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Abstract

Eremurus spectabilis is a new, commercially valuable specialty cut flower, but little is known about the applicable treatments to
extend the vase-life and maintaining the ornamental quality of this flower. Therefore, the present study was aimed at investigating
the impacts of nano-silver, essential oils, and chemical treatments on keeping ornamental quality and vase-life of cut inflorescences
of Foxtail lily. The cut inflorescences were placed in different vase solutions containing salicylic acid (100 and 200 mg L"), methyl
jasmonate (25 and 50 mg L), silver thiosulfate (0.1 mM) plus isothiazolinone (0.001 and 0.005 mL L"), nano-silver (5, 10, and
15 mg L"), thymol (75 and 120 mg L"), and menthol (75 and 120 mg L"), which were applied as continuous and pulsing methods.
According to the results, all treatments considerably improved the post-harvest performance of Foxtail lily cut flowers. Although
there were no significant differences among nano-silver (NS) treatments, the cut inflorescences kept in vase solution containing 10
mg L' of NS exhibited the longest vase life (~14 days) and the best ornamental quality. Nano-silver treatment followed by silver-
thiosulfate significantly improved solution uptake by flowering inflorescences, thereby delaying the water balance loss and keeping
relative fresh weight. Furthermore, 50 mg L' methyl jasmonate- and 75 mg L' menthol-treated cut inflorescences exhibited
significantly higher vase-life longevity by ~ 6 and 4 days, total soluble solutes by 28.38% and 19.12%, and solution uptake
rate by 76.46% and 140.6%, respectively, as compared to control. Overall, 10 mg L' NS can be recommended as a commercial
preservative solution to delay flower senescence and improve the vase life and keeping the quality of foxtail cut inflorescence.
Keywords: Eremurus spectabilis, ornamental quality, postharvest treatments, vase solution.

Resumo
Consequéncias de tratamentos naturais e quimicos na vida de um vaso em Foxtail Lily
Eremurus spectabilis), como flores de corte especiais

Eremurus spectabilis ¢ uma nova flor de corte com valor comercial, mas pouco se sabe sobre os tratamentos aplicaveis para
prolongar a vida de vaso e manter a qualidade ornamental desta flor. Portanto, o presente estudo teve como objetivo investigar
os impactos da nanoprata, dos 6leos essenciais e dos tratamentos quimicos na manuten¢do da qualidade ornamental e da vida de
vaso de inflorescéncias cortadas de eremurus ou lirio-rabo-de raposa. As inflorescéncias cortadas foram submetidas a diferentes
solugdes de vaso contendo acido salicilico (100 e 200 mg L), jasmonato de metila (25 ¢ 50 mg L), tiossulfato de prata (0,1
mM) mais isotiazolinona (0,001 e 0,005 ml L' ), nanoprata (5, 10 e 15 mg L"), timol (75 ¢ 120 mg L") e mentol (75 e 120 mg
L"), os quais foram aplicados nos métodos continuo e pulsado. De acordo com os resultados, todos os tratamentos melhoraram
consideravelmente o desempenho pds-colheita de flores de corte de lirio rabo-de-raposa. Embora ndo tenha havido diferengas
significativas entre os tratamentos com nanoprata (NS), as inflorescéncias cortadas mantidas em solu¢do de vaso contendo 10
mg L' de NS exibiram a maior vida de vaso (~ 14 dias) e a melhor qualidade ornamental. O tratamento com nanoprata seguido
por tiossulfato de prata melhorou significativamente a absor¢ao da solugdo pelas inflorescéncias em flor, atrasando assim a perda
do equilibrio de agua e mantendo o peso fresco relativo. Além disso, as inflorescéncias cortadas tratadas com 50 mg L' de metil
jasmonato e 75 mg L' de mentol exibiram longevidade de vaso significativamente maior em ~ 6 e 4 dias, solutos soltiveis totais em
28,38% e 19,12% e taxa de absorc¢ao de solucdo em 76,46% e 140,6%, respectivamente, em comparagdo com o controle. No geral,
10 mg L' NS pode ser recomendado como uma solug¢@o conservante comercial para atrasar a senescéncia da flor e melhorar a vida
de vaso e manter a qualidade da inflorescéncia de corte de lirio rabo-de-raposa.
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Introduction

