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Abstract

This study was carried out in the laboratory of Shanggqiu Institute of Technology, Henan to investigate the effect
of a different combination of inorganic salt on the quality and physiological characteristics of cut flowers (CFs)
of Perpetual Carnation. Furthermore, to find out the best preservation solution of inorganic salt that can enhance
the ornamental value of CFs of Carnation and prolong its vase life. Sucrose, 8-hydroxyquinoline, paclobutrazol,
salicylic acid and different kinds of inorganic salts were added as a preservation solution. And the same amount of
distilled water was used as control. The effects of these various inorganic salts on the morphological characteristics
including vase life, changes in flower stems, fresh weight (FW) and water balance and the physiological
characteristics including contents of malondialdehyde (MDA), cell membrane permeability and the contents of
proline of carnation were investigated. The CFs placed in vase solution with inorganic salts showed significant
changes in its morphology and physiological characteristics as compared to control. The changes in flower diameter
(FD), FW, malondialdehyde and cell membrane permeability showed an increasing trend first and then decreasing.
The value of water balance was observed with a downward trend. However, the vase life, FD, the contents of
malondialdehyde, contents of proline and FW of CFs held in the preservative solution containing inorganic salts
were increased than that of control. The fresh preservative solution contained sucrose 3% + 8-hydroxyquinoline
(8-HQ) (200 mg-L™") + paclobutrazol (100 mg-L™) + salicylic acid (SA) (25 mg-L™) + CaCl, (100 mg-L™") has
the best effect on longevity (34 days), FW and FD of carnation CFs. This solution has improved the ornamental
and physiological characteristics of fresh carnation CFs.

Keywords: Dianthus caryophyllus, cut flower, holding solution, flower longevity, CaCl,, bacterial blockage.

Investigar os efeitos dos sais inorgénicos na vida dos vasos e nas qualidades
pos-colheita da flor de corte do Cravo Perpétuo

Resumo

Este estudo foi realizado no laboratério do Instituto de Tecnologia de Shangqiu, Henan, para investigar o efeito de
diferentes combinagdes de sal inorganico na qualidade e caracteristicas fisiologicas de flores cortadas do Cravo Perpétuo.
Além disso, para descobrir a melhor solugo de preservagao de sal inorganico que pode aumentar o valor ornamental
das flores cortadas de Cravo e prolongar a vida do vaso. Sucrose, 8-hidroxiquinolina, paclobutrazol, acido salicilico e
diferentes tipos de sais inorganicos foram adicionados como uma soluc@o de preservagdo. E a mesma quantidade de
agua destilada foi usada como controle. Os efeitos destes varios sais inorganicos sobre as caracteristicas morfologicas
incluindo a vida dos vasos, alteracdes nos caules, peso fresco e balango hidrico e as caracteristicas fisioldgicas incluindo
contetido de malondialdeido (MDA), permeabilidade da membrana celular e conteudo de prolina de cravo foram
investigados. As flores de corte colocadas em solugdo de vaso com sais inorganicos apresentaram mudangas significativas
em sua morfologia e caracteristicas fisioldgicas em relagdo ao controle. As altera¢des no didmetro das flores, no peso
fresco, no malondialdeido e na permeabilidade da membrana celular mostraram uma tendéncia crescente primeiro e
depois decrescendo. O valor do balango hidrico foi observado com tendéncia de queda. No entanto, a vida util do vaso,
o diametro da flor, o contetido de malondialdeido, o conteudo de prolina e o peso fresco de flores cortadas mantidos
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Vase life of Carnation

na solugdo preservativa contendo sais inorganicos foram aumentados em relagdo ao controle. A solugdo conservante
fresca continha sacarose 3% + 8-hidroxiquinolina (8-HQ) (200 mg-L™) + paclobutrazol (100 mg-L™) + acido salicilico
(SA) (25 mg-L™") + CaCl, (100 mg-L™) tem o melhor efeito na longevidade (34 dias), peso fresco e didmetro de flor de
flores cortadas de cravo. Esta solu¢do melhorou as caracteristicas ornamentais e fisiologicas das flores frescas de cravo.

Palavras-chave: Cravo Perpétuo, flor minimamente cortada, sal inorganico, vida de vaso, solucdo de retengao,

longevidade da flor, bloqueio bacteriano.

