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Abstract. Two cultivars of Freesia hybrida, ‘Shangnong Jinhuanghou’ and ‘Shangnong
Hongtaige’, were used to study the respiration rate and physiological responses during
flower development and senescence. Phenotypically, the vase life of ‘Shangnong Hongtaige’
was significantly shorter than that of ‘Shangnong Jinhuanghou’. At the whole flower level,
both cultivars displayed similar change patterns on respiration rate. However, the change
patterns in tepals, stamens, and pistils showed some differences in the two cultivars. A
respiratory climacteric existed in most organs in both cultivars except for the stamen of
‘Shangnong Jinhuanghou’. During flower development and senescence, the levels of
soluble proteins and soluble sugars were very high at early stages, followed by a dramatic
decrease, and the lowest levels occurred in wilted tepals in both cultivars. Superoxide
dismutase (SOD) activities increased slightly at early developmental stages followed by
a constant decrease in two cultivars, and SOD activities in ‘Shangnong Jinhuanghou’ were
significantly higher than those in ‘Shangnong Hongtaige’. Peroxidase activities showed
a constant increase before tepals started wilting followed by a decrease in wilted tepals in
both cultivars. In both cultivars, electrolytic leakage and malondialdehyde (MDA) content
in tepals increased with the progression of development and senescence. MDA content in
‘Shangnong Hongtaige’ was much higher than that in ‘Shangnong Jinhuanghou’. These
results indicated that the respiratory climacteric, the decrease of antioxidant enzyme
activities, the peroxidation of membrane lipid, and the loss of soluble compounds could be
considered as indicators of flower senescence in Freesia.

Senescence is an age-dependent deterio-
ration process at the cellular, tissue, organ,
or organism level, leading to death or the end
of the lifespan (Noodén, 1988). The wilting
of flower petals is a deliberate and precisely
controlled senescence event in plants and has
attracted many studies on flower senescence.
Studies suggest that much of the biochemis-
try of the petal cells’ disassembly is shared
and quite similar to the events that have been
demonstrated in leaves and other organs
(Reid and Chen, 2007). Senescence of plant
tissues is generally accompanied by respira-
tion increases; breakdown of carbohydrates,
proteins, lipids, and nucleic acids (Singh
et al., 2000); higher production of reactive
oxygen species (ROS) (Del Rio et al., 1998);
increased contents of malondialdehyde
(MDA) (Hodges et al., 1999); and gradual
loss in the ability of scavenging enzymes to
neutralize free radicals (Kanazawa et al.,
2000). It is necessary to elucidate the phys-
iological mechanisms underlying the changes

and co-relationship of these factors to ma-
nipulate the flower senescence. To date, the
importance of extending flower longevity to
commercial floriculture has led to studies that
have generated a wealth of information on
physiological, biological, and molecular mech-
anisms of flower senescence in many floricul-
tures such as petunia (Shibuya et al., 2004),
rose (Kumar et al., 2008), and carnation (Wu
et al., 1991).

Freesia is a kind of bulbous crops with
high value for its colorful and aromatic
flowers (Wang, 2007). Several studies on
breeding, tissue culture, and postharvest bi-
ology of this crop had been performed (Qin
and Lin, 1995; Wang, 2007). For instance,
Spikman (1986, 1987, 1989) found that Free-
sia flowers were sensitive to ethylene. van
Meeteren et al. (1995) reported the relation-
ships between carbohydrate and vase life of
Freesia flowers. Very little is known, how-
ever, about the respiration characteristics
and the physiological metabolisms during
their flower development and senescence.
The aim of our present study was to compar-
atively characterize the respiratory and phys-
iological changes during flower development
and senescence in Freesia hybrid and to
provide physiological basis for its posthar-
vest handling.

Materials and Methods

Plant materials and observation of vase
life. Two Freesia cultivars (Qin and Lin, 1995),
Freesia hybrida ‘Shangnong Jinhuanghou’
(which has single yellow flowers with normal
stamens) and Freesia hybrida ‘Shangnong
Hongtaige’ (which has double red flowers with
abnormal stamens), were planted in the horti-
cultural farm in Shanghai Jiao Tong Univer-
sity. Freesia spikes were harvested with stem
length of �25 cm beneath the base of the
inflorescence. After harvest, these spikes were
kept in vessels filled with distilled water at
room temperature and divided into five groups
according to flower developmental stages. All
buds or flowers used in the study were excised
from the second basal (second) buds or flowers
on the spikes.