Desert candle or foxtail lily (Eremurus spectabilis),
an ornamental plant of the Asphodelaceae family, is
one of the indigenous plants of temperate regions, in

Stage 2

Figure 1. The structure of aerial (A), root system (B),
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which spike-type inflorescences (Figure 1C) are found in
several colors (Schiappacasse et al., 2013; Ahmad et al.,
2014). This plant is well recognized for its starfish-like
root system (Figure 1B) and the long and narrow leaves
(Figure 1A).

Stage 3 Stage 4 Stage §

and the inflorescence (C) of Eremurus spectabilis. The

development stage of florets in the inflorescence based on their deterioration and opening status [Bare = 1cm] (D).

Eremurus genus has about 40 species and several
varieties and hybrids which widespread in western and
central Asia countries, including in Iran, western Pakistan,
Turkey, Lebanon, Syria, and Caucasus (Schiappacasse et
al., 2013). Iran is considered to be one of the main regions
for growing seven species of Eremurus (Hadizadeh et al.,
2020), with four species native to Golestan province (north
of Iran). Among them, E. spectabilis is the most abundant
species as a spring ornamental geophyte with shiny yellow
to white flowers that can be cultivated in the outdoor
conditions of this area.

The vase longevity is one of the most key parameters
for the evaluation of the quality of cut flowers. Short vase
life, early senescence and wilting are considered as the
main obstacles for commercializing cut flowers (Mansouri,
2012). From the physiological point, short vase life and
early senescence are mainly attributing to blockage of
xylem vessels, resulting in water stress in different tissues
of cut flower. This vessel blockage can be induced by
the formation of air bubbles in the vascular system (Van
Doorn, 2013), the rapid proliferation of microorganisms,
and the plant response to wound cutting (Van Doorn, 2013;
Li et al., 2017). Several post-harvest treatments have been
recommended for enhancing water uptake and increasing
the vase-life of cut flowers, including the application
of germicide and chemical preservatives (Akhtar, et al.,
2021). These preservatives must include particularly multi
components, germicides and sugar (Akhtar, et al., 2021).

Suppression of microbial proliferation is a major key
factor for enhancing the longevity and quality of cut flowers
(Naing and Kim, 2020). Chlorine, 8- hydroxyquinoline
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sulfate (8-HQS), and hydrogen gas have been widely used
to improve the vase life of cut flowers in the floral industry
(Van Doorn, 2013; Wang et al., 2020). However, most of
these commercial agents still have some disadvantages,
such as no ideal effect, poor stability, environmental
pollution and toxicity (Li et al., 2017). In this context, nano-
silver (NS), due to strong antibacterial activity and wide
activity spectrum and safety, recently gained attention as a
promising antimicrobial agent (Li et al., 2017; Langroudi
et al., 2020).

The positive effects of nano-silver have been found
for reducing ethylene production and improving the
vase life longevity of cut flowers (Naing and Kim,
2020). Furthermore, NS particles treatment significantly
suppressed the expression levels of ACS/ and ACOI
genes of ethylene biosynthesis pathway as well as petal
senescence-related gene (CPI), resulting in significantly
extended vase life of carnation flower (Naing et al., 2017;
Park et al., 2017; Naing et al., 2021). Furthermore, the
use of non-chemical alternatives such as plant essential
oils recently has become a common practice in the post-
harvest pathogen control due to environment-friendly and
antimicrobial characteristics (Akhtar et al., 2021).

