2 ™ processes MBPY

Article
Tree Bark Phenols Regulate the Physiological and
Biochemical Performance of Gladiolus Flowers

Hosam O. Elansary 12

1 Plant Production Department, College of Food and Agricultural Sciences, King Saud University,

P.O. Box 2455, Riyadh 11451, Saudi Arabia; helansary@ksu.edu.sa
Floriculture, Ornamental Horticulture, and Garden Design Department, Faculty of Agriculture (El-Shatby),
Alexandria University, Alexandria 21545, Egypt

check for

Received: 18 December 2019; Accepted: 3 January 2020; Published: 5 January 2020 updates

Abstract: The postharvest physiology of cut flowers is largely dependent on vase life, which is the
maximum number of days before flower senescence. The use of tree bark extracts (major forest plant
residues), as an eco-friendly and natural antioxidant preservative in holding solutions, is a novel tool
for extending flower longevity. The morphological, physiological, biochemical, and genetic responses
of Gladiolus grandiflorus cut spikes to Magnolia acuminata and Taxus cuspidata bark extracts as additives
in holding solutions were investigated. G. grandiflorus subjected to bark extracts as well as catechin
and protocatechuic acid (main phenols) displayed significant increased longevity (up to 18 days),
an increased number of open florets, and increased floret fresh weight. Increases in the relative
water content, leaf chlorophyll, carotenoids, soluble sugars, and protein content were observed in
addition to a reduction in microbial growth in the cut spikes. Gas exchange parameters were higher
in the bark extract treatments than in the controls. Higher antioxidant activities were detected and
associated with increased superoxide dismutase and catalase enzyme activities and reduced HyO,
accumulation. The bark extract treatments associated with reduced expression of GgCyP1 (produces
cysteine protease) and increased expression of both GgDAD]1 (defends against apoptotic activity) and
GgEXPAL1 (regulates petal expansion). Several mechanisms were implicated in these effects, including
maintenance of water content, enhanced management of reactive oxygen species (ROS), increased
sugar and protein composition, and control of microbial growth. Thus, bark extracts and isolated
phenols could be developed as an eco-friendly, non-toxic, and cost-effective natural preservative for
cut gladiolus flowers.
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1. Introduction

Gladiolus grandiflorus, an important cut flower of the Iridaceae, exhibits a short vase life and loss of
vitality. The vase life of cut spikes of gladioluses is subject to several physiological, biochemical, and
genetic mechanisms that control flower senescence, such as water retention, gas exchange, membrane
stability, oxidative stress, microbial effects, pigment (chlorophyll and carotenoids) maintenance,
carbohydrate fluctuations, and genetic control [1-4]. Water pressure is controlled by the continuous
supply of water from the vase holding solution to the petals through the xylem, which is subject to air
embolism and bacterial accumulation in the vessels leading to vascular blockage [5]. This blockage
causes a negative water balance because the water loss by respiration is higher than the gain through
water absorption [6-8]. Reactive oxygen species, such as HyO,, affect cell membrane integrity by
damaging proteins, lipids, pigments, and nucleic acids, which accelerates cut flower senescence.
The antioxidative mechanism plays a major role in controlling flower senescence by activating enzymes,
such as superoxide dismutase (SOD) and catalase (CAT), that antagonize the effects of reactive oxygen
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species [9-12]. Microbial growth affects the physiology of cut flowers by blocking vessels via the
deposition of dead bacteria and the macromolecules formed through bacterial degradation. As with
most cut flowers, gladioluses are harvested at the bud stage and most of the florets continue their
growth in the vase using soluble sugar sources and water [8]. The greater the sugars for the cut spikes
in the vase holding solution, the longer the vase life and greater the number of open florets. The use
of sugars in the vase holding solution extends the vase life of most cut flowers; however, bacterial
growth is much higher in holding solutions containing sugars. Many synthetic preservatives have been
developed to control bacterial growth and prevent vascular blockage, but they might be toxic to the
florets and reduce vase life [13]. Several studies have been conducted to determine strategies to extend
the relatively short vase life of gladiolus flowers using synthetic or natural compounds (leaf extracts,
AgNOs, nano-silver, and Zn) [14-17]. However, the application of phenol-rich natural preservatives in
cut spike holding solutions remains limited.

