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Abstract

Vase-life of cuf carnations and their response to a preservative
(8-HQS+S) depended on the sucrose and reducing sugar conlent in the
petals at the time of harvest. The reducing sugar level decreased in the
wilted flowers kept in waler and increased above the initial level in the
carnations given sucrose in a holding solution. This increase in reducing
sugars was small or 2-3 fold in the flowers with high and low initial sugar
levels, respectively. Changes in the endogenous sucrose levels in the petals
were less pronounced but a trend (i.e. increase-decrease) was also dependent
on the initial sucrose level. Considerable sucrose accumulation was found in
the leaves of plants placed in the solution of 5% sucrose plus 200 ppm
8-HQS. Use of an exogenous sugar in a holding solution prevented an increase
in free amino acids in carnation petals, a symptom for flower ageing. Car-
nations placed in a preservative solution had a h®her anthocyanin content
then the contirol flowers. Lower activities of acid phosphatases and RNases
were found in the flowers placed in the solutions fested as compared to
those kept in water.

INTRODUCTION

Longevity of cut flowers is usually shorter as compared to that of
intact flowers left on plants. One of the causes of this phenomenon is
a depletion of the limited supply of assimilates resulting in incomplete
[lower development and a decrease in their life span. Supplying the
cut flowers with sugar together with an antiseptic enables them to
develop normally (Farnham et al, 1971), prolongs their wvase-life
(Aarts, 1957) and prevents color changes (Weinstein, 1957).

During investigations on the effects of various holding solutions on
cut carnations an improvement in their keeping qualities was generally
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observed but the response of flowers to the chemieals varied, for
example the increase in vase-life due to the solution of £-hydroxvauino-
line sulphate plus sucrose observed by Lukaszewska (1978) in the
course of three year experiments ranged frem 18% to 103%. The waorks
of Bunt (1978) and Paul et al. (1977) have shown that considerable
seasonal variations cccurred in the quality of carnation flowers due
‘0 such environmental factors as light and temperature. Since their
chservations suggest that cut carnation lengevily is associated with
carbohydrate status of plants, the levels of reducing sugars and sucrose
in the petals were determined in this work and compared in relation
to the subsequent vase-life. In order to check the effect of the chemienls
on some degradative processes oceurring during  flower ageing, ic.
depletion of respiratory’ substrate, decrease in proteins, color chor:
and an inerease in the hydrolytic enzymes, the levels of reducing sugars,
suerose, free amino acids, anthocy: s and the gactivities of acid
phosphatases and RNases were determined in the petals of cut earna-
tions placed in water or in preservative solutions.

MATERIAL AND METHODS

Flowers for these experiments were acquired from several sources:
State Horticultural Farm Mysiadle (2 XIT 1975, 15 111 1976), SHTF Owin-
ska (1 VII 1976) and the private enterprise of A. Gasowski (19 TV 1977).
The flowers were cut when the outer whorl of petals had just unfolded.
The experiments were ecarried out in a rcom with temn. 18-29°¢C,
50-70%s relative humidity and light intensity about 1000 1
neously with the observations on flower keeping cualities bischemical
analyses were performed on parallel batches of flowers. For these ana-
Iyses 2-3 petals of the outer whorl were collected from 10 flawers of
cach treatment. Leaf samples were taken from the second upper pair.
Plant material was finely cut and mixed and the samples were then

