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1. Introduction

Because of its attractive shape and colour Lupinus polyphyllus Ldl.
is a popular border plant. As a cut flower however, it is almost of no
importance. Undoubtedly the main cause for this is the rapid drop of
flower buds and the unfertilized flowers. In his efforts to remedy this
Warne (24) showed that flower drop could be retarded by a 0.04-0.08 %
spray of indol acetic acid (IAA) or a-naphthyl acetic acid (NAA). This
effect of growth substances on the drop of turgid flower parts is rather
exceptional (1, 2). When the method was applied in the course of the
present work, its results proved to be uncertain and insufficient. It has
been shown (1, 2) that the drop of turgid petals (e.g. with Antirrhinum
majus, Lathyrus odoratus, Rosa and Tulipa) and of turgid florets (e.g.
Laburnum anagyroides and Ribes sanguineum) could be retarded or pre
vented by the addition of sugar.

This led us to test the effect of sugar on the fall of florets of Lupinus.
The effect of boric acid was also studied, as according to Torssell (23)
'the complexes between boric acid and carbohydrates control the depo
sition of oriented cellulose micells and the accompanying stiffening of the
cell wall'.

2. Materials and Methods

All experiments were conducted with 3 inflorescences of a blue and
3 of a white variety of Lupinus polyphyllus. As the differences between
the two varieties were not larger than those between the different plants
of one variety, the averaged data of the 6 inflorescences are given here.
The inflorescences were cut when the first flowers had just opened. Imme
diately after cutting they were completely defoliated.

NAA, sucrose and boric acid were supplied to the water in the vase.
NAA was also given by a dip shortly after cutting. As a basal solution
was used: 0.003% AgN03-0.1 % Ca(N03)2.4H?0 + 0.06 % citric acid
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-f- 0.025 % cladox (with 2:4-dinitrorhodane benzene) + 0.001 % AAradon
(organic mercurial) (2). The flowers were placed in a rather dark laboratory
room at a temperature of 15-23° C.

The length of the naked part of the inflorescence was expressed in %
of the total length of the flower stalk that was originally covered with
flowers and flower buds. Thus a comparable and easily determinable
measure for the flower drop was obtained.

3'. Results

As shown in fig. 1 flower drop could be retarded considerably by sucrose
in high concentrations (6-8 %) as well by a dip into the solution of a
growth substance (NAA). The greatest effect of NAA was obtained when
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Fig. 1. Influence of sucrose concentration on flower drop of Lupinus polyphyllus.
Left without, right in combination with a 0.05 % NAA dip.

sucrose had been applied simultaneously. Without sucrose flower drop
could be retarded by NAA no longer than 3 days. In combination with
4 % sucrose its effect was considerably more pronounced, but with 8 %
sucrose no influence of NAA could be established (see also fig. 2).

Fig. 2 shows at the same time that introduction of NAAinto the trans
piration stream in concentrations too low to be toxic has no effect on the
flower drop, not even in combination with sugar.

In these experiments it was observed that flowers on the verge of
opening were the first to fall off. This fact in combination with the bene
ficial effect of sugar suggested that competition for food within the spike
could play a role, young growing buds competing with older ones and
affecting the fall of the latter. Indeed the removal of the uppermost 3-4
cm of the spike (in fig. 3 -top) retarded the fall of the rest of the florets.
If sucrose was added, this effect was masked. After 9 days almost all
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florets had fallen, also when the top had been removed, unless sugar had
been applied.

•••iC-NAA IN THE VASE

o/6 6% SUCROSE % SUCROSE

Fig. 2 Fig. 3

Fig. 2. Flower dropof Lupinus as influenced by sucrose concentration and growth
substance, applicated by dip and with the transpiration stream.
Condition after 6 days. —: without NAA; 0.05 % NAA dip;

continuously in 0.01 % NAA.

Fig. 3. Influence of the removal of the upper 3 cm (top) of Lupinus spikes on
flower drop in combination with different sucrose concentrations. Condition

after 5 days.

Boric acid induces a regular and lasting retardation of the flower drop.
Maximal inhibition could be obtained with ±0.1 % of boric acid (fig. 4).
Other data, not given here, show that 0.2 % or more boric acid was
harmful to the flowers and the flower stalk.

Fig. 4. Influence of boric acid (0-0.1 %)
on flower drop of Lupinus polyphyllus.

Condition after 13 days. O QOI2S 0.025 Q05 OJ
% BORIC ACID
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With 0.1 % boric acid the flowers remained at the stalk, but turned
brown after about 5 days. This is in contrast to the experiments with
sugar, where the flowers did not drop and also remained completely fresh
for a much longer time. If however, 0.1 % boric acid was combined with
2 % sucrose, which by itself is too low a concentration, the flowers did
not fall and remained fresh during 10-14 days (see fresh weight in table 1).
Table 1 shows that with addition of sugaralso a normal elongation of the
stem could be obtained and that also in this respect 0.1 % boric acid had
almost no harmful effect.

