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Abstract. Sugars play important roles in petal senescence of cut flowers. In the Expt. 1 of this study, the 
effects of different concentrations of glucose (60, 90, and 120 g･L-1) and sucrose (30, 60, and 90 g･L-1) 
application on the vase life, rate of flower diameter increase, rate of flower weight increase and ethylene 
production of cut tree peony (Paeonia suffruticosa ‘Luoyang Hong’) were evaluated. At the earlier stage, 
treatments of different concentrations of glucose and sucrose all retarded the process of flower opening and 
inhibited the increase of flower diameter and weight, while senescence of flowers fed with different concentrations 
of glucose was delayed at later stage. Flowers treated with 90 g･L-1 glucose displayed the longest vase life, 
which showed significant difference (P < 0.05) from those of flowers with the control and sucrose treatments. 
All treatments with glucose or sucrose not only retarded the decrease of flower diameter and weight, but 
also suppressed the ethylene production at the earlier stage and delayed the peak of ethylene evolution. In 
order to study the effect of exogenous sugar on the postharvest response of cut tree peony to ethylene, Expt. 
2 was conducted. Cut flowers were treated with 90 g･L-1 glucose for 4 hours before (GE) or after (EG) 
exposed to 10 μL･L-1 ethylene for 4 hours. Generally, the opening process of flowers with GE and EG treatments 
was similar to that of the control, however GE treatment delayed flower senescence. Both GE and EG treatments 
improved flower diameter and weight, and GE treatment delayed the time of flower weight decrease. Besides, 
GE delayed climacteric ethylene evolution for 8 hours. All above suggest that exogenous sugars delay tree 
peony ‘Luoyang Hong’ cut flower senescence and extend flower vase life through their roles in the decrease 
of water loss and the suppression of sensitivity to ethylene and ethylene production.
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Introduction

Sugars are the primary energy materials and play essential 
roles in plant growth and development. Carbohydrates are 
reported to involved in seed germination, seedling growth, 
plant flowering, and senescence (Dekkers et al., 2008; Gibson, 
2000, 2005; Rolland et al., 2006; Smeekens, 2000; Zhu et al., 
2009). In the seventies of last century, Thimann hypothesized 
that sugar starvation is the direct cause of leaf senescence 
of oat (Thimann et al., 1977). Similarly, a correlation between 
flower longevity and carbohydrate status has been indicated 
in lily flower (Hwang et al., 2009; van der Meulen-Muisers 
et al., 2001). Exogenous sugar application was early reported 
to delay visible petal senescence and prolong vase life greatly 
in cut carnation (Mayak and Dilley, 1976). Further study 
revealed that the effects of sugars on delaying flower 

senescence are attributed to their roles in providing respiration 
substrate and structural materials and maintaining osmotic 
pressure (Halevy and Mayak, 1979). As a result, for a long 
time, lack of sugar has been regarded as one of the main 
reasons for petal senescence of cut flowers (Borochov and 
Woodson, 1989).

However, some researches have been demonstrating that 
sugars also play the primary hormone-like signals in plants 
(Rolland et al., 2002, 2006), leading a reconsideration of 
other roles of sugars in cut flower fresh-keeping. In cut sweat 
pea and carnation, exogenous sugars decreased flower sensitivity 
to ethylene, suppressed ethylene production and delayed petal 
visible senescence (Ichimura and Suto, 1999; Verlinden and 
Garcia, 2004). Pun and Ichimura (2003) reviewed the role 
of sugars in the prolongation of the vase life of cut flowers 
and concluded that decrease in sensitivity to ethylene and 
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delay in climacteric ethylene biosynthesis are the two additional 
important roles (Pun and Ichimura, 2003). Compared with 
other effects, the regulation of sugars on ethylene sensitivity 
may be even more essential in extending the vase life in 
many cut flowers (van Doorn and Woltering, 2008).

Tree peony (Paeonia suffruticosa ‘Andrews’) is a popular 
flower in China for its magnificent beauty and unique cultural 
symbolization. However, short vase life has hindered its cut 
flower marketing. Ethylene has been identified as one of 
the important factors triggering petal senescence and greatly 
impairs postharvest quality of cut flower of many tree peony 
cultivars (Jia et al., 2006; Zhou et al., 2010). Studying on 
the beneficial effects of sugars on ethylene-induced senescence 
will provide a new way to promote the postharvest technology 
development of tree peony cut flower. The purpose of the 
present work was to figure out the influences of sugars on 
senescence and ethylene production and the effect of sugar 
on cut flower responses to ethylene in tree peony ‘Luoyang 
Hong’.

