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ABSTRACT Horticulture
To reduce the impact of rapid temperature changes during transportation
on cut flowers, continuous cooling should be provided throughout the Research Article

process. The frigid transportation conditions required to transport cut
flowers from their production facilities to the point where they will be Article History

marketed are quite expensive. Preliminary applications that can Received 112.02.2024
significantly reduce this cost should be made. One of these applications Accepted $26.09.2024
is the use of symbiotic psychrotolerant bacteria, which thrive at low

temperatures, to improve the transportation and shelf life of cut flowers. Keywords

Cut roses are commercially transported and stored at +2-4°C. In this Apoplast

study, the application of psychrotolerant bacteria isolated from plants Psychrophile bacteria
aims to investigate their effects on the transportation and vase life of cut Vase life

roses under unfavorable transport temperature conditions (+10 °C), Cut flower

aiming to minimize potential quality losses. For this objective, 18 Transport

bacterial strains were isolated from the leaf apoplasts of cold-resistant
wild plants. These strains, which exhibit cold tolerance and the ability to
block ethylene synthesis in plants, were used both separately and in
combination. Bacterial solutions were applied to cut rose leaves (Rosa
hybrida L. cv. Samourai), and all treatment groups were kept in
controlled conditions at +10°C for 9 days. Control 1 and Control 2 were
treatments in which only pure water was sprayed on the green leaves of
cut roses at temperatures of +2 °C and +10 °C, respectively. At the end of
the experiment, the cut roses were evaluated according to vase life, fresh
weight, visual quality, and cold damage (CD). The longest vase life was
determined in D3 (DT-10 isolate-Bacillus cereus), D4 (DT-11 isolate-
Bacillus cereus), M1 (DT-17 isolate-P. proteolytica) and K1+B8 (Bacillus
cereus + S. kitahiroshimense) applications. These applications, which
have obtained the highest vase lifetimes, and B5, B8, D1, D2, K3, C1, C2,
M2, and D1 + C1 applications were in the same statistical group. The D3,
D4, M1, and K1+B8 treatments increased the vase life of cut roses by
55.55% compared to Control 2. Control 1 and D1+C1 treatments showed
the highest relative fresh weight increase in 66.06% and 64.28%,
respectively. Among the groups, the D2 (DT-6 isolate- Bacillus cereus) had
the greatest visual quality score. The lowest CD% was observed in the
application involving the D2 isolate, correlating with the highest visual
quality determined under the same D2 application. The study revealed
that postharvest application of Bacillus cereus isolates (especially DT-6
and DT-10) to cut roses increased their vase life.

Baz1 Bakteriyel Izolatlarin Kesme Giil Cigeklerinin Vazo Omriine Etkileri
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gerekmektedir. Kesme ciceklerin lretim yerlerinden pazarlanacaklari
noktaya tasinmasinda gerekli olan soguk tasima kosullari cok maliyetli
olmaktadir. Bu maliyetin azaltilmasinda etkili olabilecek 6n
uygulamalar yapilmalidir. Bu uygulamalardan biri distik sicakliklarda
yasayabilen psikrotolerant bakterilerin kesme ciceklerin taginmasi ve
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sonrasinda raf Omrinin uzatilmasinda uygulanabilmesidir. Kesme Anahtar Kelimeler
giller ticari olarak +2-4°C’de tasinmakta veya depolanmaktadir. Bu Apoplast
calismada, bitkilerden izole edilen psikrotolerant bakterilerin Psikrofil bakteri
uygulanmasinin, kesme gillerin uygun olmayan tasima sicaklig: Vazo 6mri

