INTRAMOLECULAR RESPIRATION OF TOMATO FRUITS!
FeEL1Xx G. GUSTAFSON
(Received for publication June 5, 1930)

These experiments on intramolecular respiration have been conducted as
a part of a general study of the development of tomato fruits. Nitrogen
and in two experiments hydrogen have been used to replace air. These
gases were first passed through a wash bottle containing NaOH which
absorbed the CO, and then through three bottles of chromous chlorid which
absorbed any oxygen that was in the gas. The CO,- and O.-free gas was
then passed through the respiration chamber by the pressure in the tank
and reduction of the pressure in the system by suction. As it came from
the chromous chlorid the gas was frequently tested for oxygen by passing
it over phosphorus, always with negative results. The respiration chamber
was always kept at atmospheric pressure and was immersed in a constant
temperature bath held at 25° C. A control in air otherwise similarly treated
was run simultaneously. The fruits were usually picked during the after-
noon and put into the chamber through which air was drawn over-night in
order to establish an equilibrium, before any collection for analysis was
made.

The CO; was collected in 0.1 M Ba(OH), contained in modified Petten-
kofer tubes, and titrated with 0.1 M oxalic acid. Further detail may be
obtained from a previous paper (5).2 In the present experiments the
Pettenkofer tubes had a diameter of only 9 mm. in the main portion, with
both ends enlarged somewhat, to facilitate the insertion of stoppers. The
use of tubes with a small diameter made it possible to utilize a volume of
only sixty cubic centimeters of Ba(OH), and yet the gas passed through a
column of liquid long enough to absorb the CO, completely. With such a
small volume of liquid the time of the individual collections could be
shortened to one hour in some instances. In all but one experiment the
length of time for collection of each sample was from one to three hours.
Such short periods enabled one to follow more closely the changes in the
rate of CO, production. In the early experiments three hour periods were
used almost exclusively, but in the later experiments several fruits were used
and the time could be shortened to one hour when the gas production was
at its maximum.

After some preliminary trials an experiment with a ripe fruit weighing

1 Paper from the Department of Botany of the University of Michigan, No. 341.

2 No reference has been made here to the rather extensive literature on anaerobic
respiration of flowering plants, since previous experiments have been so very different from
the ones here discussed that it has seemed unnecessary.
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78.9 g. was started in the afternoon and air drawn through the apparatus
without any collection of gas until the next morning. This experiment is
the only one conducted i1, which there was no control in air. The collection
in air was made for six hours before nitrogen was introduced. As shown in
text figure I 3 there was an immediate rise of CO, production when nitrogen
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TexT F16. 1. Respiration of a red-ripe tomato fruit. In this as well as in all other
figures the length of the lines denotes the duration of a collection. Sometimes two col-
lections may have the same value and the two together will be represented by a line double
in length, as the last two collections in this experiment. At the zero point air was replaced
by nitrogen.

was introduced, amounting to 28 percent, but during the second period of
collection the CO, production was back to the original level. During the
night nitrogen was run through the apparatus at a rate similar to that
during the daytime when collections were made; if, as it sometimes happened
in the early experiments, the gas flow had slowed down somewhat during the
night, no collections were made for several hours after the flow had been
corrected in order to wash out thoroughly any CO, that might have accu-
mulated in the container or in the tissue. In this experiment the gas flow
was less in the morning than during the preceding day and four hours were
allowed to elapse before any collection was made. During this time the
gas flow was the same as the preceding day. The rate of gas flow was deter-
mined by the distance between bubbles in the Pettenkofer tubes. The size
of the bubbles was usually the same. This method is not very exact, but
it was noted that if the gas flow thus measured was nearly the same, there
was no difference in the amount of CO, collected. By referring again to the
graph in text figure 1 it will be noted that 24 hours after the nitrogen was
introduced the CO; production was 71 percent of that at the beginning.
The experiment was continued for 102 hours in nitrogen. During this time
there was a gradual decrease in CO, production, which fell to 50 percent

