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Abstract

Standard Carnation flowers (Dianthus caryophyllus cv. Dover) were harvested at the paint brush stage in the early morning, pre-cooled
at 4° C for 6-h then moved under dry conditions to the laboratory. Flowers were weighted and treated for 24-h with silver nanoparticles
(AgNPs) at 0, 5 or 10 ppm in plastic buckets. After pulsing treatments, cut flowers were transferred to 500 mL glass jars containing
300 mL of preservation solution treatments including, individually, humic acid at 200, 400 or 600 ppm and Aloe vera gel at 2.5%, 5.0%
or 7.5% (w/v) till the end of the experiment (when flower color began to fade, petals began to roll). Distilled water was used for
the control and to prepare the tested solutions. 2% sucrose was added to all treatments including the control. Addition of all preser-
vatives to vase solutions significantly increased all the studied characteristics of cut flowers compared to control (distilled water,
least values). Nanosilver treatments have the potential to be used as preservative solutions for improving postharvest vase life and
quality of carnation flowers. An increment in vase life, relative fresh weight, vase solution uptake, flower diameter as well as total
chlorophylls in leaves, total carbohydrates and total phenols in leaves and petals was observed, in addition to a decrease in bacterial
counts in vase solution. Best results were obtained using 5 ppm AgNPs + 5.0% Aloe vera gel followed by 5 ppm AgNPs +7.5%
Aloe vera gel solutions. Aloe vera gel, especially 5.0% level, showed better results than humic acid when used alone or combined
with AgNPs. Nanosilver at 5 ppm recorded better results than 10 ppm when used as a single treatment.

Keywords: Dianthus caryophyllus cv. Dover, silver nanoparticles, durability, floriculture, sucrose.

Resumo
Prolongando a vida de vaso das flores de cravo com tratamentos
pos-colheita de nano-prata, acido humico e gel de Aloe vera

Flores de cravo (Dianthus caryophyllus cv. Dover) foram colhidas no estadio de pincel no inicio da manha, pré-resfriadas a 4
°C por 6 horas e entdo movidas a seco para o laboratério. As flores foram pesadas e tratadas por 24 horas com nanoparticulas de
prata (AgNPs) a 0, 5 ou 10 ppm em baldes plasticos. Apds os tratamentos de plusing, as flores cortadas foram transferidas para
frascos de vidro de 500 mL contendo 300 mL de solugdo de preservagdo incluindo, individualmente, acido humico a 200, 400 ou
600 ppm e gel de Aloe vera a 2,5%, 5.0% ou 7,5% até o final do experimento (quando a cor da flor comegou a desbotar, as pétalas
comegaram a enrolar). Agua destilada foi utilizada para o controle e preparagio das solugdes testadas. Sacarose 2% foi adicionada
a todos os tratamentos, incluindo o controle. A adi¢do de todos os conservantes as solugdes de vaso aumentou significativamente
caracteristicas estudadas em relagdo ao controle (agua destilada, valores minimos). Os tratamentos com nanoparticulas de prata tém
potencial para serem usados como solugdes conservantes para melhorar a vida de vaso e a qualidade das flores de cravo. Observou-
-se incremento na vida de vaso, massa fresca relativa, absor¢éo de solugo de vaso, didmetro das flores ¢ clorofilas totais nas folhas,
carboidratos totais e fendis totais nas folhas e pétalas, além de diminuic@o na contagem bacteriana na solug@o de vaso. Os melhores
resultados foram obtidos utilizando 5 ppm de AgNPs + 5.0% de gel de Aloe vera seguido por 5 ppm de AgNPs + 7.5% de solugdes
de gel de Aloe vera. O gel de Aloe vera, especialmente o nivel de 5%, mostrou melhores resultados do que o acido humico quando
usado sozinho ou combinado com AgNPs. Nanosilver a 5 ppm registrou resultados melhores do que 10 ppm quando usado como
um unico tratamento.
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Introduction

Carnation (Dianthus caryophyllus L.) belongs to family
Caryophyllaceae and it has an important commercial value
and widely cultivated for its showy, variously colored and
fragrant flowers as cut flowers for ornamental purposes or
in gardens. It is native to the Mediterranean region (Yagi
et al., 2020). Carnation is classified as standard or spray
type. The standard type has only one flower per stem, and
the spray type has multiple flowers per stem (Boxriker
et al., 2018). Carnation is very sensitive to ethylene and
it is synthesized in high portions after the full flower
opening (Darqui et al.,, 2017). Vase life of carnation
flowers is short, almost seven days without using floral
preservative solution (Aalifar et al., 2020). Hormonal
control of ethylene significantly prolongs carnation vase
life and delays senescence. When ethylene production
rises, respiration and polyribosome activity increase and
specific genes become depressed and protein molecules
degrade (Wu et al., 2017). Prolonged vase life is an
important parameter for valuing perishable cut flower
quality. Thus, it is crucial to use natural and effective
preservative compounds in this respect for domestic and
large scale applications.