kosullarinda (+10 °C) tasinmasi ve vazo omril ilizerindeki etkilerini
arastirmak ve olas1 kalite kayiplarini minimuma indirmek
amaglanmigtir. Bunun i¢in soguga dayanikh yabani bitkilerin yaprak
apoplastindan izole edilen, soguga tolerans gosteren ve etilen sentezini
inhibe etme yetenegi gosteren 18 bakteri susu hem ayri1 ayr1 hem de
kombinasyon halinde hazirlanmistir. Daha sonra kesilmis kesme
giillerin (Rosa hybrida L. cv. Samourai) yapraklarina bakteriyel
soliisyonlar uygulandi ve tiim uygulama gruplari 9 giin boyunca +10°C'de
kontrolli kogullar altinda tutulmustur. Kesme giillerin yesil
yapraklarina sadece saf su piiskirtiilen kontrol grubu uygulamalar olan
Kontrol 1 Kontrol 2 uygulamasi, sirasi ile +2 °C ve +10 °C sicaklik
kosullarinda bekletilmiglerdir. Deneme sonunda, kesme giiller vazo
omrii, taze agirhk, gorsel kalite ve soguk hasarina (CD) gore
degerlendirildi. En uzun vazo émrii D3 (DT-10 izolati- Bacillus cereus),
D4 (DT-11 izolati- Bacillus cereus), M1 (DT-17 izolati- P. proteolytica) ve
K1+B8 (Bacillus cereus + S. kitahiroshimense) uygulamalarinda
belirlendi. En yiiksek vazo 6mru elde edilen bu uygulamalar ile B5, B8,
D1, D2, K3, C1, C2, M2 ve D1+C1 (karigtk) uygulamalari aym
istatistiksel grupta yer almistir. D3, D4, M1 ve K1+B8 uygulamalari
Kontrol 2 ile karsilagtirildiginda kesme giillerin vazo omrint %55,55
oraninda arttirmistir. En yliksek bagil taze agirlik artisi Kontrol 1
(%66,06) ve D1+C1 (%64,28) uygulamalarinda tespit edildi. Gruplar
arasinda en yiiksek gorsel kalite puanini bakteriyel uygulama D2 (DT-6
isolate- Bacillus cereus) almistir. En diisiik CD% degeri D2 bakteri
izolatinin kullanildigi uygulamada belirlenmigtir. En iyi gorsel kalite
puani da minimum CD%min goézlemlendigi D2 uygulamasinda
saptanmigtir. Calismada, kesme gullere hasat sonras1 Bacillus cereus
izolatlar1 (6zellikle DT-6 ve DT-10) uygulanmasinin, vazo omrini
artirdig: ortaya koyulmustur.
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INTRODUCTION

Cut flowers, a key commodity in the ornamental plant
industry, rank as the most traded group globally. The
most crucial factor in facilitating the trade of these
products is their ability to be mass-produced and easily
transported (Barlas et al., 2019). The prolonged vase
and/or shelf life significantly influences the pricing of
both cut flowers and potted plants. Disruptions during
transportation, a final stage from sowing to consumer
reach, can lead to a loss of value or render the flowers
less valuable than their production cost. This
disturbance also impacts consumer demand and
satisfaction with cut flowers (Onozaki et al., 2001). It
has been reported that 25% of cut flowers produced in
the world are lost during the transportation and
storage process (Unsal, 2022). In cut flower production
for domestic consumption in our country, it 1is
estimated that the quality loss rate of cut flowers that
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occurs during the transportation and storage process
is around 30-50%, especially due to the inability to
provide a cold chain. However, according to research
conducted with exporters, it was reported that the
highest cost during cut flower production belongs to
transportation costs at 35% (Sénmez, 2012). It has
been reported that the average vase life of different
types of cut flowers decreases by 32% after 4 days of
transportation (Kazaz, 2015).

Studies conducted on various cut flowers have shown
that post-harvest lifespan depends on the respiration
rate, and flower lifespan decreases with increased
respiration. Respiratory speed increases in direct
proportion to temperature. For these reasons, the
temperature after production or harvest must be
reduced to the lowest temperature at which the flower
or plant will not be damaged, and it must be ensured
that the cold chain is not broken during storage and
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transportation throughout all marketing channels.
The temperature just above the freezing point, 0°C, is
the appropriate storage temperature for many
products. Low temperatures can control metabolism,
reduce the consumption of stored compounds and the
amount of water lost through respiration, and limit the
development of pathogens (Da Silva, 2003; Jahnke et
al., 2020). Additionally, low temperatures between 0
°C and 2°C are recommended for storing rose-cut
flowers (Jahnke et al., 2022). Despite all these
justifications and requirements, cut flowers and potted
plants are generally stored or transported at high
temperatures in various marketing channels. This
situation reduces quality by increasing water loss and
accelerating metabolism and ultimately causes
damage to everyone, from the flower producer to the
consumer. Uninterrupted cooling is required for cut
flowers during the transportation process so that they
are less affected by sudden temperature changes
during transportation (Celikel, 2020). The cold
transport conditions required to move cut flowers from
production areas to market points are very costly and
often overlooked. To effectively reduce these costs,
preventive measures that are often deemed necessary
are implemented. One of these measures is the use of
psychrophilic (cold-loving) bacteria in the transport of
cut flowers. These bacteria thrive at low temperatures
(-5 to 15 °C) and exhibit strong adaptations to tolerate
such conditions (Arda, 2000). Some psychrophilic

microorganisms  were isolated from  various
environments such as seas, oceans, soil, fish, and
vegetables (Graumann, 1996). For example,

psychrophilic bacteria isolated from subalpine soil in
the Northwestern Indian Himalayas have been shown
to increase cold tolerance in wheat (Selvakumar et al.,
2008).

