variation (47% coefficient of vﬁriation).
This larger variation is due to expanding needles., Since a 1 cm section
was always enclosed in the chamber the fed région showed less variation
than other sections of the branch. |

The amount of l%¢ present in the stem was of the saﬁe order of
magnitude for all feedings (Table 1.2)., Total 14C found in the branch
at any given time is the amount of 14C assimilated into the organic compounds
in photosyﬁthesis plus 14002 lost due t§ respiration and 14c-ofganic
compounds lost from the branch by translocation. thers'have
found (4) that in red‘pine, respiration during the 72 hoﬁré foliowing

feeding with 14002, accounts for the loss of only a small fraction of the

total léc applied. It is assumed, in the absence of direct determination

1.

coefficient of variation — standard deviation x 100
' mean :
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Table 1.1 Fresh weights of pieces of grand fir

periods during the season.

13

branches at different

May 16-June 41+ July 8-161+  sept. 2-20%-
g g g

(branch tip 0.15 + 80% 0.18 £ 39%
(fed needles 0.13 + 47% 0.18 + 227% 0.20 £ 10%
(
(
(fed stem 0.06 £ 17% 0.08 + 25% 0.09 + 10%
(stem between fed region 0.11 + 9% 0.12 + 337% 0.16 + 137%
(and main trunk
( ] -
(needles between fed . 0.65 + 31% 0.52 £ 547% 0.52 = 35%
(region and main trunk ‘
( ' -
(branch off main branch 0.24 + 837% 0.48 + 52%

(outside fed region

1. mean of 4 trees + coefficient of variation.

2. mean of 8 trees + coefficient of variation.
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Table 1,2 Total 14C found in the ethanol-sdluble and ethanol-insoluble

fraction of a branch of grand fir where a 1 cm section of the

branch was offered 14002 for 1 hour and then killed and extracted-

at 2, 6, 24 and 48 hours after the beginning of feeding.

total 4¢ found

Date time from start of 1 hour
feeding to extraction in branch dpm
May 16 2 hours 10 min 47.1 x 10°
May 17 5 hours 45 min 106
June 3 2 hours 64.0
June 4 6 hours 10 min 62,6
69.9 + 3171
July 8 2 hours 99.7
July 9 6 hours 1 76.6
July 15 2 hours 132
July 16 6 hours 57.6
91.6 + 307%
Sept 2 2. hours 76.8
Sept 3 6 hours 103
Sept 5 2 hours 114
© Sept 6 6 hours 95.6
97.4 + 147
Sept 9 24 hours 59.1
Sept 10 24 hours 39.6
Sept 16 48 hours 74.3
Sept 18 48 hours 53.1
56.5 & 229,

mean 4+ the coefficient of wvariation.
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that the grand fir responds not too differently., Translocation of 14C
from the branch to other parts of the tree also contributes to loss of 14C.
The extent of this loss will be evaluated in a 1ater>sectio;.

. For May-June, July énd September the 2 and 6 hour feedingsvwere
treated as a group to determine if there were any'statistically significant
differences between the amount of 14C left in the branch during the different
geasons. There is no significant.difference (t-test, P=0.05) between the
averagé amounts of 14C found in the branches 2 and 6 hours after the feeding
began for any of the seasonal periods stu&ied. The average amount of 14C
in branches after 24 and 48 hours in September>is significantly iess
(t-test, P=0,01) than after 2 and 6 hours in September. This loss of 140
could be accounted for by a greater time for respiration and translocation
out of the branch.

In the May-June feedings there was a more rapid increase in 14

C in the
branch outside tﬁe fed region during the 1 hour feediﬁg than later in the
season (Fig.Al.Z). This increase levelled off before the end of the second
hour after feeding bégan.~ This was followed by a period of slow increase in
140 which continued steadily for at least 48 hours. 1In July feedings there
was only a small increase (40 cpm) in the amount of 14¢ neasured outside the

14

fed region during the feeding, and the amount of C did not increase with

time,

f 14C outside the

In September feedings, an increase in the amount o
fed region began between 2 and 14 hours after the start of feeding. A

'steady increase continued until there was about the same amount of 14C

>after 48 hours in September (Fig. 1.2C) as after 6 hours in May-June (Fig. 1.2A).
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Figure 1.2 Seasonal changes in rate of translocation of 14¢ to a region

1 cm closer to the main trunk than the fed region. The 14C
was measured with a geiger tube placed against the lower

surface of the branch.
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The efficiency of the l4¢ measunement can be expressed by the value;db-
tained on an iﬁstrument (cpm) divided by the amount of lag present in the sample
measufeh (dpm). The geiger tube was less than 1% efficient at measuring
total 14C (Table 1.3). 1In July feedings the geiger_tube.measured the small
amount of %4C with a greater efficiency but with a vériation of over 1007%
as compared to variation of less than 30% in May-June or September. The
L4

geiger tube reflected the amounts' of ethanol-soluble organic compounds

with less variation than the amounts of ethanol-insoluble 14

C-organic
compounds. There is no difference in efficiency values when ethanol-soluble
lag replaces total 14C in the efficiency calculations., When the

14C is compared with the cpm from the geiger tube there

is an increase in variation to between 607 and 130%. |

Appendix 1 shows efficiency values obtained with the geiger tube for
counting 14C—organic compounds on chromatography paper and dried on a glass
cover slip. The geiger tube was more efficient and showed less variation
in assaying 14¢ ynder these conditions.

At the end of 2 hours, needles in the fgd region contained about 90% of the
total 1%4C in the branch and showed no signs of losing 14¢ even after 6 hours
(Fig. 1.3A). September feedings extracte@ after 48 hours showed a slight
decrease in %C to about 85% (Fig. 1.34).

In May-June feedings the percentage of 14C found in the stem
of the fed region decreased from 2 to 6 hours (Fig. 1.3B). There was a

smaller percentage of the 14

C in the stem of the fed region in July than in
May-June or September. In September feedings there was a largé variation in

- the two values for the 2 hour experiment, and the average percéntage'of 14C found
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Figure 1.3 Percentage of total 140 (ethanol-soluble plus ethanol-insoluble)
distributed among different sections of the branch. Each
tree (represented by a bar histogram) was offered 14002 for
1 hour, then left in air for 2, 6, 24 or 48 hours from the

beginning of feeding.
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) .

in the stem of the fed region increased from 2 to 6 hours. However, if
only the highest value after 2 hours is used, the percentagé of 140 found
in the stem remained constant between 2 and 6 hours. From 6 hours to 24
hours the percentage of 14C found in the stem decreased but increased
from 24 hours to 48 hours,

In May-June and September feedings the percentage of 140 found in the
brénch outside the fed region increased from 2 to 6 hours (Fig. 1.3C).
There was no increase during July., May-June feedings showed the.larger
rate of increase, The slower rate of incréase in the September feedings
continued to 48 hours after the start of feeding. This seasonal change
in rate of increase of amount of 14C found in the branch outside the fed
region corresponds to seasonal changes found with the geiger tube.

Feedings during May~Jﬁne showed a decrease in percentage of

ethanol-soluble 14C—organic compounds of total 14C—organic coﬁpounds in

the needles from 2 to 6 hours (Fig. 1.4A). This represents a corresponding

14

increase in ethanol-insoluble ~7(-organic compounds. There was no decrease

14

with time in ethanol-soluble C-organic compounds in samples examined

after 2 and 6 hours in July and September. Feedings during September

1

. 4
showed a decrease in ethanol-soluble “*C-organic compounds at 24 hours

and 48 hours (Fig. 1.4A).
14

There was no decrease in the ethanol-soluble C-organic compounds of
the stem of the fed region from 2 to 6 hours in any of the feedings
(Fig. 1.4B). 1In September there was a decrease from 6 hours to 24 and

48 hours, The branch outside the fed region showed a decrease in percentage

of ethanol-soluble 140-organic compounds from 6 to 24 hours and a further
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Figure 1.4

Ethanol-soluble 14C—organic compounds expressed as a percentagei
of total l%c (ethanol-soluble plus ethanol~insoluble) of

different sections of the branch. Each tree (represented by
a bar histogram) was offered 14C02 for 1 hour, then left in

air for 2, 6, 24 or 48 hours from the beginning of feeding.




X100

14
ETHANOL-SOLUBLE =~ C IN BRANCH SECTION

TOTAL 14C IN BRANCH SECTION

21

A NEEDLES FED REGION

100 F 2hrs | 2hrs 6hrs 2hrs 6hrs
80 6hrs 24hrs 18NS
60
40
20
MAY-JUNE JULY SEPTEMBER
B STEM FED REGION
100 2hrs 6hrs  2hrs 6hrs 2hrs 6hrs
- [ | | |24hrsaghrs
80 B
60
40
20
MAY-JUNE JULY SEPTEMBER
C BRANCH OUTSIDE FED REGION
100 2hrs _6__@5" ﬂ‘:i ?ﬂi 2hrs 6hrs
- 24hrs
80. 48hrs
60 N
40
20 |-
MAY-JUNE JULY SEPTEMBER




Chapter 1

decrease from 24 to 48 hours in Septémber (Fig. 1.4C) but there was no

significant decrease between 2 and 6 hours at any period in the season.

22
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DISCUSSION

To follow seasonal-variations trees must be similar in size and age
.and they should be §ubjected to seasonal environmentalrchanges. These
criteria were met by selecting branches similar in size and position on
the tree at the beginning of the season. AUntil the day before feeding
and except for potting the trees were kept out of doors under normal
seasonal environmental conditions. |

¢ L4

The larger amounts o C measured by the geiger tube in May-June and

Sepfember feedings compared to July feedings is open to several intérpretg-
tions. An increased amount of 14C measured by the geiger tube couid
indicate an increased amount of 14C accumulation, not an increased amount
of l4c mo?ing past it during translocation. Also an increased amount of

14C measured by the geiger tube could indicate an increased photosynthetic

14C-organic compounds to translocate not just

aésimilation of 140 and more
an increased ratevof transiécation.