Vase life of Gerbera Jamesonii Cv. ‘Dune’ Improved by
addition of 100 mg L ! essential oil (Solgi et al., 2009). In
carnation flower application of Lavender or Thyme essential
oil to the vase solution increased the vase life compared
to the control (Kazemi and Ameri, 2012). However, the
effectiveness of the above natural and chemical compounds
may be varied between different cut flower species and
need to be optimized in a specific cut flower.

V. 28, N°. 1, 2022 p. 120-128
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In recent years, there is a growing demand for Foxtail
lily cut inflorescences in the trade market. The evaluation
of effective post-harvest strategies for extending the vase-
life of this cut flower has hardly been studied (Ahmad et
al., 2014). However, there is limited data on the influence
of various natural and chemical agents for prolong the
vase life of this cut flower. Therefore, the objective of the
present study was to evaluate and compare the effect of
several post-harvest applications of anti-microbial as well
as anti-ethylene agents on maintaining quality and the
prolong vase life of cut Foxtail lily inflorescences.

Materials and Methods

Plant materials

The inflorescences of E. spectabilis Clade 11
(Hadizadeh et al., 2020), an endemic species of Foxtail
lily in northern Iran, were studied in this experiment.
Foxtail lily inflorescences were kindly purchased from
Golestan National Park [Location: Iran. Latitude: 37°
32’ 49.8” (37.5472°) North. Longitude: 56° 23° 22.4”
(56.3896°) East. Elevation: 1,150 meters (3,773 feet)]
and immediately brought to the laboratory of the Faculty

Table 1. List of chemical material used in this study

VASE LIFE CONSEQUENCES OF NATURAL AND CHEMICAL TREATMENTS IN FOXTAIL LILY
(EREMURUS SPECTABILIS), AS A SPECIALTY CUT FLOWERS

of Plant Production, Gorgan University of Agricultural
Sciences and Natural Resources. The harvested
inflorescences were bunched and submerged in the water
during transfer to prevent dehydration. In the laboratory,
uniform inflorescences free of any visual defects were
choices for use in this study. Before treatment, the distal
end of spikes was re-cut to the length of 65 cm under
deionized water to eliminate intra-vessels and end-of-
stem bubbles.

Treatments

The experiment was carried out as a CRD with 14
treatments and 3 replications, with 3 inflorescences in each
replication. The postharvest treatments consisted of salicylic
acid (SA) at 100 and 200 mg L' (pulse treatment), methyl
jasmonate (MeJA) at 25 and 50 mg L' (pulse treatment), 1
mM of silver thiosulfate (STS) + isothiazolinone (ITZ) at
1 and 5 pl L' (pulse treatment), nano-silver (NS) at 5, 10
and 15 mg L™ (in preservative solutions), thymol at 75 and
120 mg L' (in preservative solutions), and menthol at 75
and 120 mg L' (in preservative solutions). The chemical
materials, along with their purity used in this study, are
listed in Table 1.

Chemical material Chemical/Hill formula Purity (%) Company
Thymol C,H, 08 Merck
(-)-Menthol CH,0 99.0 Merck

Nanosilver Ag 99.99 Fine Nano
Salicylic acid HOC H,COOH 99.5 Merck
Methyl jasmonate (O=)C5H6(CH2CH=CHC2H5)CH2CO2CH3 98.0 Sigma
Silver sulfate Ag,SO, 98.5 Merck

All pulse treatments were applied for 24 h at 25 °C
and control inflorescences were pulsed in deionized water.
The inflorescences were placed in vase containing 500
mL solution. Sucrose at 5% was added to all preservative
solutions. The treatment influences were investigated by
maintaining the cut inflorescences in the laboratory at a
relative humidity of 60+5 °C, the temperature of 20+2 °C,
and light intensity 12 pmol m? s with a photoperiod of 12
h provided by cool-white fluorescent lamps. The harvest
day was considered day zero.