Additionally, such bacteria have also been shown to
exist in apoplastic areas of certain plants. The apoplast
is a continuous space in plants formed by inter and
extracellular spaces, cell walls, and dead cells (e.g.
xylem) that lie outside the cell membranes. For a plant,
the apoplast is a dynamic region where most processes
such as growth, nutrition, signal perception, and stress
response regulation occur (Atici & Nalbantoglu, 1999).
Certain psychrophilic bacteria living symbiotically in
the apoplast of some plants can significantly
contribute to the plant's abiotic stress tolerance. For
example, Tiryaki et al. (2019) demonstrated the
success of psychrophilic bacteria isolated from the leaf
apoplasts of 14 cold-tolerant wild plants and 2 different
crops in increasing cold stress tolerance in beans
(Phaseolus vulgaris L.). On the other hand, studies
have reported that bacteria extend vase life, depending
on the type of bacteria present in the vase solution (van
Doorn et al. 1991; Jacob & Kim, 2010; Carlson et al.,
2015). For instance, two strains of Pseudomonas fulva
and Escherichia coli, also known as biocontrol bacteria,
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increased the vase life of cut Zinnia elegans (Carlson
et al., (2015). Naing et al. (2017) also noted that
Enterobacter cloacae was able to extend the vase life of
cloves by 3 days and played an important role in the
biological control of microorganisms causing petal
senescence. According to our knowledge, there is no
existing research attempting to determine the impact
of psychrophilic Plant Growth-Promoting Bacteria
(PGPB) isolated from cold-resistant wild plants on the
vase life of cut flowers in cut flower transportation.

The cold transportation conditions required to
transport cut flowers from their production sites to the
point where they will be marketed are very costly.
Preliminary applications that can be effective in
reducing this cost should be made. One of these
applications is that psychrophile (cold-loving) bacteria,
which can live at low temperatures and have high
adaptations to tolerate this, can be applied to the
transportation of cut flowers. Cut roses are
commercially transported and stored at +2-4 °C. The
main purpose of this research is to examine the effects
of treating cut roses with psychrophile bacteria and
then transporting them under inappropriate
transportation temperature conditions (+10 °C) on the
vase life of cut roses and reducing possible quality
losses. For this purpose, in our study, the effects of 18
different bacterial isolates with psychrophilic
properties isolated from the leaf apoplast
(intercellular) of some cold-resistant wild plants were
investigated in extending the vase life and reducing
quality losses that may occur during the
transportation of cut roses. The results of this study
are believed to contribute to reducing quality and plant
losses during transportation, a crucial issue in the cut
flower sector, while also aiding in lowering
transportation and storage costs and extending the
vase life of cut flowers.

MATERIAL and METHOD
Plant Material

The research was carried out, between April and
December 2022, in the climate chamber and
application laboratory of the Atatiirk University
Faculty of Science Department of Biology. The red
standard type 'Samourai' cut rose cultivar belonging to
the Kosa hybrida L. species was used as plant material.
According to the catalog data of the breeder company,
the petal color of the Samourai variety is red, the
flower stem length is 80-90 cm, the vase life is 10-12
days, the bud length is 5.0-6.0 ¢cm, the number of petals
is 35-40 (Anonymous, 2022). In the world cut rose
trade, the market share of red varieties is 30%. In
Turkey, this rate is 80% (Unsal, 2022). In addition,
since the Samourai cultivar is among the most-grown
rose varieties in Turkey, it was chosen as the plant
material in the research.
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Harvesting Cut Flowers

Cut rose flowers were harvested early in the morning
from the greenhouse of a company that produces
commercial cut roses in Antalya (Turkey) on 11
November 2024, at commercial harvest maturity (as
the petals begin to curl back) (Ueyama & Ichimura,
1998). After harvesting, it was soaked in water for 3-4
hours. The cut roses were given to an agreed bus

Figure 1. The cut roses were packaged in a Wa
during transportation

(placed in perforated cardboard boxes) that will minimize damage

company within the same hours, and they reached us
within 22 hours by road. No cooling conditions are
provided for bus transportation. It was ensured that
the cut roses have as many leaves as possible, their
leaves are not cleaned, and they are packaged in a way
that will minimize damage during transportation
(Figure 1). The experiment was set up by applying the
cut flowers as soon as they arrived.

