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CARNATION FLOWERS

X. Uptake of Sugars and Malonic Acid to Detached Petals in

Relation to Petal Growth and Anthocyanin Formation

Susumu MAEKAWA* and Naohiko NAKAMURA*
(Received for publication on August 10, 1977)

Abstract

To know the role of sugar in the anthocyanin formation and in the growth of carnation flowers, the detached

petals of cultivar ‘Coral” were cultured in the media which contained different kinds or concentrations of sugar

and different concentrations of malonic acid.

The petal width did not significantly differ among the kinds of sugar, but the petal length increased remarkably

in glucose medium.

The most production of anthocyanins was obtained in sucrose followed by the order of maltose, glucose and

fructose.

As to the response of the growth and pigmentation of petals to the concentration of sucrose, the petal width

increased with the increase in concentration of sucrose up to 4095, and the petal length and anthocyanin content

reached the peak in 10% and 20% sucrose media respectively. These responses were higher under light irradia-

tion than in darkness.

The sugar content in detached petals increased with the increase of concentration of sugar in medium and when

cultured in 10% sucrose medium, the sugar content in the petals was the same as that in intact blooming flowers.
g

When malonic acid was given to the medium together with sugar, the anthocyanin formation was promoted as

compared with sucrose only.

Introduction

As reported in the previous papers!0.11), the
fact that sugar content in petals was noti-
ceably high as compared with that in leaves
is specially interested in relation to antho-
cyanin synthesis in carnation flowers.

Several investigators have shown already
that the anthocyanin synthesis was promoted
by sugar uptake in plant tissues!.3.5,17,22,24)
and the 14C-labelled sugar was incorporated
into the flavonoids®.

In biosynthetic researches of flavonoids,
the influence of chemicals has been examined
with some plantsi2.16,18,19,20) and FausT4
found that malonic acid known as metabolic
inhibitor enhanced anthocyanin production
in apple skin.

* Laboratory of Floriculture and Olericulture

Such feeding experiments are effective to
analyze further the relationship between the
environmental factors and the coloration or
pigmentation in flowers. However, few ex-
perimental results have so far been reported
on the flowering plants.

In view of the above, this experiment was
conducted in vitro to make clear the effect
of kinds or concentrations of sugar along
with the effect of malonic acid on the an-
thocyanin formation in detached carnation
petals.

Materials and Methods

The material used is cultivar ‘Coral’ of
carnations, Dianthus caryophyllus L.. Five
uncolored petals detached were cultured in
the sterilized medium consisting of 1 mm
glass balls (about 8 mm in depth) soaked
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with each test solution in petri-dish (5x6
cm) for 18 days. The procedures of petal
culture have been described in detail in the
previous paper?.

Temperature was regulated at 20°C during
the culture, and light intensity was at 3,500
lux of white fluoresent light.

After the culture of 18 days, anthocyanin
in 5 petals in each petri-dish was extracted
immediately with 10 ml of methanolic 0.2%
HCI. Optical density of crude extract was
measured at 510 nm.

Somogyi-Nelson method??) was used to de-
termine reducing and total sugars. Sugar
concentration was indicated with percentage
per dry weight of samples.

Details of treatments will be described in
each of items in the results and discussion.

Results and Discussion

1. Kind of sugar in medium

Ten kinds of sugar were used in this ex-
periment and the sugar concentration in each
medium was 0 M (distilled water only), 0.12
M in monosaccharide, 0.06 M in disaccharide
and 0.04 M in trisaccharide. After the de-
tached petals were planted in each medium,
they were incubated in darkness for 10 days
and then were irradiated with fluorescent
light for 8 days. The results in the growth
and anthocyanin content of petals obtained
are shown in Table 1.

No significant differences in the width of
petals were recognized among various kinds
of sugar. However, the growth in length of
the petals cultured in glucose medium was
promoted remarkably as compared with that
in other sugar media. The petal elongation
in sucrose, maltose and fructose media fol-
lowed glucose.

The amount of anthocyanin in the petals
was the largest in sucrose (0.503 in OD) and
decreased gradually in order of maltose
(0.344), glucose (0.317) and fructose (0.246),
but these latter sugars were still stimulative
for anthocyanin formation as compared with
the remainder sugars.

ISHIKURA et al.D pointed out that among
the kinds of sugar in roots of radish and
turnip, glucose was a major component

throughout the growing stage, and sucrose
and fructose were present in larger quantity
in the red root than in the white.

