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ABSTRACT

In this study, the effects of three different bacterial isolates added to the vase
solution on the vase life were investigated. All three bacterial isolates
significantly increased the vase life of gerbera cut flowers. While the vase life of
the flowers in the control solution was 3 days, this period reached up to 11
days in the flowers kept in the vase containing bacteria. Daily water uptake
decreased with increasing time in vase in all treatments. Although there were
some differences between treatments in terms of daily water uptake, it has
been determined that bacteria application does not have a significant effect on
water uptake. The relative fresh weight decreased with increasing time in the
vase. For example, in the solution containing Z7 bacteria, which allows the
flowers to live the longest, the flower weight, which was 89 g on August 11,
decreased day by day and decreased to 68 g on August 23. Bacteria
applications slowed the rate of decrease in fresh weight. Bacillus cereus found to
be more effective than other bacterial isolates in slowing fresh weight decrease.
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1. Introduction

Cut flower, a group of ornamental plants with high added value, gained importance in the early 20 century
and become a growing industry in many parts of the world. The cut flowers production area is increasing in
Tiirkiye as well as in other countries of the world. In Tiirkiye, 1237.4 ha of the 5247.7 ha ornamental plants
production area has been reserved for cut flowers production. In addition, 36 million dollars of the 80 million
dollars revenue earned from the total ornamental plant exports in 2019 was obtained from the cut flowers.
Cut flower production has the largest share (60.9%) in total ornamental plant production (Anonymous,
2020).

Gerbera sp., which belongs to the Asteraceae family, is used as a pot or cut flower (Minerva and Kumar,
2013), and is the most sold flower species in the Royal Flora flower auction of Netherlands, following
important species such as rose, tulip, chrysanthemum and lily (Anonymous, 2017). The area reserved for
Gerbera production in Tiirkiye is in the third following carnations and roses, while the amount of gerbera
production is in the second place after cloves (TUIK, 2018).

The vase life of flowers is an important factor determining the commercial value of a flower (Kilic and
Yaman, 2020), and the long vase life increases the value of cut flowers in the domestic and foreign market.
Therefore, storage and transportation methods should be improved to extend the durability of flowers.
Enabling long-term durability will make a significant contribution to the economy in the cut flower sector.
Genetic characteristics of the plant species, cultural processes, environmental conditions, flower cutting
place, harvest time, water quality in the vase, microorganism activity in the water and the amount of toxic
substances and post-harvest processes are effective on the vase life (Uzun et al., 1983).

The most important factor determining the vase life is the microorganism activities in the vase solution.
Previous studies revealed that these microorganisms reduce the water intake by clogging the vascular
bundles directly or with the substances they secrete (Elhindi, 2012; Lie et al., 2017), thus the water balance of
the plants is wilted, and the vase life is shortened (Tuna, 2012). The treatments to reduce the formation of
microorganisms in the vase solution are effective in prolonging the vase life of cut flowers (Safa et al., 2015;
Khan et al.,, 2015; El-Sayed, 2018; Sharma et al., 2018). Some researchers have pointed out that the effect of
bacteria on vase life varies depending on the type of bacteria (Van Doorn et al., 1991; Jacob and Kim, 2010;
Carlson et al., 2015). Contrasting findings have been reported about the effects of microorganisms on vase
life of cut flowers. Some researchers reported that bacteria in the vase solution have little or no effect on the
vase life (Van Doorn et al.,, 1991;1995), while some revealed that the vase life can be extended by adding
bacteria to the vase solution (Carlson et al., 2015; Naing et al., 2017).

Naing et al. (2017) claimed that bacteria with biocontrol agent properties can contribute to extend life of cut
flowers by killing harmful bacteria formed in the vase solution. In this study, the effects of solutions
containing Bacillus cereus, Pseudomonas putida and Acinetobacter calcoaceticus isolates, which can promote plant
growth directly or by suppressing different disease factors (Imriz et al., 2014), on vase life of gerbera flowers
were investigated.