Nano-sized materials are more active than those of
large particles because of high surface area to volume ratio.
Silver nanoparticles have been reported to be effective as
an antimicrobial agent against bacteria, viruses and other
eukaryotic microorganisms (Wang et al., 2017). Silver
nanoparticles destroy the bacterial cells by penetrating
their membranes and inhibiting respiratory chain enzymes
and cell division. Ag" as a heavy metal ion causes cellular
oxidative stress in microbes (Qing et al., 2018). Nanosilver
enhanced vase life and morpho-physicological and
chemical characteristics of carnation and inhibits bacterial
growth and blockage in stem segments, besides it acts as an
anti-ethylene agent (Park et al., 2017; Naing et al., 2017;
Rashidiani et al., 2020). Postharvest quality of some cut
flowers such as chrysanthemum and rose was significantly
improved and their vase life, exhibited higher activity
of superoxide dismutase, senescence delay, enhanced
chlorophyll content and growth of the bacteria significantly
decreased by application of nanosilver (Kazemipour et al.,
2016 ; Naing and Kim, 2020; Bayanati et al., 2021).

Application of humic acid induces catalases as
antioxidative defense mechanisms. Also, it preserves the
carbohydrate accumulation status of flowers and stems
leading to offering substrate for respiration and reducing
sensitivity to ethylene as well. Humic acid preservative
solutions improved vase life, flower size, flower fresh
weight, increased chlorophyll content, and rate of
photosynthesis contents in chrysanthemum (Fan et al.,
2015; Vehniwal and Abbey, 2019).

Aloe vera gel is a natural ingredient containing
polysaccharides, fatty acids, amino acids, vitamins,
minerals, and seven superoxide dismutase with antioxidant
activity and six antiseptic agents against fungi, bacteria
and viruses, salicylic acid, urea nitrogen, cinnamonic
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acid, phenols and sulfur (Bharadwaj, et al., 2018). Aloin
and aloe-emodin the major anthraquinones in aloe may be
responsible for its anti-inflammatory effects as they contain
a polyphenolic structure. Aloe vera gel improved vase
life, water uptake, and relative water content of Heliconia
cut flowers (Shokalu et al., 2019).

The aim of this study was to evaluate the efficacy of
silver nanoparticles, humic acid and Aloe vera gel in
extending the vase-life of carnation flowers.

Material and Methods

Carnation flowers (Dianthus caryophyllus cv. Dover)
were obtained from Floramix, a commercial Farm in Kafr
Hakim, Giza. On 25" April in both seasons 0f 2017 and 2018,
the standard flowers were harvested at the paint brush stage
in the early morning. The cut flowers were pre-cooled at 4
°C for 6-h to remove the effect of high temperature in the
field, then they were wrapped in Kraft paper in bunches and
moved (for one hour ) under dry conditions to the laboratory
where the temperature was 25 + 2 °C, relative humidity
was 40% and light intensity was 1800 lux. Flowering stems
were cut to length of 35 cm. Flowers were weighed and
treated with pulsing for 24-h with silver nanoparticles
(AgNPs) at 0, 5 or 10 ppm in three liters plastic buckets.
Silver nanoparticles were obtained from Nano Tech Egypt
Company. After pulsing, cut flowers of each treatment
were transferred to 500 mL glass jars containing 300 mL
of preservation solution treatments including, individually,
humic acid (Humate UAD, obtained from Egyptian Group
for Development Giza, Egyp) at 200, 400 or 600 ppm and
Aloe vera gel (the gel extract was obtained from freshly
harvested Aloe vera plants from the floriculture garden) at
2.5%, 5.0% or 7.5% (w v') till the end of the experiment
(flower color began to fade, petals began to roll). Distilled
water was used for the control and to prepare the tested
solutions. 2% sucrose was added to all treatments including
the control treatment.

Data recorded

Vase life and quality determinations:

- Vase life (days): The vase life of each flower was
determined by counting number of days from cutting until
the petals showed the visible symptoms of senescence (such
as wilting, loss, discoloration of petals, stems shrinkage,
brown edges and yellow/brown foliage).

-Relative Fresh weight: Cut flowers were fresh weighed
before immersing in keeping solutions. Thereafter, flowers
were weighted at the end of the vase life and expressed
relatively to their initial weights.