Seasonal fluctuation in photosynthetic‘;ctivity does not seem to
explain the differences in translocation measured with the geiger tube.
Since similar amounté of 14C were found in the fed branch after 2 and 6
hours from fime of feeding (Table 1.2), photosynthetic assimilation of

140 in May-June was not much greater compared to July and September. Thus

more 14C available for translocation in May-June does not explain the
greater amount of 14C in the region over the geiger tube after 2 and 6
‘hours in May-June as compared to the same iength of time in July or

Sébtember (Fig. 1.2). It might be argued that the 14C is assimilated
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1

more quickly in May-June but the excess

14

C assimilated is completely
translocated out of the fed branch by a corresponding iﬁcrease in
translocation. However previous studies of the whole tree indicate that
over 90% of the ethanol-soluble 4C is in the fed region or the region
next to the fed region even after 48 hours‘(Appendix 2). 1In the branch

140 closely parallels ethanol-insoluble 140 in

14

studies, ethanol-soluble
distribution although there is always more ethanol-soluble C than
ethanol-insoluble ¢ (Fig. 1.4). Thus only a small amount (less than 10%)
of the l%4¢C should occur outside the fed branch in the present studies. This
is not enough 140 for a greater rate of photosynthesis to explain the

increased translocation rate in May-June. 1In white pine at the end of 8

hours of peak translocation following 1 hour when the entire shoot was
offered 14002, no more thaﬁ 267 of the total 140 was exported to the root (7).
Even if 26% of the 14C was translocated from the grand fir brénch in the
May-June feedings this is not enough increase in assimilation to account

for the increased translocation in May-June (Fig. 1.2).

The geiger tube measures the total amount of 140 in the branch but

14 14

does not distinguish between C that is moving and the C that is
accumulated in the branch. Accumulation of %¢ could occur so deep in
the branch that the remainder of the branch shielded it from the geiger
tube. Since translocation of 140~organic compounds occurs in fhe phloem
(reviews by Kursanov (6), Thaine (16), Wardlaw (19), Zimmermann (21)) in

140 is shielded

the bark of conifers (3,15) it is unlikely translocating
completely from the geiger tube, The amount of translocating 140 in front

of the geiger tube at any one time depends on the velocity and magnitude
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14

of tramnslocation. Once C is accumulated in the region to which the

geiger tube is sensitive it continues to be recorded by the geiger tube.

14

Thus while a large proportion of the C recorded by the geiger tube may

be accumulated 140, it is more likely that the record at any one time is
a composite of the two vectors. For example in Fig. 1.2, the May-June

14

records probably indicate moving C during the first 2 hours but after

this time the reading represents accumulated 140. In the September
feedings, however, the recorded value continued to increase for at least
48 hours, which is a clear indication that export into this region of the
stem was still going on.

The efficiency of the geiger tube to measure llJ‘C in the branch is
low for a variety of reasons: the thickness of the branch shields the l%¢

14C on only the bottom side

from the geiger tube, the geiger tube measures
of the branch, the branch covered only a small area across the middle of
the geiger tube and the branch is a cylinder with only a small amount of

144

the surface directly against the geiger tubei In spite of this, the
detected was sufficient to separate and identify three seasonal transloca-
tion patterns in the fir,

Following translocation patterns with a geiger tube involves only a
minimum amount of equipmeﬁt and this technique could easily be adapted to
field stqdies. It would yield as much practical information on the
physiology of plants in field conditions as more sophisticated equipment.
One practical application would be a field study at different séasons of

. the year of the translocation of systemic insecticides labelled with

radioactive isotopes.
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Seasonal Variations in Distribution of 140 among

the Organic Compounds of the Fed Needles and the

Stem Qutside the Fed Region in Grand Fir
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INTRODUCTION

Litéle ié known about the control mechanism governing translocation
in plants., Biochemical regulation of translocation might be indicated by
the availability~of products of photosynthesis at.the source and the use of
these products at the sink, coupled with seasonal changes in translocation
patterns. Any information related to the control mechanism of translocation
might then be used in increasing‘the effectiveness of a systemic insecticide.
Various organic phosphorous and fluorine compounds with insecticide
properties are absorbed and traﬁslocated in forest trees (10).
Translocation of these systemic insecticides may be closely related and
controlled in a similar manner to translocation of food material in the
tree. Schradan labelled with 32P was found mainly confined to the phloem
tissue in the lower stem after application to the terminal bud-of grand
fir (9). ‘Translocation of the herbicide 2,4-dichlor0phenoxyacetic,acid;
also An organic compound, was initiated by the presence of sucrose, the
coﬁpound translocated in kidney beans (3,5).4vSinée the distinction
between herbicide and insecticide is mainly functional, fransport of
systemic insecticides could well resemble transport of systemic herbicides.
When the systemic insecticides, systox and metasystox were sprayed
on the foliage of balsam fir in the sting they were found effective
against balsam woolly #phid (Wachtendorf (17) as reported by Rudinsky (10)).
Spring effectiveness of the insecticide could corre3pond'to increased
ereding of the adult woolly aphid on the translocation stream (10) or to

increased translocation of the insecticide in the spring (Chap. 1) or a
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combination of both these factors. 'If seasonal variation in translocation
is responsible for the effectiveness of insecticides it becomes very
important for the proper use of systemic insecticides to understand the
mechanisms which control translocation. The present study on grand fir
was made to determine if the products of photosynthesis in the needles of
the fed region (source) or the compounds accumulated iﬁ the stem (sink)

were related to seasonal changes in amounts of 14C translocated.
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MATERIALS AND METHODS

. The ethanol-soluble extracts of the grand fir br;nches described in
Chapter 1 were separated into individual compounds.. Exﬁracts were analyzed
from the needles of the fed region and the stem just ogtside the fed region,
taken during the two peak times for translocation in May-June and September,
and during the low translocation period in June.

These extracts were separated into sugars, amino acids and organic

acids using resin column chromatography - Rexyn 101 (H) and 201 (OH) (1l).
rAliquotsvof the sugars, amino acids and organic acids were assayed for lag
in the liquid scintillation spectrometer (Packard Series 3000) using a
dioxane-based scintillation solution. The sugars, amino acids and organic
acids were further separated into individual compounds by two diﬁensional
paper chromatography (11). Individual spots were identified oﬁ the paper
chromatogram using autoradiography and aniline-phthalate, ninhydrin andr
silvef nitrate sprays for the sugars, amino acids and organic acids
respectively. The amount of 14C in each sPoé’was determined with a

methane-flow, window, Geiger-Mueller, detector tube (Nuclear Chicago

Model 470),
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RESULTS

Seasonal changes occurred in the distribution of-14clin the amino

" acids and organic acidé in the ethanol-solgble extract of the fed

needles (Fig. 2.1). 1In May-June feedings, 14¢ in the ethanol-soluble
compounds was split almost evenly between the sugars and the organic acids
with less than 2% in the amino acids. In July and September feedings -
over 90% of the 140 in the ethanol-soluble compounds was found inlthe
sugars with small amounts in the organic acids and amino acids.~ There

was less 140 in the ethanol-soluble compounds after 24 and 48 hours as

compared to after 2 and 6 hours in the September feedings. 1In July
| feedings there was less 14¢ in the ethanol-soluble compounds after 6 hours

as compared to after 2 hours. 1In May-June feedings the amount of 14C

in the ethanol-soluble compounds did not decrease between 2 and 6 hours.

In the stem outside the fed region (at all times during the season)

over 90% of the l%4C in the ethanol-soluble fraction was found in sugar (Fig. 2.2).
Less than 2% of the lc appears in the amino acids and less than 10% in

the organic acids. At no time during the season did the percentage

distribution of l%cC among the ethanol-soluble compounds of the stem show

a significant change with time. Seasonal differences in the amount of 140
in ethanol-soluble compounds of the stem fit seasonal changes in

translocation (Fig. 1.3C).

 Analysis of sugars in the ethanol-soluble compounds of the fed

needles (Fig. 2.3) indicated that sucrose contains most of the 146 in the

sugars during the season. Only 50% of the 14C in the>Sugars was in sucrose
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Figure 2.1 Distribution of 14C among sugars, amino acids and organic acids
of the ethanol-soluble compounds of the fed needles, Each

tree (represented by a bar histogram) was offered 14C02 for
1 hour, then left in air for 2, 6, 24 or 48 hours from the

beginning of feeding.
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Figur

Distribution of 140 among sugars, amino acids and organic
acids of the ethanol-soluble compounds of the stém'outside
the fed region. Each tree (represented by a bar histogram)
was offered 14002 for 1 hour, then left in air for 2, 6, 24

or 48 hours from the beginning of feeding.
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Percentage of 14C distributed among the sugars of the fed

needles. Each tree (represented by a bar histogram) was
offered 14CO2 for 1 hour, then left in air for 2, 6, 24

or 48 hours from the beginning of feeding.
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in May-June feedings compared to between 80 to 907 in July feedings and
70 to 80% in September feedings. Most of the remaining 14¢ in the sugar

fraction was split between glucose and fructose, A higher amount of 140

was found in glucose than in fructose in May-June feedings. Small amounts

of 14C (always less than 107 of the sugar fraction) were found in

unidentified sugars and at the origin of the chromatogram, During

May-June, July and September feedings there was little change in the

£ 14

distribution o C in the sugars with time.

Analysié-of the organic acids indicated that in May-June feedings

14

quinic acid contained about 80% of the C in the organic acids after

2 hours and from 45 to 65% after 6 hours (Fig. 2.4). About 40% of the lag
in the organic acids was found in quinic acid in July and September feedings.
Shikimic acid and succinic acid also contained a large percentage of

14

the C in the organic acids. In red pine a large amount of the

14C was also found in quinic acid and shikimic acids,

ethanol~soluble
6 days following a feéding with 14C02 (8). After 6 days no large amount
of succinic acid was found in red pine. In grand fir, between 10% and 20%

of the 14

C in the organic acids was split between numerous unidentified
organic acids and the origin of the chromatogram except in September
feedings after 48 hours when 30% to 35% was found in these compounds. At
all seasons the number of organic acids containing small amcunts of 140
increased with time.