Materials and Methods

Plant Materials

Plants of tree peony (Paeonia suffruticosa ‘Luoyang Hong’) 
were grown in the peony nursery of Tuqiao Flowers and 
Trees Company, Henan, China. The flowers were harvested 
at stage 1 (soft bud) according to Guo et al. (2004) on 25 
Apr. 2010 and 21 Apr. 2011 for Expt. 1 and Expt. 2, 
respectively. After transport to the Lab. of Flower Physiology 
and Application in Beijing Forestry University, Beijing, 
China, flowers were trimmed to 25 cm in stem length and 
all leaves were removed. Cut ends of the flower stems were 
immersed in distilled water for rehydration.

Application of Different Concentrations of Glucose or 

Sucrose (Expt. 1)

After rehydration for 1 h, cut ends of the flowers were 
immersed respectively in 60, 90, and 120 g･L-1 glucose (G1, 
G2, G3) or 30, 60, and 90 g･L-1 sucrose (S1, S2, S3) solution, 
and distilled water as control (CK), with 0.5 mL･L-1 NaClO 
for all of solutions in order to repress the growth of bacteria. 
There were 10 replicates in each treatment. Flowers were 
held in vase room of the lab at 23℃ with 50-60% relative 
humidity and light condition of 40 μmol･m-2･s-1. The solution 
was replaced every 24 h.

Combined Application of Glucose and Ethylene (Expt. 2)

According to the result of vase life in Expt. 1, 90 g･L-1 
glucose solution was employed to study the effect of sugar 
on tree peony cut flower responses to ethylene. Cut flowers 

were treated with 90 g･L-1 glucose solution for 4 h before 
exposed to 10 μL･L-1 ethylene for 4 h in distilled water 
(GE), or were exposed to 10 μL･L-1 ethylene in distilled 
water for 4 h before treated with 90 g･L-1 glucose solution 
for 4 h (EG). Ethylene treatment was carried out as following. 
The vials with flowers were placed in a 100 L glass chamber. 
Then, ethylene was added into the glass chamber to make 
the final concentration of ethylene to reach 10 μL･L-1 after 
the chamber was sealed. During the ethylene treatment, 1 
mol･L-1 NaOH was included inside the chambers to absorb 
CO2. Flowers held continuously in distilled water were taken 
as control (CK’). After being treated, all flowers were moved 
to distilled water for the following evaluation. There were 
10 replicates in each treatment. Vase condition was the same 
as mentioned in Expt. 1.

Flower Opening Index (FOI) and Vase Life

Flower opening index was recorded according to Guo et 
al. (2004), and described as follows: stage 1 - soft bud, stage 
2 - pre-opening, stage 3 - initial opening, stage 4 - half 
opening, stage 5 - full opening, and stage 6 - senescence. 
Flowers with visible symptoms of senescence, such as petal 
curling, fading, bluing, wilting and abscission, were considered 
to reach stage 6. To assure the accuracy of evaluation, flower 
opening index was recorded by a certain observer until the 
end of the two experiments.

The vase life of a flower was determined as the period 
from vase to when the flower senescence occurred.

Rate of Flower Diameter Increase (RFDI) and Rate of 

Flower Weight Increase (RFWI) 

Flower diameter (FD) and flower weight (FW) were measured 
every 24 h in Expt. 1 and after combination treatments in 
Expt. 2. FD was defined as the maximum width of each flower 
and measured by vernier caliper. FW was determined by using 
an electronic balance. RFDI and RFWI were determined 
using the following equations:

RFDI (%) = (FD at N h – FD at 0 h) × 100/ FD at 0 h 
(Ma et al., 2005); 

RFWI (%) = (FW at N h – FW at 0 h) × 100/ FW at 
0 h (Massolo et al., 2011).