8In all of these experiments the results for the experimental fruits in nitrogen are
represented by either solid or interrupted lines, one line for each collection and the length
representing the duration. The control is represented by circles, and each circle is the

average of the several collections made each day. For the sake of simplicity the experiment
number will be the same as the number of the figure representing it.
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at the end. As will be seen from other graphs in which ripe fruits were also
used the control shows a decrease in production of CO; during an experi-
ment. During the first 24 hours in nitrogen there is then a decrease of
29 percent in the CO, production, while during the remaining 78 hours
there is a decrease of only 21 percent. In the same length of time a control
fruit would have shown nearly the same decrease.

After the experiment on the ripe fruit others were conducted in the same
manner in which fruits of various degrees of ripeness and green fruits
growing at various rates were used. Of these only three experiments with
their controls need to be mentioned, because the others conform to type.
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TexT F1G. 2. Respiration of a green fruit, growth rate 50 percent per day. The

circles represent the control and in all experiments except this one each circle is the average
of the several collections for the day.

Text figure 2 illustrates the respiration of a green fruit and its control.
The fruit weighed only 4.2 g. and had a diameter of 2.11 cm., and had had a
growth rate of 50 percent per day. The control weighed 4.56 g., was 2.08
cm. in diameter, and had been increasing at the rate of 45 percent per day.
Due to the small size of the fruits the collection period had to be very long,
seven hours the first day and nine hours the following days. When nitrogen
was introduced there was no apparent increase in CO;.  Whether there was
an initial increase which was followed by a greater decrease producing an
average lower than at the beginning, or whether there was a slow decrease
from the beginning cannot be stated. From subsequent experiments in
which several fruits were used and the periods of collection were short it
would seem that there is an initial rise followed by a drop, so that the average
for seven hours would be less than normal. A day after the nitrogen was
introduced the respiration had decreased to 63 percent of the original, while
the control was 92 percent of its original value. During the next two days the
rate of CO; production remained nearly constant in the experimental fruit,
but on the fourth day there was a considerable decrease and at the end of

76
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95 hours in nitrogen the respiration was 54 percent of the original, whereas
in the control it was still 74 percent of its original rate. The gradual decrease
in the CO, production of the control is very typical. There was hardly
ever a large decrease during any one day, but at the end of the experiment it
too had dropped considerably below the initial rate. It is to be noted that
these green fruits produced more than three times as much CO; as the ripe
fruits represented in text figure 1.

Several experiments were carried out in which faintly pink or vellow
fruits were used but only two of them are presented in text figure 3. The
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TexT F16. 3. This figure illustrates two experiments with their controls. The fruits
were pink. The dotted lines and the circles with a line through them constitute one experi-
ment and the solid lines and circles the other experiment.

point of note in these experiments is that the CO; production of the fruits in
the nitrogen decreased rapidly from the first day. At the end of 65 hours
the CO, production of one was only 24 percent of its initial output, while its
control was still 73 percent. The other experiment produced 32 percent
after having been 83 hours in nitrogen and its control 78 percent. These
pink fruits behaved normally when in air, but very differently from the
others when in nitrogen. They never deviated from this performance.

To find out whether the leaves reacted as the fruits did, one experiment
was conducted with them (text fig. 4). The circles with the lines through
them represent the leaves in nitrogen. The leaves did not hold up even as
long as the pink fruits. After 50 hours in nitrogen the leaves produced
only 3 percent as much CO; as they did at the beginning of the experiment;
the leaves in air respired 64 percent as much as at the beginning.

These experiments, which are well illustrated by the four given here, all
show that the production of CO; is well sustained in green or ripe fruits in
the absence of oxygen but this is not true of the leaves or the pink fruits.
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The fact that in absence of oxygen tomato fruits produced a considerable
amount of CO, suggested the importance of determining what would
happen if air was again introduced. Several experiments were performed
in which air was reintroduced after the fruits had been some time in nitrogen
and of these, two are chosen as typical.
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TEXT FI16. 4. An experiment with tomato leaves. The circles with the lines denote
the readings of the leaves deprived of air.