1. Introduction

Carnation (Dianthus caryophyllus L.) is a perennial
herb of the genus Dianthus. It is one of the most important
ornamental flowering plants and broadly used as cut flowers
(CFs) (Alietal., 2008; Onozaki, 2018) and bending plant in
orchids. It has a variety of fresh CFs which are consumed
in the floriculture market. It is cultivated in many countries
and is widely distributed in Fujian, Hubei, Yunnan, Ningxia
and other places in China, but China began to study on the
fresh CF's relatively late and did not pay enough attention
to the various techniques that used for the preservation of
fresh CFs. After picking, it is easy to lose water results in
wilting, and premature aging affects its ornamental value
(Li et al., 2000; Chen et al., 2004). In order to satisfied
the consumer’s demand for fresh flowers and growers
profitability, it is necessary to find the best preservative
solution which can prolong the vase life and improve the
quality of carnation CFs.

Carnation is one of the most economically important
CFs and plays a significant role in the floriculture trade.
However, post-harvest senescence occurs within a few
days and is a substantial limitation in the marketing of CF
of carnation. Generally, early post-harvest senescence is
caused by the production of ethylene synthesis. Post-harvest
causes petal in rolling, and by the accumulation of bacteria
on the cut stem surfaces, which produce extracellular
polysaccharides that block xylem vessels and thereby
increase hydraulic resistance, subsequently leading to
a reduction in water uptake by the stem and premature
wilting (van Doorn et al., 1995; Bowyer et al., 2003).

However, the longevity of CFs restricted by several
factors such as weight loss and decay, senescence, air
embolisms (Jones and Hill, 1993; Van Ieperen et al., 2001;
Huang et al., 2002; Bazaid, 2004). These decays are due
to bacteria, which present at a high level in preservative
holding solution used by farmers, which restrict water
supply to ornamental CFs and affect the post-harvest
life of ornamental CFs by blocking the vascular system
(van Doorn and D’hont, 1994; Loubaud and van Doorn,
2004). This blockage decreases water uptake and result in
water-deficient stress, which was articulated in the form
of early wilting of ornamental CFs (Put et al., 2000), led
to early loss of cell turgidity and might become visible
when water uptake and transpiration are out of balance
during a lasting period of time, which was the result of
an unrecoverable condition and the early end of CFs
(Noman et al., 2017) .

The previous study showed that germicide
8-hydroxyqunoline (8-HQ) is vital preservatives used in
commercial florist industry (Nowak, 1990). Application of
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8-HQ significantly extended the post-harvest life as well
as the gain of fresh weight (FW) of CFs of carnation in as
compared to control (Nowak, 1990; Knee, 2000). When
CF's of chrysanthemum were placed in HQ solution lead
to increased its longevity, FW and lowest the water loss
(Hussein, 1993). Sucrose acted as the best preservative
solution and enhanced the post-harvest life of carnation by
reducing ethylene production in petals (Pun et al., 2003).
Addition of CaCl, has prolonged the flowering periods in
CFs (Chen et al., 2004).

There are also a lot of researches on how to extend
the vase life of carnation CFs. These studies mainly focus
on chemical reagents, nutrients, fungicides, temperature,
humidity, illumination. Considerable progress has been made
(Liu et al., 2009; Kazemi and Ameri, 2012; Ahmad et al.,
2014). According to the results of previous studies, the
growth process of plants is inseparable from glycogen and
various inorganic salts. Glycogen is generally considered to
be one of the important substances for maintaining regular
respiratory and photosynthesis of plants, but improper use
of sucrose will also affect fresh CFs. The life of the bottle
insert (Liu et al., 2009), 3% sucrose proved to have the best
preservation effect on fresh CFs of carnations. Inorganic
salts are also crucial in maintaining the ornamental and
longevity of fresh CFs (Changli, 2007; Yuping, 2009;
Edrisietal., 2012; Anwar et al., 2014). Different inorganic
salt ions have different effects on the vase life of fresh
CFs. The present study was conducted to evaluate the
vase solution with the addition of various inorganic salts
on the post-harvest life, quality and ornamental values.
Therefore, it is interesting to investigate how holding
solutions containg inorganic salts associate to the above
mentioned factors that are involved in the process of cut
flower senescence. Hence, we tried to study the role of
inorganic salts in the process of flower senescence by
determing the flower senescence related parameters such
as MDA contents, ethylene prododuction,, proline content,
water balance, cell membrane permeability, antioxidant
activites during flower shelf life of CFs of carnation.