Glutamic acid contained more 14C than any other amino acid in the

ethanol-soluble extract from the needles of the fed area, having

approximately 30% of the 14¢ in the May~June feedings, over 90% in the
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Figure 2.4 ©Percentage of 14C distributed among the organic acids of the

fed needles, Each tree (represented by a bar histogram) was
offered 14C02 for 1 hour, then left in air for 2, 6, 24 or

48 hours from the beginning of feeding.
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“July feedings and betweeﬁ 10% to 50% in the September feedings (Fig. 2.5).
Between 20% and 40% of the ¢ in the amino acids was found in aspartic
acid in the May-June feedings. 1TIn the September feedings the percentage
of 4¢ in aspartic acid decreased from 20% to 40% at ? and 6 hours to less

than 10% at 24 and 48 hours. Change in percentage of 14

¢ 14

C also indicates
a change in amount o C in an amino acid since therevis no significant
difference in tﬁe amount of 14C found in the amino acid fraction at
different periods in the season or at different times from the beginning

of feeding (Fig. 2.1). 1In July feedings all the 14C was found in glutamic
acid except for a small amount at the origin of the chromatogram, In
May~June feedings the amount of Yag in aspartic acid decreased from over
30% after 2 hours to between 20% to 30% after 6 hours, In September
feedings there was a decrease with time in the amount of Yag i aspartic
acid after 24 hours rather than after 6 hours as in the May-June feedings.
In May-June and September feedings the amount of 146 in asparagine was
about 10% or less of the total 146 in the amino acids. 1In these feedings
the amount of 14C in glycine was also about 10%. After 2 hours in May-June
and September feedings about 10% of the 146 in the amino acids was found

in serine. After 6 hours in May-June and after 24 hours in Séptember the
percentage of 140 in serine had fallen to about 1%. No 140 was found in
serine after 48 hours in September. In May-June feedings no 146 vas found
in leucine after 2 hours but 1%C in leucine increased to 15% to 20% of the
amino acid 140 after 6 hours, Similarly in September feedings no 146 was

found in leucine after 2 hours and 6 hours but leucine contained between

'30% and 50% of the 1%4C after 24 hours followed by a reduction to 10% and
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Figure 2,5 Percentage of Y4¢ distributed among the amino acids of the
fed needles. FEach tree (represented by a bar histogram)
was offered 14C02 for 1 hour, then left in air for 2, 6,

24 or 48 hours from the beginning of feeding.
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20% after 48 hours. After 2 and 6 hours in May-June, July and September
feedings less than 157 of the 14¢ in the amino acid fraction was found

at the origin of the chromatogram or in numerous unidentified amino acids.

After 24 and 48 hours between 157 and 30% of the 14C in amino acids was

found at the 6rigin of the chromatogram and in unidentified amino acids.
Sugars of the ethanol-soluble fraction of the stem contained enough
e to separate into individual compounds by paper chromatography. Over
90% of the 14C was found in sucrose and the rest of the 1%C was split
between glucose and fructose (Fig. 2.65; Distribution of l%C between
glucose and fructose for individual trees showed a similar pattern

£ 14

i.e. when the percentage o C in glucose was high, the percentage of 14c in

fructose was also high. 1In July and September feedings the distribution

14

of C between the sugars of the fed area (Fig. 2.3) was the same as the

_ distribution in the stem (Fig. 2.6). This was not true in May-June., About

50% of the 140 in the sugar fraction of the needles of the fed area was

in sucrose and in the stem over 90% of this 4C was in sucrose.



Chapter 2

Percentage of 14¢ distributed among the sugars of the stem
outside the fed region. Each tree (represented by a bar
histogram) was offered 14002 for 1 hour, then left in air

for 2, 6, 24 or 48 hours from the beginning of feeding.
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DISCUSSION

14

Differences between C compounds found in the fed needles a;d those
found in the stem correlate the differences between assimilated compounds
which may or may not be available for translocation as‘compared with the
compounds that are translocated. The compounds in the stem represent
accumulation in the stem of translocated compounds and any possible
compounds derived from translocated compounds, In all plants in which

14C02 has been used to label the photosynthetically assimilated organic

14

compounds, C is found in the sugars, amino acids and organic acids,
components of the ethanol-soluble and ethanol-insoluble compounds. In
herbaceous plants the 4¢ in the ethanol-insoluble compounds is found in
cellulose, hemicellulose and starch (6). Cellulose, hemicellulose and
starch are also found in trees as well as aromatic compoundé such as
lignin, coumarins, flavenoids, aromatic alkaloids and tannins (2,13,14).

14

In trees lignin contains

14

as C-shikimic acid (7),

'C after feeding with selected precursors such

14'C-mmamnitol (16) and 1/PCOZ (1). Quinic acid

14

and shikimic acid contain over 607 of the C in the organic acids in

balsam fir (Fig. 2.4). These organic acids are on the pathway towards
lignin (7). Unless the polysaccharides and lignin are broken down to their
components they are unavailable for translocation, Only a few organic
7
compounds are known to translocate (4,15,18,19) thus many ethanol-soluble .
. e S
compounds are also unavailable for translocation,

14

Since over 907 of the ethanol-soluble ~7C in the stem was always

found in sugars (Fig. 2.2) translocated compounds in grand f{ir are most
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likely sugars. The translocated sugar'is most likely sucrose since 90% of
the l4¢C in sugar in the stem was in sucrose (Fig. 2.6). Equal percentages
of glucose and fructose in the stem (Fig. 2.6) suggest the hexoses arise

_ from hydrolysis of translocated sucrose. Many other plants also trans-
locate sucrose (4,15,18,19).

Distribution of l%C in the organic compounds found in fed needles in
balsam fir (Fig. 2.1) is similar to the distribution found in the old shoots
of white pine (11). However, no difference in the distribution of ldc
between organic acids and sugars was noted for white pine dﬁring the peak
period of translocation but young shoots of white pine were not included
in the ethanol-soluble extr;ct. The decrease of 140 in sugar and increase
_in organic acids (Fig. 2.1) in balsam fir occurred in young needles.
Distribution of l4c aﬁong sucrose, glucose and fructose is similar for
- extracts froﬁ old shoots of white pine (11) and in July and September
feedings for the current year's needles of balsam fir (Fig. 2.3).

,Duriﬁg May-June the'period of rapid translocation in balsam fir,
the amount of 14C in'sugars was lower and the amount of l4¢ in organic acids
was higher than during the periods of slower translocation. Less sugar

and more organic acids in the fed needles could result from: (a) increased

translocation of sucrose (b) more sugars converted to structural
polysaccharidesq(14) or (c) a different pattern of 140 agsimilation in the
spring. |

‘.AbOut 67 of the 140 in the branch was found outside the fed region in
‘the May-June feedings (Fig. 1.3, Chapt. 1). Only a small amount of l4g

was found in the ethanol-soluble organic compounds outside the fed branch
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(Appendix 2). In May-June feedings translocation from the fed region was
probably no more than 10% of the 14¢ assimilated in the fed region. Thus
translocation 6f suérose can account for only a small amount of the decrease
. in sucrose found in May;June feedings.

Conversion of sugar to structural polyséccharides might explain the
lower amount of *C in the ethanol-soluble sugars in May-June feedings.
In the spring the amount. of l4¢ in the ethanol-insoluble compounds increased
from 2% of the total l%#C in the fed area to about 30% after 6 hours
(Fig. 1.4, Chap. 1). Since the,distributioﬁ of 140 between sugars and
organic acids was similar at both 2 hours and 6 hours the conversion of
ethanol-soluble to ethanol-insoluble compounds should have occﬁrred beforé
2 hours if it were to account for the greater amount of 14¢ found in organic
acids and the Smaller.amount of 14¢ found in sugars after 2 hours in the
" May-June feedings. After.6 hours the conversion of 307 of the ethanol-soluble
to ethanol-insoluble compounds might partially account for the lower amount
of l4c foﬁnd in the sugars but would not account for the increased amount
of 14C found in organic acids. After 48 hours in September, 307 of the
ethanol-soluble compounds were converted to ethanol-insoluble compounds.
However at thié time’there waé no increase in percentage of 14C—organic
acids. Thus conversion of sugars to polysaccharides does not completely
explain the lower amount of 140 in sﬁgars and increased amount of 14C in
the»ofganic acids found in the May-June feedings.

,vSinée neither increased translocation of sucrose nor increased conversion
1of "free' sugar groups to‘polysaccharides caﬁ completely account for the

difference in pr0portibns'of sugars to organic acids found in May-June
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tﬁere appears to be a distinctly different pattern of assimilation of carbon
_ into organic compounds in thg spring. This pattern is characterized by a
greater production of organic acids composed mainly of quinic and shikimic
acids. Rangnekar and Forward (8) showed that six days following a feeding of

14 ' '
€0, -to the shoot, quinic and shikimic acids contain 23% of the total 14c

found in the organic compqunds §f the bud of a red pine seedling. They
believe that in the bud of the red pine, quinic and shikimic acids are
formed from sucrose and are designated for the syntheéis of lignin in the
growing shoot apéx. 1In the spring the shoot of balsam fif is growing more
rapidly than later in the season and the assimilation of more 14C into quinic
and shikimic acids would provide more of the precursors of lignin (7) which
COUId,b? used for cell wall formation. Whether quinic and shikimic acids
are formed from sucrose or frdm another precursor could be determined
with feedings of shorter duration.

A relationship between the‘increased translocation in the spring
gnd the increased proportions of organic acids of the ethanol-soluble
orgénic compounds can be only a speculation on'the‘basis-of'thése
experiments. Rapid growth during the spring could account for a greater
demand for food material and thus greater translocation of organic compounds.
More organic acids for production of lignin for cell walls could also be a
response to more rapid growth. Howeyer increased translocation and the
increased proportion of drgaﬁic acids may be more closely related. Perhaps
"the level of organic acids, promotes cell wall elongation and makes the cells
more permeable to organic compdunds.v Thus more sugars 'leak' out of the

cells to increase translocation. Addition of organic acids to a systemic
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insecticide might promote the translocation of the insecticide much as the
addition of sucrose promoted the translocation of 2,4-dichlorophenoxyacetic
acid in kidney beans (3,5).