Text figure 5 represents an experiment in which were used two ripe fruits
with a total weight of 151.5 g. and diameters of 5.28 and 5.72 cm. Two
slightly larger fruits were used for the control. The three readings taken
before the nitrogen was introduced were very irregular, but after that the
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TexT F16. 5. Respiration of a red-ripe fruit and its control. After 69 hours in
nitrogen air was reintroduced.
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CO; production was quite uniform. The fruits were deprived of air for
69 hours and at the end of this period the CO; production had decreased to
49 percent of the initial. As soon as air was reintroduced there was an
immediate increase in CO; output and within six hours it had reached 102
percent of the original or had increased 104 percent over what it was in
nitrogen. This rate of respiration continued during two days, when the
experiment was discontinued.

The second experiment of this group was one in which two pink fruits
were used. Their diameters were 5.16 and 5.92 cm. and their combined
weights 150.5 g. The control also had two fruits, slightly smaller. Text

CO: in mg. per hour

per g fresh fruit
forg

.08] -
o5{ P-

.04

1@

031 - -
- ° °
021 -

ol TNitrogen- == Ain

o 20 40 60 80 _ 100 120
Time in hours

TexT F16. 6. Respiration of a slightly pink fruit. Air reintroduced after 75 hours in
nitrogen.

figure 6 illustrates this experiment. As usual with the pink fruits the respi-
ration fell rapidly and after 75 hours in nitrogen the CO, output was only
19 percent of the initial. When air was reintroduced there was here also
an increase in respiration, to 35 percent that of the initial or 8o percent over
the rate in nitrogen before the air was introduced. During the two following
days the rate of respiration remained nearly stationary. At the end of the
experiment, 120 hours after the nitrogen was introduced, the control re-
spired 49 percent of the original and the nitrogen treated fruits 27 percent.

Both of these examples show that when air is reintroduced there is an
increase in respiration. This increase was sometimes, though not always,
to a level considerably above the original.

Another group of experiments was initiated in which nitrogen was
introduced a second time and in two experiments the air was introduced
after the second nitrogen period. Three experiments from this group will
be given, not because they are so very different in response, but since
they represent fruits in very different stages of development.

The first of these was concerned with eight green fruits having an
average diameter of 2.15 cm., a combined weight of 35.1 g. and a growth of
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13 percent per day (text fig. 7). The control consisted of seven fruits of
about the same size, also showing a growth of 13 percent per day. When
the nitrogen was introduced there was a very decided increase in CO,
production during the second period, which was followed by two periods of
very much lower production. After a period of 50 hours in nitrogen air was
introduced and there was an immediate rise in respiration which continued
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TEXT F16. 7. Respiration of eight green fruits, average diameter 2.15 cm., growth
13 percent per day, and their control. Air was reintroduced after 50 hours in nitrogen,
and after 97 hours in air nitrogen was introduced a second time.

for the next three periods until the rate of CO, production was 189 percent
of the original or an actual increase of 166 percent over the rate in nitrogen
just before air was introduced. The average of two determinations made
the next day was a little lower. The experiment was continued in air over
Sunday and by Monday a considerable drop had occurred but the rate was
still very much above that of the control. After 97 hours in air, nitrogen
was introduced a second time and this time there was also a rise in respi-
ration which lasted for four hours; but during the third period there was a
very definite drop, to considerably below the rate in air immediately pre-
ceding the second nitrogen introduction. In this experiment, which lasted
153 hours after the nitrogen was first introduced and in which the fruits
were, all told, 56 hours in the nitrogen, the CO; production at the end was
greater than in the control which had been in the air during the whole
period. The respiration of the control had dropped to 51 percent when the
experiment was ended.
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In a second similar experiment (text fig. 8) one fruit, yellow-orange
with green near the stem, weighing 94.86 g. was used. The control had the
same color and weighed 85.58 g. These fruits were 42 hours in the respira-
tion chamber with air drawn through before any gas was collected. At
neither time of nitrogen introduction was there a rise in respiration. It
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TexT F16. 8. Respiration of a yellow-orange-green fruit, and control.