Flower developmental stages were deter-
mined based on the second buds or flowers on
the spikes. The phenotypes of different stages
were described as follows: Stage 1, small,
green bud (�1.5 cm in length); Stage 2, bud
at full color and ready to open; Stage 3, half-
open flower; Stage 4, fully open flower; and
Stage 5, wilted flower.

Freesia spikes at Stage 2 were harvested
and kept in vessels filled with distilled water at
room temperature for observation of vase life.
Individual flowers as well as whole inflores-
cences were observed. For the individual
flower, the vase life of the second flower was
considered started by Stage 2 and ended by
Stage 5. For the whole inflorescence, the vase
life was considered started when the first
flower was ready to open and ended when
the last flower was wilting and lost decorative
value. Eight replicate spikes were used.

Measurement of respiration rate. For
measurement of respiration rate, individual
buds or flowers were excised from spikes and
some were separated into different parts
(tepals, stamens, and pistils) from the base
of buds or flowers. For each stage (Stage 2 to
Stage 5), one bud or flower, several tepals,
several stamens, and several pistils were
measured for their respiration rates at 25 �C
using a Warburg respirometer method as
described by Brown (1939) based on the O2

consumption. The respiration medium, Bro-
die solution (1.033 g�cm–3) that contained
46 g NaCl, 10 g sodium cholate in 1 L, was
first injected into a manometer. Then 20%
KOH solution was placed in the central cup in
the vessel with the plant material, the top of
the vessel was sealed, and then the whole unit
was attached to the manometer for respiration
measurement.

Quantification of soluble sugars and
soluble proteins. One half gram of fresh tepal
tissues was put into a tube with 10 mL 80%
ethanol and the solution was collected (re-
peated twice), and then the solution was
heated for 15 min in a boiling water bath.
After cooling, the solution was centrifuged
for 10 min at 3000 rpm and the supernatant
was collected to determine the contents of
soluble sugars by using anthranone colorim-
etry with glucose as the standard (Hao et al.,
2006).
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Tepal samples (0.5 g fresh weight) were
homogenated with 5 mL distilled water (re-
peated twice). The mixture was collected and
then centrifuged at 4000 rpm for 10 min and
the supernatant was collected to determine the
contents of soluble proteins by the Coomassie
Brilliant Blue G-250 method (Li, 2000) with
bovine serum albumin as the standard.

Assay of antioxidant enzymes. Two grams
of fresh tepal tissues were cut into pieces and
homogenized in 100 mM phosphate buffer
(pH 6.0) containing 1 mM EDTA-Na2 and 2%
(w/v) PVP to extract peroxidase [POD, elec-
trical conductivity (EC) 1.11.1.7]. Superoxide
dismutase (SOD, EC 1.15.1.1) was extracted
in 50 mM phosphate buffer (pH 7.8) by using
1 g of fresh tepal tissues. The extraction pro-
cedures were carried out on ice. The homog-
enate was centrifuged at 4000 rpm for 15 min
at 4 �C and the supernatant was collected for
measuring the SOD activity.

SOD activity was spectrophotometrically
assayed at 560 nm by the nitro-blue-tetrazo-
lium (NBT) photoreduction method (Li, 2000).
The reaction mixture (3 mL) contained 1.5 mL
phosphate buffer (50 mM, pH 7.8), 2.0 mM
riboflavin, 13 mM methionine, 75 mM NBT, 10
mM EDTA-Na2, and 100 mL enzyme extracts.
One unit of SOD activity was defined as the
amount of extract that caused 50% inhibition
in enzyme activity.

POD activity was determined at 25 �C by
using the guaiacol method (Guo, 2006) in
a reaction mixture (3 mL) containing 20 mM

guaiacol, 100 mM phosphate buffer (pH 7.0),
20 mL 30% (w/v) H2O2, and 200 mL enzyme
extracts. The reaction was initiated by adding
H2O2. One unit of POD activity was defined
as the amount of enzyme required to increase
0.01 absorbance unit in the optical density at
470 nm per minute.

Determination of MDA content and
electrolytic leakage. The MDA content was
determined by the thiobarbituric acid method
(Li, 2000). One half gram of fresh tepal tissues
was ground in 5 mL trichloroacetic acid (5%).
After centrifuging at 3000 rpm for 10 min, the
supernatant was kept at 4 �C for measuring the
MDA concentration. Briefly, 2.5 mL of 5%
trichloroacetic acid solution containing 0.5%
thiobarbituric acid was added to a 1.5 mL
aliquot of the supernatant. The mixture was
heated in a boiling water bath for 15 min and
then quickly cooled on ice. After centrifuging
at 4500 rpm for 10 min, the supernatant was
collected. Then the absorbance of the superna-
tant was read at 450 nm, 532 nm, and 600 nm
by a spectrophotometer. Distilled water was
used as a control.