Vase performance assessments

The vase life and the ‘ornamental quality’, of cut foxtail
lily inflorescences were evaluated on perceived floret
opening stage, gravitropism, and petal rolling, necrosis,
browning, or wilting. The deterioration and opening status
of florets was classed in flower bud (stage 1), half-open
(stage 2), full open (stage 3), beginning of wilting (stage 4),
and full wilting (stage 5) [Figure 1D]. The visual rating of
ornamental quality was carried out based on a scale from 1
to 10, where: 10 = 100% of florets were in stage 1 to 3 and
free of any petal rolling and discoloration and 1 = 90-100%

Ownam. Houtic. (Vigosa)

florets were in stage 4 and 5 with rolled and discolored
petals. The vase life of an inflorescence was judged as
ended when either ornamental quality was <5 or the cut
inflorescence at an angle greater than 70°.

Measurement of water relations

The preservative solution weight, without and with
cut inflorescence, was recorded every three days during the
vase-life evaluation period. The uptake of water from the
inflorescence was measured using the formula and expressed
in gram/inflorescence for that period: Water uptake= PS -
PS_; where PS is the weight of the preservative solution (in
g) atd=day 3, 6,9, and PS ,is the weight of the preservative
solution (g) on the 3 previous days.

The loss of water from the cut inflorescence was
obtained by the difference between combined weights of
the cut inflorescence and preservative solution during the
evaluation period, and it is expressed in gram/cut stem for
that period. The water balance of the cut inflorescence was
calculated by the difference in water uptake from the vase
and transpiration from the inflorescence [water loss] (Li et
al., 2017).

V.28, Ne. 1, 2022 p. 120-129
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Relative fresh weight (RFW)

The relative fresh weight of the cut inflorescences of
foxtail lily was measured using the following equation:

Where, Wt is the inflorescence weight (g) at t= three,
six or nine days during the vase-life evaluation period; WO
is the inflorescence weight (g) at t = day zero (Barrs and
Weatherley, 1962).

Total soluble solids of petals

Total soluble solids (TSS) in petals was measured by
ABBE digital refractometer and expressed on the basis of
degrees Brix (° Brix). In brief, 0.5 g of petals were taken
and pulverized in a porcelain mortar. The obtained extract
was filtered and few drops of it were poured over the glass
of the refractometer. The data were recorded in light at 20
°C (Gebremedhin et al., 2013).

Statistical analysis

Analysis of variance (ANOVA) was performed by SAS
software (version 9.1, SAS Inst., Inc., Cary, NC) and means
were separated at 1% or 5% levels of probability using
Fisher’s least significant difference (LSD). For associations
between traits and treatments, the biplot analysis was made
by means of the Statgraphics centurion XVI software and
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two first principal components (PC, and PC)) was plotted
for polygon view of the biplot and the average tester
coordination. The visual correlations were estimated by
using a vector view biplot existing between the traits (the
cosine of the angle between their vectors).

Results

Data analysis revealed that the vase life of Foxtail
flowers was significantly (p < 0.01) affected by different
postharvest treatments (Figure 2B). All pulse treatments
and preservative solutions, except preservative solution
containing 120 mg L' thymol, significantly prolonged the
vase life of Foxtail cut inflorescences as compared to the
control treatment (Figure 2B). The longest vase-life, 13.66
days, was observed in 10 mg L' of nano-silver, followed
by 15 mg L' (12.66 days) and 5 mg L' (12.33 days) of
this compound. Among plant growth regulators, pulse
treatment of methyl jasmonate in both concentrations
was more effective in prolonging vase life compare to
salicylic acid. Further, the vase life of inflorescences in
a preservative solution containing 75 mg L' of menthol
and thymol were higher than that in 120 mg L' of these
essential oils (Figure 2B).