2. Materials and methods
2.1. Plant materials

Gerbera flowers of Opera cultivar were used in the study. The stems of the harvested flowers were
transported to the laboratory in a bucket full of water, cut at 45 cm lengths and placed in vases containing
250 ml of solution. In this study, the effects of 8 different vase solutions [distilled water as control, 4%
vinegar (V), 108 cells/ml Bacillus cereus (Z7), 108 cells/ml Bacillus cereus + 4% vinegar (Z7+V), 108 cells/ml
Pseudomonas putida (Z12), 108 cells/ml Pseudomonas putida + 4% vinegar (Z212+V), 108 cells/ml Acinetobacter
calcoaceticus (Z13), 108 cells/ml Acinetobacter calcoaceticus + 4% vinegar (Z13+V)] on vase life of cut flowers
were investigated. Sucrose (4%) was added to all solutions including the control. The bacterial isolates used
were collected from different parts of healthy pepper plants in the pepper production areas of Tokat
province. The isolated were identified by morphological, physiological, biochemical tests and MALDI- TOF
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MS technique. The isolates, which were kept as stock cultures in the refrigerator, were grown on Nutrient
Agar medium for 24 h at 27 °C. Bacterial suspension was prepared with sterile distilled water using the
growing bacterial isolates. The density of suspensions was adjusted to 0.3 absorbance value (108 cells/ml
density) under 600 nm light in a spectrophotometer. The study was set up in a randomized plot design with
3 replications and 3 plants in each replication. Cut flowers placed in the vases were stored at room
temperature (25-26 °C).

2.2. Methods

The observations were carried out daily during the storage period, and the vase life, solution uptake of cut
flower stalks and fresh weight ratio were recorded daily. The vase life refers the number of days from
placement of flowers in a vase to the time that the flowers are wilting or the stem is bent more than 90% The
end of vase life for a treatment was considered when 2 out of 3 flowers in a repetition wilted or bend more
than 90°. Water uptake (WU) was calculated using the amount of fresh water that per gram cut flower
absorbs in two days.

SA =5t-2-St/ A0

In the equation, St-2 is the amount of solution at two days ago (ml), St is the amount of solution on t day
(ml), and Ao is the flower weight (g) measured at the beginning. Fresh weight ratio (FWR) was calculated
using the following equation;

FWR= At/A0 x 100

In the equation; At is the weight of a cut flower on t day; A0 is the initial weight of a flower.

The water uptake data, which had normal distribution and the variances were homogeneous, were
subjected to variance analysis, and the mean values of the treatments were compared with the Duncan
multiple comparison test. In contrast, the FWR values had non-normal distribution, therefore the FWR data
converted to normal distribution by square root arsine transformation prior to the statistical analysis. Vase
life values measured as the number of days were analyzed with the Kruskal-Wallis test, which is one of the
nonparametric tests, and the mean values of the treatments were compared with the Bonferroni multiple
comparison test.

3. Results

All three bacterial isolates added to the vase solution caused a significant increase in the vase life of gerbera
cut flowers compared to the control. The vase life of cut flowers kept in the control solution was 3 days,
while the vase life of the flowers in solutions containing Z7, Z12 and Z13 bacterial isolates were 11.3, 9.9 and
8.7 days, respectively (Figure 1). It has been determined that vinegar added to the vase solution causes an
increase in the vase life of the flowers, although not as much as the bacteria application. The effects of
bacteria in the solutions without vinegar were not seen in the solutions with vinegar. The effect of all three
bacterial isolates tended to decrease in the vinegar medium compared to the vinegar-free medium. The
flowers in the solution containing only Z7 bacteria had a vase life of 11.3 days, while the vase life of the same
bacteria was only 6 days when applied with vinegar (Figure 1). A similar vase life was recorded in the other
two bacterial applications with and without vinegar.