Sekil 1. Kesilen giiller tasima esnasinda zarar gérmeyecek sekilde (delikli karton kutulara konularak)

paketlenmigtir

Preparation of Bacterial Isolates

In order to isolate psychrophilic bacteria, 14 wild and
2 cultivated plants (Table 1) species resistant to cold
were utilized, collected from Mount Palandoéken in
Erzurum Province, Atatirk University campus
(day/might temperatures of -1°C/-20°C), and the city
center of Erzincan (day/night temperatures of 5°C/-
2°C) (Tiryaki et al., 2019). Bacteria were isolated from
the leaf apoplasts of these plants and after
purification, species identification was made according
to 16S rRNA sequence analysis and Vitek technique.
Twenty plant growth-regulating bacteria (PGPB)
isolates belonging to 10 Dbacterial species were
identified from the leaf apoplast of plants (Table 1).
These are Sphingobacterium faecium (isolates; DT-1,
DT-2, DT-3, DT-9, DT-15), S. kitahiroshimense (DT-4),
Staphylococcus intermedius (DT-5), Bacillus cereus
(DT-6, DT-10, DT-11, DT-12), Pseudomonas fragi (DT-
7, DT-8), P. chloropaphis (DT-14), P. fluorescens (DT-
16, DT-18), P. proteolytica (DT-17, DT-19), Raoultella
ornithinolytica (DT-13), Brevibacterium
frigoritolerans (DT-20) (Tiryaki et al., 2019). These
bacterial isolates were freshly cultured one week
before the cut roses arrived and were prepared
separately in liquid media. The bacterial concentration
of each solution was adjusted to 108 CFU/ml.

Post-harvest Carrying out Pre-Treatment

The flowers, which were harvested at a length of 70 cm
in the producer's greenhouse and brought to the
processing house, were packaged and placed in
perforated cardboard boxes and brought by road to the
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laboratory (Erzurum) where the study would be
carried out within approximately 22 hours. The bottom
parts of the flowers brought to the laboratory were cut
at an angle to a length of 2.5 cm.

Application of Bacterial Solutions

Application groups consisted of 18 bacterial isolates
and 2 control groups (pure water), each with three
repetitions. The solutions from the application groups
were sprayed to fully moisten the green leaves of cut
roses. Applications were made once to the cut roses.
The control-2 received no bacterial application; only
pure water was sprayed on the green leaves, and these
were placed at +10°C in the dark (Figure 2a-f).
Following the completion of the spraying process, the
cut roses were enveloped in paper packages and
positioned in perforated boxes. These boxes were then

situated in a climate chamber adjusted to
environmental conditions (+10°C in the dark) within
the transport vehicle. Concurrently, another

application group was prepared, where roses were kept
in the dark, enclosed in paper packages, and placed in
perforated boxes at 0°C (Celikel, 2020), just above the
freezing point, with pure water sprayed solely on the
leaves (Figure 2a-f). The applications and their
corresponding codes are detailed in Table 2. The roses
earmarked for application were stored in water. For 5
days, cut roses were kept at both temperatures (+10°C
and 0°C). On the fifth day, to initiate the vase life
experiment (Figure 2 g-h), the lower portions of the
flowers were cut at an oblique angle to a length of 2.5
cm, and any remaining leaves in the vase water were
manually removed.
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Table 1. Bacteria and the plants from which they were isolated (Tiryaki et al. 2019).
Cizelge 2. Bakteriler ve izole edildikleri bitkiler (Tiryaki ve ark. 2019).
Plant Bacteria Isolate Plant Bacteria Isolate
Onosma isauricum Sp. ]H.ﬂg obacterium DT-1 Fragaria vesca Bacillus cereus DT-11
faecium
Ver{)ascum' ' Spbngobactenum DT-2 T.'araxacum Bacillus cereus DT-12
cherranthhifolium faecium sieheanum
Chenopodium Spbngobactenum DT-3 Galanthus gracilis Rao_u]t.e]]a _ DT-13
botrys faecium ornithinolytica
Chenopodium Sphingobacterium ) . Pseudomonas i
foliousum kitahiroshimense DT-4 Galanthus gracilis chloropaphis DT-14
Mpyosotis alpestris Sta ph y]ocioccus DT-5 Galanthus gracilis Sp]u‘ngobacten um o
sp. Intermedius faecium
Capseltla bursa- Bacillus cereus DT-6 Co]c{ucum Pseudomonas DT-16
pastoris sp. speciousum fluorescens
Arte@JSJa Pseudomonas fragi  DT-T Co]c];zcum Pseudomc?nas DT-17
austriaca speclousum proteolytica
Draba nemorosa Pseudomonas fragi DT-8 Scilla siberica Pseudomonas DT-18
fluorescens
Rapban’us Spbngobactenum DT-9 Spilla siberica Pseudom(?nas DT-19
raphanistrum faecium proteolytica
Trifolium repens Bacillus cereus DT-10 Erodium cicutarium BI.'e Vll?acterlum DT-20
frigoritolerans