A, —o— Contral
& SA (100w
—— A 4
12 - - MelA (25 mg/h)
: [ == MeJA (50 mg/l)
S 10 & STSHITZ (110.001 mV)
2 x & . STS+ ITZ (1+0.005 mU1)
& 5 | Rt L ===&--- NS (5 mg/l}
E ¥ == —=— NS (10 mg/h)
= < N i‘h = - NS (15 mg/)
§ O \“--‘,,‘ —= & Ment (75 mg/l)
E \‘\‘\g - -4 Ment (120 mg/)
S 4 —— O Thy (75 mg/1)
O Thy (120 mg/ly
>
o
3 o o
Time on vase period (days)
B ¢

Vase life (d)

1

be

s

100 200

“ontrol| SA (mg/l) MeJA (mg/l)

25 50 1 +0.0011+0.005 s 10 15
I'SHITZL (ml/1)| NS (mg/l)

75 120 | 75 120

Ment (mg/1) Thy (mg/l)

FPostharvest ireatments

Figure 2. The effects of different postharvest treatments on ornamental quality (A) and vase life (B) of Eremurus cut
inflorescence. Data represent the mean =+ standard error (SE). Means not sharing any letter are significantly different
according to the least significant distance (LSD) test at (p < 0.05). ns: no significant effect; *: significant effect at
0.01 <p <0.05; **: p<0.01. Bar indicated LSD value (p < 0.05). NS: nanosilver; STS+ITZ: silver thiosulfate+
isothiazolinone; SA: salicylic acid; MeJA: methyl jasmonate; Ment: menthol; Thy: thymol.
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Appearance quality is one of the most key qualitative
attributes in cut flowers which can increase their market
value and acceptability. The average score of the flower’s
quality parameters exhibited a decreasing trend during
the experiment (Figure 2A). However, the presence
of preservatives in keeping solution had a significant
impact on improving the apparent quality of flowers at
all measured times, as compared to the solution with no
preservative (p < 0.01). Foxtail cut flowers maintained in
solution with different concentrations of nano-silver had
the greatest quality scores. Following nine days of flower
harvesting, the minimum quality loss was related to the
concentration of 10 mg L' of nano-silver (with quality
score of 8.88).

90 A
80 4
70 4
60 -

50 A

Water uptake (g, stem™!)

Data recorded in Figure 3 exhibited that pulse methyl
jasmonate and STS+ITZ, as well as nano-silver and menthol
solutions were more effective in keeping water uptake compare
to control. The maximum quantity of vase solution was
absorbed by NS-treated inflorescences during evaluation period.
However, no significant differences were observed between
salicylic acid plus thymol treatments and control during the
evaluation period (Figure 3A). Similar to water uptake pattern,
water loss from cut foxtail lily inflorescence significantly (p <
0.01) varied between different postharvest treatments during
the vase period (Figure 3B). In all measured dates, the highest
solution loss was recorded in the flowers treated with 10 and 15
mg L' of nano-silver, respectively, while the lowest rate was
assigned to the control treatment (Figure 3B).
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Figure 3. The effects of different postharvest treatments on water uptake (A), water loss (B), and water
balance value (C) of Eremurus cut inflorescence. Data represent the mean + standard error (SE). ns: no significant
effect; *: significant effect at 0.01 <p < 0.05; **: P <0.01. Bar indicated the least significant distance (LSD)
value (p < 0.05). NS: nanosilver; STSHITZ: silver thiosulfate+ isothiazolinone; SA: salicylic acid; MeJA: methyl
jasmonate; Ment: menthol; Thy: thymol.
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The water balance value followed the same trend
over the vase life of all treated inflorescences and the
control, but data illustrated in Figure 3C reveal that the
decline was significantly more for the control. Foxtail
lily inflorescences which were treated with NS and
methyl jasmonate showed better water balance compared
to those with other treatments. Accordingly, the 10 mg
L' NS treatment showed the most favorable water
balance during the vase period. However, no significant
differences were observed between NS treatments and
methyl jasmonate, STS+ITZ, plus menthol treatments
(Figure 3C).
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Changes in the relative fresh weight of cut foxtail lily
inflorescences exhibited similar patterns in both the control
and postharvest treatments over the vase period. Data
presented in Figure 4A revealed that a higher relative fresh
weight was observed in florets from inflorescences placed in
NS solution and pulse treatments of 100 mg L' of salicylic
acid and 75 mg L' of menthol than those of control (p <0.05).
On the 6% day of vas period, the maximum increase in FWP,
by 45%, was observed in 100 mg L' SA followed by 75 mg L™
of menthol (43%). On the 9" day of vas period, the minimum
values of this attribute accompanied the control and STSHITZ
treatment, which were 83 and 81 %, respectively (Figure 4A).
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Figure 4. The effects of different postharvest treatments on relative fresh weight (A) and total soluble solid
(TSS) (C) of Eremurus cut inflorescence. Data represent the mean + standard error (SE). ns: no significant effect;
*: significant effect at 0.01 <P < 0.05; **: P < 0.01. Bar indicated least significant distance (LSD) value (P<0.05).