Electrolytic leakage (EL) values in tepals
of different stages were measured as described
by Hao et al. (2006). Twenty tepal discs (10
mm in diameter) were placed in a tube
containing 30 mL deionized water and the
initial value of EC was measured (EC0) with
a digital conductivity meter (Ecoscan con6,
Klang Selangor D.E., Malaysia). The solution
was kept at room temperature for 12 h and EC
value was measured (EC1) again. Then the
solution was heated in a boiling water bath for
10 min and the final EC value was recorded

(EC2) after cooling. The EL value was calcu-
lated using the following formula: EL (%) =
[(EC1 – EC0)/(EC2 – EC0)] · 100.

Statistical analysis. All data presented
were means of three replicates with SEs.
Statistical significance was determined by
one-way analysis of variance using SPSS
11.5 for Windows (SPSS Inc., Chicago, IL).
Differences between the means were assessed
by Duncan’s new multiple range test (P <
0.05).

Results

The vase life of Freesia flower and
changes in respiration rates. Phenotypically,
the vase life of ‘Shangnong Hongtaige’ was
shorter than that of ‘Shangnong Jinhuan-
ghou’ (P < 0.05). The mean vase life of an
individual flower was 6.4 d and 8.6 d for
‘Shangnong Hongtaige’ and ‘Shangnong Jin-
huanghou’, respectively. The mean vase life
of an inflorescence was 10.5 d and 14.1 d for

Table 1. Changes of the respiration rate (O2 mL�g–1/fresh weight/h) in two Freesia cultivars during flower
development and senescence.

Cultivar Stage Bud/flower Tepal Pistil Stamen

Shangnong
Jinhuanghou

2 30.80 ± 1.79 bz 33.75 ± 0.58 c 59.49 ± 1.17 b 49.20 ± 0.75 a
3 35.24 ± 1.24 a 36.61 ± 0.56 b 66.74 ± 0.88 a 44.80 ± 1.96 b
4 29.64 ± 0.59 b 42.24 ± 0.95 a 38.18 ± 1.09 d 51.07 ± 0.76 a
5 24.29 ± 0.98 c 31.53 ± 1.00 c 48.39 ± 1.17 c 15.45 ± 1.17 c

Shangnong
Hongtaige

2 33.16 ± 1.03 B 44.86 ± 0.56 A 67.03 ± 0.44 A NDy

3 38.85 ± 0.67 A 35.32 ± 1.11 B 55.05 ± 1.17 B
4 35.56 ± 0.08 B 29.33 ± 0.43 C 54.16 ± 0.89 B
5 26.88 ± 0.70 C 37.46 ± 0.43 B 43.47 ± 0.76 C

zValues in each column within the same cultivar followed by the same letter are not significantly different
at P < 0.05 based on Duncan’s new multiple range test.
yNot measured because most stamens became small tepals.

Fig. 1. Contents of soluble sugars (A) and soluble proteins (B) in two Freesia cultivars. Values followed by
the same letter are not significantly different at P < 0.05.
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‘Shangnong Hongtaige’ and ‘Shangnong Jin-
huanghou’, respectively.

Similar change patterns in respiration rate
were displayed at the whole flower level in
both cultivars. As shown in Table 1, the
respiration rate peaked after flower opening
(Stage 3) and then declined with the senes-
cence progression. The lowest was observed
in flowers at Stage 5, which was�30% of the
highest. Although the overall change patterns
were similar to each other, there were signif-
icant differences among young buds, open
flowers, and wilted flowers in the two culti-
vars. Meanwhile, the change patterns of res-
piration rate in tepals, stamens, and pistils
also showed some differences in both culti-
vars (Table 1). In ‘Shangnong Jinhuanghou’,
a respiration climacteric was observed at
Stage 4 in tepals; whereas in pistils, the highest
respiration rate occurred at Stage 3, and
a dramatic decrease was observed at Stage 4
followed by a slight increase at Stage 5. In
contrast, two respiration climacterics appeared
at Stage 2 and Stage 4 in stamens, and a 70%
decrease was observed at Stage 5, which was
different from the change pattern in, petals,
pistils, and whole flowers. In ‘Shangnong
Hongtaige’, the highest respiration rates were
observed at Stage 2 in both tepals and pistils,
which were earlier than that in ‘Shangnong
Jinhuanghou’. Because stamens in ‘Shangnong
Hongtaige’ became small tepals, their respira-
tion rate was not measured in the present study.