Tree bark, a natural product of forests, has several applications in agriculture and pharmaceutical
industries. The bark of trees serves many physiological functions, including protection against
harsh environments as well as insect and animal attacks, and is a storage site for carbohydrates and
minerals [18,19]. Magnolia acuminata (Magnoliaceae), a common tree that grows naturally in Europe and
North America, is used for traditional medicine due to its antibacterial activities [20,21]. Taxus cuspidata
(Taxaceae), a tree that grows naturally in Asia, Europe, and North America, has some antibacterial,
antifungal, and anticancer activities [21,22]. Both species have interesting phenolic profiles in their
outer bark. The effects of tree bark extract as a natural, eco-friendly preservative for cut flower holding
solutions have not been explored. The polyphenols, which are one of the most active plant secondary
metabolites [23], are an important part of tree barks [21,24,25] and may have a critical role in prolonging
cut flower vase life. A recent investigation on both species indicated that the bark extract is rich in
phenolic compounds, including protocatechuic acid, hydroxycaffeic acid, and catechin [21].

This study aimed to explore the morphological, physiological, biochemical, and genetic responses
of cut spikes of G. grandiflorus subjected to M. acuminata and T. cuspidata bark extracts as novel
eco-friendly and cost-effective natural preservatives. The morphological, physiological, biochemical,
and genetic parameters investigated included vase life, number of florets that opened, daily fresh
weight of spikes, relative water content, gas exchange, chlorophyll and carotenoid content, lipid
peroxidation, antioxidant enzyme activities, HyO, production, and expression of senescence-related
genes. Further, the effects of bark extracts and main isolated phenols (catechin and protocatechuic
acid) on microbial growth at the stem ends was elucidated to explore the possible role of bark extracts
in controlling vascular blockage and extending the vase life of cut flowers.

2. Results

2.1. Morphological Responses and Bark Chemical Composition and Antioxidant Activities

The vase life of cut spikes increased in plants subjected to moderate doses (50 mg L~!) of
M acuminata (MA) and T. cuspidata (TC) bark extracts as well as catechin and protocatechuic in the
vase holing solution (Figure 1). The number of opened florets increased in cut spikes treated with
50-80 mg MA/TC. The longest vase life and the largest number of opened florets was observed in the
treatment with 50 mg MA. The daily spike fresh weight varied among treatments (Figure 1) during
the 18 d of vase life. It increased during the first 6 d for spikes treated with bark extracts, and the
highest fresh weight was found in the MA treatment at 50 mg, followed by the MA treatment at 80 mg.
The fresh weight declined gradually in the control spikes starting with the 6th day, whereas other
treatments retained their fresh weight. Chemical composition and antioxidant activities of the tree
barks used is shown in Table 1. The total phenolics, soluble sugars, and antioxidant activities calculated
by different methods are shown for each extract. The major identified phenols, as previously found,
were protocatechuic acid, hydroxycaffeic acid, and catechin [21].
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Figure 1. Longevity of spike florets (vase life), number of opened florets, and daily spike fresh

weight of Gladiolus cut spikes subjected to serial concentrations of M. acuminata and T. cuspidata bark

extracts (10-80 mg L~1) and catechin (83.12 mg g~!) plus sucrose (35 mg g~1), denoted as S+Cat, and

protocatechuic acid (21.08 mg g’l) plus sucrose (28 mg g’l), denoted as S+pro. The values shown are

the mean SE of n = 12. Longevity was determined as the time required for 50% of the spike florets to

lose turgor and wilt (loss of color, shedding of petals, slumping of spike head).

Table 1. Chemical composition and antioxidant activities of M. acuminata and T. cuspidata bark extracts.

The values shown are the mean SE of n = 3.

Species

Chemical Compound

Amount

M. acuminata

Total phenolics
soluble sugars
Total antioxidants (DPPH)
Total antioxidants (8-carotene-linoleic acid)
Total antioxidants (ABTS)
Identified phenolics
Ellagic acid
Protocatechuic acid
Catechin
Epicatechin
Epigallocatechin gallate

32+053mgg!
35+ 071 mgg!
2.97 +0.13 (ICsg, ug mL~1)
3.5 + 0.12 (IC50, g mL™1)
1.6 + 0.1 (ICsp, pg mL™1)

0.42 + 0.03 (mg 100 g71)
15.01 + 0.9 (mg 100 g~ 1)
83.12 + 1.35 (mg 100 g~ 1)
21.54 + 1.01 (mg 100 g7 1)
13.13 + 0.17 (mg 100 g~1)