NS: nanosilver; STSHITZ: silver thiosulfate+ isothiazolinone; SA: salicylic acid; MeJA: methyl jasmonate;

Ment: menthol; Thy: thymol.

As shown in Figure 4B, the total content of soluble
solids (% Brix) increased over the vase period. According
to the results, the application of different preservatives
significantly increased the TSS of flowers compared to
the control treatment. During the vase period, the highest
TSS in petals was obtained by application of 10 mg L' of
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nano-silver, while the least amount was related to thymol-
treated inflorescences.

The first and second components of biplot analysis
displayed 65.55 and 17.39% of the total variation,
respectively (Figure 5).
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Figure 5. The treatment-by-trait (TT) biplot exhibit the traits relationships across treatment levels. The traits are the
vase life (Vase), ornamental quality (OQ), water uptake (WU), water loss (WL), water balance value (WBV), relative
fresh weight (RFW), and total soluble solid (TSS). NS: nanosilver; STS+ITZ: silver thiosulfate+ isothiazolinone; SA:

salicylic acid; MeJA: methyl jasmonate; Ment: menthol; Thy: thymol.

The biplot figure exhibited: (1) a positive and high
association (an acute angle) between the ornamental
quality (OQ) plus total soluble solid (TSS) and vase life of
cut inflorescence, (2) positive correlations (acute angles)
between water uptake (WU) plus water loss (WL) and vase
life; between the relative fresh weight (RFW) and WU
plus water balance value (WBV). These relationships were
highly coordinated with the numerical Pearson correlation
coefficients (data not shown). The results in the biplot figure
also exhibited that the cut inflorescences treated with 10 and
15 mg L' of nano-silver had high values of WU and WL, as
well as WBV. Further, Foxtail lily cut inflorescences treated
with 5 mg L' nano-silver and 1.0+0.005 ml.L"' of STS+IZT
had high values of TSS, OQ, and vase life (Figure 5).

Discussion

The vase life of cut flowers depends on various pre-
and post-harvest factors. Reduction of carbohydrates and
water uptake, vascular blockage and ethylene production
can decrease cut flower vase life and accelerate their
deterioration after harvesting (Van Doon, 2013; Naing
and Kim, 2020). According to the results of this study,
all preservative compounds and pulsing treatments
significantly prolonged vase life and maintained the
quality of Foxtail lily cut inflorescences during the vase
period as compared with the control. The effectiveness
of different treatments was varied on the prolonging vase
life of cut foxtail lily inflorescences. Among the applied
treatments, the most positive effect was observed in the
solution containing nano-silver or silver-thiosulfate +
isothiazolinone (Figure 2B).

The vase life extension was associated with enhancing
the ornamental quality of the inflorescences (Figure 5).
Overall, the 10 mg L' nano-silver treated cut foxtail lily
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inflorescences trended to have the longest vase life and
best ornamental quality during the vase period. In line with
these results, several previous studies have revealed that NS
treatments successfully extended the longevity of various cut
flowers such as gladiolus (Li et al., 2017), gerbera (Liu et al.,
2021), carnation (Naing et al., 2017; Park et al., 2017; Liu
et al. 2018; Lin et al., 2019; Naing et al., 2021), snapdragon
(Rabiza-Swider et al., 2020), peony (Zhao, 2018), and cut
lisianthus (Skutnik et al., 2021). However, high levels of
silver ions may cause toxicity in the flower tissues, resulting
in higher ethylene production (Naing et al., 2017).

