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Sugars Prevent the Detrimental Effects
of Gamma Irradiation on Cut
Chrysanthemums
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National Food Research Institute, Ministry of Agriculture, Forestry a
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Abstract. Aqueous solution (2%) of sucrose, glucose, fructose, or maltose delayed blo
wilting and foliage yellowing of cut chrysanthemums [Dendranthema ×grandiflorum
(Ramat.) Kitamura] caused by gamma irradiation at 750 Gy. Solutions of silver thiosul
fate, sodium dodecylbenzenesulfonate, polyoxyethylene lauryl ether, potassium sorba
mannitol, sorbitol, glycerol, 6-benzylamino purine, and gibberellin did not reduce irradia-
tion damage. Holding chrysanthemum cut flowers in a sucrose solution before and durin
irradiation did not influence the vase life, but holding the cut flowers in a sucrose solutio
following irradiation prolonged the vase life. The results suggest that sugars reduc
radiation-induced physiological deterioration of chrysanthemums.
e-

d
e
d
s
s

sed
-
re
ly

-
ly,
re
l-

for
d,
an

o
h
e

h
e

l
i

9
 
n
be
-

an-
ted

tine
ra-
om
es
hi,
o,
n-
s

tive
ra-

d
nd
al
sur-
vy

e

ps://prim
e-pdf-w

aterm
ark.prim

e-prod.pubfactory.com
/ at 2025-11-28 via free access
Some cut flowers contaminated with inse
pests are fumigated with methyl bromide f
quarantine purposes. However, using met
bromide will be restricted in the future b
cause of its ozone-depleting effect [Intern
tional Consultative Group on Food Irradiatio
(ICGFI), 1994]. Therefore, establishing alte
native quarantine techniques would be hig
desirable; one such technique is exposur
ionizing radiation (ICGFI, 1994).

Radiation not only destroys pests but a
damages some kinds of cut flowers (Ch
1986; Dohino and Hayashi, 1995; Haasbro
and Rousseau, 1971; Haasbroek et al., 19
Joyce, 1988; Kikuchi et al., 1994; Seaton a
Joyce, 1992; Tanabe and Dohino, 1993, 19
One flower extremely sensitive to radiation
chrysanthemum (Chiu, 1986; Dohino a
Hayashi, 1995; Kikuchi et al., 1994; Tana
and Dohino, 1993), which is frequently in
fested with insect pests; most of the chrys
themums imported to Japan are contamina
with pests and are subjected to quaran
treatments (Dohino and Hayashi, 1995). Ir
diation accelerates chrysanthemum blo
wilting and foliage yellowing and suppress
bud opening (Chiu, 1986; Dohino and Hayas
1995; Kikuchi et al., 1994; Tanabe and Dohin
1993); thus, a method to prevent radiatio
induced deterioration of chrysanthemum
needs to be developed. Floral preserva
solutions are effective in preventing deterio
tion of irradiated cut flowers of protea (Protea
compacta R.Br.) (Haasbroek et al., 1973) an
chrysanthemum (Chiu, 1986; Dohino a
Hayashi, 1995; Kikuchi et al., 1994). Flor
preservatives contain germicides, sugars, 
factants, growth regulators, and silver (Hale
and Mayak, 1979, 1981; Uda et al., 1989). W
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examined the effects of aqueous solutions
such components on irradiated chrysanth
mums to determine the chemicals responsi
for prevention of radiation-induced deterior
tion.

Materials and Methods

Plant material. Flowers of chrysanthemum
(small single type, white, cv. Seishu) grown
Ibaraki, Japan, and harvested at the bud st
(diameter ≈2 cm and fresh weight ≈2.5 g) were
obtained from a local florist in Tsukuba, J
pan. The chrysanthemum stems had not b
treated with any chemicals since harvest. T
stems were recut to 20 cm, which retained o
flower and five leaves, and then were placed
various vase solutions.
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Fig. 1. Changes in flower fresh weight of (■) nonirrad

at 25C. Vertical bars represent SE.
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Flower irradiation and storage. Chrysan-
themum stems were placed in various va
solutions (see Table 1) for 15 h at 25C, 50
to 60% relative humidity (RH), and 10
µmol•m–2•s–1 photosynthetic photon flux (PPF)
Then they were irradiated at 750 Gy with 
Gammacell 220 (4.7 × 103 Gy•h–1, 2.1 × 102

TBq of 60Co; Nordion Intl., Ont., Canada) a
25C and 50% to 60% RH, while standing in th
vase solutions and in darkness. The irradiat
chrysanthemum stems then were held in t
same vase solutions at 25C, 50% to 60% R
and 10 µmol•m–2•s–1 PPF. Vase solutions were
changed daily to prevent spoilage. The ste
ends (5 mm) were trimmed every 5 days 
reduce plugging of the stem base.