T. cuspidata

Total phenolics
soluble sugars
DPPH radical scavenging activity
{3-carotene bleaching inhibition activity
ABTS radical scavenging activity
Identified phenolics
Caffeic acid
Chlorogenic acid
Gallic acid
p-Hydroxybenzoic acid
Hydroxycaffeic acid
Protocatechuic acid

26 mg g_l

28 mg g_l
4.0 £ 0.2 (ICs50, pg mL™1)
4.7 £ 0.2 (ICs50, pg mL™1)
2.0 + 0.1 (IC50, ug mL™1)

3.12 + 0.03 (mg 100 g~1)
8.20 + 0.56 (mg 100 g~1)
2.1 +0.09 (mg 100 g~ 1)
2.13 + 0.09 (mg 100 g71)
22.76 + 0.8 (mg 100 g~ 1)
21.08 + 1.23 (mg 100 g~1)
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2.2. Physiological Responses

The relative water content of the untreated control was largely reduced compared to that of the
bark extract-treated holding solutions (Figure 2). The application of 50 and 80 mg MA, 50 mg TC, and
catechin plus sucrose (S+Cat) led to the highest relative water content during the 18 days postharvest.
The chlorophyll content of the leaves had higher reduction rates in the control spikes compared to
that of the bark extract-treated cut spikes (Figure 3). The highest chlorophyll content was found in
the leaves of the cut spikes treated with 50 and 80 mg MA as well as S+Cat. During the 18 days
postharvest, the carotenoid composition exhibited lower reduction in the cut spikes treated with bark
extracts than in the controls; a higher amount of carotenoids was found in spikes treated with different
concentrations of bark extracts.

RELATIVE WATER CONTENT %

110

100

—u—Cont

8

—&— 10 mg MA
—=25 mg MA

—=50 mg MA

8

——80 mg MA
10mgTC

——25mgTC

—50mgTC

RELATIVE WATER CONTENT %
=]
(=]

—4+—80mgTC
—=—S+Cat

A& S5+Pro

0 2 4 6 8 10 12 14 16 18
Time (d)

Figure 2. Relative water content of Gladiolus cut spikes subjected to serial concentrations of M. acuminata
and T. cuspidata bark extracts and catechin (83.12 mg g‘l) plus sucrose (35 mg g_l), denoted as S+Cat
and protocatechuic acid (21.08 mg g!) plus sucrose (28 mg g~!), denoted as S+pro. The values shown
are the mean SE of n = 12.
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Figure 3. Chlorophyll and carotenoid content of Gladiolus cut spikes subjected to serial concentrations
of M. acuminata and T. cuspidata bark extracts and catechin (83.12 mg g™!) plus sucrose (35 mg g~'),
denoted as S+Cat and protocatechuic acid (21.08 mg g™1) plus sucrose (28 mg g~!), denoted as S+pro.
The values shown are the mean SE of n = 12. The carotenoid composition was very low and not

comparable after day 14.
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Soluble sugars initially increased and then remained stable in the bark-extract, catechin, and
protocatechuic treatments during the first 6 days postharvest compared to those in the control, in which
they were reduced on the 2nd day (Figure 4). After day 6, the amount of soluble sugars began to
decline and was similar to that of the control by day 18. Soluble proteins increased in all treatments
during the first 2 days and, then, began to decline in the control. Cut spikes treated with bark extracts
showed additional increases in soluble protein until day 4, which then decreased slowly until day
18. Treatments with 50 and 80 mg MA as well as S+Cat led to higher amounts of soluble sugars and
proteins compared to those of the other treatments.
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Figure 4. Soluble sugar and soluble protein content of Gladiolus cut spikes subjected to serial
concentrations of M. acuminata and T. cuspidata bark extracts and catechin (83.12 mg g~!) plus sucrose
(35 mg g71), denoted as S+Cat, and protocatechuic acid (21.08 mg g™!) plus sucrose (28 mg g1),
denoted as S+pro. The values shown are the mean SE of n = 12.
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Gas exchange showed a noticeable improvement in cut spikes treated with bark extracts and
phenols compared to that in the control (Figure 5). Lower decreases in stomatal conductance,
transpiration, and photosynthetic rates were observed in the bark extract-treated groups compared
to those of the control during the postharvest period. The slowest decreases were found in the cut
spikes treated with 50 and 80 mg of MA as well as S+Cat compared to those of other bark-extract
treatments. The bacterial count was largely reduced in the bark extract-treated spikes compared to
that of the controls (Figure 6). The highest reductions in bacterial counts occurred in treatments with
50 and 80 mg MA and 50 mg TC. Different bacteria were identified and included: Enterobacter spp.,
Pseudomonas spp., and Bacillus spp.
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Figure 5. Gas exchange parameters of Gladiolus cut spikes subjected to serial concentrations of M.
acuminata and T. cuspidata bark extracts (mg g~!) and catechin (83.12 mg g~!) plus sucrose (35 mg g™!),
denoted as S+Cat, and protocatechuic acid (21.08 mg g~!) plus sucrose (28 mg g~1), denoted as S+pro.
The values shown are the mean SE of n = 12.
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Figure 6. Bacterial counts of Gladiolus cut spikes subjected to serial concentrations of M. acuminata and
T. cuspidata bark extracts and catechin (83.12 mg g™!) plus sucrose (35 mg g~'), denoted as S+Cat, and
protocatechuic acid (21.08 mg g_l) plus sucrose (28 mg g_l), denoted as S+pro. The values shown are
the mean SE of n = 12.