a‘_—l

[

-

aviniy g

Figure 2. Spraying the leaves of cut roses with application solutions until they are completely wet, then wrapping
them in paper again and placing them in a dark environment at +10°C (a-f); roses removed on the 5th
day of bacterial treatment and placed in vases in climate chamber conditions (g-h); stage of construction
process determining the % cold damage on leaves (1)

Sekil 2. Kesme glillerin yapraklarina tamamen 1slanacak sekilde uygulama soliisyonlar: pliskiirtiilerek tekrar
kagida sarilarak +10 °C'de (a-f) karanhk ortama hazirlanmasy giiller bakteri uygulamalarinin 5.
glintinde ¢ikarithp iklim odasi kosullarinda vazolara yerlestirildi (g-h); yapraklarda soguktan
kaynaklanan zararin % 'sini belirleme asamasi (1)
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Conditions for Determining Vase Life

The vase life of flowers was assessed under controlled
conditions in a growth chamber with a temperature of
21+2.0°C, relative humidity of 65+5%, light intensity of
1000 lux, and a day length of 12 hours (Ueyama &
Ichimura, 1998; Lii et al., 2010). The vases utilized for
the vase life studies had a volume of 5 liters and were
filled with 3 liters of pure water. Each vase

Table 2. The applications and codes used in the study.
Cizelge 3. Calismada yapilan uygulamalar ve kodlari.

accommodated three cut roses (Figure 2 g-h).

Parameters Examined in Cut Flowers

Vase life (days): Vase life for cut rose flowers are
accepted as the number of days from the day the
flowers are placed in the vase (start) to the day when
the petals begin to fade, and the flower necks begin to
bend (Ichimura et al. 1999; Lii et al. 2010).

Applications Bacteria Temperature / Light

+2 °C

1 Control-1 Darkness
10 °C

2 Control-2 Darkness

3 B1(DT-1 isolate)

4 B3 (DT-2isolate) 10 °C

5  B4(DT-3 isolate) Sphingobacterium faecium Dark

6  B5 (DT-9isolate) arkness

7 B6 (DT-15 isolate)

8 B8 (DT-4isolate) S. kitahiroshimense 10 oC

9 D1 (DT-5 isolate) Staphylococcus intermedius Darkness

10 D2 (DT-6 isolate)

11 D3 (DT-10 isolate) Bacill 10 °C

12 D4 (DT-11 isolate) aciius cereus Darkness

13 K1 (DT-12 isolate)

14 K2 (DT-7 isolate) Pseud fraci 10 °C

15 K3 (DT-8isolate) seudomonas Iragl Darkness

. . 10 °C

16  G1 (DT-14 isolate) P. chloropaphis Darkness

17 €1 (DT-16 isolate) P A 10 °C

18 (€2 (DT-18 isolate) - Huorescens Darkness

19 M1 (DT-17 isolate) p Ivti 10 °C

20 M2 (DT-19 isolate) - proteolytica Darkness

. . Bacillus cereus + S.
21  Ki1+B8 [(DT-12 isolate) + (DT-4 isolate)] Kitahiroshimense 10 °C
22  D1+C1 [(DT-5 isolate) + (DT-16 isolate] gtap hylococcus intermedius + P. Darkness
uorescens

Visual quality: Fading, darkening, bluing, curling
backwards, drying and falling off of the petals of all
flowers, blooming and bending of the flowers, and
yellowing, drying and falling off of the leaves were
taken into consideration and evaluated on a 1-5 scale
(Score 1: very bad, Score 2: bad, Score 3: medium, Score
4: good, Score 5: very good). Visual quality assessment
was made on the 8th day of the flowers' vase life.

Viability Test (Membrane permeability): By
measuring cold damage (%) in control and bacteria-
applied plant leaves, the role of the applied bacteria in
preventing cold damage in the leaves was determined
(Figure 2i). The determination of this parameter was
carried out as follows: 0.1 g of fresh leaf sample was
placed in each of the 20 test tubes. The tubes were
placed collectively in a water bath that could be
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adjusted up to -16°C (alcohol mixed with water was
added to prevent the interior of the bath from freezing)
and all tubes were kept for 10 minutes at each degree
from -1 to -16°C. 4 ml of pure water was put into each
tube taken from the bath and these tubes were kept at
4°C for 24 hours. Later, the amount of ions transferred
to pure water by thawing the frozen leaf in these tubes
was measured with an electrical conductometer and
the values were converted to cold damage according to
the method of Griffith et al. (1992) and Tasgin et al.
(2003).