Assessment of chrysanthemum quality. Five
flowers and 25 leaves were cut daily from fiv
chrysanthemum stems in each vase solut
after irradiation. We then determined flowe
fresh weight. Thereafter, all the florets re
moved from the flowers and all the leave
from the stems were examined. Flowers wi
>10% browned florets were defined as wilte
and leaves with >10% yellow area were d
fined as yellowed.

Timing of sucrose treatment on irradiate
chrysanthemums. Chrysanthemum stems wer
placed in water or 2% sucrose for 15 h an
irradiated at 750 Gy in the vase solution
noted. The irradiated chrysanthemum stem
were held in water or 2% sucrose and asses
daily. The conditions for preirradiation, irra
diation, and postirradiation and the procedu
for quality assessment were as previous
noted.

Data analysis. The experiments were per
formed three times: May to June, June to Ju
and July to Aug. 1994. The same results we
obtained in the three experiments. Mean va
ues, standard errors, and the test criteria 
Duncan’s multiple range test were calculate
and the significant differences between me
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iated and (●) irradiated chrysanthemums held in water
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values were determined according to Gac
and Singh (1984). The results of the th
experiment (July to Aug. 1994) are reporte
this paper.

Results

Effects of gamma irradiation. Flowers and
leaves of chrysanthemums were damage
gamma irradiation. Flower fresh weights
irradiated chrysanthemums increased for≈6
days and those of nonirradiated ones incre
for ≈10 days when they were held in wate
25C (Fig. 1). Wilting started after ≈8 days in
irradiated flowers and after ≈22 days in
nonirradiated ones. The decline in fresh weig
coincided with the onset of flower wilting an
118

Table 1. Quality of irradiated chrysanthemums h

Vase solution
Water
0.02% 8-Hydroxyquinoline sulfate (HQS)
0.1% Potassium sorbate
0.03% Sodium dodecylbenzenesulfonate
0.01% Polyoxyethylene lauryl ether
0.024% Silver thiosulfate
0.01% 6-Benzylamino purine
0.001% Gibberellin
2% Glycerol
2% Mannitol
2% Sorbitol
2% Sucrose
2% Glucose
2% Fructose
2% Maltose
2% Sucrose + 0.02% HQS
2% Sucrose + 0.1% potassium sorbate
Controlu

zDays after irradiation when the first wilted flowe
yDays after irradiation when the first yellowed le
xFlower fresh weight 21 days after irradiation.
wNumber of yellowed leaves out of 25 on five st
vMean separation in columns by Duncan’s multi
uNonirradiated chrysanthemums held in water.

Fig. 2. Number of yellowed leaves in 25 leaves of ■) n
in water at 25C. Vertical bars represent SE.
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desiccation. Foliage yellowing started after ≈6
days in irradiated chrysanthemums and af
≈19 days in nonirradiated ones (Fig. 2). All 
the leaves on irradiated stems wilted within 
days after irradiation, while only a few leave
on nonirradiated ones had wilted by 21 da

Effects of chemical solutions on irradiate
chrysanthemums. Aqueous solutions of 0.02%
8-hydroxyquinoline sulfate (HQS), 0.01%
polyoxyethylene lauryl ether (PLE), 0.03%
sodium dodecylbenzenesulfonate (DBS
0.24% silver thiosulfate (STS), 0.1% pota
sium sorbate, 2% mannitol, 2% sorbitol, 2
glycerol, 0.01% 6-benzylamino purine (BA
or 0.001% gibberellin did not significantly
delay the onset of flower wilting and foliag
yellowing in irradiated chrysanthemums (Tab
H
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eld in various vase solutions for 28 days at 25C. D