Changes in contents of soluble sugars and
soluble proteins. In both cultivars, the highest
levels of soluble sugars were observed at
Stage 1 followed by a rapid decrease with the
senescence progression, whereas the lowest
levels of soluble sugars occurred at Stage
5, which were only 28% and 23% of the
highest levels in ‘Shangnong Jinhuanghou’
and ‘Shangnong Hongtaige’, respectively
(Fig. 1A). The results also showed that a more
rapid decrease occurred in ‘Shangnong Hong-
taige’ than that in ‘Shangnong Jinhuanghou’
from Stage 1 to Stage 4.

During flower development and senes-
cence, the contents of soluble proteins showed
a decrease trend in both cultivars except a slight
increase at Stage 2 in ‘Shangnong Jinhuan-
ghou’ (Fig. 1B). The lowest, only 36% and
24% of the highest, was observed at Stage 5 in
‘Shangnong Jinhuanghou’ and ‘Shangnong
Hongtaige’, respectively. A significant differ-
ence (P < 0.05) was also shown in contents of
soluble proteins in two cultivars. In ‘Shang-
nong Jinhuanghou’, the protein levels in petals
of each stage were two to three times higher
than those in ‘Shangnong Hongtaige’.

Activities of some antioxidant enzymes.
SOD activities in tepals showed a continuous
decrease with the senescence progression in
both cultivars (Fig. 2A). The highest SOD
activities were 2.4 and 1.8 times the lowest
values (at Stage 5) in ‘Shangnong Jinhuanghou’
and‘ShangnongHongtaige’,respectively.Mean-
while, SOD activities in ‘Shangnong Jinhuan-
ghou’ were higher than those in ‘Shangnong
Hongtaige’ (P < 0.05); 1.5 to 2.8 times of SOD
activities were observed in ‘Shangnong Jinhuan-
ghou’ than those in ‘Shangnong Hongtaige’.

In contrast, POD activities increased grad-
ually during early four stages and reached the
highest at Stage 4 and then decreased at Stage
5 in both cultivars (Fig. 2B). Approximately
three-time increases of POD activities were
observed from Stage 1 to Stage 4 in both
cultivars. There were also higher POD activ-
ities in ‘Shangnong Jinhuanghou’ than those
in ‘Shangnong Hongtaige’ from Stage 1 to
Stage 4.

Lipid peroxidation and membrane
permeability. MDA content in the two culti-
vars showed a significant (P < 0.05) increase
during flower development and senescence
(Fig. 3A). In ‘Shangnong Jinhuanghou’, the
highest was observed at stage 5 [330.3
nmol�g–1 fresh weight (FW)], which was
much higher than the lowest at stage 1 (72.3
nmol�g–1 FW). The same change pattern was
observed in ‘Shangnong Hongtaige’. How-
ever, MDA contents in this cultivar were
significantly higher than those in ‘Shangnong
Jinhuanghou’ (P < 0.05), especially at early
developmental stages. The difference of
MDA contents in the two cultivars became
less with senescence progression.

The membrane permeability was evalu-
ated by electrolytic leakage. As shown in
Figure 3B, EL increased significantly (P <

0.05) with the senescence progression and
the highest was observed at Stage 5. In both
cultivars, an approximately four times in-
crease of EL was observed from Stage 1 to
Stage 4.

Discussion

The objective of our experiments was to
analyze the physiological mechanisms of flower
development and senescence in Freesia.

Respiration is a major source of ROS
(Rich and Bonner, 1978). The respiratory
climacteric, which existed in both Freesia
cultivars, was probably a significant contrib-
uting factor to the increasing oxidative stress
with the senescence progression. As a result
of the increase in respiration, the production
of ROS probably increases after flower open-
ing in Freesia. In both cultivars, the respira-
tion rate in pistils was higher than that in
tepals and stamens at most stages, suggesting
that the respiration of pistils plays a more
important role than those of other tissues in
Freesia flower senescence.

Carbohydrates are primary energy source
in plants (Gibson, 2004); some are consumed
as respiratory substrates and some others
are converted to other compounds. Changing

Fig. 2. Activities of superoxide dismutase (SOD) (A) and peroxidase (POD) (B) in two Freesia cultivars.
Values followed by the same letter are not significantly different at P < 0.05.
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source–sink relations are a common event
during plant development (Roitsch and Gon-
zalez, 2004). Flower senescence also allows
for nutrient recycling (Reid and Chen, 2007).
In our study, a dramatic decrease of soluble
sugars in Freesia flowers was observed, re-
vealing that sugar starvation might be a cause
of tepal senescence in Freesia. Meanwhile, a
more rapid decrease of soluble sugars occurred
in ‘Shangnong Hongtaige’, revealing earlier
sugar starvation occurred in this cultivar.