2.3. Biochemical Responses and Expression Analyses

The lipid peroxidation assay revealed higher antioxidant activities in the cut spikes treated with
bark extracts than in the control; the highest antioxidant activities were found in spikes treated with
50 mg MA as well as S+Cat (Figure 7). CAT enzyme activity was much higher in spikes treated with
bark extracts than in the control for the 18 days postharvest. The highest enzyme activities were found
in the 50 mg MA treatments. SOD activity increased in cut spikes subjected to bark extracts for 6 days
and, then, reduced gradually to match that of the control by day 18 (Figure 8). The H,O, content
increased rapidly in the control cut spikes following harvest, whereas it decreased gradually in the
bark-extract and isolated phenols-treated samples during the 18 days postharvest.
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Figure 7. TBARS and CAT activity in the petal tissues of Gladiolus cut spikes subjected to serial
concentrations of M. acuminata L. and T. cuspidata bark extracts and catechin (83.12 mg g~!) plus sucrose
(35 mg g~ 1), denoted as S+Cat, and protocatechuic acid (21.08 mg g~!) plus sucrose (28 mg g™'),

denoted as S+pro. The values shown are the mean SE of n = 12.
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Figure 8. H,O, and SOD activities in the petal tissues of Gladiolus cut spikes subjected to serial
concentrations of M. acuminata L. and T. cuspidata bark extracts and catechin (83.12 mg g~!) plus sucrose
(35 mg g 1), denoted as S+Cat, and protocatechuic acid (21.08 mg g~!) plus sucrose (28 mg g™'),
denoted as S+pro. The values shown are the mean SE of n = 12.

In the normal case (control), the expression of GgCyP1 increased during senescence (Figure 9).
All bark extract treatments and isolated phenols showed decreased GgCyP1 expression; however, MA
bark extract and S+Cat treatments showed the lowest expression of this gene. Bark extract treatments
upregulated the expression of GgDADI (senescence responsible) and GgEXPA1 (GA-alpha-expansin)
compared to that of the control.
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Figure 9. GgCyP1, GgDADI1, and GgEXPA1 expression in the petal tissues of Gladiolus cut spikes
subjected to serial concentrations of M. acuminata L. and T. cuspidata bark extracts and catechin
(83.12mg g~ 1) plus sucrose (35 mg g~!), denoted as S+Cat, and protocatechuic acid (21.08 mg g~!) plus
sucrose (28 mg g~ 1), denoted as S+pro. The values shown are the mean SE of n = 12.

3. Discussion

Extended longevity, more opened florets, and enhanced spike weight are indicators of increased
postharvest quality of gladiolus cut spikes, which could be attributed to the novel positive effects
of bark extracts and respective phenols on relative water content and the inhibition of microbial
growth. Other important factors affecting these positive attributes include enhanced gas exchange
and increased chlorophyll and carotenoid content. The antioxidant activities of bark extracts were
evident in reduced H,O, accumulation and increased antioxidants as well as CAT and SOD activities.
The addition of chemicals, such as silver nanoparticles, to cut flower holding solutions increases vase
life because of antioxidant mechanisms that delay senescence [26]. Carotenoids and polyphenols
are the major antioxidants in ornamental flowers [27]. Senescence was delayed due to the high
polyphenol composition of bark extracts. In the current study, we delayed senescence by several
mechanisms, including gas exchange control. Improved gas exchange results from increased stomatal
conductance, transpiration, and photosynthetic rates. The relatively high sugar composition of tree
bark, as found in this study, was related to increased photosynthetic and transpiration rates [28] and
stomatal conductance [29]. Increased fresh weight and number of opened florets indicated higher sugar
composition of the holding solution and improved growth and longevity of the treated cut spikes.