In this study, 10 mg L' of NS particles was more
effective to be extended the vase life of foxtail lily as
compared to 5 and 15 mg L', suggesting the application of
an optimal concentration of NS particles is critical for the
particular genotype. Furthermore, silver nanoparticles have
been shown a strong antimicrobial property due to their
small dimensions, high surface area, large external area
effect, and quanta. In addition, N'S particles can be attracted
to microorganisms and kill them due to the lack of two
electrons in their shell (Naing and Kim 2020). The silver
ion of NS particles interacts and interferes with cell wall,
membrane permeability, nucleic acids, and cytoplasmic
components, resulting in inhibition of respiratory chain
enzymes of microbes, thereby decreasing the bacterial
population which may block the stems (Li et al., 2017; Park
et al., 2017; Naing and Kim, 2020).

In the present study, the solution water absorbance in all
treatments was higher than that of the control, with nano-
silver as the top performer. Further, the biplot analysis
showed that NS-treated cut inflorescences, especially with
10 and 15 mg L', had high values of WU and WBV (Figure
3). In agreement with these results, it has been reported that
NS-treated cut flowers had high vase solution uptake and
low transpiration rate (Park et al., 2017; Lin et al., 2019;
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Naing et al., 2021). Therefore, nano-silver application in
vase solution through the inhibiting bacterial growth and
formation of biofilm in the xylem vessels, which results
in water uptake and cellular activity, and thus maintaining
turbidity solution, relative fresh weight, stability of the
membrane integrity, etc. during vase life of cut flowers
(Naing and Kim, 2020).

Similar to nano-silver particles, isothiazolinone is
considered as a well-known chemical with anti-bacterial
properties that could be improved water uptake and extended
the vase life of cut flowers. Furthermore, the silver ion that
is released by STS has been reported to inhibit ethylene
activity by replacing with copper ion in the binding site of the
ethylene receptor (Celikel et al., 2010). Results of this study
revealed that STS plus IZT treatment had positive effects on
water relation and vase life of cut foxtail lily inflorescences.
In agreement with these results, Ahmad et al. (2014)
reported that the best preservative chemical was found to be
isothiazolinone antimicrobial agent, which prolonged vase
life by 2.2 or 1.9 days for inflorescences of ‘Tap Dance’ and
‘Line Dance’ foxtail lily cultivars, respectively, as compared
to tap water (Ahmad et al., 2014).

Further, positive effects of silver thiosulfate treatment
in improving water uptake, fresh weight and vase life of
carnation flowers have been reported by Liu et al. (2018).
However, the effectiveness of NS was more than STS on vas
life of foxtail lily in the present study and on cut carnation
in the previous work (Liu et al., 2018), which may be due to
differences in their physical and chemical features.

It is generally accepted that flower senescence is tightly
regulated by hormonal signals, and changes in plant hormone
levels in flower tissues play as regulating signals for the
discontinuation or commencement a of specific process.
Salicylic acid is considered as a plant growth regulator that
plays a key role in plant development, growth, and defense
responses (Ding et al., 2002). In this study, SA treatments,
especially in 200 mgL' concentrations, significantly prolonged
the vase life of cut foxtail lily inflorescences as compared to
control. In agreement with these results, several previous
studies reported that pre or post-harvest exogenous application
of salicylic acid (SA) delayed considerably senescence and
prolonged the vase life of different cut flowers such as rose,
alstroemeria, and chrysanthemum (Mansouri, 2012; Kazemi
et al., 2018; Langroudi et al., 2020).

