
PLANT PHYSIOLOGY

acids have also been isolated by the procedure. An
unknown was tentatively identified as a fructosan.

3. Sedoheptulose was translocated down the plant
stalk, as were glucose, fructose, and sucrose.

The authors wish to acknowledge the cooperation
of Dr. G. R. Noggle during the trial experiments for
C14-labeling of the plant material and the assistance
of Mrs. Betty Ann Gwin throughout the work. We
wish to thank Mrs. Lorel L. Kay of the Radiation
Laboratory at the University of California for de-
grading the sedoheptulose-C14.
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THE EFFECT OF AUXIN ON THE FLOWERING BEHAVIOUR OF
WINTEX BARLEY AND PETKUS RYE 1

G. EUSSEY AND F. G. GREGORY
RESEARCH INSnTUTEU OF PLANT PHYSIOLOGY,

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, LONDON

Investigations of the problem of auxin in relation
to flowering have so far been confined to experiments
in which solutions of growth substances have been ap-
plied to plants grown under favourable or unfavour-
able photoperiods.

Auxin has -been shown to inhibit flowering in a
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number of short-day plants: Dostal and Hosek (4)
with Circaea; Bonner and Thurlow (1) with Xan-
thium; Harder and Van Senden (7) with Kalanchoe;
Leopold and Thimann (8) with teosinte; and also in
the long-day plant Calendula by von Denffer and
Grundler (12).

It appears that the only clear-cut instance of
flower promotion by applied auxin is in the pineapple

292



HUSSEY AND GREGORY-AUXIN ON FLOWERING

(3, 13, 14). Small quantities of a-naphthaleneacetic
acid or other active substances will induce inflores-
cence formation in plants that otherwise remain vege-
tative for several seasons. From the preliminary data
of van Overbeek (14) it appears that the pineapple
is a short-day plant.

Leopold and Thimann (8) describe the effects of
a-naphthaleneacetic acid on the flowering behaviour
of barley, variety Wintex, a long-day plant (2).
Solutions of this auxin in low concentration in the or-
der of 0.01 mg/l, when applied through cut leaves,
increased the number of flower primordia on the de-
veloping ear over that of the controls. When the con-
centration was higher than 10 mg/l the number of
flower primordia was decreased. These effects were
accompanied by parallel changes in plant weight and
axis length. Leopold and Thimann interpret these
results as a " promotion " and " inhibition " of " flower
initiation " respectively, taking the " relative abun-
dance of flower primordia as a measure of flower in-
itiation." From this and other observations they
develop the hypothesis that in barley there is an
optimal level of auxin for flowering, and that factors
influencing the auxin level in the plant, will, under
certain conditions, modify its flowering behaviour.

The experiments described in this paper were un-
dertaken in order to confirm the effects of applied
auxin on barley and to investigate the possibility of
similar effects on rye.

MATERIALS AND METHODS
EXPERIMENTS WITH PETKUS RYE: In 1950 a large

scale experiment was carried out with rye, variety
Petkus. The details of the experimental procedure
followed that described by Leopold and Thimann for
barley. Plants injected with auxin solution were
treated as follows: the distal half of the blade of the
youngest mature leaf on each plant was cut off with
a razor and the remaining part of the lamina inserted
in a small test tube containing one ml of auxin solu-
tion. The control plants were treated with water. A
cotton wool plug was used to maintain the cut leaf
in position and to reduce evaporation. The tubes
were removed from the plants after five days by
which time only 0.1 to 0.3 ml had been taken up by
each plant (allowing for evaporation through the cot-
ton wool plug). Under similar conditions it was
found that aqueous dye solutions such as acid fuchsin
or light green were rapidly absorbed into the vascular
system, the whole plant being pervaded within a few
hours. This albsorption, however, represented a very
small volume. Leopold and Thimann report that
their solution (viz. 1 ml) was " generally entirely
taken up by the plant within seven days."

Both the springf and winter varieties of Petkus
rye were used. Experimental plants of the winter
variety comprised two vernalised (10 weeks and 4
weeks at low temperature) and an unvernalised series.
Vernalisation was carried out by the methods de-
scribed by Purvis and Gregory (11). Each series was
divided between long-days and short-days. The win-

ter rye was first injected 3 weeks after the time of
sowing and further injections were carried out after
successive intervals of three weeks as long as the
plants remained in a vegetative condition. All plants
that had not reached the stage of ear-emergence 19
weeks from sowing were dissected after this time.

The spring rye was grown for 3 weeks in short-
days; it was then injected and transferred to long-
days. These plants were dissected after a further
3 weeks, that is, when they were 6 weeks old.

The plants were grown in sand culture in 10-inch
pots with nutrients as described by Purvis and Greg-
ory (10). Short-days (10 hours) were provided by
the use of light-proof covers; long-days by the ex-
tension of the natural daylength when necessary to
17 hours by artificial light of low intensity (20 fc).