Determination of Ethylene Production

At 4, 24, 48 and 72 h in Expt. 1 and 8, 16, 24, 32, 40, 
48 and 56 h in Expt. 2, individual flower was weighed and 
sealed in a 4.75 L glass jar with the bases in distilled water 
and kept at 23℃. After 1 h, 2 mL headspace gas sample 
was withdrawn with a gas-tight hypodermic syringe and 
injected into a gas chromatograph (Jiafen GC-9900, Beijing, 
China) equipped with an activated alumina column and a 
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Table 1. Effects of different concentrations of glucose and sucrose on vase life and flower opening and senescence.

Treatmentsz Vase life (h)
FOIx

0 h 4 h 8 h 12 h 24 h 48 h 72 h 96 h
CK 76.2 cy 1.0 1.8 2.9 a 3.6 a 4.8 a 5.0 5.3 6.0
G1 79.0 bc 1.0 1.7 2.3 ab 3.1 abc 4.3 ab 5.0 5.2 5.9
G2 92.8 a 1.0 1.6 1.8 b 2.5 bcd 4.2 abc 5.0 5.0 5.7
G3 85.2 ab 1.0 1.6 1.8 b 2.3 cd 3.9 bc 4.8 5.2 5.8
S1 77.1 bc 1.0 1.4 1.8 b 2.5 abcd 3.8 abc 5.0 5.1 6.0
S2 74.9 c 1.0 1.7 2.0 b 3.3 ab 4.7 ab 5.0 5.3 6.0
S3 74.8 c 1.0 1.3 1.7 b 2.1 d 3.2 c 4.7 5.3 6.0
zCut flowers were continuously treated with 60, 90, and 120 g･L-1 glucose (G1, G2, and G3) or 30, 60, and 90 g･L-1 sucrose 
(S1, S2, and S3) solution including 0.5 mL･L-1 NaClO. And 0.5 mL･L-1 NaClO alone was served as control (CK).

yValues are means for 10 replicates. Means in the same column, followed by the same letter, or without a letter, are not significantly 
different (P < 0.05), determined by Duncan’s multiple range test.

xFlower opening index.

Fig. 1. Effect of different concentrations of glucose (A) and sucrose (B) on RFDI of Paeonia suffruticosa ‘Luoyang Hong’. Vertical 
bars are standard errors of means. Different letters indicate significant differences (P < 0.05) at the same vase time, determined 
by Duncan’s multiple range test. RFDI, rate of flower diameter increase.

flame ionization detector to assay the ethylene evolution 
(Tanase et al., 2008). All measurements were performed with 
4 replicates.

Statistical Analysis

The recorded data were calculated by one-way analysis 
of variance (ANOVA) using SPSS v18.0 software (SPSS 
Inc., Chicago, IL), and means separation was determined 
by the Duncan’s multiple range tests at P < 0.05 for each 
experiment.

Results

Effects of Glucose and Sucrose on Senescence

Vase life of flowers with all concentrations of glucose 
application were longer than that of CK, while only 30 g･L-1 
sucrose among three sucrose concentrations application 

prolonged vase life compared with CK (Table 1). Besides, 
flowers with G2 treatment presented the longest vase life 
(92.80 h) among all treatments.

All glucose and sucrose treatments initially retarded cut 
tree peony opening process (Table 1). Take the FOIs as 
example, during early vase stage (4-24 h), average FOI of 
cut flowers with sugar treatments were less than that of CK. 
Upon 8 h of vasing, FOIs of the sugar treatments, except 
G1, were between 1.7 and 2, which were significantly less 
than that of CK (2.9). Besides, RFDI and RFWI were in 
coincidence with initial opening suppression with both glucose 
and sucrose application. At 24 h of vasing, RFDIs of flowers 
with all sugar treatment were lower than 250%, while that 
of CK was higher than 250% (Fig. 1), of the original diameter. 
Similarly, RFWIs of flowers with all sugar treatment were 
lower than that of CK at the same time (Fig. 2).