Previous reports have been also demonstrated that SA
has a potential role in regulating gene expression over
senescence and stresses responses (Ding et al., 2002), led
to prolonging in the longevity of cut flowers (Mansouri,
2012). Furthermore, published evidence supports Methyl
jasmonate (MeJA) acting as a retardant agent for flower
opening, resulting delayed flower senescence (Horibe and
Makita, 2019). In this study, pulse treatments of MeJA in
both concentrations (25 and 50 mgL") had positive effects on
water uptake and vase life of cut foxtail lily inflorescences.
In line with this result, postharvest application of MeJA has
been revealed to be effective in prolonging the vase life of
some flowers such as cut roses (Horibe and Makita, 2019;
Hasanzadeh-Naemi et al., 2021).

However, the responses of different species and cultivars
of cut flowers to exogenous plant growth regulators widely
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varied (Horibe and Makita, 2019). In this study, MeJA
treatment was more effective for prolonging the vase life
of foxtail lily as compared to salicylic acid application.
In agreement with these results, the effectiveness of SA
and spermine was varied on prolonging of vase life of cut
alstroemeria flowers (Langroudi et al., 2020). Also, in the
research of Hemati et al. (2019), SA was more effective on
prolonged the day to bent stem in gerbera cut flowers as
compared with MeJA. Therefore, the responses of different
cut flowers during vase life to a specific plant growth
regulator needed to be investigating.

In this study, the use of menthol and thymol in
preservative solution, especially at low concentration, had
a positive effect on water relation and vase life of cut foxtail
lily inflorescences. In agreement with these results, Solgi et
al. (2009) revealed that thymol along with 6% sucrose had
a positive impact on relative solution uptake and vase life
of cut gerbera flowers.

Positive responses of the essential oils of different plants
such as rosemary [Salvia Rosmarinus] (Basiri et al. 2011),
menthe [Mentha spicata] (Salmi et al. 2018), savory [Satureja
hortensis] (Mohammadi Kabari and Soleimandarabi, 2019),
Tashenehdari [Scrophularia striata] (Mohammadi et al.,
2020), Moringa [Moringa olifera] (Hassan et al., 2020),
and auricula tree [Calotropis procera] (Akhtar et al., 2021)
on water relation and vase life of different cut flowers
were reported. Active phenolic compounds such as thymol
and menthol in essential oils might damage bacterial cell
walls and inhibit microbial growth, lead to a reduction of
microorganism’s proliferation in preservation solution.
Furthermore, essential oil might delay ethylene production
in cut flowers (Jitareerat et al., 2008), which need more
investigation in different cut flowers.

However, the effectiveness of these compounds may be
varied on various cut flowers. In this study, menthol was
more effective on vase life and water uptake plus water
balance value of cut foxtail lily inflorescences as compared
to thymol compound, suggesting that the efficiency of
various compounds of a specific essential oil may vary on
prolonging the vase life of the different cut flowers.

Conclusions

The present study is the first to report the application
of the different novel antimicrobial and anti-ethylene
compounds as a preservative/pulsing solution to prolong
postharvest longevity of cut inflorescences of domestic
Eremurus spectabilis. A short vase life (~4 days) of the
foxtail lily was observed in untreated inflorescences;
however, the postharvest application of preservatives/
pulsing in a solution of Foxtail lily cut flowers, in particular
nano-silver, silver thiosulfate, and methyl jasmonate,
markedly extended the vase life and improved water
relation, which result in maintaining the appearance quality
of the inflorescences during vase life period.

The findings of this study revealed that NS treatments,
especially 10 mg L', could be an effective and strong
antibacterial preservative to extend the vase life of cut
inflorescences such as foxtail lily. Furthermore, methyl
jasmonate and menthol, as an eco-friendly compound, have
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the potential to prolong the vase life of cut inflorescence
of foxtail lily. However, further research is needed to
investigate biochemical and physiological responses of
foxtail lily to NS, methyl jasmonate, and menthol as well
as optimize these treatments for commercial application in
cut foxtail lily inflorescences.
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