The water uptake of cut flowers was measured at two-day intervals. In all treatments, the highest water
uptake occurred in the first two days. In the first two days of water uptake, Z7+V treatment received more
water compared to Z7, Z12 and Z13 treatments. The differences in water uptake between other treatments in
the first two days were not significant. The differences between other treatments, except for the between
vinegar added (V) and control treatments were not significant on the 3rd and 4th days of the vase. The
amount of water uptake between the treatments on the 5th and 6th days was slightly different, while the
water uptake level in the later periods was similar in all treatments (Figure 2).
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Total amount of water uptake in the Z7, Z12 and Z13 treatments during the waiting period in the vase was
higher compared to the other treatments. The lowest total water uptake was recorded in the control.

The relative fresh weights in all treatments slightly decreased until the 4" day of vase life. The decrease in
fresh weight of Z7+V and Z12+V treatments increased after the 4™ day. The relative fresh weight of flowers in
the Z7+V and Z12+VS treatments on the 6" day, which was the end of the vase life, decreased to 70 and
79.1%, respectively. The decrease in the relative fresh weight of Z13 and Z12 treatments increased after the 6t
day. The relative fresh weight of cut flowers in Z13 treatment decreased to 69.9% at 8" day of the vase life.
The flowers in Z12 maintained 55.9% of their initial weight at the 10" day of the vase life (Figure 3).
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Figure1. Effect of PGPRs on vase life in gerbera flower
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Figure 2. Two-day solution uptake of flowers kept in different solutions.

The difference between means of two-day water uptake, denoted by the same lowercase letter, is not significant.
The difference between the means of total water uptake indicated with the same capital letter is not significant.
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4. Discussion

Quality loss in cut flowers has mostly been associated with clogging of the xylem vessels by
microorganisms accumulating in the vase solution (Knee, 2000). The findings indicating that vase life can be
increased with applications that will prevent the accumulation of microorganisms in the vase solution are in
line find the aforementioned cause of quality loss in cut flowers (Mengiig et al., 1991). The increase in vase
life with the vinegar application can be attributed to the bactericidal effect of vinegar (Fei et al., 2010) that
reduced the amount of bacteria in the vase solution. Some studies reported that the bacteria accumulated in
the vase solution shortens the vase life (Solgi et al.,, 2009; Hassan et al., 2014; Lie et al., 2017), while others
revealed that some bacteria may increase the vase life of cut flowers (Carlson et al. 2015; Naing et al., 2017).
In addition, Jacob and Kim (2010) indicated that the effect of microorganisms varies depending on the type
of bacteria present in the solution. Similarly, all three bacteria used in the experiment extended the vase life
of gerbera cut flowers. Naing et al. (2017) revealed that the E. cloacae bacteria applied to the vase solution
increased the water uptake and vase life of cut flowers, and the researchers associated the results with the
destructive effects of E. cloacae bacteria on the microorganisms in the vase solution. In this study, Total
water uptake was higher in bacterial applications, however, a significant increase in daily water uptake due
to bacterial applications was not detected. The result indicates that the increase in vase life caused by bacteria
cannot be explained by the increase in water uptake alone. Naing et al. (2017) stated that the positive effect of
E. cloacae bacteria on vase life of cut flowers may be related to the inhibition of ethylene synthesis, and/or
increased antioxidant activity by the bacteria. Therefore, the positive effect on vase life recorded in this study
may be related to the change in ethylene synthesis and antioxidant activity.

Co-application of the bacteria with vinegar decreased the efficiency of the bacteria. This may be due to
acidic and bactericidal properties of the vinegar, which reduces the effectiveness of the bacteria. Similar to
the results obtained from many other studies (Demircioglu et al., 2018; Ozbucak, 2021; Diindar et al., 2018),
the fresh weight ratio decreased faster in treatments with a shorter vase life.
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Figure 3. The relative fresh weights of cut flowers during the waiting period in the vase

5. Conclusion

All three bacteria significantly extended the vase life of gerbera cut flowers. The result revealed that
bacteria can be used to extend the vase life of cut flowers. The effect of bacteria may vary depending on the
plant species and the microorganism structure in the vase solution, therefore, further studies are needed to
determine the appropriate bacterial strain or combination of races for each plant species. In addition, the
information on the mechanism of the positive effect of some bacteria on the vase life is limited. The
information obtained in the detailed studies can guide to develop new practical methods that will benefit the
cut flower industry.
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