will be noted that in nitrogen the respiration decreased quite rapidly but
not so much as in experiments with fruits that were pink or slightly yellow,
yet more than with fruits that were orange or red. On the introduction of
air there was a gradual rise to the 74 percent level and this was maintained
during the following day. This was an increase of 108 percent over the rate
in nitrogen, when air was again admitted to the respiration chamber.

The third experiment (text fig. 9) of this group was rather long. It
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TexT F16. 9. Respiration of two green fruits, growth 1.7 percent per day. In this
experiment the experimental fruits were in nitrogen and air alternately for 232 hours. The
control shows an increase and this is interpreted as being due to ripening. At the beginning
of the experiment these fruits were green, while at the end they were yellow-orange.

lasted 11 days or 235 hours from the time nitrogen was first introduced
through the last collection when the fruits were in air. Two green fruits
were used with a total weight of 120 g. and a daily growth increment of 1.7
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percent. The control also consisted of two green fruits weighing 130 g.
with a growth increment of 1.7 percent. When air was first displaced by
nitrogen there was a rise in CO, production, which was not very great.
During the 118 hours in nitrogen there was a gradual decline in CO; pro-
duction from 76 percent of the original, 20 hours after the start, to 48 percent
at the end. When the nitrogen was replaced by air after this long period
of intramolecular respiration the CO, production rose in seven hours to 147
percent of the original or an increase above the respiration in nitrogen of
206 percent. This rate continued the next day, but fell on the third day,
reaching 99 percent on the fourth. When nitrogen was introduced a second
time there was a rise. followed by a very sharp decline to 54 percent. A
second replacement of nitrogen by air brought production of CO, up to
110 percent, at which level it remained during the next day. This experi-
ment is interesting because of the long sustained intramolecular respiration
and the very large increase noted both times when the air was reintroduced.
The experiment is also of interest because of the behavior of the control,
which reached its lowest respiration level (67 percent) during the second
day of measurement, after which there was a slight increase that was main-
tained for several days until on the ninth day there was a marked increase
which continued the next day. The results fall in line with those presented .
in a previous paper (4) indicating that tomato fruits reach their minimum
rate of respiration at about the time they begin to change color, after which
time there is an increase up to the time they become orange-red. At the
end of this experiment the fruit in the control was yellow-orange, while at
the commencement it had been green.

Before discussing the experiments it may be appropriate to summarize
the results briefly. In most experiments there was an increase in CO,
output when nitrogen replaced air either the first or second time. This
increase was quickly followed by a very large decrease, after which there was
only a very gradual fall, except in pink or yellow fruits, in which the decrease
was quite large during the whole of the nitrogen period. The replacement
of nitrogen by air always brought about an increase in CO, output, varying
from about 80 percent to over 200 percent above that in nitrogen just before
air was reintroduced. In some experiments much more CO; was given off in
air than during the periods before nitrogen was introduced, whereas in others
there was less, but in only one experiment was there less than in the control
at that time. Sometimes several periods were required before the maximum
CO; output had been reached, but in all instances the respiration during the
first period in air was higher than the last period in nitrogen. After air
was reintroduced the CQO, production remained high for the remainder of
the aérobic respiration.