Fresh weight (FW): Branch weights of the flowers used
in the experiment were calculated daily by taking the
difference between the weights of vases with and
without flowers on a digital scale sensitive to 0.01 g.
During the vase life of the flowers, proportional fresh
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weight measurements were made at 2-day intervals
(Day 1, Day 3, Day 5, Day 7, and Day 9). The following
formula was used to calculate the proportional fresh
weight (He et al., 2006).

FW (%) = (At/At=0) x 100

At: Branch weight on day t (e.g. 1st, 2nd, 3rd, etc.)

At=0: Initial (day 0) weight of the branch

Statistical Analysis

The study was set up with 3 replications according to
the Randomized Plot Trial Design and a total of 189
flowers were used, 3 flowers in each replication. The
numerical data obtained were subjected to analysis of
variance (ANOVA) using the IBM SPSS version 25.0
package program, and the Duncan multiple
comparison method (p<0.05) was used to determine the
differences between the averages.

RESULTS and DISCUSSION

Vase life: In the ornamental plants sector, the vase life
of cut flowers is one of the fundamental criteria for

evaluating quality. The vase life of cut rose flowers is
generally short due to both wilting of flowers and neck
bending (Unsal, 2022). In this research, the necessary
cold transportation conditions were set up (+10 °C) in
the transportation of cut rose flowers from their
production areas to the point where they will be
marketed, and then the bacteria isolated from the leaf
apoplast of the cold-tolerant plants (14 wild and 2
cultivated) were applied to the leaves of cut flowers of
the rose plant (Rosa Aybrida L.'Samourai'). Among the
bacterial applications, the lowest vase life was
obtained from Control 1, B3, and K1 isolates. The
applications with the longest vase life were determined
numerically as D3, D4, M1, and K1 + B8. Both petals
and green leaves maintained their (in D3, D4, M1, and
K1 + B8 applications) vitality until the 9th day when
the vase life period was evaluated. These applications,
which have obtained the highest vase lifetimes, and
B5, B8, D1, D2, K3, C1, ¢C2, M2, and D1 + C1
applications were in the same statistical group (Table
3). When compared to Control 2, D3, D4, M1, and K1
+ B8 applications extended the vase life of cut roses by
55.55%.

Table 3. Effects of the bacterial isolates on vase lifetime (days), visual quality scores, and % cold damage on leaves

of cut roses

Cizelge 4. Bakteri izolatlarinin kesme giil yapraklarinda vazo émrii (giin), gérsel kalite puanlari ve soguk zarar

ylizdesine etkileri.

Applications Vase life (days)

Visual quality (1-5 scale) Damage% (uS)

Control 1 (+2 °C) 1.00+0.000 g *** 1.33 75.55+3.410 »s
Control 2 (+10 °C) 5.00+1.000 ef 3.33 50.424+0.530
B1 6.00+1.000 cde 4.33 33.44+2.340
B3 1.00+0.000 g 4.33 29.83+1.880
B4 5.67+0.577 de 3.00 28.33+1.873
B5 8.00+1.732 ab 3.33 20.13+0.650
B6 4.00+1.000 f 3.33 49.25+0.820
B8 8.67+0.577 ab 2.67 23.26+0.280
D1 8.33+1.154 ab 4.67 40.47+0.480
D2 8.67+0.577 ab 5.00 12.63+1.150
D3 9.00+0.000 a 3.33 30.05+1.040
D4 9.00+0.000 a 4.67 32.20+0.934
K1 2.00+1.000 g 1.67 34.37+0.760
K2 7.00+1.000 bed 3.00 33.62+0.730
K3 8.00+1.732 ab 4.00 24.69+0.730
G1 4.00+1.000 f 1.00 46.39+0.610
C1 8.00+1.000 ab 4.67 35.22+0.660
C2 7.33+0.577 abe 1.67 37.60+1.470
M1 9.00+0.000 a 3.67 25.07+0.270
M2 8.33+0.577 ab 2.67 99.50+0.866
K1+ B8 9.00+0.000 a 4.67 72.02+1.390
D1+ (1 7.67+1.527b 3.33 55.08+0.210
Fvalue F(25.112)= 0.000 F(741.975)= 0.000

ns: insignificant at p>0.05, statistically significant at probability level of ***P<0.001. Note: There is no difference between the

means indicated with the same letter at the 5% significance level.