2. Materials and Methods

2.1. Experimental materials

The fresh CFs of the big red season were used in this
experiment. These flowers were purchased from Yiyang
Flower Market in Shanggiu City, Henan Province. In this
experiment, fresh and healthy plants with relatively uniform
appearance and without pests and mechanical damage were
selected. The diameter of the flowering branches was cut
at an angle of 45° before the experiment. The diameter of
the flowering branches was recorded about 40 cm. The top
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4 leaves were retained in flowering branches. The different
chemicals such as sucrose, 8-HQ, paclobutrazol, SA, KCL,
NaCl, CaCl,, KALSO, and distilled water were used in
the current study.

2.2. Experimental design

This experiment consists of five treatments: A, B, C, D
and E. CaCl, (100 mg-L™) was added to the basic preservation
solution in treatment A. On the other hand, KCL and NaCl
(200 mg-L™") were added to the basic preservation in
treatment B. Likewise, KALSO, (150 mg-L™") was added to
the basic preservation solution in treatment C; the treatment D
was treated as a primary preservative, and distilled water
was used as a control in treatment E. The preservation
solution was poured into a 500 mL Erlenmeyer flask. Each
flask was contained 250 mL of preservative solution and
four carnations. The five replications were carried out in
each treatment in this study. After being processed, it is
placed in a light-transmitting room with ventilation and
no direct light illumination at a temperature of 25 + 2 °C
and relative humidity of 60-80% (Table 1).

2.3. Observation indicators and methods of
measurement

From the day of bottle insertion, the relevant indicators
of the morphology and physiological characteristics of the
CFs of the four seasons of carnations are regularly measured.

2.4. Determination of the shape index of fresh CFs of
carnation

Bottle life observe the morphological changes of fresh
CFs every day. The life of CFs is regarded as the end of the
vase life by 50% petal loss or wilting (Ding et al., 2011).

2.5 Flower diameter change

Method: Using the cross measurement method, the
maximum FD of each flower was measured with a ruler
at 16:00 every day, repeated twice, and the average value
was taken. (Note: When half of each repetition loses its
ornamental value, its flower path is no longer measured.)

Maximum flower stem
average per day

Initial flower diameter

Flower dimeter

change rate (%) = x100%

Fresh weight change and water balance value
determination:

The weighing method is used to determine the difference
between water absorption and water loss (Zhao etal., 2016).
The water absorption and water loss of the fresh CF water

Tablel. The formulae of fresh liquids in each treatment.

level of the carnation were measured at 16:00 every day,
and the flower weight was measured.

2.6. Determination of physiological characteristics of
plants

The content of free proline in plants was determined by
the ninhydrin method (Lee, 2000; Li, 2000; Shabnam et al.,
2016).

The content of MDA (malondialdehyde) was determined
by the thiobarbituric acid method (Draper et al., 1993;
Zhao et al., 1994).

Cell membrane permeability was measured by
conductivity (Li, 2000).

2.7. Statistical analysis

The experimental data were statistically analyzed
using SPSS21.0 software, and Excel 2010 was used for
chart drawing. The significane differences among th means
were anlysed at P< 0.01 Or 0.05).

3. Results and Analysis

3.1. Effects of different inorganic salts on the
morphological characteristics of fresh CFs of carnation

3.1.1. Vase life (days) of Carnation fresh CFs

Different treatments have different effects on the vase life
of carnation fresh CFs (Figure 1). From treatments Ato E,
the average vase life of carnation fresh CFs was recorded as
34d, 25d, 29d, 26d and 20d, respectively. The vase life was
longer in treatment A (Sucrose 3% + 8-HQ (200 mg-L™)
+ Paclobutrazol (100 mg-L™") + SA (25 mg-L™) + CaCl,
(100 mg-L™)) which resulted in 34d in comparison with 20d
of'the treatment E (control). Furthermore, it was observed
that the vase life of treatment A was also significantly higher

35 |

25 I

20
15 |
10 |

—_—
—in
—

Vase life/ d

A 8 € D E
Different treatments
Figure 1. Effect of different treatments on living time of cut

carnation flower. Different small letters indicate significant
differences between treatments<0.05).