A discussion of these experiments can be divided into two sections,
one dealing with the intramolecular or nitrogen phase and the other with
the agrobic or oxygen phase.
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In most of the experiments and in all in which the time of collection was
short, there was an initial rise in CO, output when nitrogen replaced the air.
How is this increase to be explained? In the absence of oxygen, theoretic-
ally only one-third of the carbon is used in CO, formation while in air all of
the carbon goes into the formation of COg, so that if the production of CO,
were the same in both, three times as much carbon material would be used
in intramolecular respiration as in aérobic respiration. In most experi-
ments, however, there is an increase in CO, production when O, is excluded.

One explanation that comes to mind is that this increase is only apparent,
and results only from an outpouring of CO; already in the fruit in the
intercellular spaces, due to the difference in diffusion of oxygen and nitrogen.
If nitrogen diffused more rapidly than the oxygen the total pressure in the
interior would increase and some CO; might be driven out. However, their
diffusion rate is practically the same. The coefficient of diffusion of nitrogen
into pure water at 19° C. is 1.9 X 10° cm./sec., and that of oxygen at 18°
C.is 1.9 X 10° cm.?/sec. (6). Of course there might be some difference in
their ability to penetrate the membranes in the fruit, but apparently in the
case of nitrogen and oxygen there is no such difference. Hydrogen, on the
other hand, does seem to bring about an outpouring of CO.. In two experi-
ments to be discussed later hydrogen was used to displace air and here the
initial rise of CO, output when air was replaced was greater than when
nitrogen was used as a substitute. This was probably due to the more
rapid diffusion of hydrogen, which increased the gas pressure within the
fruit. Flow of the mixture of gases within the fruit to the outside, through
the stem scar, would take place until equilibrium was attained. This view
is further strengthened by the fact that when hydrogen was replaced by air
the increase was less than when nitrogen was used. Here the hydrogen
diffused out more rapidly than air came in and some CO; remained in the
intercellular spaces because of a reduction in total pressure. Hydrogen
has, of course, a much greater rate of diffusion than nitrogen, and it seems
that the increase in CO, output on replacement of air by nitrogen is not due
to nitrogen driving the CO, out of the system, but rather to an actual in-
crease in CO, production.

How is this increase to be explained? A schema proposed by Blackman
(1) may supply an explanation, as follows:

P

A (hydrolysis) B (activation) C (glycolysis) D (respiration)
- > > -

alcohol + CO, or H,O + CO, and oxidative anabolism.

(A4) he considers as any complex carbohydrates which are hydrolysed to any
number of sugars (B); these sugars are changed to the more unstable ring
compounds (C) in activation; the active sugars are changed to the three
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carbon atom compounds (D) and this is called glycolysis; the compounds
(D) are then used in respiration, forming CO; and H,0 in air and CO, and
alcohol in absence of air. Blackman assumes that during aérobic respiration
a large part of the intermediate products (D) are not used in respiration but
go back into the system. When air is excluded, however, this process stops,
leaving more material to be used in respiration. This intermediate material
accounts for the increase in CO; production on introduction of nitrogen and
as soon as this excess is used up there is a drop to a lower level characteristic
of intramolecular respiration.

If all of the product D is used in respiration in absence of air why does
the rate of CO; production decrease after the first few hours? Blackman
assumes that the production of D is not influenced by oxygen, but that the
formation of either B or C or possibly both is influenced by the oxygen
pressure and that in absence of oxygen they decrease, and even though all
of D is used in respiration, the total is less than in air. This explanation is
not satisfactory, but the writer has none of his own to offer. When hy-
drogen replaces air part of the increase is only apparent and is due to a more
rapid penetration of hydrogen, which then drives some CO, out of the
system because of the increased pressure in the tissue, but here also there is
an actual increase in respiration as explained above.

With the exception of those experiments in which either pale yellow or
pink fruits were used, the rate of CO, production after the first 24 hours in
nitrogen decreased only slightly, not any more than that of similar fruits in
air. This would seem to show that respiration in nitrogen is a well balanced
or regulated process which merely produces less CO, than when the fruits
are in air. It is on a lower COs-producing level than in air.