TABLE 1

Influence of 0.1 % of boric acid with (-f) and without (—) 2 % sucrose on flower
drop, keepability (fresh weight) andflower spike elongation. Condition after 10 days

Flower drop

/o

Fresh weight
in % of*

original weight

Growth in length
of the inflorescence

%

""" ^^ 0.1 °

2 */• sucrose

't borio
acid

— + — + — +

+

97.4

54.0

0

0

74.4

104.4

85.9

124.6

41.6

76.0

36.5

71.4

It is highly probable that the optimal sugar concentration to prevent
flower drop is higher than the optimal concentration to prolong flower
life. Boric acid, however, affects only the flower drop and almost not the
keepability. By the combination of both sugar and boric acid good results
are obtained, while only a small amount of sugar is required. With boric
acid concentrations below the optimum (e.g. 0.05 %) the effect of sugar
and boric acid on flower drop is cumulative (fig. 6).At higher concentrations
both of boric acid and sugar this cumulative effect cannot appear.

% SUCROSE

Fig. 5. Influence of sucrose with (+ B) and
without (— B) 0.05 % boric acid on the flower
drop of Lupinus polyphyllus. Condition after

5 and 13 days.
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4. Discussion

It has been shown several times that growth substances cannot exhibit
their influence when the carbohydrate level in the plant is too low. This
can be illustrated here by one of my own observations: Cut flower spikes
of Muscari armeniacum reactstrongly to a dip in a solution of 0.1-0.01 %
NAA. The flower stalk shows hypertrophic swelling and at higher concen
trations curvatures occur; the perianth becomes fleshy and deformed,
while its life is considerably prolonged. All these growth substance effects
occurred only when the flowers were placed in a solution containing 2 %
or more sucrose.

As has been shown by Heinicke (13) and Brown and Addicot (6),
the abscission of debladed petioles could be retarded by putting a droplet
sugar solution at the stump. Went and Carter (25) found that the flower
drop occurring in tomato at high night temperatures, could be prevented
by a sugarspray, not by growth substances. Heinicke (13) thought that
sugar by its osmotical force would restore the disturbed transpiration
stream. Brown and Addicot (6) showed however, that the sugar was
mostly accumulated at the proximal side of the abscission layer. In the
present experiments sugar did not disturb the transpiration stream in the
neighbourhood of the flower at all.

The experiments with Lupinus polyphyllus clearly show that the level
of carbohydrates in the plant is of practical importance in the control
of flower, leaf or fruit drop with growth substances. At extremely low
carbohydrate levels growth substances cannot exert their influence. At
extremely high levels abscission does not occur, so that in this case growth
substanceshave no visible effect. Perhaps this can explain the irregularity
of the effect of growth substances on flower and fruit drop under different
weather conditions [Blair and Nelson (5), Whtteman (27)]. Whiteman
(27) for instance could retard the petal drop of cut Paeonia flowers with
growth substances in a normal year, but not in a very rainy or very sunny
one.

According to the gradient theory of Addicot and Lynch (3) abscission
occurs, when the growth substance concentration at the proximal side of
the abscission zone is higher than at the distal side. In the case of fig. 6
for instance the petiole would drop. The observation that applications
of growth substances with the transpiration stream had no influence on
Lupinus flower drop, is in accordance with this theory. With Alnus,
however, catkin drop could be prevented by this method (1) and Steyer
(22) could retard petal drop of Coleus by growth substance application
at the style, that is to say proximal. Laibach (18) on the other hand,
working with Papaver rhoeas, found an acceleration of petal drop, when
auxin was applied to the style.

Gaur and Leopold (9) showed that growth substances applicated
proximally as well as distally retarded abscission in high concentrations
but accelerated it in low concentrations. According to Haccius and Nies



330

(11) growth inhibitors retard abscission in low concentrations and acce
lerate it in higher ones. If it is also taken into consideration that auxins
are transported faster basipetally than acropetally, this hypothesis can
completely explain the experiments of Addicot and Lynch (3).

Fig. 6.

abscission 2one

DISTAL
N less growth

substance

PROXIMAL
more growth
substance

Scheme of growth substance distribution leading to abscission. According
to Addicot and Lynch (3).

Jacobs (14) found with Phaseolus that the abscission of debladedpetioles
was accelerated by the presence of leaves, especially the young growing
leaves of the terminal shoot. Out of these leaves growth substances would
be transported, thus raising the concentration at the proximal end of
the debladed petiole and accelerating abscission. However, the results of
Jacobs as well as the present ones with Lupinus may also be explained
by assuming competition for food among the growing parts of the plant,
or in other words, an insufficient amount of sugar to be the cause of
abscission.