Treatment

(Reagent Combination) Fresh liquids

A Sucrose 3% + 8-HQ (200 mg-L™) + Paclobutrazol (100 mg-L™") +SA (25 mg-L™) + CaCl, (100 mg-L™)
B Sucrose 3% + 8-HQ (200 mg-L™) + Paclobutrazol (100 mg-L™) + SA (25 mg-L™) + KCL (200 mg-L™)

+ NaCl (200 mg-L™)

C Sucrose 3% + 8-HQ (200 mg-L™) + Paclobutrazol (100 mg-L™) + SA (25 mg-L™) + KALSO, (150 mg-L™)
D Sucrose 3% + 8-HQ (200 mg-L™") + Paclobutrazol (100 mg-L™) + SA (25 mg-L™)
E

Distilled water(CK)
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than the other two treatments (B and C) that contained
holding solution with inorganic salts. It indicated that a
preservative solution contained CaCl, is the most beneficial
to extend the vase life of carnation CFs.

3.1.2. Changes in the flower diameter of carnation CFs

Flower path has always been one of the most important
morphological indicators of fresh CFs. In this study,
The preservative solutions containg inorganic salts promoted
the opening of the carnation, vase life of of cut flowers,
and the the FD. The trend of FD change, first increased
and then decreased. However, the FDs of fresh CFs in
different treatments were different. The maximum FD
observed in treatment A was 7.15 cm and followed by f
7.08 cm, 7.01 and 6.76 c¢cm in theC treatments B, C and D
respectively.. The FD recored in control treatment (E)
was 6.83 cm. These results indicated that the addition of
CaCl, in the basic preservative solution increased the FD
of fresh CFs as obserced in tratments (A, B and C). The FD
was significantly increased in treatment A as compared to
the control and basic solution without CaCl, (Figure 2).

Besides, in each treatment, the added value of fresh
CF diameter is also different (Figure 2). The FD in the
treatment A increased by 2.87 cm compared with the
initial FD. Secondly, in the B, C, and D treatments, the FD
increased by 2.32 cm, 2.07 cm, and 1.39 cm, respectively,
compared with the initial FD; increase by 2.33 cm. In each
treatment, the FD increased the most in the A treatment, the
least FD was observed in the control E, and the maximum
increase in the FD was 23.2% larger than the minimum
increase. It can be seen that the preservation liquid with
CaCl, has a better effect on increasing the FD, and the
increase is remarkable.

From the change of the trend of the line chart in
Figure 2, it can be seen that the different treatments make
the time for the four-season carnation fresh CFs to reach
the maximum FD and the number of days to maintain the
larger FD. In the treatment of A, the fresh CF reached the
maximum FD on the 19d, and the time for maintaining
the larger FD was up to 20 days. Therefore, the life of the
fresh CF in the A treatment can reach 34d; the B treatment
can make the fresh CF reach the maximum FD at 12d.
However, the B treatment maintained a substantial flower
path time of only 12d, and then the fresh CF died very
quickly, and its lifespan was the only 25d; the C treatment
made the fresh CF reach the maximum FD in 19d, and the
larger FD time was 21d. The life of fresh CFs was 29d;
the maximum FD was reached at 20d in D treatment, and
the maximum FD was 14d. In the E treatment, the fresh
CFs reached the maximum FD at 15d, and the larger FD
was maintained for 10d. The results showed that the fresh
CF had the longest life in the A treatment with calcium
salt preservative solution, up to 34d. B treatment, that is,
the fresh liquid added with potassium salt and sodium salt
can quickly promote the bloom of fresh-cut carnation,
but not very good. Maintain the life of the carnation CFs.
In summary, it can be concluded that the A treatment,
that is, the preservation solution of adding calcium salt
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can maintain the bloom and life span of the fresh CFs
of the four-season carnation, maintain the preservation
effect, and has the best preservation effect on the fresh
CFs of carnation.