When air replaced nitrogen there was always an increase in CO; pro-
duction. In some experiments this increase amounted to over 200 percent,
although in others it was less than 100 percent. If the introduction of
nitrogen does not bring about an outpouring of CO; from the tissue, neither
can its replacement be accredited with this, and an explanation for the
increase must be looked for in another direction.

It was first suggested by Pfeffer and later by other investigators that in
the absence of air substances are produced which are rapidly consumed in
the air to produce CO;. These are not the intermediate compounds (D)
of Blackman, but probably a decomposition product of them. In intra-
molecular respiration only one-third of the carbon appears as CO,. The
other two-thirds are supposed to be used in the formation of alcohol, but
not much alcohol is found in higher plants when they have been in nitrogen.
So far in these experiments no careful attempts have been made to detect
alcohol in tomatoes. However, in the crude qualitative tests made there
has been no definite detection of alcohol. If alcohol is not formed other
products may be, which are later used in aérobic respiration. In many
plants, particularly in succulents, quantities of organic acids are found.
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Any number of compounds might be formed in the absence of air which are
easily oxidized in the presence of oxygen.

Meyerhof (7) has a somewhat different idea about the increase in
respiration after a period of intramolecular respiration. It has been shown
that the lactic acid formed in the contraction of muscles disappears during
the recovery or aérobic phase of muscular activity. He thinks that the
lactate ion stimulates aérobic respiration, which utilizes not the lactic acid
but the glycogen, and that part of the energy so obtained is used to convert
the lactic acid formed during the intramolecular phase of muscular activity
back to glycogen. The stimulation of aerobic respiration of a muscle by
the lactate ion can also be demonstrated by placing an uninjured muscle in
a lactate-containing salt solution, when the respiration will be increased two
to three times.

Here are two different views attempting to account for the increase in
respiration which is noticed when intramolecularly respiring organisms are
brought back into air. Both hold that a compound or compounds are
formed during the intramoledular period which are responsible for this
increase, but according to one these substances are actually used in producing
the increased amount of CO,, while according to the other they act as a
stimulant.

If something is formed in these tomato experiments during the nitrogen
period which is later used in aérobic respiration, shorter periods of respiration
in nitrogen should produce less of this material than longer periods, and
respiration in air should increase less, or at least the period of increase should
be shorter, than when the nitrogen periods are long, unless so much of this
hypothetical intermediate substance is formed as to become poisonous.

To investigate this idea several experiments were conducted in which
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TexT F1G. 10. Respiration of six green fruits, growth 6.3 percent per day. This
experiment was conducted to determine the effect of the length of the nitrogen period on
the amount of CO: produced when air was again admitted. It shows that following a short
nitrogen period the CO, is much less than that following a longer nitrogen period.
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the length of the nitrogen periods was varied. One of these is given here.
In experiment 10 figured in text figure 10, six green fruits having a total
weight of 118.25 g. with an average diameter of 3.4 cm. and a growth rate of
6.3 percent per day were used. The control fruits were slightly smaller
and had a growth rate of 5.84 percent. This experiment was started in the
evening and the first determinations made the next morning. It was con-
tinued in air for this day and part of the next. It will be noticed in the
graph that both the experimental fruits and the controls decreased much in
their respiratory rate during these first 24 hours. When nitrogen was
introduced there was a greater increase in CO; than usual. Next day the
CO,; production was down to 77 percent of what it was at the time nitrogen
was introduced. This result is typical of fruits growing at the rate these
were. The increase on nitrogen replacement was about as great as could
be expected, but the fall to 94 percent in 20 hours was greater than usual.
Next, a nitrogen period of only six hours was used and this time the rise in
air was very slight and was followed by a decrease within a few hours and
the next morning it was down to 64 percent. A third period of nitrogen
produced a large increase. This nitrogen period lasted 23 hours and on
the introduction of air there was an increase in CO; production of 60.5
percent, showing that the fruits were by no means exhausted. The only
time the respiratory rate of the experimental fruits went below the control,
after the first nitrogen period, was when they were in air following the brief
nitrogen period.