THIMANN et al29 examined the effects of
various kinds of sugar on anthocyanin forma-
tion of Spirodela and pointed out that sucrose
permitted the greater pigment synthesis,
glucose was the least effective and fructose
was intermediate in effectiveness. STRAUS??
obtained a similar result by corn endosperm-
tissue-culture.

Thus, it was confirmed in most of the ex-
periments that sucrose was the most suitable
sugar for anthocyanin formation, but it could
not be understood from this experiment,
why did sucrose stimulate.

From the fact that glucose and fructose
(monosaccharide), and sucrose and maltose
(disaccharide) which are hydrolyzed to
glucose or fructose, brought good results for
anthocyanin formation of carnation flowers,
it may be considered that glucose and
fructose are utilized favorably as the material
of anthocyanins and/or act as a stimulant
for anthocyanin synthesis.

Table 1. The effects of kinds of sugar on the petal
size and the anthocyanin content of de-
tached carnation petals.

Kind of sugar rPe—t?I—SE—e»(—m—T?ﬂ OD
Width Length

1. Water 14.1 16.9 0.037
2. Xylose 14.5 17.9 0.144
3. Arabinose 14.9 17.9 0.110
4. Rhamnose 14.1 17.9 0.044
5. Glucose 14.4 27.2 0.317
6. Fructose 15.2 18.7 0.246
7. Galactose 15.0 17.8 0.184
8. Maltose 15.2 18.8 0.344
9. Lactose 14.7 17.6 0.091
10. Sucrose 15.3 19.9 0.503
11. Raffinose 14.8 17.9 0.145
LSD. 5% N.S. 1.53 .0981
1% | 2.06 .1289

Sugar concentration in medium : 2-7 «-eeeeee 0.12 M
8=10++esesene 0.06 M

3§ T 0.04 M
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2. Concentration of sugar in medium

The detached petals were cultured in
medium containing 0, 5, 10, 20 or 409 sucrose,
then they were maintained immediately
under light irradiation or in darkness for 18
days. The results obtained are summarized
in Figure 1.

The response of the petal growth and an-
thocyanin formation to sugar concentration
was higher under light irradiation (L) than
in darkness (D).

The petal width was enhanced with the
increase of sugar concentration up to 40 ¢,
while the petal length reached the peak at
10 95 sucrose and declined gradually with the
increase of concentration above 10 4.

On the other hand, the anthocyanin for-
mation was most stimulated in 20 ¢4 sucrose,
but decreased with further increased con-
centrations.

The amount of anthocyanin produced in
20 9% sucrose in darkness was equal to that
in 5 9% sucrose under light irradiation.

NAITO et al® confirmed that the content
of anthocyanin in Muscat Bailey A grapes
correlated highly with the color degree and
with the content of reducing sugars of ber-
ries.

STICKLAND?D reported that anthocyanin in
cultured chrysanthemum florets was highest
with 4 9 sucrose and carotenoid reached a
maximum at 0.6 95 sucrose, while chlorophyll
concentration declined continuously as the
sucrose concentration was raised.

KLEIN et al.® showed that the anthocyanin
formation in detached petals of Impatiens
balsamina increased with the increasing
concentration of sucrose up to 2.59%, and

SMOCK!?) recognized that the anthocyanin
content in skin disk of apple increased still

in high concentration of 0.3 M (ca. 10 %).

CREASY et al2) manifested with the leaves
of strawberry that anthocyanin formation
reached the maximum in 0.05-0.10 M (ca.
1.7-3.4 %) sucrose media under light irradia-
tion, but in darkness, the increase of an-
thocyanin was proportional to the increase of
sucrose concentration within 0.3 M.

The stimulative sugar concentration for
anthocyanin formation in detached carnation
petals was remarkably high as compared with

those obtained by KLEIN ez al.-and others.

Such differences among various crops may
be due to the differences in absorbing ability
of sugar and/or in sensitivity to sugar con-
centration.

3. Sugar contents in detached and intact
petals

In order to clarify the relationship between
anthocyanin formation and sugar content in
the petals, the sugar contents in the detach-
ed petals cultured in various sucrose con-
centrations (0, 2, 5, 10, 20 and 40 %) and in
the intact petals at four growing stages of
flower buds were measured. The results
obtained are shown in Figure 2.

As to the detached petals, the sugars in
the petals increased with the increase of
sucrose concentration up to 40 95 in media.

Total sugar in the petals cultured in 40 %
sucrose was 46 % per dry weight of samples
(petals) and 80 9 of total sugar was reduc-
ing sugar.