3.1.3. Fresh weight changes of fresh CFs of four
seasons carnations

The FW of carnation fresh CFs is one of the critical
indicators that affect the vase life of CFs. The change of
FW in each treatment is consistent with the change of FD.
With respect to preservative solution effect on maximum
increase of FW of carnation CFs, date presented in Figure 3
indicated that, a significant higher FW was measured
in treatment A (Sucrose 3% + 8-HQ (200 mg-L™") +
Paclobutrazol (100 mg-L™) + SA (25 mg-L™) + CaCl,
(100 mg-L™)) as compared to control. FW of carnation CFs
in treatments B and C was also significantly higher than those
of control. The holding solution of treatments A, B and C
consist of inorganic salts.

The vase life of CFs is more than 25d. The FW of the
fresh CFs in treatment E was not apparent, and water loss
occurring after 20d, indicating that the preservation liquid
added with inorganic salts was more beneficial to prolong
the vase life of the carnation fresh CFs.

It can be seen from the peak in the treatment A (Figure 3),
the FW of the fresh CFs of the carnation increased, and
the maximum FW increased by 16% compared with the
initial FW. The maximum FW in treatment E increased
by 2.4% compared with the initial FW (%) indicates
that the A-preserved fresh-keeping solution, that is, the

N
135709 11]315171921232527293133/
Vase life/d

Flowe r diametericm
O vt b LI B O 4 0O

Figure 2. Effect of different inorganic salts on the corolla
diameter of cut carnation flower.

Fresh weight/g

9 M 13 15 1719 A 23 25 2729 31 33
Vase life/d

13 a7

Figure 3. Effects of different fresh liquids on fresh weight
of cut carnation flower.
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addition of calcium ions in the basic preservative solution
has a great influence on the FW of the fresh CFs of the
four-season carnation. In the later stage of the fresh CF,
the FW of the liquid containing the inorganic salt is higher
than other controls. And the length of the bottle inserted is
long, indicating that the fresh-keeping liquid containing
inorganic salt has obvious fresh-keeping effect on the fresh
CFs of the four-season carnation, and the preservation
effect of the fresh-keeping liquid added with calcium is
the most significant.

3.1.4. Changes in the value of water balance in
carnation CFs

It was noticed that among the five different treatments,
the value of water balance in the fresh CFs of carnation
has a decreasing trend (Figure 4). In all treatments, the
value of water balance in the early stage of carnation
CFs decreased rapidly, positive value; the medium-term
decline was slow; the late stage was up and down, which
was negative. It can be concluded that in the early stage
of bottle insertion, the water absorption of the CF was
higher than the water loss, but with the passage of time,
the water absorption decreases continuously in the middle
and late stages of the bottle insertion, the water loss
increases steadily, and the water balance value gradually
decreases to negative. In treatments B and C, the water
balance values of the fresh CFs of carnation began to
appear negative at 11d and 12d after the bottle insertion
and delayed by 3d compared with the control E on the 9d.
In the treatment D, the water balance value of the fresh
CFs of carnation was later than the negative treatment time
of'the three treatments A, B and C, which was earlier than
the negative value of the control E. The overall effect of
the treatment D was good.

In all treatments, the water balance value of carnation
CFs in treatment A began to appear negative after 13d of
bottle insertion, which was delayed by 4d compared with
control treatment E. It can be seen that the holding solution
containing CaCl, is most advantageous for maintaining
the stability of the preservative solution.

W

(=)

—

(=)

3.2. Effects of different inorganic salt on physiological
characteristics of carnation CFs

3.2.1. The contents of MDA in carnation CFs

The contents of MDA in the carnation CFs were measured
in this experiment. It was noticed that the contents of
MDA firstly increased and then decreased in all treatments
(Figure 5). In the three treatments of A, B and C containing
inorganic salts, the contents of MDA in carnation CFs were
measured throughout the experiment. The preservative
holding solution containing inorganic salts can reduce
the contents of MDA in cutting carnation. This leads
to slow down the aging of carnation CFs by increasing
the resistant in CFs of the carnation. It was observed in
treatment A that contents of MDA in carnation CFs were
lowest, suggesting that CaCl, is most beneficial to prolong
the vase life of CFs of the carnation.

Below the control, it indicates that the preservative
solution containing inorganic salts can reduce the MDA
content during the vase cutting of the carnation, increase
the resistance of the carnation fresh CFs, and slow down
the aging. In each measurement, the MDA content of
carnation fresh CFs was the lowest in the treatment of
calcium-containing A, indicating that the A-preserved
fresh-keeping solution is most beneficial to prolong the
vase life of carnation CFs, and the preservation effect is
the best.