The sugars assimilated in the fed needles and accumulated in the stem

14

from the translocation stream contained over 90% of the C in the ethanol-
- soluble fraction except in fed.region in the May-June feedings where 40% of
the 140 was found in organic acids. 1In May-June the magnitude of translocation
was highest, needles were youngest and organic acid production was highestf
In July and September translocation was lower ‘and needles were more mature.
Since extraction occurred at relatively long times from the beginning of
feeding, short term changes in the relative distribution of 140 among the
organic compounds might have been lost. These short term changes in the
relative distribution of 140 among the organic compounds would indicate
changes in.rate-of mgtabolic conversion between organic c0mpoundé.
Metabolism could control translgcation by making more compounds available
for translocation, converting compounds available for translocation to ones
that are not translocated or by making more edérgy'available for

f 140 distributed between the

translocation (4). The different amount o
sugars and the organic acids in May-June compared to July and September
feedings may be significant in relation to greater magnitude of transloca-
tion in May-June, However it is impossible to determine if these changes
result in greater transioéation or are the result of greater translocation.
‘Short term feedings could make this distinction by demonstréting whe ther
14 |

or not 14C-Sugars are converted to ~"C-organic acids during the first two

hours after assimilation in May-June feedings.
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Photosynthetic Assimilation and Translocation of Sj-
and 14C~Organic Compounds after 3H20 and 14C02 Were

Simultaneously Offered to a Primary Leaf of Soybean
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INTRODUCTION

After a green leaf is placed in air containing tfitiated water (3H20),
"3H can Be found in organic compounds and in Water within the leaf. Some

H bonds (O-H, N-H, S-H énd Hal-H) readily exchange with water or alcohols.
Others (CFﬁ) are stable except in the présence of strong acids, strong
bases or catalysts (l4). Thus when 3H20 is fed to a plant,3H may be
incorporated by enzymatic reduction reactiops into non-exchangeabie
pbsitions and it may also be incorporated by hydrogen—isotope exchange

into exchangeable positions (8). Since most organic compoﬁnds contain

some exéhangeable hydfogens, physical exchange of 3Héo and organic'compounds
could result in uniform 3H label in the ethanol-soluble orgaﬁic compounds

3H distributed in the exchangeable 34 of the

(14). The percentage of
organic compounds indicates the relative amounts of these organic compounds
in the extract but not necessarily the recent formation of these compounds

. in enzymatic reduction proéésses.

Photosynthetic assimilation of 3H20 and;14C02 has been compared in
Chlorella (8). 1In the light,three times as much 34 is incorporated into
non-exchangeable positions as in the dark in Chlorella and the percentages
of non-exchangeable 34 distributed ;mong organic compounds is similar to
the pgrcentages of 14C distributed among organic compounds (8). Choi and
Aronoff found that in séybean more SH is inc;rporated into orgaﬁic compounds

3H was not

during photosynthesis than in the dark (4) but exchangeable
separated from non-exchangeable 3H so these results are not completely

comparable to the Chlorella results.
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In translocation expériments the water fraction has been labelled
with 3H20 (1,2,4,11,16), the organic fraction with 3H—organic compounds
formed during photosynthesis (1,4,7,16) and glucose-643H.has been offered
. through a cut flap technique (15). 1In the above experiments using

H-organic compounds formed during photosyﬁﬁhésis,no distinction was made
between exchangeable 3H and ndn-exchangeable 3H in the organic compounds.
Siﬂée exchangeable 3 in organic compounds is in equilibrium with 34 from
water it is not possible to determine the actual amounts of organic
compounds and water translocated in these ekperiments.

In the following work the assimilation and translocation of

3

non-exchangeable “H-organic compounds were compared with the assimilation

and translocation of 14C—organic compounds in young soybeans with the hope

3

that both H- and l%C-labelled products of photosynthesis can be used in

* translocation experiments.
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MATERIALS AND METHODS

Soybeans, Glycine max L. var. Comef, were grown in soil in a
greenhouse for 19 days. The plants were watered daily and fertilized
with commercial fértilizer 20:20:20. They received approximétely fourteen
hours of daylight., Natural sunlight was supplemented with Grow-Lux
fluorescent lights. A primary leaf on each plant was simultaneously

3

© offered 3.43 x 1078 moles of 3H as "Hp0 (50 mc) and 1;05 x 10”8 moles

of 14C02 (0;68 puc) in a closed-circuit feeding apparatus (Fig. 3.1).
During the longer (30 minute) feedings a 2,000 ml flask was added to increase .
the volume of the circuit preventing the fed leaf from reaching the o,
compensation point.

After a primary leaf was placed in the chamber the plant was given a
30.minute pretréatment period. The leaf chambef was open to room air until
just prior to feeding. Plants fed in the dark were kept in the dark
during the pretreatment period. Plants fed in the light were illuminated
by a Sylvania R30 Superflood Lamp (3400°K) filterea thrOugh 10 cm of water
to yield 2,000 ft-c measured with a Weston light meter.

Air was pumped through the closed circuit using the chamber by-pass and

a Drierite column for 20 minutes to remove water vapour. Before generating

14 v . :
C02 from Na214CO3 and 2N HZSO4 the Drierite column was removed from the

A 3 3
circuit, H20 vapour was produced by heating the Hy0 generating flask and
the gases were mixed by pumping them through the circuit for 5 minutes before
the feeding began.

Two experimental plans were followed. 1In the first, the primary
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Figure 3.1 Apparatus for simultaneously feeding 3H20 and 14C02 to a
primary leaf of soybean. Volume of circuit and chamber

350 ml. Ballast flask added 2,000 ml to circuit.
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3

leaves were fed H,0 vapour and 1400 'for 1 minute followed by O minutes,

2
4 minutes or 9 minutes in air (300 ppm COy, 21% Op) before the leaf was
extracted with hot 80% ethanol : 20% water. Changes in pefcentage of

non-exchangeable 3

H and 140 distributed among the ethanol-~soluble organic
compounds was determined at the different times fo}lowing feeding. In |
the second experimental plan tﬁe primary leaves were fed 3H20 vapour and
€0, for 30 minutes in ghe light or in the dark. Before extraction with
hot 807 ethanol the plants were cut into the following pieces:v second
trifoliate 1eaf,~first trifoliate leaf, stem between firét trifoliate leaf
and primary leéf, fed primary leaf, opposite primary leaf, stem between
the primary leaves and cotyledons, stem below cotyledons, and roots.
Percentages of non-exchangeable 3H and 14C distributed among individual
organic.compounds were determined for the fed leaf and the stem between
primary leaves and cotyledons. Total amounts of non-exchangeable 3H and 146
in the organic compéunds distributed among the various pieces of the plaﬁt‘
were also determined.
| Each extract was evaporated to dryness, taken-up iﬁ 50 ml of cold 80%
ethanol and evaporated to dryness again. This process was repeated three
times until 3H dpm reached a steady value (Fig. 3.2) indicating that the

easily exchangeable 3H and_3

HZO had been removed from'the extract. Finally,

the extracts were taken up in 1 ml of water and 1 ml of chloroform. When the
chloroform phase had settled from thé water (24 hrs), 100 pl aliquots of the

watef phase were assayed in a liquid scintillation spectrometer (Packard

3

Tricarb Series 3000) for “H and 140 using a dioxane-based scintillation

solution. Corrections were made for counting efficiency with an
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Figure 3.2 Loss of 3H and 140 from the ethanol-soluble extract with

successive washings with 80% ethanol and evaporations to

dryness.
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external standard (Radium 226). The 'chloroform fraction,which contained

3H and 14C in the total extract,was discarded.

less than 1 percent of

For the 1 minute feedings the extracts from the fed leéf were
sepérated into sugars,kamino acids and organic acids using resih column
chromatography—Rexyn 101 (H) and 201 (OH). Sugar, amino acids and
organic acids fractions were separated into individual compounds using
two dimensional paper chromatography, and identified with benzidine-TCA,
ninhydrin and silver nitrate sprays respectively.

For the 30 minute feedings the sugars and amino acids in the extracts
from the fed leaf and stem between primary leaves and cotyledons were
separated using two dimensional paper chromatography. Sugar and aﬁino
acid spots were identified on replicate chromatograms using benzidine-TCA

.and ninhydrin sprays.

' Organic compounds were eluted from chromatogram spots with distilled
water running down a wick and dropping off the end of the chromatogram
spot (5).' Seven drops of water were found sufficient to remove 99% of
.the 34 and 140 from all chromatogram spots (Appendix 2). Amounts of 3y

and 1%4¢C in the eluates were determined in a liquid scintillation spectrometer,
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RESULTS

Assimilation of SH and 14C into the ethanol-soluble organic compounds of

the fed leaf,.

Less than one percent of the 3H offered to the primary leaf was
assimilated into the non-exchangeable 3K in the ethanol-soluble organic
compounds in the light while from 10% to 367 of the 146 was assimilated
into the ethanol-soluble organic compounds (Table 3.1). 1In all experiments
there was more variatidn in assimilation of 3H than l4C. After 4 minutes
followiﬁg a 1 minute feeding,about 20 times more 34 was assimilated than
immediately after the 1 minute feeding (Table 3.1). There was no increase
in assimilation of JH between 4 and 9 minutes after the 1 minute feeding;
Assimilation of l4¢ into organic compounds did not increase with.time from
the end of feeding.

In the 30 minute feedings the assimilation of non-exchangeable 3 .
. into the ethanol-soluble fraction in the dark was about ten percent of
the assimilation of JH in the light (Table 3;1). In a similar experiment
with soybean, Choi and Aronoff also measured the assimilation in the dark
to be about ten percent of the assimilatién in the light (4). Assimilation
of l4c into>the.ethanol-solub1e organic compounds in the dark was less than
one percent of the assimilation of 14C in the light (Table 3.1). Sen and
Leopold showed for soybean that the assimilation of l4C in the dark was
about 0.5% of the assimilation in the lighf (13).