This experiment makes it very clear that when tomato fruits are deprived
of nitrogen some substance is formed which later is either used in respiration
or stimulates respiration in air. It is of course impossible to state which is
the true state of affairs, but it will be considered that the material is actually
used in the production of CO, and water. Even though the 23 hour period
was followed by a normal rise, in air, yet it becomes very evident by re-
ferring to previous graphs that not as much CO, was produced as would
have been in a longer period, and the 6 hour period was so short that very
little material was formed. If comparisons are made between different
experiments it will be evident that the more actively growing fruits produce
much more of this unknown substance during intramolecular respiration
than do fruits that have ceased growing and are ripening.

To check the effect of nitrogen two experiments were conducted in which
hydrogen replaced air. Only one of these will be cited. It is designated as
experiment 11, illustrated by text figure 11. In this experiment eight green
fruits were used, having a total weight of 130.5 g. with an average diameter
of 3.37 cm. and a growth increment of 6 percent per day. The control had
7 green fruits weighing 115.75 g. and growing at the rate of 6.5 percent
per day. The experiment lasted 13 days from the time the fruits were put
into the apparatus until the last collection was made. The first 100 hours
after air was replaced were an exact duplicate of experiment 10 except that



CO:in m% per:
gram-~hour fresh fruit
12 - r
17
101 - - ) B
.09 .- " -
o8] F ] R
07 bl 1 %
Is) - L - o
06| |~ . i -
O L - [
05 - q of T ° - N -
- ® ) i Po
Noay 4 - o°40 4 o o
Controlinl Control
03] Hydrogn | in Air
021
o | Fivdrogen—Air—HrAir —Hydrogen Air Hydrogen-Air —Air
o 455Z Z 105 Z00 ZZ7 22 305

a9
Time in hours
TexT F16. 11. Respiration of eight green fruits, growth 6.0 percent per day. In this experiment air was replaced by hydrogen in-
stead of nitrogen as in previous experiments. Aside from this fact, the experiment is a duplicate of experiment 10, after the introduction
of hydrogen for the first 100 hours. It will be noted that when hydrogen replaces air the rise in CO, production is slightly higher than
when nitrogen replaces air in fig. 10 (see text for explanation). In the latter part of this experiment the control had its air replaced by
hydrogen for a 22 hour period.
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hydrogen replaced nitrogen. Experiment 11, however, was continued for
200 hours longer.

As mentioned in another place the rise in CO, output when air is replaced
by hydrogen is a little greater than when nitrogen replaces air, a result
which is attributed to the more rapid diffusion of hydrogen. Aside from
that fact there is no essential difference between experiments 10 and 11.
When the hydrogen period was only six hours the rise in CO, was also less
in this experiment than when the period was longer. A feature of this
experiment is the replacement of air by hydrogen in the control near the
end. When hydrogen was introduced at the 200th hour the rise in CO.
output was not so great as in earlier replacements and an attempt was made
to determine whether this was due to injury produced by the lack of air for
several periods or whether it was due to natural causes operating in fruits
that had been picked for some time. For this purpose hydrogen was
introduced into the control respiration chamber at the 227th hour. The
rise in CO, was even less in the control than in the experimental fruits, so
the lower production was not due to any injury. Air was again admitted
to the control after 22 hours in hydrogen and the rise in CO, elimination
was a little higher than in the experimental fruits 22 hours before. This
experiment also shows very conclusively that the increased CO, production
is not due to injury, because as soon as the effect of the intramolecular
respiration was over the aérobic respiration of the experimental fruits came
down to the level of the control as shown at the 125-, 175-, 200-, 280-, and
305-hour periods, when it was almost identical with that of the control.