The improved growth of cut spikes subjected to bark-extract treated holding solutions was strongly
related to improved water supply and reduced microbial growth, as documented by the monitoring of
stem end bacterial growth in this study. Bacterial occlusion is one of the key factors in water transport
in cut flower stems [30]. In the current study, the bacterial blockage was not investigated. However,
the bacterial growth in the vase holding solutions treated with bark extract was largely reduced
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owing to the presence of several phenols and catechins, such as protocatechuic acid and catechin.
Hydroxycaffeic acid had no effect on the bacterial growth or other morphological and physiological
parameters (data not shown). Protocatechuic acid and catechin show strong antimicrobial activities
against different bacteria [31,32]. In addition, the high phenolic composition of the bark extracts
exerted strong inhibitory effects against the growth of microorganisms [33]. The phenolic profile of
bark extracts used in this study was strongly related to the extended vase life of gladiolus flowers.
A single report suggested that some phenols may play regulatory roles in iris flowers [34]; however,
this is the first report, to our knowledge, indicating that bark extract phenols have physiological and
biochemical activities on gladiolus cut spikes.

The relative water content of cut spikes subjected to bark extract-treated holding solutions was
much higher than that of the control. This indicated reduced bacterial growth in the vase holding
solutions and, consequently, in the xylem vessels as well as lower accumulation of bacterial residues
in the holding solution. Enterobacter spp., Pseudomonas spp., and Bacillus spp. were identified in the
stem of gladiolus cut flowers in this study and matched previous investigations on cut flowers of other
species [35,36]. These genera are sensitive to phenolic compounds as found in several studies [24,37-40].

The higher relative water content of cut spikes is a major indicator of the improved growth and
increased vase life in response to bark-extract treatment. The increased chlorophyll and sugar content
of cut spikes following bark-extract treatments indicated improved longevity in response to the overall
enhanced physiological status. The reduction in chlorophyll and carotenoids in control plants indicated
a water deficiency and increased oxidation because reduced chlorophyll composition is a major sign
of deficient water uptake in cut flowers [41]. Carbohydrates are important for the longevity of cut
flowers because sugars are needed for the opening of buds, growth after harvest, and maintenance of
physiological functionality. The addition of sugars, such as sucrose, to the vase holding solution is a
common practice in the cut flower industry and the bark extracts used in this study contained natural
sugars. However, the sugars within the holding solutions increased microbial growth, such that the
addition of natural preservatives, including phenolic compounds, has proven to be effective in the
control of bacterial growth, as in this study.

The increased protein in cut spikes treated with bark extracts was a strong indicator of continued
growth and longer vase life because oxidative stress adversely affects intercellular protein formation
and accumulation. The noticeable improvement in gas exchange in cut spikes treated with bark extracts
as well as catechin and protocatechuic was a key indicator of the improved physiological status of
treated cut spikes. Several chemicals used in the floriculture industry are known to increase the gas
exchange of treated cut flowers, such as nano-silver [30].

The oxidative stress resulting from free radicals, such as H,O,, in cut flowers causes severe
damage to intercellular proteins, pigments, lipids, and nucleic acids. Antioxidant enzymes, such as
SOD and CAT, scavenge these free radicals and antagonize the oxidative stress effects [42]. Reductions
in the oxidative stress of bark extract-treated cut spikes were observed, which were attributed to
many factors, including the presence of phenols in the bark extracts, the stimulatory activities of bark
extracts on antioxidant enzymes, and the physiological improvement of treated spikes. Previous
investigations on other chemicals used to extend the vase life of cut flowers showed increased activities
of antioxidant enzymes, such as SOD and CAT [26,43]. In this study, reductions in the H,O, content
of bark extract-treated spikes were observed, which confirmed the positive effects of these natural
materials in controlling the oxidative stress mechanism in gladiolus cut spikes. The reduction in H,O,
was attributed to increased activities of SOD and CAT enzymes and the reduction of lipid peroxidation
in treated cut spikes.