Majority of flowers fully opened at 48 h of vasing except 
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Fig. 2. Effect of different concentrations of glucose (A) and sucrose (B) on RFWI of Paeonia suffruticosa ‘Luoyang Hong’. Vertical 
bars are standard errors of means. Different letters indicate significant differences (P < 0.05) at the same vase time, determined 
by Duncan’s multiple range test. RFWI, rate of flower weight increase.

ab

a
a

Fig. 3. Effect of different concentrations of glucose (A) and 
sucrose (B) on ethylene production of Paeonia suffruticosa 
‘Luoyang Hong’. Vertical bars are standard errors of means. 
Different letters indicate significant differences (P < 0.05) at 
the same vase time, determined by Duncan’s multiple range 
test.

those treated with the highest concentration of glucose (G3) 
or sucrose (S3). Average RFDI and RFWI with G2 treatment 
surpassed those of CK at 48 h and kept the lead till 96 
h of vasing. During the end period of vasing (72-96 h), 
flowers entered the senescence stage in succession, and the 
flower diameter and weight decreased with varying degrees. 
Although the flower diameter and weight of sucrose treatments 
declined more gently compared with the control, sucrose 
application didn’t delay the senescence, neither prolonged 
the vase life as glucose application did.

The senescence symptoms of flower were observed different 
among treatments. Flowers with sucrose treatment rarely 
exhibited petal abscission whereas those with glucose treatment 
senesced with petal abscission even at initial senescence 
stage when the petals were still fresh.

Effects of Glucose and Sucrose on Ethylene Production

Data in Fig. 3 showed that ethylene production of the 
control flowers increased at beginning and peaked at 24 h 
while it was greatly suppressed by glucose and sucrose 
treatments at 4 and 24 h. Besides, with glucose and sucrose 
treatments, ethylene production peak was delayed to 72 or 
48 h, respectively. Flowers applied with higher concentration 
of glucose produced more ethylene than those with lower 
concentration.

Effect of Combined Treatments of Glucose and Ethylene 

on Senescence

Vase life of cut tree peony with GE and EG treatments 
were not significantly different from that of the control (Table 
2), however, average vase life of flowers treated with GE 
was 10 h longer than that with EG.

Glucose application before or after ethylene treatment (GE 

and EG treatments) made no significant difference in regards 
to the flower opening process compared with the control. 
However, GE treatment did retard flower senescence, since 
FOI of GE-treated flowers was still on stage 5.6 while all 
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Table 2. Effects of combination treatments of glucose and ethylene on vase life and flower opening and senescence.

Treatmentsz Vase life (h)
FOIx

0 h 4 h 8 h 16 h 24 h 32 h 40 h 48 h 56 h 80 h 104 h 128 h
CK’ 119.0 1.0 1.0 by 1.2 2.4 3.5 3.6 3.8 3.8 4.2 4.8 5.2 6.0 a
GE 123.5 1.0 1.0 b 1.4 2.7 3.2 3.6 4.0 4.0 4.6 5.0 5.0 5.6 b
EG 113.6 1.0 1.5 a 1.6 3.4 3.9 4.0 4.0 4.1 4.6 5.0 5.1 6.0 a
zCut flowers were treated with 90 g･L-1 glucose solution for 4 h before exposed to 10 μL･L-1 ethylene for 4 h in distilled water 
(GE), or were exposed to 10 μL･L-1 ethylene in distilled water for 4 h before treated with 90 g･L-1 glucose solution for 4 h (EG). 
And flowers without glucose or ethylene treatment were served as the control treatment (CK’).
yValues are means for 10 replicates. Means in the same column, followed by the same letter, or without a letter, are not significantly 
different (P < 0.05), determined by Duncan’s multiple range test.
xFlower opening index.

Fig. 4. Effect of combination treatments of glucose and ethylene 
on RFDI of Paeonia suffruticosa ‘Luoyang Hong’. Vertical bars 
are standard errors of means. Different letters indicate 
significant differences (P < 0.05) at the same vase time, 
determined by Duncan’s multiple range test. RFDI, rate of 
flower diameter increase.

Fig. 5. Effect of combination treatments of glucose and ethylene 
on RFWI of Paeonia suffruticosa ‘Luoyang Hong’. Vertical 
bars are standard errors of means. Different letters indicate 
significant differences (P < 0.05) at the same vase time, 
determined by Duncan’s multiple range test. RFWI, rate of 
flower weight increase.