Although the 30 minute feedings lasted 30 times longer only about

three times as much 3H and l4C were incorporated as in 1 minute feedings

-
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Table 3.1 Assimilation of non-exchangeable 3H and 14C into the
ethanol-soluble organic compounds of primary leaves of
19-day-old soybeans offered 3.43 x 10"8 moles (50 me) of

34 as 3H20 vapour and 1,05 x 1078 moles (0.68 pc) of 146

as 14002 simultaneously.
experimental moles of isotope assimilated isotope assimilated as
conditions x 107 a percent of isotope
offered. )
1 minute feeding, 6.74 + 5671+ 1890 + 28%Ll: 029 18%
0 minutes in air,
in the light.
1 minute feeding, 118 + 497 1400 £+ 23% .34 13%
4 minutes in air,
in the light.
1 minute feeding, 101 + 70% 1520 & 45% .29% 147,
9 minutes in air,
in the light,
30 minute feeding 328 + 627 3850 + 38% .96% 37%
in the light. ‘
30 minute feeding 38.8 L 749 20,2 £ 71% L1172 0.2%

in the dark.

each value is the mean of four plants + coefficient of variation.
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followed by 9 minutes in air (Table 3:1). In the 30 minute feedings, the
total amount of 3H20 vapour and 14C02 offered was the same but the concen-
tration of the radioisotopes was decreased as the volume of the closed

circuit was 2,000 ml larger than in the 1 minute feedings.

Metabolism of non-exchangeable 3H- and 14C-organic compounds in the fed leaf,

3

Changes in percentages of noﬁ-exchangeable H closely paralleled

changes in percentages of 14C distributed in the sugars, amino acids.and

organic acids at 0, 4 and 9 minutes following a 1 minute feeding (Fig. 3.3). !
There was no difference at the 957 significance level between the individual
values for 3H and *c. Percentages of 14¢ gistributed among the _ v/
ethanol-soluble compounds of the primary leaves after 1 minute followed by |

9 minutes in air were typical of the results obtained for 19-day-old

soybeans after 10 minutes photosynthesis with 14C02 (9.

Percentages of non-exchangeable 3H distributed in‘indiViduél sugars
were similar to the distribution of 14C (Fig. 3.4). About 70%-80% of 34
“and 14¢ in the sugars was found in sucrose, about 157 in glucose, 5%-10%
in fructose and trace amounts in other sugaré’(Fig. 3.4). These percentages

14C were typical of other experiments with soybean where 14C‘is

of
assimilated photosynthetically from 14C02 for 20 minutes (18). Percentages
.of non-exchangeable 34 distributed in aspartic acid, asparagine  and
glutamine were similar to the distribution of lag (Fig. 3;5). Glutamic
acid contained a greater percentage of 34 than l4c (79% : 4.9%) for 1
minute feedings followed by O minutes in air. Differences between the

percentage of the 34 and 14C decreased after 4 minutes and 9 minutes in

air but remain significant. Glycine-serine has the opposite pattern,

-
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Figure 3.3

Z , . .
Percentage of non-exchangeable 34 and of 1+C distributed in
the sugars, amino acids and organic acids after 1 minute

photosynthesis with 3H20 and #co, followed by 0, 4, 9

2

minutes in air, FEach value is the mean for 4 primary leaves

of soybean * standard deviation.
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Figure 3.4

Percentage of non-exchangeable 3H and of 14C distributed in

individual sugars expressed as a percentage of total sugars
after 1 minute photosynthesis with 3H20 and 14(302 followed
by 0, 4 and 9 minutes in air. Each value is the mean for

4 primary leaves of soybean + standard deviation.



61

ONIQ334 ILANIN | ONIMOTTIOS HiV Ni SILNANIW

6 ¥ 0 6 ¢ o] S v 0 6 & 0 6 b

”“uu

. : NI9SI¥0

SH3HLO i
3s0lony4
3500Nn719
- 25049NS
3y B
He =




Chapter 3

Figure 3,5

Percentage of non-exchangeable 3H and
individual amino acids after 1 minute
3 14 o
Hy0 and ~ COp followed by O, 4 and ¢

value is the mean of 4 primary leaves

deviation.

of 1[J'C distributed in
photosynthesis with
minutes in air, FEach

of soybean + standard
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but there was a significantly greater,percentage of 14C than H (75% : 2.6%)
for the 1 minute feeding followed by O minutes in air. Differences between
3H and l4c in glycine-serine decreased with a longer time for metabolic
~.turnover. Comparable differences between glutamic acid and serine
labelling ﬁatterns are also found in Chloréila (8). Distribution of lag

Iin the amino acids was similar‘to the distribution of 14C in other
experiments with soybean (12).

Percentages of 34 distributed in individual organic acids for the 1
minute feedings were about the same as that'of lag distributed in individual
organic acids (Fig. 3.6). Since there was more 34 in the organic acidé in
1 minute feedings followed by O minutes in air (Fig. 3.3) it wés easier

3

to detect a greater number of -H~organic compounds.

Translocation of non-exchangeable 34- and 14C-organic compounds.

After a 30 minute simultaneous feeding of 3H20 and 14C02 both

3

non-exchangeable “H and 14C were translocated in the light (Fig. 3.7).

- Percentages of 34 and 14C of total translocated were similar in various

parts of the plant. In the dark there was no translocation of l4¢ but

3

percentages of “H distributed in different parts of the plant were similar

to that found in the light.

In the fed leaf in the light after a 30 minute feeding the percentages

3

of non-exchangeable “H distributed in the ethanol-soluble organic compounds

were similar to that of 14C (Fig. 3.8). At least 60% of 3H and 14C was

3

found in sugars (sucrose, glucose and fructose)., Large amounts of ~“H and

14 . . . .
7 7C in sucrose and smaller amounts in glucose, fructose, amino acids and

ofganic acids in the 30 minute feedings were similar to the distribution
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Figure 3.6

Percentage of non-exchangeable 3H and of 14C distributed in
individual organic acids after 1 minute photosynthesis with
34 14

20 and " €02 followed by 0, 4 and 9 minutes in air. FEach

value is the mean of 4 primary leaves of soybean + standard

deviation,
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Figure 3.7

3H and of 14C in the

Translocation of non-exchangeable
ethanol-socluble organic compounds after a 30 minute feeding
with 3150 and %0, both in the light and in the dark,

Percentage translocation in each plant piece is expressed as

a percentage of total 3y and Lig translocated, Each value

is the mean of 4 soybeans + standard deviation.

R
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Figure 3.8

3H and of 14C distributed in

Percentage of non-exchangeable
individual organic compounds of the fed leaf expressed as a

percentage of total 31 or 140 in the organic compounds after

30 minutes photosynthesis with 3H20 and 14COZ. Each value

is the mean of 4 soybeans # standard deviation.
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‘of 3H and 14C in the 1 minute feedinés after 4 aﬁd 9 minutes in air.

In the stem in the light after a 30 minute feeding, the percentages
of non-exchangeable 34 distributed in the ethanol-soluble organic compounds
were the same as the percentages of 140 (Fig. 3.9). The distribution of the
140 in the light-was typical of distributions of 4¢ after 30 minutes (9).

Dark assimilation of almdst sixty percent of the total 14¢ into aspartic

acid-malic acid of the féd leaf (Fig. 3.10) is typical of 14¢ assimilation
into organic compounds (10,12). Assimilation of 34 into the ethanol-soiuble
organic compounds in the dark was not the same as the aséimilation of 14C
in the dark. There was more JH than lhe in aspartic acid-malic acid.
Sugars contained some non-exchangeable 34 but no lag,

In the dark the percentage of non-exchangeable 31 dist;ibuted in the

organic compounds of the stem was similar to the distribution

pattern in the fed leaf (Table 3.2).
No 14¢ was found in the ethanol-soluble organic compounds of the
stem of plants fed in the dark (Fig. 3.11). This is expected, since 14C

is translocated as sucrose and no 14C was assimilated into sucrose in the

fed leaf in the dark.
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Percentage of non-exchangeable 3H and of 140 distributed in
individual organic compounds of the stem expressed as a

percentagé of total 3H or 14C in the organic compounds after

30 minutes photosynthesis with 3H20 and %co,. Each value

2

is the mean for 4 soybeans + standard deviation.
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Figure 3.10

Percentage of non-exchangeable 34 and of 14C distributed in
individual organic compounds of the fed leaf expressed

4 .
as a percentage of total 3H and l*C in the organic compounds

after 30 minutes dark assimilation with 3H20 and 14COZ. Each

value is the mean of 4 soybeans # standard deviation.
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Table 3.2. Distribution of 3

19-day-old soybeans fed in the dark.

70

H in the ethanol-soluble organic compounds of

amount of 3H found in each chromatogram spot
expressed as a percent of the total activity

found on the chromatogram.

fed leaf stem
origin 1.5 4+ 27% 3.7 & 54%
malic acid-aspartic acid 28,6 £+ 17% 22,6 &+ 427
glutamic acid 47,1 £ 11% 29.6 + 43%
asparagine 4.6 £ 28% 8.2 £ 52%
glycine-serine © 5.4 %+ 487 10.7 + 17%
sucrose - 11,7 £ 24% 15.8 + 48%
glucose 0.7 £ 427 4.3+ 72%
fructose 0.5 + 60% 5.2 + 63%
1. each value is the mean of four plants £ the coefficient of variation,
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Figure 3.11

Percentage of non-exchangeable 3

H distributed in individual
organic compounds of the stem expressed as a percentage of
total 3H in the organic compounds after 30 minutes dark

assimilation. Each value is the mean of 4 soybeans 4

standard deviation.

e ek
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DISCUSSION

Analysis of the ethanol-soluble compounds both in the fed leaf and
the remainder of the plant indicates that the distribution of
non-exchangeable 31 in different regions of the plant and in individual

organic compounds is comparable to the distribution of Y4c However there

3

are some differences, Assimilation of “H of the total 3H20 offered was

less and had a greater variation compared to the assimilation of Yag of
the total 14002 offered. The fed leaf continued to assimilate non-exchange-

able 3H into organic compounds after the 1 minute feeding stopped but did

140. 3

not assimilate more There was a difference in distribution of °H

and 140 in glutamic acid and glycine-~serine.