Some studies have reported that bacteria extend vase
life, depending on the type of bacteria present in the
vase solution (van Doorn et al., 1991; Jacob & Kim,
2010; Carlson et al., 2015). Carlson et al. (2015),
reported that two bacterial strains (Pseudomonas
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fulva and Escherichia coli), also known as biocontrol
bacteria, increased the vase life of cut Zinnia elegans.
Additionally, Naing et al. (2017) reported that
Enterobacter cloacae, a biocontrol bacterium, can
extend the vase life of cloves by 3 days and plays an
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important role in the biological control of
microorganisms that cause petal senescence. Previous
studies were generally carried out by adding beneficial
bacteria to the vase solution. In this context, it was not
possible to directly compare the present research
results because we did not find the relevant literature.

Visual quality: Visual quality, the common day when
deterioration started in all applications, was the 8th
day of vase’s life. Therefore, the wvisual quality
parameter was evaluated on the 8th day of vase’s life.
In the present study, data regarding the visual quality
scores of flowers are given in Table 3. It was
determined that the flowers received 1 to 5 quality
points on the scale created to evaluate the visual
quality of the flowers. Among the applications,
bacteria application D2 received the highest visual
quality score (5 points). D1, D4, C1, K1, and K1 + B8
applications received 4.67 from this rating. In these
applications, deformations began in both flowers and
leaves. In general, cut roses maintained their visual
quality criteria in the vase for 9 days with D2, D1, D4,
C1, K1 and K1 + B8 applications. Control-2 and C2
applications dried out due to the climate chamber
problem before they were taken into vase life trials,
and the flowers belonging to the groups to which B5,
B6, K1, and G1 bacterial isolates were applied started
to bend before they fully opened, and neck bending
continued in the flowers in the following days of vase
life.

Some endophytic bacteria that live symbiotically with
plants contain ACC deaminase (1-aminocyclopropane-
1-carboxylic acid deaminase) enzyme, which prevents
the synthesis of ethylene produced in the plant.
Thanks to this enzyme, these bacteria suppress
ethylene synthesis in the plant, causing positive effects
on delaying senescence and longevity. ACC deminase
activity of bacterial isolates isolated from cold-tolerant
wild plants used in the research was determined as a
result of the research conducted by Tiryaki (2015). It
has been reported that there are differences in ACC
deminase activity among isolates and that the
bacterial isolate with the highest ACC deaminase
activity is K2 [Brevibacterium frigoritolerans (DT-20)]
(Tiryaki, 2015). As a result of the present research, the
applications that received the highest visual quality
scores, D2, D1, D4, C1, K1 and KI1+BS8, contain
Staphylococcus intermedius (D1), Bacillus cereus (D2,
D4), P. fluorescens (C1, K1) and Bacillus cereus + S.
kitahiroshimense (K1 + B8) isolates.

Viability Test: Electrolyte leakage in tissues increases
due to the damage to cell membranes after chilling or
freezing as a result of low temperatures (Jha et al.,
2019). Due to the increase in membrane permeability,
the electrolyte exchange between cells and the external
environment increases. Increased electrolyte leakage
is directly related to chilling or cold damage (CD%) in
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cells and tissues (Campos et al., 2003). In this research,
18 different endophytic bacteria isolated from the leaf
apoplast of cold-resistant wild plants and containing
enzymes that inhibit ethylene synthesis in the plant
were applied. When the CD% values on green leaves
given in Table 3 are examined, the highest cold damage
was determined in the application of Control 1 (+2 °C).
Leaf application of all bacterial isolates was made at
+10 °C. In this case, the cold damage determined to be
50% and above was determined in Control-2, M2, K1 +
B8, and D1 + C1. The lowest CD% was determined in
the D2 bacterial isolate (Table 3).

The cold damage parameter on leaves is generally used
as a stress parameter. In the study, cold damage levels
in leaves have been analyzed to determine stress
tolerance or degree of protection from stress damage.
In the literature, we have not come across a study that
determines the DH% for a plant that is kept at a low
temperature such as + 10 °C for a certain period after
PGPB is applied to a plant and then kept in a vase at
room temperature conditions. Therefore, it is not
possible to directly compare the data with a similar
study. Studies are determining the effects of PGPBs
applied under low-temperature conditions on plant
%DH (Ait Barka et al., 2006; Turan et al., 2013;
Tiryaki, 2015). However, the present study’s subject
and purpose are different from these studies and
comparisons cannot be made. Psychrophile (cold-
loving) bacteria, which can live at low temperatures
and have high adaptations to tolerate this, have
reproductive temperatures between 0-4°C, and their
enzymes can show activity between —5°C and +20°C
(Arda, 2000). Many researchers have isolated
psychrophile microorganisms from various
environments such as seas, oceans, soils, fish, milk,
meat, and vegetables (Graumann, 1996). It was
concluded that the psychrophile (cold-loving) bacteria
used in the present study, especially D2, has been
reached and can be applied in the transportation of cut
flowers.