EXPERIMENTS WITH WINTEX BARLEY: In 1951
and- in the following two years, experiments were
carried out with barley, variety Wintex. The experi-
mental procedure followed exactly that described
above for spring rye: seedlings were first grown for
3 weeks in short days. Dissection of plants after this
time revealed that they were in a vegetative condi-
tion. They were then transferred to 17-hour days
and injected with auxin solution. Five days after
injection, 0.2 to 0.5 ml of solution had been absorbed
by each plant. It will be noted that the absorption
rate was higher in the barley than in the rye. The
plants were dissected when they were 6 weeks old,
that is 3 weeks from the time of injection.

RESULTS
EXPERIMENTS WITH PETKUS RYE: Two concen-

trations of a-naphthaleneacetic acid were tested, a
low concentration (0.01 mg/l) and a high concentra-
tion (30 mg/l). Neither of these concentrations in-
fluenced the time to flowering, the number of flower
primordia, the leaf number, or the rate of tillering for
each series of plants. No data for these experiments
will therefore be presented.

EXPERIMENTS WITH WINTEX BARLEY: The results
of two experiments with Wintex barley carried out
in the summer of 1951 are presented in Table I. Rep-
lication in the first experiment was 15 plants and in
the second experiment 10 plants per treatment. Vari-
ability is expressed as the standard error of the mean.
The auxin solutions tested were from a series of dilu-
tions commencing with a saturated aqueous solution
of a-naphthaleneacetic acid at 20'C which is approxi-
mately 500 mg/l. The figures given in the table for
the concentrations of auxin are therefore approximate.

Flower primordia are defined here as the initial
or ridge at each node that gives rise to a group of 3
spikelets. Counts of flower primordia were confined
to the main axis of each plant. Every concentration
of auxin with the exception of the highest used (ap-
proximately 500 mg,/l) increased the number of flower
primordia over that of the controls. Some of the
differences are statistically significant with a value of
P lower than 0.01. The highest concentration re-
duced the number of flower primordia in the second
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TABLE I
THE EFFECT OF INJECTED AUXIN (a-NAPHTHALENEACETIC
ACID) ON THE NUMBER OF FLOWER PRIMORDIA, SPIKE

LENGTH, AND TILLERING OF WINTEX BARLEY

CONCENTRATION NUMBER OFCOFNCETAAIO F'LOWER SPIKE LENGTH NUMBER OF

(APPROX MG/L) PRIMORDIA (SCALE UNITS) PERS(APROX MGL) PER PLANT PER PLANT

Sowing Date: 30/5/51 Replication 15

500 22.3 ± .39 56.1 + 3.4 6.5 ± .59
0.5 25.6 ± .61 104.5 ±8.3 6.9 ± .39
0.1 24.4 ±+.59 91.1 8.7 6.5±+.24
0.05 23.3 ±4.51 80.9 4.3 7.1 ± .22
0.01 23.3 ± .60 84.6 ± 5.7 6.4 ± .24

Control 21.9 ± .46 64.5 ± 3.2 6.0 ± .41

Sowing Date: 17/6/51 Replication 10

500 22.6 + .86 32.4 2.7 5.4 + .82
50 30.1 ± .61 46.4 2.0 5.9 ± .82
5 29.5 ± .65 42.1 +2.1 5.4 ± .48
0.5 31.2 ± .42 46.1 ± 1.9 7.5 .40
0.05 29.8 ± .71 43.7 + 2.2 6.0 ± .52
0.005 29.1 ± .48 44.2 ± 1.1 6.2 ± .42

Control 26.7 ± .40 39.0 ± 2.0 4.7 ± .52

experiment but not in the first. These changes were

parallelled by similar changes in the length of the
spike. Tillering was slightly increased by all con-

centrations.
In the experiments of Leopold and Thimann the

changes in number of flower primordia were exactly
parallelled by changes in fresh weight. In the ex-

periments recorded here, similar but slight changes in

fresh weight were found but none of the differences
were statistically significant.

The increase in number of flower primordia fol-
lowing injection of auxin in low concentration is thus
confirmed, although the magnitude of this and cor-

responding effects was much less than that obtained
by Leopold and Thimann. The increase in number
of flower primordia in the experiments recorded here
averaged 10 to 15 % of the controls, and the decrease
by the high concentration in the second experiment
approximately 15 %. Leopold and Thimann obtained
a 40 % increase with a concentration of 0.01 mg/l,
while the reduction in number of primordia by their
highest concentration (400 mg/l) approached 80 %.

Figure 1 is a photograph of the young ears that
were dissected out of the plants that were used in the
first experiment of 1951 (sowing date: 30/5/51). It
can be seen that the ears from plants injected with
low concentrations of auxin, especially concentrations
of 0.1 and 0.5 mg/l, are at a more advanced stage in
spikelet differentiation. The figures on the right of
figure 1 show the relative sizes of the primordia as
calculated by dividing the length of the ear by the
number of initials present. These differences may be
attributed to (a) earlier initiation of flower primordia
and/or (b) a post-initiation increase in the rate of
development of the spike. It must be emphasised

that the ear at this stage has entered upon the ex-
ponential phase of the grand period of growth, so that
if the observed differences were due entirely to earlier
initiation, an acceleration of 2 or 3 days would fully
account for the larger ears in the treated plants from
this experiment.