Onset of flower Onset of leaf
wilting (days)z yellowing (days)y

8.3 ± 2.2 av 5.9 ± 0.9 a
 8.5 ± 2.5 a  5.5 ± 1.8 a
7.9 ± 1.8 a 6.1 ± 1.5 a

8.0 ± 2.2 a 6.2 ± 1.1 a
8.3 ± 2.5 a 6.3 ± 1.6 a

7.8 ± 2.6 a 5.9 ± 1.8 a
8.2 ± 2.7 a 5.5 ± 1.8 a

8.6 ± 2.4 a 5.9 ± 1.8 a
7.9 ± 2.5 a 5.7 ± 1.8 a
7.8 ± 2.8 a 5.8 ± 1.6 a
8.3 ± 2.9 a 5.8 ± 1.7 a
22.0 ± 1.8 b 19.9 ± 2.6 b
21.5 ± 1.4 b 19.2 ± 2.1 b
22.6 ± 1.5 b 19.1 ± 1.9 b
22.6 ± 1.4 b 18.9 ± 2.3 b

22.0 ± 1.7 b 18.2 ± 2.2 b
22.5 ± 1.6 b 19.6 ± 1.9 b

22.3 ± 1.7 b 19.4 ± 2.0 b

r was observed.
af was observed.

ems 21 days after irradiation.
ple range test at P ≤ 0.05.
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1). However, 2% sucrose, 2% fructose, 2%
glucose, and 2% maltose promoted bud ope
ing and development and delayed the onset
bloom wilting and foliage yellowing. Conse-
quently, irradiated chrysanthemum sample
held in these sugar solutions had significant
higher flower fresh weights, and those in th
other vase solutions without sugars showe
significantly lower flower fresh weights com-
pared with the nonirradiated control. Most o
the leaves on the irradiated chrysanthemu
stems held in the sugar solutions did not wi
even after 21 days, while all of the leaves o
the irradiated stems held in the other vas
solutions without sugars yellowed by 21 days
These results indicated that germicides (HQ
and sorbate), surfactants (PLE and DBS), s
ver (STS), polyols (mannitol, sorbitol, and
glycerol), and growth regulators (BA and gib
berellin) had little effect on the flowers and
leaves of irradiated chrysanthemums. The pre
ence of germicides, such as HQS and pota
sium sorbate, in sucrose solution had littl
effect on the flowers and leaves of irradiate
chrysanthemums held in sucrose solutio
(Table 1).

Effects of timing of treatment with sucrose
Setting the stems in a sucrose solution befo
and during irradiation did not improve the
quality of irradiated chrysanthemums whe
the sucrose solution was replaced by wat
after irradiation (Table 2). However, holding
irradiated chrysanthemums in a sucrose sol
tion after irradiation delayed flower wilting
and foliage yellowing, even if chrysanthe
mums were held in water before and durin
irradiation. The flower fresh weights of chry-
santhemums held in a sucrose solution aft
irradiation were significantly higher than the
nonirradiated chrysanthemums held in wate
(control), while those held in water after irra
diation were lower than the control. Most o
the leaves on the irradiated stems held in
sucrose solution did not wilt after 21 days
while all of the leaves on the irradiated stem
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ata are mean values and SE of five replicate measurements.

Flower fresh No. yellowed
wt (g)x leavesw

3.17 ± 0.51 a 25.0 ± 0.0 a
3.56 ± 0.48 a 25.0 ± 0.0 a
3.33 ± 0.79 a 25.0 ± 0.0 a
3.75 ± 0.81 a 25.0 ± 0.0 a
3.55 ± 0.76 a 25.0 ± 0.0 a
3.78 ± 0.79 a 25.0 ± 0.0 a
3.88 ± 0.68 a 25.0 ± 0.0 a
3.68 ± 0.88 a 25.0 ± 0.0 a
3.21 ± 0.92 a 25.0 ± 0.0 a
3.59 ± 0.78 a 25.0 ± 0.0 a
3.03 ± 0.87 a 25.0 ± 0.0 a

13.56 ± 0.84 b 2.0 ± 1.2 b
13.25 ± 0.78 b 2.2 ± 0.9 b
12.98 ± 0.91 b 2.0 ± 0.8 b
13.32 ± 0.89 b 2.2 ± 1.0 b
12.58 ± 1.09 b 2.5 ± 0.9 b
13.35 ± 0.85 b 2.6 ± 1.1 b
7.93 ± 0.83c 2.4 ± 1.3 b

25-11-28 via free access
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Table 2. Quality of irradiated chrysanthemums treated with sucrose before and during and/or after irra
and held for 28 days at 25C. Data are mean values and SE of five replicate measurements.