0.8
0.6}
. Anthocyanin I
[2)
0.4 5%

or Petal length I' 30
=)

o 125

420

D Petal width == 415

L ' ] L { E

0 5 10 20 40
Sucrose concentration (%)

Fig. 1. The effects of sucrose concentration on the
petal size and anthocyanin content of de-
tached carnation petals.

L : under light irradiation, D: in darkness.
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On the other hand, the sugar content in
the intact petals increased rapidly just after
the beginning of blooming (Stage 3) and the
content in blooming flowers (Stage 4) was
almost equal to that in the detached petals
cultured in 10 95 sucrose medium.

Based on the facts that firstly, a large
amount of sugars was accumulated in the
intact petals and secondly, the growth and
anthocyanin formation of the detached petals
were promoted by relatively high concentra-
tions (10-20 %) of sugar as described at
section 2, it was suggested that the sugar in
petals related closely with the growth and
anthocyanin formation of petals.

It was ascertained by the observation that
the period (Stage 3-4) when the sugar con-
tent in the intact petals increased rapidly cor-
responded with the period when the nectar
was secreted actively from the nectary in
the flower buds.

NICHOLS et al.14:15 confirmed by the feeding
with 14C-sucrose that the sugar in flowers
had an important role for the senescence of
carnation cut flowers and it was transferred
easily to the nectary, gynaecium and stem.

50
[:] Non-reducing sugar

- Reducing sugar

401

Detached petal Intact petal

30

20

Sugar content in petal (% dry wt)

10

0 0 2 5 10 40 1 2 3 4

Sucrose concentration in medium (%) Flower bud stage %

Fig. 2. The comparison of sugar contents in detach-
ed petals cultured in the media containing
various sucrose concentrations (left) and in
intact petals at various flower stages (right).
* 1: closed flower bud (2.0 cm length),

2: closed flower bud (2.5 cm),
3: beginning of blooming,
4 : blooming.

Such a fact would suggest a close relation-
ship between the sugar in petals and nectar.

The kinds of sugar in the petals and nectar
were tentatively examined by paper chro-
matography. Glucose, fructose and sucrose
were detected in both the petal and nectar.

It is interesting that these sugars were
effective for the growth and anthocyanin
formation of detached petals as shown in
Table 1.
4. Uptake of malonic acid

Detached petals were cultured in the
medium containing 0, 0.001, 0.005, 0.01 or
0.02 M malonic acid only and in the medium
containing malonic acid of each concentration
together with 0.06 M sucrose.

They were continuously irradiated for 8
days after 10 days of culture in darkness.
All media were adjusted to pH 6.8 with
sodium hydroxide.

When the petals were cultured in malonic

Table 2. The effect of malonic acid on the an-
thoyanin content of detached carnation

petals.

Malonic acid (M) ‘ OD
0 0.0972%*
0.001 ‘ 0.101#
0005 i 0.098"
0.01 0.088*
0.02 ‘ 0.085%

* Mean separation by Duncan’s multiple range test,
5% level.

Table 3. The effect of malonic acid and sugar on
the anthocyanin content of detached car-
nation petals.

gg?éo?ﬁ> Sucrose (M) OD
0 0 0.110*
0 0.06 0.620°
0.001 0.06 0.6775¢
0.005 0.06 0.789¢4
0.01 0.06 0.8564
0.02 0.06 0.788¢4d

* Mean separation by Duncan’s multiple range test,
5% level.
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acid media without sucrose, as shown in
Table 2, no significant differences in antho-
cyanin formation were recognized among
various concentrations of malonic acid.

However, in the media containing both
malonic acid and sucrose, as shown in Table
3, the anthocyanin formation in petals was
promoted as compared with the medium of
sucrose only, and was stimulated most in the
medium of 0.01 M malonic acid.

FAusT examined the effect of malonic
acid on anthocyanin formation in apple skin
and concluded that by the malonic acid treat-
ment, the Embden-Meyerhof-Parnas (EMP)
pathway was inhibited more than the pen-
tose phosphate (PP) pathway and glucose
metabolism preceded through the PP path-
way, resulting in an increased amount of an-
thocyanins.

From the fact that malonic acid was effec-
tive on anthocyanin formation in carnation
petals when given together with sucrose, it
was assumed that anthocyanin formation
was promoted because malonic acid inhibited
peculiarly the reactions in glucose meta-
bolism as concluded by FAUST.
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