Simults-

weighed. Three extracts were prepared from cach treatment and three
aliquots were taken from each of these for determinations. Redueing
sugars and sucrose were determined in an 80% cthanol extract accord-
ing to Nelson (1944), sucrose being estimated as a difference in
reducing sugars before and after hydrolysis with 0,2 N HCL Both susars
were expressed as mg glucose per gram of freshsor dry maiter. Free
amino acids were determined in {he same aleotiol extract by the ninhy-
drin method of Rosen (1957) and cxpressed as micromoles of leucine
per gram fresh weight. Material for enzymatic determinations was ho-
mogenized in 0,05 M Tris—HCI buffer pH 8,5 with 5 mM mercapto-
ethanol. Extracts were centrifuged at 0°C =t 120060 rpm for 10 min.
Supernatants were immediately used for protein and enzyme determi-
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nations. Protein content was determined according {o Lowry et al
(1951). RNases were estimated by the method of Tuve and Anfin-
sen (1960) and expressed in activity units per mg of protein. The
activity unit was the amount of enzyme required to increase the absorb-
ance of the reaction mixture of 1 O.D. unit in 1 hour. Acid phospha-
tases were determined according to Torib and Warner (Tysarowski,
1968) using sodium p-glycerophosphate as a substrate. Amounts of inor-
ganic phosphorous released in the extracts were estimated according
to the calibration curve prepared for K;HPO; and calculated per mg
of protein. Anthocyanins were determined after extracting the air-dried
netals with 1% HCI in methanol and expressed as EX10% at 520 nm.
The results of analyses were subjected to the analysis of variance and
the Student t-test was used to evaluate the differences between the
means at the probability level P=-0,99.

RESULTS

The results of sugar determinations in cut carnation petals are
shown in Table 1. The content of reducing sugars in the freshly cut
flowers ranged from 7,5 to 22,4 mg per gram fresh weighf. A consider-
able decrease "in reducing sugars at wilting — as compared to their
level in the fresh flowers — was observed in the petals of flowers kept
in water. In carnations placed in the preservative solution an accumu-
lation of reducing sugars occurred, the increase being negligible in
the case of flowers initially rich in carbohydrates and 2—3 fold in
carnations with low initial sugar levels. Including henzyladenine in the
solution of sucrose plus 8-HQS suppressed the accumulation of reducing
sugars and also considerably less were found in flowers placed in the
solution of glucese with 8-HQS and CCC. o

Smaller changes than in reducing sugors were found in sucrose
levels in the petals at the time of wilting as compared to the fresh
flowers (Table 1). In material with a high sugar level a decrease in
sucrose was cbserved in all freatments and its content in the wilted
petals averaged hali of the initial level. In carnations which had much
less sucrose at the moment of harvest its content remained at the initial
level or increased in the flowers held in water or a preservative solution,
respectively.

The results of analyses of sugar content in cutl carnation leaves are
shown in Table 2. No reducing sugars were found in the leaves at
the beginning of the experiments. Alter 7-11 days, i.e. at the time of
wilting, reducing sugars appeared in small quantities, their levels in
the sucrose fed plants being three times higher than in the control
treatment. In the leaves of carnations placed in the preservative sol-
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Table 1

Effect of holding solutions on the level of sucrose, reducing sugars (mg glucose/g
fresh weight) and free amino acids (micromoles leucine/g fresh weight) in the
petals of cut carnations determined in fresh and wilted flowers

At the At the time of wilting
Dates o8 Kind of y e
experiments analysis ime of water 8-HQS 8-HQS+S5 8-HQS+G LSD at
harvest control  +8 +BA +CCC P=0.99
2XIT 1975  sucrose 13.0 4.9 12.1 - — 3.8
reducing
sugars 11.0 4.6 35.1 - — 2.6
15 TIT 1976 sucrose 7.0 7.3 11.8 — — 2.4
reducing
sugars 7.5 2.9 24.7 — — 3.8
free
aminecacids 16.4 34.2 14.4 — _ 31
1 VII 1976 sucrose 7.2 6.5 6.1 5.1 5.2 1.6
reducing
sugars 10.1 Tl 26.1 21.0 11.1 1.8
free
aminoacids  24.1 43.6 26.8 18.8 26.6 9.2
19IV 1977 sucrose 20.0 7.1 11.9 129 114 2.5
reducing
sugars 22.4 2.8 24.9 16.3 9.2 2.0
free .
aminoacids  14.7 53.1 13.1 13.2 17.5 5.0

union the accumulation of sucrose was also noted and its confent was
several times higher than in the leaves of control plants.

The reducing sugar decrease was accompanied by a soveral fold
increase in free amino acids in the petals of wilted carnations kept in
water. Use of sugar-containing holding solutions prevented free amino
acid accumulation and their content in the flowers given an exogenous
sugar remained at the initial level until the end ¢f experiments.