Fig. 6. Effect of combination treatments of glucose and ethylene 
on ethylene production of Paeonia suffruticosa ‘Luoyang
Hong’. Vertical bars are standard errors of means. Different 
letters indicate significant differences (P < 0.05) at the same 
vase time, determined by Duncan’s multiple range test.

those of control and EG-treated were starting to senesce.
Both GE and EG treatments improved flower diameter, 

and EG treatment showed stronger effect (Fig. 4). At the 
end of vasing, RFDI decrease in GE- and EG-treated flowers 
was slower than that of the control. It was obvious that GE- 
and EG-treated flowers maintained higher fresh weight during 
the whole vasing period as shown in Fig. 5. Besides, the 
fresh weight of flower with control and EG treatment reached 
the maximum point at 32 h, while GE treatment delayed 
the peak to 56 h, however, with a higher peak point than 
that in EG and control treatment, and further kept this higher 
trend until the end of vasing during the latter period of vasing, 
presented with higher RFWI than the other two treatments, 
which had descended to below zero. At 128 h, RFWI of 
flowers with GE treatment was beyond zero, while that of 
the control and EG treatment was below zero.
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Effect of Combined Treatments of Glucose and Ethylene 

on Ethylene Production

At the end of combined treatments (8 h), EG enhanced 
ethylene production, while GE did not, when compared with 
the control treatment (Fig. 6). Thereafter, ethylene production 
of EG-treated flowers started to decrease and reached almost 
the same level as that from GE treated flowers at 16 h and 
24 h, then started to increase and reached its peak at 32 h, 
simultaneously with the control treatment, while GE treatment 
delayed that peak to 40 h. The climacteric ethylene production 
in both EG and GE-treated flowers was apparently suppressed 
when compared to the control, though exhibited similar level 
during the later period of vasing. 

Discussion

Several researches have revealed that carbohydrate status 
in petals affects the vase life of cut sweet pea (Ichimura 
and Suto, 1999) and cut lily (Hwang et al., 2009). Besides, 
exogenous sugar application has been found to delay visible 
senescence and prolong vase life of cut flowers. One of the 
four roles of sugars in the senescence of cut flower is 
maintenance of an adequate water balance (Pun and Ichimura, 
2003). Sugars improve water relations by increasing the 
levels of osmotic solutes (van Doorn and Woltering, 2008) 
and also help petal reduction in the water loss during 
senescence of cut flowers. In the present study, glucose and 
sucrose treatments slowed the falling speed of RFDI and 
RFWI during senescence of cut tree peony, suggesting that 
both of them help the flowers from losing water. However, 
not all sucrose concentrations delayed senescence and 
extended vase life of tree peony. High concentration of 
sucrose suppressed flower’s uptake of water, indicated by 
6% and 9% lower RFWI in sucrose treated flower than that 
of flowers in other treatments. 

Regarding the interaction of sugars and ethylene during 
flower opening and senescence, it is reported that exogenous 
sugars repress ethylene production in cut flowers of Lathyrus 
odoratus, Rosa hybrida, Oncidium spp. and Dianthus caryophyllus 
(Chen et al., 2001; Ichimura and Suto, 1999; Liao et al., 
2000; Verlinden and Garcia, 2004). In this study, glucose 
and sucrose both suppressed ethylene production in tree 
peony cut flowers, which confirmed the previous findings. 
What’s more is that sugar application also suppressed the 
effect of ethylene treatment on cut carnation (Mayak and 
Dilley, 1976), suggesting that sugars may affect ethylene action 
of ethylene-sensitive flowers. Although previous study has 
found that ethylene enhances endogenous ethylene production 
of Paeonia suffruticosa ‘Luoyang Hong’ (Zhou et al., 2009), 
it did not present obvious influence on ethylene production 

when treated after the glucose feeding (GE treatment) in the 
present study. It is probably because that glucose pre-treatment 
decreases ethylene sensitivity of cut tree peony and suppresses 
the effect of ethylene action. However, EG treatment did not 
repress the ethylene production at 8 h of vasing, suggesting 
that sugar applied after ethylene treatment could not convert 
the effect of ethylene action on cut flower. Sugars have been 
reported to delay the increase in mRNA abundance of a 
number of genes involved in ethylene biosynthesis and ethylene 
signal transduction (Hoeberichts et al., 2007; Verlinden and 
Garcia, 2004), specifically, sucrose acts like STS, an ethylene 
action inhibitor, and inhibits related genes expression involved 
in carnation ethylene signal transduction (Hoeberichts et al., 
2007). Sugars are found to affect ethylene sensitivity and 
climacteric ethylene biosynthesis in tree peony in our present 
research, however further research about their biochemical 
and molecular biological performance are warranted in order 
to reveal the roles of sugars in affecting ethylene action or 
biosynthesis in this species.
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