3.2.2. Effect of different inorganic salts on cell
membrane permeability of carnation fresh CFs

The poor environment can cause damage to the
plasma membrane of the cell, increase in cell membrane
permeability, electrolyte extravasations. Extravasations of
the electrolyte cause changes in the conductivity of the
solution, which in turn reflects the extent of damage to
the cell membrane. The higher the conductivity value, the
greater the permeability of the cell membrane. The higher
the degree, the more ionic extravasations in the cytoplasm
and the higher the degree of aging.

“"a.te r balance value/g

(¥

-3

Vase life/d

Figure 4. Effects of different fresh liquids on water balance value of cut carnation flower.
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Figure 5. Effects of different fresh liquids on MDA contents
of cut carnation flower.
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Figure 6. Effects of different fresh liquids on the cell
membrane permeability of cut carnation flower.
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Figure 7. Effects of different fresh liquids on the proline
content of cut carnation flower.

It was noticed that the electrolyte of the fresh CFs of
the carnation generally increased first and then decreased in
all treatments (Figure 6). The treatments A holding solution
containing calcium salt minimizes the relative leakage
of the flower electrolyte. It concluded that preservative
holding solution containing CaCl, is the most beneficial
to keep the flowers fresh.

3.2.3 Effect of different inorganic salts contents of
proline CFs of carnation

The level of proline in plants is one of the important
indicators contributing to the strength of plant stress
resistance. To determine the resistance of fresh CFs of
carnation in different treatments, the contents of proline
in the CFs were chosen as the measurement index. It was
observed in all treatments; the contents of proline in the
flowers of carnation were first increased and then decreased
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(Figure 7). The highest contents of proline in CFs were
measured in the early, middle and late stages of bottle
insertion in the treatment A. Therefore, it is concluded that
the preservative solution containing calcium ions showed
the vigorous resistance and is the most helpful to the
accumulation of proline in CFs. It is the best preservative
solution for CF of carnation.

4. Discussion

Fresh CFs are living organisms and play an important
role in improving people’s living environment and quality
of life (Raza et al., 2018) Fresh CFs still have life activities
after detaching from the mother plant and continue to
consume nutrients. However, CFs unable to continue their
normal life activities due to the loss of nutrients such as
carbohydrates and inorganic salts (Noman et al., 2017).
Several factors including hindering the water absorption
by flower stem, dryness of petals, wilting, water loss,
reducing of FW (Noman et al., 2018) -dull color, fungal
and bacterial infestation at cut sites of the flower branch
led to the aging of the CFs. One of the big problems in
post-harvest CF physiology is the blockage of the vascular
system. Several factors, including air or bacterial growth,
plant reaction to the actual cut might be responsible for
the blockage of the vascular system. When flower stem
detached from the mother plant, certain enzymes are moved
to the wounded area, which may produce the chemicals
that seal the wound (Loubaud and van Doorn 2004). This
phenomenon minimizes water uptake. Water stresses occur
due to the blockage of xylem vessels led to early wilting
of flowers (Put et al., 2000). The results from this study
confirm that exogenous application of different bacterial
strains induced a substantial impact on improving the
longevity of CFs of carnation.

The ornamental value of fresh CFs is mainly attributed
by FD, FW and moisture contents. The CFs have large
diameter led to the increase the ornamental value. In this
study, maximum FD (7.15 cm) was obtained in holding
solution supplemented with CaCl, followed by 7.03 cm
and 7.01 cm in treatments (B and C) as compared to
control (6.83 cm). In addition, significantly FD (2.37 cm)
increased from initial FD in treatments A in comparison
with treatments (D and E). It indicated that FD was
significantly higher in treatments having inorganic salts
particularly CaCl,. The change of FW was consistent with
the change of FD, as previously reported by (Soad et al.,
2011). The results of different concentrations of salicylic
acid on the CF of carnations are similar (Anwar et al.,
2014). FW loss is one of the most important physiological
disorders of ornamental flowers after harvest, which reduced
the vase life and quality. To enhance the vase life of CFs,
maintain their FW is significant for commercial values
(Saeed et al., 2016). Our results showed that minimum
flower FW was observed in control treatment (distilled
water) and maximum flower FW was observed in treatment A
(Figure 3). Generally resulting in higher FW of flowers is
considered good because they may result in extending vase
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life compared to those showing fewer ones (Soad et al.,
2011). The preservative solution contained CaCl, with 3%
sucrose decreased flower weight loss. This may be due to
the effect of sucrose in delaying petal aging and flower
wilting (Halevy and Mayak, 1979). These results are an
agreement with (Soad et al., 2011), found that flowers
placed in holding solution contained CaCl, showed higher
FW in flowers of Gerbera. Application of inorganic salt
in vase solution increased the FW of CFs of Gerbera than
control (Shabanian et al., 2018). It can be seen that the
holding solution containing CaCl, is most advantageous
for maintaining the stability of the preservative solution.