It has been shown that psychrophile PGPBs isolated
from cold-tolerant wild plants can increase low-
temperature tolerance in some plants (Selvakumar et
al., 2008). In addition to surviving at extremely low
temperatures, “psychrophiles” also secrete active
biomolecules that can promote plant growth in low-
temperature ranges (Rondén et al., 2019; Yadav et al.,
2016; Balcizar et al., 2015). In the D2 application,
where the minimum CD% was determined, the best
visual quality score was also determined. It is thought
that this practice may have played a role in increasing
tolerance to water loss in cut roses.

Fresh weight (FW): The effect of different bacterial
isolate applications on relative fresh weight and the
weight changes that occurred during the 9-day vase
period are given in Figure 3.
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Figure 3. Effects of the bacterial isolates on the relative fresh weight (%) of cut roses. C1: Control (+2 °C); C2:
Control (+10 °C). (F values: 1st day F(2.023)=0,24; 3vd day F(1.290)=0,233; 5th day F(2.159)=0,016; 7th day
F(1.101)=0,382; 9tk day F(1.225)=0,278). Statistically significant at probability level of P<0.05.

Sekil 3. Bakteri izolatlarinin kesme giillerin bagil taze agirligi (%) tizerine etkileri.

It was determined that the applications were
significantly effective (p<0.001) on the relative FW
change of cut rose. At the end of the first day of vase
life, the highest relative FW increase among the
applications was determined in all applications except
the application groups in which B5 and B6 bacterial
isolates were applied. The lowest relative FW increase
was seen in the B5 application. At the end of the 9th
day of the study, the highest FW weight increase was
detected in Control 1 (66.06%) and D1+C1 applications
(64.28%) (Figure 3).

Researchers reported that the proportional fresh
weight increases in cut roses were first between days
3-9 st and started to decrease after the 9th day
(Ichimura et al., 1999; Alaey et al., 2011; Tuna, 2012).
Ichimura et al. (2002) also reported that the relative
FW of cut roses increased until the 3rd day in control
and until the 6th day in different flower preservatives.
Although the results obtained in the present study are
generally compatible with the above literature, it is
observed that the proportional FW change varies
according to bacterial isolates. It is thought that this
may be due to the variety used and trial conditions. In
the current study, only tap water was placed in the
vases of all application groups as a vase solution. The
flower stems of the cut roses at the beginning of the
experiment were cut to a length of 1-1.5 cm and
included in the experiment. The decrease in fresh
weight ratios has nothing to do with nutritional or vase
solution content. We think that the proportional
changes in FW may be due to +10 °C conditions not
being optimum. Especially Control-2 and (2
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applications suffered from drying damage to petals and
leaves before they were placed in the vase.
Additionally, we think that the shedding of green
leaves, which could not be foreseen before the
experiment, may be misleading in the measurement of
these weights. The present research, in which a
method that has not been done or applied before, is the
first of these important studies. We believe that it can
serve as a guide for future studies.

CONCLUSION

In the current research, bacteria isolated from the leaf
apoplast of 16 different cold-resistant plants were
separately applied to the plant leaves to partially
create the necessary cold transportation conditions for
the transportation of cut rose flowers from the
greenhouse to the point where they will be marketed.
At the same time, two different bacterial formulations
prepared with two binary bacterial strains were
applied. The effects of the applications on the
parameters affecting the vase life of cut roses were
examined and evaluations were made. It has been
determined that applications in which D3, D4, M1, and
K1 + B8 bacterial isolates are used in the
transportation of cut flowers are promising
applications in terms of ensuring less cooling, minimal
loss in cut flower quality, extending vase life, and
reducing cooling costs. In general, with D2, D1, D4, C1,
K1, and K1+B8 applications, cut roses maintained
their visual quality criteria in the vase for 9 days. The
present study is the first to aim to provide less cooling
and extend vase life by using psychrophile PGPBs in
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the transportation of cut flowers. Research should be
continued by enriching the number and content of
studies for this purpose.
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