3

. . R . 4
Less assimilation and greater variation of “H compared with l+C

‘results from a combination of several factors, including the dilution of

3
HZO by water already present in the fed leaf, the dilution of 3

3

water from the roots, the loss of HyO from the fed leaf to the translocation

stream, the loss of exchangeable 3

H in the organic compounds and the
difficulty of getting all the water offered to the plant into the vapour
form in the closed circuit of the feeding“apparatus.

Continued assimilation of 3H20 after the 1 minute feceding had stopped
can be accounted for by a larger pool of water in the leaf. This ﬁool is
difficult to flush and 3H20 remains in the leaf and continues to be
assimilated after the leaf is no longer sufrounded with 3H20 vapour, The
smaller pool of %C0, in the leaf is morc casily flushed and the '#¢ feeding

3

is a better '"pulse-chase' experiment than the “H feeding.
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One might expect some 34 1label is formed by exchange of easily
exchangeablé hydrogen followed by metabolism into non-exchangeable positioné.
That this process does not account for a large part bf the non—exchangeablé
3H label in soybean is indicated by the small amount of 3H in sucrose in
the dark (Fig. 3.10). Since the concentration of endoggnous sugars in
the leaf is far larger than aﬁy of the other compounds the sugars would be
expected to confain the bulk of the SH if physical exchange were the main
précess of labelling in the dark. Thus, it is more likely that the bulk of
the 3H in the ethanol-soluble fractions occurs by enzymatic fixation rather
than physical exchange.
The relatively low amount of label in sucrose and malic acids are

neither the typical patterns obtained with 14

C in photosynthetic fixation

or in dark fixation. It is>known that only a few organic compounds are
tr#nslocated from leaves (18,19). Previous work has shown (9)‘that small
amounts of 14C in compounds other than sucrose are derived from conversion .
. of the translocated sucrose rather than the translocation of the non-sucrose
~ compounds from the primary leaf. The similar distribution of SH in leaf
and stem in the dark suggests that the compounds isolated from the stem
were not translocated as such from the assimilating leaf but,that_3H20

was the form in which JH was translocated givi;g rise after trapslocatiOn
to the several compounds isolated'from the stem. -

3

If such a mechanism for translocation of “H exists in the dark it is

probable that it also exists in the light. However, the assimilation of

3

H in the dark was only at best one-tenth of that in the light (Table 2.1).

Any translocation of water in the light and subsequent dark assimilation
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into non~exchangeable 3H in organic compounds could be masked by the large
amount of SH-sucrose translocated in the light, This is evident, since in

3

the light the distribution of non-exchangeable “H in the organic compounds

of the stem (Fig. 3.9) does noi resemble the distribution pattern of 3u and

14C in the fed leaf (Fig. 3.8) but resembles the distribution pattern of

14C in the stem (Fig. 3.9).

Distribution of non-exchangeable 3H and 1/J'C in the ethanol-soluble
organic compounds of the fed leaf for the 30 minute feeding (Fig. 3.8) was
consistent with the result of the 1 minute feedings (Fig. 3.4, 3.5, 3.6).
At least 60% of non-exchangeable 3H'and 146 was found in sugar for the 30
minute feedings compared to about 70% in sugar for the 1 minute feedings
followed by 9 minutes in air and about 10% in sugar for the 1 minute
feeding followed by O minutés in air (Fig. 3.3). In the 30 minﬁte feedings
non~exchangeable 3H and lag in sugar was slightly less than in the 1 minute

3 and 14¢

feeding left for 9 minutes in air since the percentage of
distributed in the sugars was always affected by recently assimilated 3u
and 14¢C into the sugars. However, in the 1 minute feedings followed by
9 miﬁutes in air, the percentage of 31 and 14C distributed in the sugars
results from metabolic turnover and was not alﬁered by recently assimilated

3H with greater percent-

3H and 148 into the sugars. Lower percentages of
ages of Lag in glycine-serine and the reverse in glutamic acid was seen
in 30 minute feedings as well as 1 minute feedings. However the difference
for the 30 minute feedings are not statistically significant. Decrecased

statistical significance of the 30 minute feedings as compared to the

1 minute feedings

7

is consistent with the longer time for metabolic turnover
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in the 30 minute feedings which allows the initial difference to be
masked. .

3H and 14C

The difference between the distribution of non-éXChangeable
in glycine-serine and glutamic acid 1eéds to én intérestiﬁg speculation.
If glycine and serine contain very recently incorporated carbon then they
might be expected to be high in l4g (17). 1f the chloroflast, the region
of carbon assimilation from €Oy, is isolated by a membrane and not freely
interconnecfed with water outside the chloréplast then the organic compounds
recently formed in photosynthesis would be low in 31, .Glycine—serine is
low in non-exchangeable 38 and high in 14C. if non-exchangeable 3H is
incorporated into ensuing producfs of photosynthesis’by enzymatic reduction,
pérhaps outside the chloroplast in regions freely mixed with 3H20 entering

the cell, then non-exchangeable 3

H is not a direct indication of photosyn-
thefic assimilation but is a measure of the metabolic activity of the
organic compounds in which it is assimilated. More métabolicaliy active
~compounds assimilate more non-exchangeable 38 than less metaboiically
active compounds. C§mpounds involved in "dark fixation'" in photosynthesis
are more metabolically active and have assimilated more non-exchangeable
3H. Since more non-exchangeable 3H is assimilated in the light than in the
dark this would mean that soybean is more metafolicaily acﬁive in the light

"shotorespiration" over "dark

than in the dark. The increased rate of
respiration" suggests soybeans in the light are ten times more metabolically
active (2,6), which corresponds to ten times more 34 fixation in the light

than in the dark.

The large percentage of non-exchangeable 34 in glutamic acid, between
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40 to 80% for the 1 minute feedings, indicates that glutamic acid is a
metabolically active compound in soybean. The low percentage of l4e in
glutamic acid indicates the precursors to glutamic acid are a number of
metabolic steps removed from the initial carbon incorporation step (17).

The ten-fold increase of SH and the hﬁndred—fold increase of %G in
the fed 1eaf of plants in the light over plants in the dark, indicates
that the major process in the assimilation of non-exchangeable 34 and 14¢
into organic compoundsAis photosynthetic assimilation. Comparable

3

percentages of “H and 14C distributed in the organic compounds of the

assimilation leaf of plants in the light, indicates that photosynthetic
assimilation involves similar organic compounds for both carbon and hydrogeﬁ.
The compounds active in COp assimilation in photosynthesis are more
metabolically active and assimilate more hydrogen.

3y

In sumnpary, the simultaneous assimilation and translocation of
and 1%4C both at the level of the quantities of total isotope translccated
and the level of the distribution of isotope in the organic compounds
indicates that:

1. photosynthesis is the most important process in the as;imilation
of non-exchangeable 3H and ¢ into organic compounds in the 1ight.

2. non-photosynthetic assimilation is mofe important for

non~exchangeable 34 than e,

3, 3H is translocated as 3H2O as well as non-exchangeable 3H in

organic compounds,

4, keeping in mind the above points translocation of non-exchangeable

1

oo . .. . - 14 . .
H in organic compounds is similar to translocation of C in organic

compounds.,
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Effect of Oy Concentration on the Assimilation and
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Translocation of “H- and 14C"Organic Compounds in

Soybean



Chapter 4 : 80

INTRODU CTTON

Modern theories of translocation usually include metabolic control
acting at the source of the translocated compounds é.g. the leaf, at the
sink to which the compounds are translocated e,g. the roots, in the
conducting vessels e.g. the phloem, or some combination of these three
(8,6,7,10,14). Metabolic control can be mediated by environmental
conditions at the sink or along the translocation route (10) e.g.;
temperature on stem and petiole (11,12) or light on the lower leaves and
stem (5). However at the source leaf it is difficult to separate a direct -
effect on the translocation process from an indirect effect through the
process of photosynthesis, .

3H and 140 are similar and

Knowing the patterns of assimilation of
that 3H and '#C are translocated in sucrose at the same raté (Chapt. 3),
this information can be used to study the effect of various factors on
translocation in the same plant. Since Oy concentration is known to affect
photosynthesis (1,4,9) it was decided to determine if 0O) concentration
affected translocation and if it did, wasvthe effect direct or fhrough
photosynthesis? 1In the same plant using a sequential feedingfone.isotOpe
can label the products of photosynthesis at 217% 0, and the other isotope

can label the products of photosynthesis at altered Oy concentration,

Translocation of these labelled organic compounds can then be followed,



Chapter 4 81

MATERTALS AND METHODS

Primary leaves of soybeans grown as described in Chapt. 3 were
offered 3.43 x 107° moles (50 me) of 3H as JH,0 vapour and 1.05 x 1078
moles (0.68 pc) of 14C02 in a sequential feeding in a closed CirCui£ feeding
apparatﬁs (Fig. 4.1). The apparatus contained: a plexiglass leaf chamber,
an infra red gas analyzer (Beckman series 215), an 0y electrode (Beckman 777),
a geiger tube (Anton-Lionel type 6222), connected to a ratemeter
(Muclear Chicago 8731) and a recorder (Riken Denshi Model S P-J 2), flasks
for generating 14002 and_3H20, a column for the removal of water vapour
(Drierifte) which could be removed from the system previous to generating

3

Hzo, and a pump to circulate the gas stream within the closed circuit.

generation of 3HZO vapour and 14002 the leaf chamber could be

During g
by-passed from the circuit and different gas mixtures (contaiﬁing 2%,
21% or 99% 0,, with 0.03% €O, and remainder N,) passed through the leaf
chamber.