The expression of GgCyP1 produces cysteine protease, which is known to increase during
senescence [44]. In the current study, we found that bark extracts downregulated GgCyP1 expression,
which indicated that bark extracts and its phenolics increased cut spike longevity by reducing the speed
of senescence. This finding is novel and has not been reported previously with regard to bark extracts.



Processes 2020, 8, 71 13 of 18

Furthermore, the expression of GgDADI and GgEXPA1 increases during floral expansion during
the postharvest phase of gladiolus flowers [45,46]. Both genes showed significant increases in their
expressions in bark extracts and its phenolics, which indicated that the death process was reduced,
and there was a delay in flower senescence in treated cut spikes. Moreover, the protease activity
was reduced.

4. Material and Methods

4.1. Preparation and Analyses of Bark Extracts

Outer bark samples of Magnolia acuminata L. and Taxus cuspidata Siebold & Zucc were obtained
from the Arboretum of the University of Guelph, Canada. The specimens were identified by Hosam
Elansary and vouchered (Hosam000981 and Hosam000982-2019). Bark samples were oven dried (35 °C)
until a constant weight, ground into a fine powder, and stored (—20 °C). Ground bark samples (5 g) were
extracted overnight in a Soxhlet apparatus using methanol (99%). The crude extracts were concentrated
and dried in a vacuum rotary evaporator (35 °C). The working stock solution was prepared from bark
samples dissolved in 500 puL dimethyl sulfoxide (DMSO) and, then, diluted with distilled water to final
serial concentrations of 10, 25, 50, and 80 g 0.5 L~!. The working stock solutions were passed through a
0.45-um polytetrafluorethylene nylon filter and, then, stored at —20 °C. These solutions were used as
the vase solution for cut flowers. Comprehensive phenol and catechin analyses were performed on the
extracts using HPLC-DAD, according to a previously described method [21]. The major compounds,
as described before, were protocatechuic acid, hydroxycaffeic acid, and catechins, as shown in Table 1.
The HPLC-DAD focused on this group of phenols because the research group [21] is specialized on
the quantification of this group of phenols. Total phenolics content [47], soluble sugars [48], and
antioxidants were determined using 2,2’-diphenypicrylhydrazyl (DPPH), 3-carotene-linoleic acid [47],
and 2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) [49]. The wavelength of 470 nm
was used in the (3-carotene bleaching experiment, while the wavelength of 517 nm was used in the
DPPH to determine the absorbance. Bark extracts amount required to scavenge 50% of the 3-carotene
bleaching/DPPH solutions was considered as the ICsg (ug mL") and was calculated by plotting the
inhibition percent against extract concentration. The Fluorescence recovery after photobleaching
(FRAP) experiment reagent was prepared following previous studies (e.g., [43]) using tripyridyl triazine
(TPTZ, Sigma-Aldrich, Berlin, Germany). Aliquots (100 pL) of bark extracts/Trolox (Sigma-Aldrich,
Berlin, Germany) were added to the reagent (3 mL) and mixed. The mixture was incubated for 30 min
at 37 °C and the absorbance was determined at 593 nm. The calibration procedure was accomplished
using serial dilutions of Trolox (0-0.5 M mol/L). Three sets of triplicate replications were conducted for
all experiments. The chemical components on a dry weight (DW) basis of both extracts are given in
Table 1.

4.2. Plant Material and Treatments

Homogenous Gladiolus grandiflorus Andrews Friendship cut spikes, with 15-17 buds and the first
floret showing color, were obtained from commercial growers in Alexandria, Egypt, during March
2018. The plants (68-75 cm) were identified by Hosam Elansary and vouchered at the Faculty of
Agriculture, Alexandria University. The spikes were cut in air to 68 cm and the lower leaves were
removed. The working solutions of M. acuminata and T. cuspidata bark extracts were used as cut spike
holding solutions in 0.5 L beakers. Non-treated spikes were kept in distilled water with comparable
amount of DMSO as in extracts and considered the control. All stems per treatment were in the
one beaker. Vase solutions were changed on a daily basis, except in the bacterial count experiment
(solutions were not changed). A complete randomized block design was used with 3 replicates of
12 flowers each. Sucrose, as the major sugar in trees [50], plus specific isolated phenols (e.g., catechin,
hydroxycaffeic acid, and protocatechuic acid) were used in vase solutions for comparison reasons.
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4.3. Morphological Parameters

The longevity of gladiolus flowers was determined under laboratory temperature (25 + 2 °C),
relative humidity (80 + 3%), photoperiod (14 h), and irradiance (10 umol m~2 s~!). Longevity was
determined as the time required for 5% of the spike florets to lose turgor and wilt (loss of color shedding
of petals, slumping of spike head). The number of opened florets was determined for each spike during
the experiment. Daily spike fresh weight (FW) was determined during the experiment on the 2nd, 4th,
6th, 8th, 10th, 12th, 14th, 16th, and 18th d, as previously described [51].