According to the auxin-ethylene balance theory of Gawadi and Avery
(10), byproducts of the aging process (e.g. ethylene) combined with a
relative shortness of growth substances would induce abscission. Ethylene
induced abscission has been frequently reported (10), but for instance
with tomato abscission of leaves could not be induced by ethylene (7).
Detached (12) or damaged (28) leaves can give oft* rather considerable
amounts of ethylene; however, as in Lupinus (and also in Antirrhinum)
the abscission occurs very rapidly, when the flowers are still completely
turgid, it does not appear very likely that ethylene is the cause of the
abscission. As Biale a.o. (4) have pointed out for ripening fruits, the
formation of ethylene seemsrather morea consequence, than the primary
cause of the aging process. In fruits there is no connection between sugar
content (17) and ethylene production. It may be possible, however, that
such a relationship exists in leaves or flowers. Therefore, it would be of
some importance to investigate whether addition of sugar or boric acid
to cut flowers would retard or decrease the production of ethylene. How
ever, the fact that with boric acid the flowers wilt, but do not abscise,
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renders also ethylene production improbable as a cause of abscission.
Also the fact that in many species growth substance applications have
no effect whatsoever on flower shed makes the general acceptance of the
auxin-ethylene balance theory impossible.

Considering the likelyhood of the theories of Addicot and Lynch (3)
and Gawadi and Avery (10), one must conclude that they give only an
explanation of the conditions leading to abscission, but not of the mode
of action by which growth substances and ethylene cause the middle
lamells to weaken. A noteworthy attempt to do so has been made by
Sacher (20). He reports that in debladed Coleus petioles the air was driven
out of the intercellular spaces by water before the stumps would abscise.
Both water leaching and abscissionwere prevented by application of IAA.
From this Jie concludes that the growth substances act by maintaining
the membrane integrity.

It was suggested before (2), in connexion with the action of sugar and
boric acid in preventing wilting of cut flowers, that these compounds
would be helpful1in maintaining protoplasmatic structure. If this is true,
they would have the same influence as growth substances.

Jermyn and Isherwood (15) showed that in the cell walls of fruits
during ripening not only decompositions occur but also synthesis. The
cell wall would be in dynamic equilibrium with the cytoplasm. According
to this idea sugar could directly influence the changes of the cell wall that
lead to abscission.

Torssell (23) stated that boric acid too prevents changes in the cell
wall. Indeed Spurr (21) reported that boron deficiency is accompanied
by abnormal structure of the cell wall.

Apart from the different ways that have been mentioned, boric acid
could act by facilitating sugar (8) or auxin (19) transport. The central
question is: Do growth substances, sugar and boric acid interact, or can
they prevent abscission independent of each other? Perhaps this can be
discovered by simultaneous application of NAA and boric acid at different
places. Apart from this it would be interesting to know whether boric
acid affects flower drop in species that react to growth substances but
not to sugar, e.g. Alnus glutinosa, or that behave in the opposite manner,
like e.g. Eibes sanguineum.

Nothing is known about the possibilities of boric acid applications,
alone or with other substances, to control flower or fruit drop in other
species. It has been stated however, that boron deficiency sometimes
causes flower drop in pear (16).

Summary

The flower drop from cut branches of Lupinus polyphyUus can be
prevented by sucrose in high concentrations (6-8 %). Dipping the branches
into a NAA solution (0.05 %) retards the drop. This effect of the growth
substance is enhanced when the flowers are placed in 3-4 % sucrose



332

solution. At lower sugar concentrations influence of the growth substance
is slight, at high concentrations it is undetectable. Introduction of NAA
into the transpiration stream has no effect.

Removal of the top of the flower spikeretards the drop of the remaining
florets.

Flower drop can be prevented almost completely by 0.1 % boric acid.
However, sugar must be supplied at.the same time, otherwise the flowers
placed in a boric acid solution, although they do not fall off, remain fresh
for a very short period only. A combination of 0.1 % boric acid and 2 %
sucrose gives good results with regard to flower drop and keepability.
The addition of boric acid therefore saves a considerable amount of sugar.

Neither the auxin gradient theory of Addicot and Lynch (3), nor the
auxin-ethylene balance theory of Gawadi and Avery (10) gives a comple
tely satisfactory explanation of these findings. Growth substance, boric
acid and sugar may each affect cell wall structure, but they can also
accelerate the transport or mobilisation of each other. Therefore the
question rises whether these three compounds act independently or not.

Perhaps the use of boric acid shows new perspectives in the control of
premature leaf, flower or fruit drop. For practical applications to Lwpinus
'polyphyllus a basal solution (p. 10)+2 % sucrose+ 0.075-0.1 % boric acid
is recommended.

I am very indebted to Dr. Ir. J. Doorenbos for his help in preparing the
English text.
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