One of the primary leaves of each soybean was placed in the leaf
chamber for a 30 minute adaptation period in light from quartz-iodine
lamps (750 watts) filtered through 10 cm of water to yield 2,000 ft-c
measured with a Weston light meter., During this period, air was circulated
across the leaf and the rate of net photosynthesis was measured using the
infra red gas analyzer;

Two experimental plans were followed (Fig. 4.2). 1In feeding sequence

3y

A, a primary .leaf was fed 1,0 vapour for 1 minute in air at 21% 0,, 0.03%

23

COZ' The chamber was then flushed with air containing 2%, 21% or 99% 02,
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Figure 4.1 Apparatus for sequential feeding of 3H20 and 14C02 to a

primary leaf of soybean.
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Figure 4.2 Experimental sequence used to feed primary leaves of soybean

3.43 x 1078 moles (50 me) of °H as “H,0 and 1.05 x 107°

2
14 14 . . ;
C as CO,. The gas mixtures used during feeding

(0.68 uc) 9

contained 2%, 21% or 99% 0Oy, 0.03% CO, and the remainder N,
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0.03% €Oy, and after 4 minutes 1400; was added to the air stream and
offered to the leaf for 1 minute. The 14C02 was then removed from the air
stream by flushing with the gas mixture appropriate to the sequence and
after 4 minutes the leaf was killed in boiling 80% ethanol : 20% water.
Feeding sequence B was identical to feeding éequence A éxcept the time of
introduction of BHZO and 14C02 was reversed,

In both feeding sequences; the 0, concentration of the complete circuit
was changed within 30 seconds. At all times during, between and after
feedings the C0, concentration did not vary from 0.03% by more than
+ 0.005%.

The leaf and other plant parts were extracted separately and washed

repeatedly with cold 80% ethanol : 20% water until the amount of 3

H was
constant (see Chapt. 3). Ethanol-soluble extracts of the fed leaf were
separéted into sugars, amino acids and organic acids by resin column

3H and 14C were

chromatography~-~Rexyn 101 H and 201 OH. The amounts of
determined using a liquid scintillation spectrometer and a dioxane-based

scintillation solution.
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[}

RESULTS

‘ Amounté of 34 and 14C assimilated into the organic compounds varied

°with the 0y concentration during the feedings (Fig. 4.3). >When 14002 was
fed at 217% 0, (feeaing sequence B) the amount of 140 assimilated was found
to be constant with increasing 09 concentr;tion. When 3H20 was fed at 21% 0,
(feeding sequencé A), va;iation between plants was large enough that no
significant trend in 34 assimilation Qas apparent when the feeding was
followed by 2%, 21% or 99% 0p. When *co, was fed at 2%, 21% or 99% 0y
(feeding sequence A) the amount of 14¢ assimilated was found to decrease
with increasing 0, concentration. When 3H20 was fed at 27 and 99% 02

34

(feeding sequence B) more than twice as much 34 was assimilated as when
~was fed at 21% 0,.
In feeding sequence A (Fig. 4.4) and sequence B (Fig. 4.5) the

3y and l4c distributed among the sugars, amino acids and

percentages of
organic acids differed with fhe 02 concentrations., These results ShOuld
be considered together for the most effective comparison. Both feeding
sequences A and B'present similar distribution with 21% 02 no matter thch
isotope‘was.offered first, However, there are differences between the two
feediﬁg sequences when treatment included 2% and 99% 0,. When the initial
feeding was followed by 2% 0, (Fig. 4.4A and 4.5A), both isotopes produced
similar distributions, but when followed by 99% 0y, the proportion in

sugars was markedly depressed with respect to 3y (Fig. 4.4C). The organic

and amino acids had proportions essentially equal to sugars (Fig. 4,4C).
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3

Figure 4.3 Total non-exchangeable “H and 140 assimilated into soybeans

during feeding sequence A and B (Fig. 4.2). Each bar
histogram represents one plant and each plant is represented

3

twice; once for

14

H and again in the corresponding position in

the ~7C figure.
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Figure 4.4 Distribution of non-exchangeable 34 and of léc among sugars,
amino acids in the ethancl-soluble extracts of the primary

leaves of soybean following a sequential feeding with 14002

then 3H20, feeding sequence A (Fig. 4.2).
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Figure 4.5 Distribution of 14C and non~exchangeable 3H between sugars,
amino acids and organic acids in the ethanol-soluble extract
of the primary leaf of soybean following a sequential feeding.

with 14002 then 3H20, feeding sequence B (Fig. 4.2),
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In the second part of the feeding sequences where the isotopes were
presented during the altered environmental treatment, high amino acid
14

labelling occurred with 2% and 99% Oy for *7C but only at 2% for 3h.

In other words, we note that the 2% 0, treatment increases the

proportion of 3

H- and }40 in the amino acids and o;ganic acids in both

.feeding sequences A and B. Thé same pattern appeared with one pair of

-plants (Fig. 4.4) at thek99% 07 but not with the second pair (Fig. 4.5)

when the Order of isotope administration was reversed. |
Translocation of 34- and 14C-organic compounds froﬁ>the fed leaf was

less than 10% of the 3H and 14C assimilated into the organic compounds for

all 0y concentration in both feeding sequences A and B (Table 4.1). At

2%, 0, in feeding sequence A lower percentages of 34 and 14C'were translocated

than af 21% and 99% 0. At 29, 05, in feeding sequence B, a lower percentage

of the 3H but a similar percentage of 14C was translocated as the percentage

14C translocated at 21% and 99% 0. Thus translocation of 3H

of 3H and
was lower at 2% 0,. At 2% 0, translocation of 14C was also lower than at
21% or 99% 0y if the 14¢ was fed at 2% 0o but was ‘not lbwer when the l4c
was fed at 21% 0, and followed by 2% 0,. At all 0y concentrations,

translocation of the first isotope fed in the sequence was always greater

than the isotope fed 5 minutes later.
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Table 4.1 Amount of 3H- and 14C—organic compounds translocated from the

3

fed leaf as a percentage of total “H or 14¢ in the plant. Each

value is the mean of two plants.

.Feeding sequence Al' : Feeding sequence Bl'
14

34,0. £ollowed by 1400, Co, followed by 3H,0
02 concentration  percent 34 percent 140 percent 14C. percent 3H
during second translocated translocated translocated translocated
feeding after 10 min. after 5 min. after 10 min. after 5 min,

27, 0.8 0.6 2.4 ‘ 1.1

21% 5.8 3.5 2.8 2.3

99% 7.1 3.2 2.9 2.8

see Fig. 4.2 for detailed description of feeding séquences.
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DISCUSSION

When a leaf that has been fed 14@02 is flushed with air, most of the
unassimilated 14C02 is rapidly removed from the leaf (Chapt. 3, Table 3.1).
If 14COZ is fed to the leaf at Z1% O, and then is flushed with air enriched
with 0, it can be assumed that most of the assimilated lac.was fixed at the
original O concentration. Thus the amount of 14C assimilated at 21% was
unaffected by the 0y concentration following the feeding, but the amount

of 14

C assimilated decreased inversely with 02 concentration during feeding
(Fig. 4.4) as reported previously for soybean (4).

Following a 1 minute feeding of 3H20, at least 5 minutes of flushing
is required before all of thevunassimilated 3H20 has been reﬁoved (Chapt. 3,
Table 3.1). If Hy0 is fed to the leaf at 21% O, and then flushed with
air at different Oy concentrations, some of the 3H will be aséimilated at
the new 0, concentration. Assimilation of 34 was lowest at 21% 0Oy and
increased at both 2% and 99% 0, (Fig. 4.4). The increase at 99% 0y is
completely unexpected but may be accounted fér in terms of postulates to
follow. Assimilation at 21% 0y followed by 2% and 99% 09 was too variable
to indicate if it followed the same trend.

At 21% 0, in a simltaneous feeding the 5§ and 4C initially found in
the amino acids and organic acids was converted with time to sugars
(Chapt. 3, Fig. 3.3). The results from the sequential feedingsvat 21% 0,
(Fig. 4.4 and 4.5) fit with a pathway in which amino acids and organic

acids are converted to sugars (2). Conversion of amino acids and organic

acids to sugars appears to be “blocked" at low 0, concentration
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(Fig. 4.4 and 4.5) and also at high‘O2 concentration in the plants in
feeding sequence A (Fig. 4.4).

A schematic representation relating the effect of high and low 09y
concentration on carbon assimilation in photosynthesis is proposed in
Fig. 4.6. At high 0, concentration photorespiration is increased
consequently increasing the loss of COy and decreasing the net assimilation
of carbon (4). Coombs and Whittingham (3) concluded thét in Chlorella,
high oxygen inhibited CO0, assimilation by increasing the loss of carbon
from the intermediates of a C-2 cycle rathér than a specific inhibition
of a particular enzyme. If 0, increases the rate of oxidation of the C-2
fragments the equilibrium between metabolic reactions might be shifted
80 as to increase the amounts of organic acids and amino acids and
decrease the amounts of sugér. Decreased amounts of sugar was found at
high 0, in Chlorella (3,13) as well as soybean (Fig. 4.4 and 4.5). If

34 than 4¢ (Chapt. 3, Fig. 3.5),

glutamic acid, containing a larger amount of
was favoured at high 0y concentration this could account for increased
amounts of SH assimilation at high Oy in spite of the reduced carbon
assimilation at high 0, (Fig. 4.3).

At 2% Q, concentration photorespiration ceases, consequently
decreasing the loss of €0y and increasing the net assimilation of carbon
(4). At low Oy in Chlorella (13), as well as soybean (Fig. 4.4 and 4.5)
amino acid production is increased. By favouring amino acids the equilibrium
betﬁeen metabolic reactions might be upset so as to decrease the amounts
of sugar (Fig. 4.4 and 4.5).

In the relative short periods of time allowed for translocation, a
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Figure 4.6 Schematic representation relating sugars, amino acids and
organic acids at 2% and 99% 0y to the metabolic pathway

at 21% 02.
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1

slower translocation rate was noticed with only 2% 0,. When 1

4C was
offered at 21% 0, and followed by 2% 0o translocation was not affected.