In these experiments the differences in carnation vase-life were
found to depend on the season and source of material. Table 3 shows
a relationship between the reducing sugar and sucrose content in car-
nation petals at the time of harvest and the flower vaze-life. Increase
in flower longevity generally occurred as a result of the use of a pre-
servative but the response varied due to the initial carbohydrate status
of carnation petals. Flowers having high reserves of reducing sugars
and sucrose had very long vase-lives which were little increased by the
use of the solution of 8-IQS plus sucrose. In contrast, carnations having
about two times less sugars readilly responded to the excgurnous sucrose.
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Table 2
Sucrose and reducing sugar contenls in the leaves of cut carnations placed in
water and in the solution of 5% sucrose plus 200 ppm 8-1QS, determined in fresh
and wilted flowers

mg glucose/g fresh weight mg glucose/g dry weight

Treatments at the thnc at the time at the time at the time
of harvest wilting harvest wilting

Reducing sugars

Water — control 0 1.3 0 7.1
Sucrose 5%,

8-HQS 200 ppm 0 4.1 0 23.1
Sucrose

Water — control 1.8 1.2 9.8 59
Sucrose 5%,

8-HQS 200 ppm 1.8 13.1 9.8 75.0

Table 3

The relationship between the initial levels of reducing sugars and sucrose in
carnation petals and flower vase-life in water and in the solution of 5% sucrose
plus 200 ppm 8-HQS

Endogenous-sugars
8 & Vase-life (days)

Dates of in petals % increase
experiments  reducin
! ;.| sucrose  Water 8-HQS+sucrose of vase-life
sugars
2 XII11975 11.0 13.0 10.5 15.7 49
1 VII 1976 10.1 1.2 9.7 15.1 56
191V 1997 22.4 20.0 12,7 15.0 18

It was observed in the course of experiments that the carnation
flowers kept in preservatives retained their clear, unchanged color.
A higher anthocyanin content was found in their petals at the time
of wilting as compared to the flowers kept in water or a pure 8-HQS
solution (Table 4).

Activities of acid phosphatases and RNases in carnation petals esti-
mated on the 8th day of the experiment were lower in the flowers
lzept in preservatives than in control plants (Table 5). This may suggest
that solution constituents affect cut flower longevity also by modifying
both enzymatic systems.
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Table 4

Anthocyanin levels in carnations held in waler and various holding solutions
determined in fresh and wilted petals and expressed as EX10?

Wilted flowers held in

Fresh g HQS 8-HQS200  8-HQS200  8-HQS200  AgNO;30
SI0MO[J WaFer 200 ppm, sucrose  ppm, sucrose ppm, glucose ppm, sucrose
control ppm 5% 5%, BA 10—4 M 5%, CCC 300 pm 5%
106 163 189 ’ 247 273 277 263
Table 5

Activities of acid phosphatases and RNases determined in carnation petals 7 days
after placing the flowers in various holding solutions '

8-HQS 200 ppm

8-HQS

Sulu}.ions Water 8-;IQSI 200 ppm sucrose 5%,
tested (control) 200 ppm crvigings 1 BA 10—4 M
Acid phosphatase 345.8 328.6 256.2 249.6
pg P/mg protein
Ribonuclease
activity unit:/mg 47.1 42.3 36.0 38.7
protein

DISCUSSION

A decrease in reducing sugars and sucrose is a general phenomenon
accompanying the ageing of cut flowers. Placing the flowers in a sugar
solution not only prevents an exhaustion of carbohydrates but also
promotes their accumulation above the initial level (Paulin, 1971;
Weinstein, 1957). Data presented here confirm this, however, the
increase in reducing sugars varied depending on the physiological state
of carnations at harvest. In the petals having low carbohydrate reserves
a 2-3 fold increase was observed at wilting in the flowers kept in
8-11QS-S, whereas in the petals rich in carbohydrates this increase
was negligible. The presence of benzyladenine in the above solution
suppressed sugar accumulation, as was also observed by Tetley and
Thimann (1974) in detached oat leaves after kinetin application.
A considerable increase in the sucrose level was observed in leaves of
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carnations placed in the preservative. It can be therefore assumed,
especially on the basis of works of Sacalis and Durkin (1972)
and Sacalis and Chin (1976) who studied translocation and distri-
bution of labelled sucrose in cut roses, that sucrose is initially accumu-
lated in the leaves and then is transported to petals.