The matter of injury to the fruits when deprived of oxygen will be dis-
cussed briefly. It may be said that in general there was some injury to
the fruits if the nitrogen period extended over 70 hours and when the fruits
were pink the injury appeared sooner. The first appearance of injury was
that of “oedema-like”” watery blisters. In experiments like 10 and 11 in
which the nitrogen or hydrogen periods were never over 24 hours there was
no apparent injury. The fruits were examined microscopically as well as
macroscopically. It was noticed that the protoplasm of the epidermal cells
had contracted. The internal cells were all normal in appearance. The
fruits were kept on a table in the laboratory for about two months after
experiments 10 and 11, but after this length of time there was nothing in
the appearance of the fruits to indicate that they had been deprived of
oxygen at any time. Both groups developed an orange-red color. Fruits
picked as early as these never developed a red color.

From the fact that the fruits that showed as much respiratory increase
as any were not injured there can be no supposition that the CO,; produced
is a result of injury, nor does it seem possible that the increased CO; output
could be due to increased permeability of the epidermis to oxygen resulting
from the slight injury to the epidermal layer. The increases must be due
to causes already discussed.
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From these experiments the conclusion cannot be definitely drawn that
tomato fruits do normally, 7.e. in air, carry on intramolecular respiration.
However, the hypothesis that they do is very attractive. After having
been deprived of oxygen they settle down, after some hours, to a very
regular and steady rate of respiration which is merely on a lower level
than thatin air. Otherwise, as illustrated by figures 1 and 2, fruits respiring
intramolecularly are not different from the controls. In fact their respi-
ratory rate remains more nearly constant than that of the controls. The
injury mentioned is mostly to the external cells which are normally supplied
with an abundance of oxygen, and not to the cells in the interior where oxy-
gen tension must be low at all times. It seems highly probable that under
normal conditions the interior respires to some extent, at least, intra-
molecularly, and the exterior aérobically. When oxygen is replaced the
outer cells have to change their mode of respiration; the product of their
respiration is poisonous to the cells and they are injured. The lowering in
total respiration for a fruit may be considered as the difference between
the intramolecular plus aérobic respiration in air and intramolecular alone
in absence of air. ,

Intramolecular respiration as a normal process of various higher plants
has, of course, been long known. Thus Gerber (3) stated in 1896 that there
is intramolecular respiration in various fleshy fruits during the ripening
processes and that this is connected with the formation of esters associated
with these fruits. Devaux (2) has shown that there is a deficiency of oxygen
in the interior of stems of trees and as a consequence intramolecular respi-
ration takes place in these parts. He also believes that he has detected
alcohol in such stems, under normal conditions.

The experiments here reported support these contentions to some
extent, but further examinations of the gases in the interior of fruits and
also an examination of the CO2/O; ratio when the fruits are in air is necessary
before one can definitely state that intramolecular respiration is a normal
process in tomato fruits. Even if no alcohol were found intramolecular
respiration might still take place, since other substances besides alcohol
can be formed in intramolecular respiration.

SuMMARY AND CONCLUSIONS

1. When tomato fruits of all ages and stages of development are deprived
of oxygen by substituting nitrogen or hydrogen there is usvally an increase
in CO; production.

2. This increase is followed within a few hours by a large decrease below
the normal rate.

3. After this decrease the rate of CO; production drops only very gradu-
ally (no more than in the control) during an experiment lasting for several
days.

4. Light yellow or pink fruits form an exception to this rule. Their
CO; production drops very rapidly from the first short increase.
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5. When air is again introduced there is always an increase in CO,
production. In some fruits this increase is very large, in others small.

6. In a given fruit the amount and continuance of this increase is
dependent upon the length of the period of intramolecular respiration.

7. This being so it is suggested that during the intramolecular phase of
respiration substances are formed which, when air is again admitted, are
rapidly oxidized to CO. and water.

8. The production of CO; in the absence of oxygen is not due to injury
to the fruits, as the fruits in many experiments were in perfect condition
at the end.
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