In February of 1952 and in the same month of
1953 the experiments described above were repeated
on a larger scale with a view to ascertaining the time
of initiation of flower primordia by the dissection of
periodical samples. In this way it could be decided
whether auxin treatment either hastened initiation or
merely stimulated the post-initiation development of
the spike. In these repeated tests the solution was
absorbed to the extent of 0.3 to 0.5 ml per plant in
5 days. The lower concentrations employed failed to
increase the number of primordia but the high con-
centration reduced the number of primordia by 15 %.
In all treatments flower primordia were initiated on
the spike within a week after transfer to long-days.
As the results of these two experiments failed to show
any stimulating effect on either initiation or pri-
mordia number no data will be presented.

DISCUSSION
In considering the possible effects of auxin on

flowering behaviour it is necessary to define the mean-
ing in which " promotion of flowering " or " favoura-
ble to flowering " are used. The changeover from the
vegetative to the reproductive phase is unequivocally
indicated by the first appearance of flower primordia,
and this critical stage in development is denoted by
the term " initiation." The interval elapsing between
the beginning of treatment and this point in develop-
ment can be measured either in days or in terms of
the plastochrone (leaf number). The advantage of
the latter measure accrues from the fact that it is
independent of the rate of differentiation at the grow-
ing point; thus the same number of plastoehrones
may demand different periods of time at different
temperatures.

Conditions of " promotion of flowering " or " fav-
ourable to flowering " may on the other hand be as-
sessed by the number of flower primordia laid down
and it would appear that Leopold and Thimann have
used this as a measure of the intensity of flower in-
duction.

ln the Gramineae the number of flowering ridges
developed on the ear is not directly associated with
flower initiation, nor is this number uniquely deter-
mined by the photoperiodic conditions. A positive
correlation is found between spikelet number and the
weight of the plant (as Leopold and Thimann have
shown in barley) and a similar correlation is found
between spikelet number and the age of the plants
when flowers are initiated (2, 5, 6, 9). Increasing the
level of nitrogen supplied in the nutrients results in
larger and heavier plants with more numerous flower
primordia, while the time to flower initiation is un-
affected (5, 9). The time to initiation depends only
on the conditions of light and temperature, while the
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number of spikelets is influenced by these factors only ferred to long-days when they were injected with
indirectly (that is, only in so far as light and teni- auxin (that is injected and maintained in the former
perature determine the onset of the reproductive regime of short-days) the plants were still vegetative
phase). at the time of dissection. Auxin alone therefore does

In view of this discussion, it is clear that the not hasten flower initiation in barley; at best it might
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FIG. 1. Photograph of the young ears that were dissected from the Wintex barley plants used in the first
experiment carried out in 1951, sowing date: 30/5/51. The figures on the left give the concentration of auxin solu-
tion injected (see table) and the figures on the right the relative sizes of the flower primordia. The scale printed
on the left of the water controls equals 1 cm.

" relative abundance of flower primordia " does not
provide a "measure of flower initiation " in barley,
but may indicate an effect of auxin on post-initiation
development of the ear. An effect on initiation could
only be claimed if injected auxin caused initiation to
occur in unfavourable photoperiods. Leopold and
Thimann showed that if the plants were not trans-

enable the plants to respond more readily to long
photoperiods. But since after transfer to long photo-
periods, initiation is manifest within a week when no
auxin is applied, any enhancement in the response
brought about by auxin can only be small, at the
most a few days acceleration. Such a slight improve-
ment is suggested from the results of the 1951 experi-
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ments reported here, but as already pointed out, these
results could also be accounted for on the basis of a
purely post-initiation effect. In two experiments out
of four carried out with Wintex barley no stimulating
effects of auxin were found.

SUMMARY
Plants of Petkus rye and Wintex barley were in-

jected with auxin (a-naphthaleneacetic acid) accord-
ing to the methods used by Leopold and Thimann for
Wintex barley. The flowering behaviour of Petkus
rye was not affected by the auxin. In two experi-
ments out of four carried out with Wintex barley,
auxin in low concentration increased the number of
flower primordia while high concentrations decreased
the number of primordia. This result, obtained in
two experiments, confirms the findings of Leopold and
Thimann, although the magnitude of the effects was
much less in the experiments reported here.

It is suggested that the results of Leopold and
Thimann may be evidence for a post-initiation effect
of auxin on the developing ear, and in this sense may
be said to promote or inhibit flowering, but there is
no evidence either in the experiments of Leopold and
Thimann or those reported here, that auxin has any
determinable effect on flower initiation.

The authors wish to thank Mr. W. G. MacKenzie,
Curator of the Chelsea Physic Garden where this
work was carried out, and Dr. Erwin Spear who
kindly supplied the seed of Wintex barley.
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