The role of such high concentrations of endogenous sugars in car-
nation petals due to the uptake and accumulation of exogenous sucrose
Is still unknown. Kaltaler and Steponkus (1976) suggest that
the primary function of sucrose is to maintain the structural integrity
ol the membranes due to its osmotic effect. Maintaining the membranes
by the sugars taken from the solutions might also prevent proteolysis
resulting in an increase in free amino acids as found by Paulin
(1971) in cut rose petals. Data presented here show that the petals of
carnations placed in sucrose solutions had 2-3 times less free amino
acids than control flowers and had simultaneously considerably more
endogenous sugars. :

Sugar m a holding solution prevented color changes in carnation
petals. Color depends on several factors including the pigment/copigment
molar ratio and is therefore associated with the anthocyanin  level
(Asen, 1975). It has been shown that petals of flowers placed in su-
gar-containing solutions had a considerably higher anthocyanin content
than the carnations kept in water or pure 8-HQS solution. Presumably
pigment synthesis in the petals was enhanced by sugar and this sug-
gestion 1s supported by the work of Maekawa (1971) who observed
an increase in the anthocyanin content in the detached carnation petals
cultuied on the sucrose-containing medium. More pigment was also
found in cut roses held in the preservative solutions as compared to the
control flowers where blueing of petals paralleled the decrease in
cyanidin content (Weinstein, 1957). Thus it appears that a role
of exogenous sucrose in maintaining color of cut flowers is to enhance
the pigment synthesis or prevent its hydrolysis.

Lower activities of RNases and acid phosphatases were observed in
the petals of flowers placed in the preservatives as compared to the
control treatments. RNA degradation due to increased RNase activity
i a general phenomenon associated with the senescence of plant organs
(Sacher, 1975). Acid phosphatase activity which has been reported
to increase during fruit ripening and plant senescence (Sacher, 1973)
might hydrolyse ester bonds of membrane phospholipids thus affecting
their permeabilily. According to Beutelmann and Kende (1975)
a decrease in phospholipids was found simultaneously with membrane
degradation in wilting Ipomea flowers.

The data presented in this paper indicate that the increase in vase-
-ife resulting from the use of the chemicals was due to their influence
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on certain hydrolytic enzymes. The role of sucrose should be emphasized
since the solution of pure 8-HQS exerted a smaller effect than the
combination of S+ 8-HQS. i
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Wplyw sacharozy w roztworze na niektore procesy
zwigzane ze starzeniem sie cietych gozdzikow

Streszczenie

Trwalosé cietych gozdzikow oraz ich reakecja na egzogennie zastosowana sa-
charoze (lacznie z 8-HQS) byla zwigzana z poziomem cukréw redukujacych i sa-
charozy w platkach kwiatéw w momencie cigeia. Zawartosé cukrow redukujgcych
spadala w kwiatach przetrzymywanych w wodzie, natomiast rosla powyiej pozio-
inu wyjsciowego w gozdzikach umieszezonych w roziworach cukru, przy czym
wzrost ten byl niewielki w kwiatach o wysokim wyjsciowym poziomie cukrow,
a 2-3-krotny w roélinach o niskiej zawartosci cukréw w momencie cigein. W po-
ziomie sacharozy w platkach gozdzikéw zachodzily mniejsze zmianv, przy czym
ich kierunek zalezal rowniez od poziomu wyjsciowego. Znaczna zkumulacja sa-
charozy nastepowala w lisciach gozdzikow przetrzymywanych w roziworze sacha-
rozy z 8-HQS. Egzogenne zastosowanie cukru hamowalo wzrost poziomu wolnych
aminokwasow, symptomatyczny dla kwiatéw przetrzymywanyceh w wodzie. Gos-
dziki umieszezone w roziworach zwiekszajacych ich trwalos¢ charakteryzowaly
sig wyzszym poziomem antocyjanéw. W platkach iych gozdzikow stwierdzono
nizszag aklywnod$¢ kwasnych fosfataz i rybonukleaz w poréwnaniu z kwiatami
przetrzymywanymi w wodzie.
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