Onset of flower Onset of leaf Flower fresh No. yellowed
Treatment wilting (days)z yellowing (days)y wt (g)x leavesw

Water–waterv 8.2 ± 2.3 au 5.7 ± 1.7 a 3.09 ± 0.57 a 25.0 ± 0.0 a
2% Sucrose–water 7.9 ± 2.1 a  6.2 ± 1.3 a 3.25 ± 0.59 a 25.0 ± 0.0 a
2% Sucrose–2% sucrose 22.5 ± 1.8 b 18.2 ± 2.3 b 13.56 ± 1.05 b 2.2 ± 1.2 b
Water–2% sucrose 21.6 ± 1.5 b 19.1 ± 2.1 b 12.85 ± 0.97 b 2.9 ± 1.3 b
Controlt 22.9 ± 1.8 b 19.8 ± 1.9 b 8.25 ± 0.87 c  2.8 ± 1.5 b
zDays after irradiation when the first wilted flower was observed.
yDays after irradiation when the first yellowed leaf was observed.
xFlower fresh weight 21 days after irradiation.
wNumber of yellowed leaves out of 25 on five stems 21 days after irradiation.
vStems were held in the first solution before and during irradiation and, in the second solution,
irradiation.
uMean separation in columns by Duncan’s multiple range test at P ≤ 0.05.
tNonirradiated chrysanthemums held in water.
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held in water wilted by 21 days, irrespective 
the presence of sucrose before and dur
irradiation.

Discussion

Surfactants improve water uptake and b
ance (Uda et al., 1989), and germicides p
vent the plugging of stems caused by micr
bial growth (Halevy and Mayak, 1979, 1981
Uda et al., 1989). The lack of effect of DBS
PLE, HQS, and potassium sorbate on irra
ated chrysanthemums suggests that neit
poor water uptake nor microbial growth i
responsible for the deterioration of chrysa
themums caused by irradiation.

Silver and BA extend vase life of cut flow
ers by retarding ethylene-induced senesce
(Halevy and Kofranek, 1977; Halevy an
Mayak, 1981; Reid et al., 1980, 1989). Tana
and Dohino (1994) reported that irradiatio
reduced ethylene production by cut flower
Seaton and Joyce (1992) reported that STS
not extend vase life of irradiated cut flowers 
various species. These reports and our d
presented in this study showing that STS a
BA had little effect on irradiated chrysanthe
mums indicate that treatments that inhibit et
ylene-induced senescence would not redu
the detrimental effect of radiation on chrysa
themums.

The results showing that sucrose suppli
after irradiation prevented radiation-induce
damage suggest that sucrose inhibited 
physiological deterioration that took plac
during storage following irradiation. Gamm
HORTSCIENCE, VOL. 31(1), FEBRUARY 1996
irradiation increases respiratory rate and alt
membrane structure and function of agricu
tural products (Todoriki and Hayashi, 199
Urbain, 1986). Sugars would be consumed
accelerated respiration, and the membra
structure and function would undergo chang
earlier in irradiated chrysanthemums than
nonirradiated ones, resulting in shorter va
life of irradiated chrysanthemums when th
were held in water. Sugars supplied by va
solutions would prevent the shortage of sug
in irradiated chrysanthemums and contribu
to the extension of vase life, although furth
experiments are necessary to clarify the mec
nism of the preventive effects of sugars.

Irradiation at 300 Gy, or even lower, ca
effectively control any insect pest in agricu
tural products for quarantine purposes (ICG
1994). Aqueous solutions of sugars, such
sucrose and glucose, could prevent the de
mental effects of irradiation at 750 Gy, whic
indicates that solutions containing sugars c
be used for preventing the radiation-induc
deterioration of chrysanthemums.
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