The protein content has a close link with the
flower senescence (Borochov and Woodson,
1989). The decrease of protein content was one
of the important indices of the senescence in
plant flowers (Halevy and Mayak, 1981; Song,
1998) and protein degradation is an important
part of the remobilization process during
flower senescence (Reid and Chen, 2007). A
decrease in overall protein levels can result
from a decrease in synthesis, an increase in
degradation, or both (Stephenson and Rubin-
stein, 1998; van Doorn and Woltering, 2008).
The results showed that the decrease of soluble
proteins in Freesia tepals occurred before
visiblesenescencesymptoms,revealingthepro-
tein degradation increased with the senescence
progression. The lower levels of soluble pro-
teins in ‘Shangnong Hongtaige’ suggested a

lower capacity of the protein synthesis (includ-
ing antioxidative enzymes).

SOD converts superoxide (O2
�–) into mo-

lecular oxygen (O2) and hydrogen peroxide
(H2O2), and POD is implicated in the scav-
enging of H2O2 (Møller et al., 2007; Scandal-
ios, 1993). High SOD activities at early
stages in Freesia tepals mean high efficiency
in the reduction of O2

•–. The low SOD ef-
ficiency in tepals at later stages led to the lipid
peroxidation and the accumulation of O2

•–

that further accelerated the senescence pro-
cess. This was consistent with the increased
rate of lipid peroxidation represented by
MDA content. On the other hand, the in-
crease of POD activities the four early stages
indicated a continuously enhanced capability
of reducing H2O2. The oxidation reaction
may be promoted by the H2O2 from the re-
duction of O2

•–. Decrease of POD activity in
wilted tepals, which was probably the result
of the increase of protein degradation, re-
vealed that deleterious effects of ROS were
exceeding the ability to counteract the cyto-
toxic compounds. The difference in initial
time for SOD and POD activity to reach the
highest in Freesia tepals suggested the possi-
bility to regulate the formation of O2

•– during
senescence. In addition, lower activities of

SOD and POD in ‘Shangnong Hongtaige’ also
suggested that the reduction of ROS scaveng-
ing capacity accelerated the senescing process
in this cultivar.

The changes in SOD and POD activities
broke the balance between the generation and
neutralization of ROS. The accumulation of
ROS resulted in the peroxidation of mem-
brane lipid and further affected the mem-
brane permeability. The significant increase
of MDA indicated that the lipid peroxidation
caused by ROS occurred with the senescence
progression in Freesia flowers. In addition,
the higher MDA content in ‘Shangnong
Hongtaige’ suggested that its membrane de-
terioration was much more severe than that in
‘Shangnong Jinhuanghou’. During petal se-
nescence, cellular membranes lose their in-
tegrity progressively, resulting in leakage of
pigments, nutrients, and electrolytes from the
cells (Rubinstein, 2000). A significant increase
in EL was also shown with the senescence
progression in Freesia flowers, revealing the
damage of membrane occurred before the
visible senescence phenotype, which resulted
in endocyte loss and further accelerated the
senescence process in Freesia flowers. In
general, the accumulation of MDA was ac-
companied by the increase of EL. However,
much greater increase in MDA content was
observed than the EL in the two cultivars. In
‘Shangnong Hongtaige’, other mechanisms
should be triggered to protect the membrane
stability from the damage by severer lipid
peroxidation. Further study to elucidate this
special phenomenon of MDA and EL change
in Freesia should be interesting.

The vase life of ‘Shangnong Hongtaige’
was significantly shorter than that of ‘Shang-
nong Jinhuanghou’. The earlier high respira-
tion rate in tepals and pistils, faster decrease
of soluble sugar content, lower protein con-
tent level, lower activities of SOD and POD,
and higher MDA content in ‘Shangnong
Hongtaige’ might be the causes for its shorter
vase life compared with the other cultivar.

In conclusion, the results suggested that
the balance of physiological metabolism was
broken with the senescence progression in
Freesia flowers. Respiratory climacteric,
rapid loss of soluble compounds, decrease of
antioxidative enzymes activities, increases
of MDA content, and EL could be consid-
ered the indicators of flower senescence in
Freesia.
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