Water relation is another important factor affecting the
longevity of commercial CFs (van Doorn, 2012). After
harvesting of CFs, water deficit and wilting of petals occur
due to disturbance of water balance that affected by water
loss rates and water uptake (Lii et al., 2010). Our results
showed that the vase solution contains CaCl, significantly
maintain the water balance than those of control (Figure 4).
The data of present study indicated that accumulation of
proline in carnation CFs was higher in vase solution with
the addition of CaCl, than water (control) (Figure 7). This
result further supported that carnation CFs in distilled water
suffered more severe water than vase solution containing
inorganic salts. Proline has been broadly used as a stress
indicator for evaluation levels of different stresses including
water deficit (Mostofa et al., 2017; Shabanian et al.,
2018). The results from our study were in agreement
with the results published by previous studies conducted
on ornamental CFs, which showed that sufficient water
uptake is an essential factor for maintaining a favorable
water balance and prolong the vase life of ornamental CFs
(Perik et al., 2012; Shabanian et al., 2018).

It is evident from the Figure 1 that maximum vase life
of carnation flowers was recorded by using treatment A
as compared to control (distilled water). Similar results
were obtained by (Soad et al., 2011) on Gerbera and by
(Dineshbabu et al., 2002), who demonstrated that similar
treatment extended the vase life and improved the flower
quality of dendrobium.

Oxidative stress led to senescence in ornamental CFs
occurs due to the presence of bacteria and fungi vase
solution (Zhang et al., 2011). Antioxidant enzymes are
vital in protecting the cell from pathogens by reducing
the oxidative stress and water loss (Hoque Hossain et al.,
2016; Khalid et al., 2018; Khalid et al., 2019). MDA is
a product of membrane lipid peroxidation during the
senescence process (Zafar et al., 2019) . It maintained the
cell membrane system and the plasma membrane integrity
during the longevity of ornamental CFs. Its content can
reflect the senescence of fresh CFs. The lower contents
of MDA in CFs led to delayed aging. In all treatments,
the contents of MDA in fresh CFs of carnations increased
first and then decreased. Furthermore, application of
inorganic salts notably CaCl, reduced the contents of
MDA in carnation CFs as compared water, increased the
vase life of carnation CFs. Similar results were observed
in gerbera (Shabanian et al., 2018).
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The stress resistance slows down it’s aging, which
is similar to the results of previous studies (Zhao et al.,
2016) the effects of five treatments on the cell membrane
permeability and proline content of carnation fresh-CFs
and their MDA content. The performances of the three
treatments (A, B and C) are better than those of the other
two treatments, especially the A treatment fresh-keeping
solution containing calcium salt.

5. Conclusion

In conclusion, longevity and quality of ornamental
carnation CFs were related to their efficient ability in
water uptake and higher capacity in protecting themselves
against pathogen and oxidative stress. Application of
inorganic salts, especially CaCl, as a preservative solution
to carnation CFs prolong the vase life and ornamental
values of CFs detached from the mother plant. Treatment
A (3%+8-HQ (200 mg-L™) + Paclobutrazol (100 mg-L™)
+ SA (25 mg-L™) + CaCl, (100 mg-L™) significantly
increased the vase life of carnation CFs by reducing the
water deficit, MDA contents, stresses and maintaining
water balance as compared to control. It may also be due
to the significantly alleviated bacterial related blockage
in the end stem of carnation.
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