4.4. Physiological and Biochemical Measurements

Relative water content (RWC) was determined using fresh petals on the 2nd, 4th, 6th, 8th, 10th,
12t 14th, 16th, and 18th d. The turgid weight was determined by dipping petals in water for 4 h
and the dry weight was determined by placing them in a drying oven (35 °C) until a constant weight
was achieved [52]. Gas exchange parameters (stomatal conductance, net photosynthetic rate, and
transpiration rate) were determined in the remaining leaves on the 2nd, 4th, 6th, 8th, 10th, 12th 14th,
16th, and 18th d after harvest using a photosynthesis analyzer (Bioscientific Ltd., Hoddesdon, UK),
according to a previously described method [9].

The total chlorophyll and carotenoid content was quantified according to a previously described
method [53]. The total soluble sugars in the petals were determined as per the method described by
Maity [26] and the total soluble proteins were determined using a previously reported method [54].
Lipid peroxidation levels were expressed as thiobarbituric acid reactive substances (TBARS), H,O,,
CAT, and SOD activities and quantified in frozen petal tissues [54].

Stem end microbial growth was determined by excising the ends, washing them with distilled
water, and grinding. The ground material was diluted with 0.9% normal saline and 0.1 mL aliquots of
each sample were taken on the 2nd, 4th, 6th, 8th, 10th, 12th 14th, 16th, and 18th d of the experiment.
The aliquots were spread on plate count agar (PCA) media in agar plates and incubated for 24 h at
37 °C. Subsequently, the number of bacterial colonies was determined. Different types of bacteria were
identified by a private sequencing company based on the 165 rDNA-based PCR analysis and included
Enterobacter spp., Pseudomonas spp., and Bacillus spp.

4.5. Expression Analyses

Expression of Gladiolus senescence-associated genes (SAG), GgCyP1 [44] and GgDAD1 [45], and
floral tissue expansion-related gene GgEXPA1 [46] was investigated in the fresh petals after 24 h of
treatment. The Gladiolus actin gene [55] was used as a reference to normalize the transcription levels.

4.6. Statistical Analyses

The study was repeated thrice and the results were pooled. Tukey—Kramer’s multiple range test
at p = 0.05 was used to determine significant differences between means in SPSS (PASW Ver. 21, IBM,
USA). The values shown are the means + standard error (SE) of 12 replicates in 3 experiments (1 = 36)
at the same time.

5. Conclusions

This was a novel report on the morphological, physiological, biochemical, and genetic responses
of cut flowers (G. grandiflorus) to the application of tree bark extracts (M. acuminata and T. cuspidata)
and their main phenolic compounds as additives to holding solutions. G. grandiflorus cut spikes
subjected to bark extracts showed increased longevity (up to 18 days), more opened florets, and
increased floret fresh weight. Substantial reductions in stem end microbial growth were found in
treated cut spikes at 50 and 80 mg/500 uL MA and were associated with increased relative water
content. The enhanced vegetative growth was accompanied by increased leaf chlorophyll content and
a maintenance in the amounts of carotenoids. Cut spike soluble sugars and proteins as well as gas
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exchange parameters were higher in bark-extract, catechin, and protocatechuic acid treatments than in
the control. Higher antioxidant activities were evident in the lipid peroxidation assay and associated
with increased SOD and CAT enzymes activities and reduced accumulation of H,O,. These changes
were associated with reduced protease activity, as evidenced by GgCyP1 (produces cysteine protease),
increased expression of GgDADI and GgEXPA1, and increased overall antioxidants and phenol effects.
Several mechanisms were implicated in these effects, including maintenance of water content, microbial
growth control, enhanced antioxidant management, and increased sugar and protein composition.
These findings indicate the possible use of bark extracts and related phenols as eco-friendly, non-toxic,
and cost-effective natural preservatives for cut gladiolus flowers.
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