When 31 was offered at 21% 0, and followed by 2% 0,, translocation was

3

slower. However this might be expected since most of the “H was assimilated

at 27 0y (Chapt. 3, Table 3.1). Thus low Oy concentrations appear to alter
translocation by altering assimilation patterns. Experiments for longer
peéiods of time are neseded to determine whether translocation is affected
with 99% 0y, since it seems inconsistent that with both 99% Oy aﬁd 2% 04,
assimilation patterns are altered so as to decrease the amount of sugars
“availéble“ for translocation but the rate of tramslocation is slowed with
only 27 0,.
So far in this discussion photosynthetic assimilation and translocation
has been considered separa;ely. By the use of more plants the same
information can be obtained from conventional single fisotope éXperiments.
It was hoped that the isotope fed at 21% 02 would act as a control for the
experiment and the effect of 0, on assimilation and transglocation could be
separated in the samc plant. Hoyever decreasing or increasing the 0,
concentration affected the subsequent metabolism of the organic compounds
making the first isotope fed a poor control for the experiment. The
experimental design can be improved‘to make better use of the two isotopes
by increasing the time between feecdings and allowing the first isotope to
complete the conversioh ffom amino acids and organic acids to sﬁgars before
changing the 0, concentration. In this way the first jsotope becomes a
true control for the experiment which then can be compared to the second

isotope at reduced 0, concentration.
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In summary, at 2% Oj the distribution of 3

Il and 140 among the organic

compounds changes from the distribution at 21% Op. At the same time there

3

is a decrease in translocation of “H~ and 1qc—organic compounds, At 99% 0y

3H and 140 among the organic compounds changes from the

the distribution of
distribution at 21% 0, and yet there is no change in translocation of 3y
and 14C—érganic compounds., Thus a fairly complex relationship exists
between amount of compounds availablg in the fed leaf for franslocation
and the amounts of compounds actually translocated., To completely
unde%stand this relationship further knowledge is needed concerning the

3H or YC distributed in the organic

effects of 0y on the percentage of
compounds at shorter intervals of time as well as determining if there is

a long term inhibition of translocation at 2% 0.
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" SUMMATION OF THE THESIS

The bimodal pattern of translocatibn in grand fir with peak rates in
spring and autumn makes the timing of application of systemic insecticides
Qery important. ﬁxPeriments carried out when translocation Qas low might
give the impression the systemic insecticide was ineffective. The same
insecticide might be more effective at another time of year. Translocation
of 32P-schradan was found ﬁo be in the phloem of graﬁd fir (1) but, all
systemic inSectiéides may not be translocéted.in the same way as photosynthe-
fically assimilated organic compounds. However, the mode of translocation of
an insecticide could be determined by labelling it with a radioactive isotope
and tracing its movement with a geiger tube. For insecticidés translocated

with a seasonal pattern; the geiger-tube technique could easily.be adapted to

determine peak rates of translocation under field conditions.

14

The large amounts of 14¢ shikimic and 1*C-quinic acids foynd in the spring
tissue may indicate that ceil métabolism is directed towards lignin forﬁafion
and building celi walls. It would be interesfing to pursue this further by
deterﬁining if increased translocation in the spring is dﬁe to "leaky" cells
and if this translocation could be induced at other peri?ds of the year
without too much damage to the tissue,

The technique of using non—exchangéable 34 and 14C»to label the organic
compounds in translocation experiments appears useful in establishing the effect
of environmental factofs on the control of translocation. it may be particu~

larly important in plants which show considerable amount of individual variation

in rates of translocation such as trees grown under field conditions.
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Glutamic acid and glycine-serinc were the cxceplions to the 3H~‘
and 14C“1abelling patterns in the photosynthetically assimilated organic
compounds. The greater percentage of 3H in glutamic acid, than'expected
on the basis of the percentage of 14C, may be a clue to the assimilation
of 38 into the organic compounds and could be worth further experimentation.
The greater percentage of 14C in glycine-serine, than expected on the basis
of the percentage of 3H, could indicate a compartméntalization of
glycine-serine in an area of the cell which is '"close'" to the first
products of photosynthesis but is 'remote' from water entering the
cytoplasm. vThese ideas could also be worth further development.

Seasonal variations in rates of translocation of organic cdmpounds
is important from both practical and theoretical aspects. The geiger-tube
technique and the dual—iéotope 1abeiling technique may prove useful to

study translocation at this level.
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1

APPENDIX 1

Efficiency of the Anton-Lionel Miniature Counting Tube Type 6222

Previous to using the Anton-Lionel geiger tube for experiments with
‘the grand firs and again aftér the series of experiments were completed,
the counting efficiency of the tube.was checked against aliquots of -
14C-aSpartic acid (0.1 mc per 1.0 ml) dried on a glass cover slip. To
obtain a concept of the amount of shielding by the tree, spots 1/4 inch in

14C—organic compounds

diametér cut from paper chromatograms and containing
were counted with the Anton-Lionel geiger tube. Thé diameter of the end
window of the geiger tube is 1/4 inch. : S

Although the operating voltage had increased from 700 to 750 volts
the efficiency of the geiger tube did not change from beginning of the
experimenfs to the end (Table A, Appendix 1). The meén'efficiency of
19.5% is probably not significantly less than the 20.6% efficiency quoted
" by the company.

‘The chromatography paper shielded a considerable amount of the

radioactivity from the geiger tube. However efficiency of counting
chromatogram spots (Table A, Appendix 1) is still higher than efficiency
of counting 14C in the branch (Table 1.3, Chapt.'l) since very little of

the cyiindrical branch is against the flat surface of the geiger tube.
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Table A. The efficiency of the Anton-Lionel geiger tube to measure

14 a 14

C-aspartic acid dried to a glass cover slip an C-organic

compounds on chromatography paper.

efficiency operating voltage

(beginning of L 19.6 % 3% 700
(experiments

14C~a5partic acid dried E

to a glass cover slip. (
(end of 1. 19.5 4 4% 750
(experiments

4 - o 2 oy

C-organic compounds on chromatography”* 1.38 = 7% 750

paper

mean of three values % coefficient of variation.

mean of eight values & coefficient of variation.
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APPENDIX 2

Distribution of Ethanol-Soluble 14C-Organic Compounds in Grand Firs

4

Grand firs (Abies grandis Dougl.) as described in Chapt. 1 were

fed 135.1 uc of 14002 for 2 aﬁd 2 1/2 hours during the épring to autumn
of 1967 using the apparatus described in Chapt. 1. The length of time the
trees were left in air between beginning of feeding and extraction with
80% ethanol : 207 water varied between 2 hours and 48 hours. These tiﬁeé
are recorded in Table B, Appendix 2. Only the ethanol-soluble extract was
-assayed for 140.

In all feedings during the season over 90% of the ethanol-soluble 140
remained in the fed branch (Table B, Appendix 2). Less than 2% of the

ethanol-soluble 14

C was found in the roots after 24 and 48 hours in May
feedings. 1In white pine after 8 hours in May the percentage of
ethgnol-soluble 14C-compOunds translocated to the roots varied between 5%
and 267 of tétal ethanol-sqluble 14¢ found in the tree depending on Qhether_
the trees were grown at high light and high moisture (1,2). Greater
translocation to the roots found in white pine as compared to bélsam fir
could be due to: -
1. 1Increased translocation to the roots, the white pine were kept
at 002 compensation point ;fter feeﬁing with 14C02, while the
balsam firs were kept in air.

2, All the shoot above the roots of the white pine was offered 14C02

while only a 1 cm section of a balsam fir branch from the top whorl
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of branches was offered 12‘LCO?_.
3. The white pine and balsam fir belong to different genera and had

different conditions of growth previous to the experiments.
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APPENDIX 3

3 b
Elution of “H- and 1'C~Org§gic Compounds from Ghromatogram Spots

Plant extracts were separated into individual organic compounds using

paper chromatography. To assay for the amount of 31 and 14C,

each organic
compound was eluted from its chromatogram spot and the eluate was counted
in the liquid scintillation spectrometer using a dioxane scintillation4
solution. The time taken‘and the number of drops necessary to elute 997
of the 3H~ and 14C—organic compounds from chromatogram spots containing
sucrose, glucose, fructose, aspartic acid-malic acid, glutamic acid,
glycine-serine and asparagine was determined previous to working with the
experimental extracts,

Aliquots of an extract from a primary leaf of 19-day-old soybean

3H20 and 14002 for 30 minutes were separated into

which had been offered
individual organic compounds using two dimensional paper chromatography.

The position of the radioactive spots on the paper chromatogram were
determined from radioautograms of the chromatogram and by spraying replicate
chromatograms with ninhydrin and benzidine sprays. Chromatogram spots

were cut in ovals with one end tapered to a point from which the elufte
could drip. Wicks made from strips of chromatogram paper were stapled to
the spots and the top of the wick was dipped into a 10 ml beaker containing
distilled water. Successive drops were collected in individual vials
containing scintillation solution. The 1Q/ml beaker was supported on a

i

"block of wood 4 inches high and the block, vial and 10 ml beaker were
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enclosed under a inverted 1000 ml béaker. After seven drops had been
eluted from the chromatogram spot, the spot was dropped into a vial
containing scintillation solution and counted in the liquid scintillation
spectrometer. The amount of 34 in each drop was expressed as percent of

total 3H eluted from the chromatogram spot plus the residual 38 on the
chromatogram spot after the seven drops were eluted. A similar percentage
£ ]_[l-

was calculated for the amount o C in each drop.

Over 60% of the total 3H and 14C was eluted in the first drop from the
chromatogram spot for all compounds tested (Table C, Appendix 3). A rapid

3

drop in the amount of ~“H and 146 eluted after the first 3 drops was

characteristic of all compounds and within 6 drops 99% of the 3H and 140

was eluted, The time taken for each drop to leave the chromatogram was
variable. The first drop took from 15 to 30 minutes to leave the ‘
chromatogram spot and subsequent drops took less time. A}l 7 drops took
from 50 to 100 minutes to fall,.

On the basis of these test drops, in the experimental procedure 7
drops were eluted from each chromatogram spot into the same scintillation

vial. This was about 997 of the total 3H and Y present in each spot,
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