- Vase solution uptake (mL/flower/day): Solution
uptake was determined by subtracting the volume of water
evaporated from the glass jars containing flowers of the
same volume without cut flowers from the beginning of the
experiment till the senescence.

-Flower diameter (cm): Flower diameter was measured
daily with a Vernier-caliper. The maximum flower diameter
was recorded to indicate efflorescence of flower.
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Bacterial counts in vase solution (CFU mL™")

The wvase solutions used for standing carnation
flowering stems were sampled and incubated at 30 °C for
48-72 hours. The total viable count of bacterial cells in
vase solution was assessed by dilution plate method for the
numeration of microorganisms on standard plate count agar
medium (ISO 4833-1, 2013). The bacterial cells count was
recorded on the ninth day of vase life for all treatments as it
was the last day for control vase life.

Transmission electron microscope (TEM)

At the end of control vase life, two specimens of 0.5
cm in length and thickness were taken from the bases of
carnation flowering stems from each treatment. Samples
were processed and examined by transmission electron
microscope JEOL (JEM-1400 TEM) (Bozzola and Russell,
1999) in TEM lab, Faculty of Agriculture, Cairo University,
Research Park FA-CURP.

Anatomical studies

Specimens (1 cm long) from the bases of carnation
flowering stems were obtained from various treatments
at the end of the control vase life. The microtechnique
procedures were carried out at Faculty of Agriculture,
Cairo University, Research Park FA-CURP (Nassar and El-
Sahhar, 1998). The prepared slides were microscopically
examined, and mean values of the studied traits (diameter
of the whole section, thickness of tissues outside the
vascular cylinder, thickness of the vascular cylinder,
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diameter of the xylem vessel and diameter or bith) were
detected as an average of readings from three slides per
treatment.

Chemical analysis

At the end of the study, contents of total chlorophylls
in fresh leaves (mg 100 g FW') (Nornai, 1982) and total
carbohydrates in fresh petals and leaves (%) (Dubois et al.,
1956) were determined. Total phenols (%) in fresh petals
and leaves were determined colorimetrically according to
the Folin-Ciocalteu colorimetric method (Singleton and
Rossi, 1965).

Statistical analysis

This experiment was conducted using a randomized
complete blocks design with three replicates, and there were
three cut flowers in each replicate. The data collected were
subjected to a statistical analysis of variance (ANOVA),
and the means were compared using the “Least Significant
Difference (L.S.D.)” test at the 5% level, as described by
Little and Hills (1978).

Results and Discussion

Vase life and quality determinations:

Data presented in Tables land 2 revealed that, in
general, the control treatment gave the lowest values for
vase life, relative fresh weight, vase solution uptake and
flower diameter compared to the control.
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Table 1. Effect of nanosilver, humic acid and 4loe vera gel on vase life, relative fresh weight and vase solution uptake of
carnation cut flowers during two seasons.

Vase solution uptake

Treatments Vase life (day) Relative fresh weight (%) (mL/flower/day)

Nanosilver H;;:;Cv:iildgﬁd 1*'season 2m season 1*'season 2m season 1*'season 2mgeason

NO (control) 9.36 9.00 0.92 0.95 5.00 5.66

H1 10.89 10.15 1.02 1.08 7.33 6.67

H2 11.05 10.78 1.03 1.09 7.00 7.33

H3 10.45 10.00 1.00 1.05 6.33 5.83

Al 11.61 11.00 1.03 1.13 7.00 6.67

A2 12.00 11.00 1.07 1.14 9.33 6.67

A3 18.00 11.00 1.14 1.12 8.50 6.16

N5 12.10 12.00 1.17 1.08 7.53 10.33

H1 14.61 16.00 1.14 1.16 8.17 11.66

H2 18.74 18.01 1.18 1.10 8.17 10.67

H3 16.48 14.60 1.16 1.07 10.01 11.83

Al 18.06 18.00 1.18 1.08 10.00 12.66

A2 18.75 20.60 1.22 1.30 12.53 13.60

A3 18.00 18.85 1.21 1.17 12.00 13.00

N10 11.01 10.05 1.02 1.09 9.30 9.57

H1 13.30 12.30 1.07 1.16 7.83 10.00

H2 14.60 15.30 1.03 1.12 8.51 12.33

H3 13.30 13.30 1.05 1.06 12.07 11.83

Al 16.00 16.00 1.08 1.06 9.83 12.67

A2 18.00 18.00 1.03 1.11 11.39 12.51

A3 17.30 16.6 1.04 1.08 10.52 9.67

L.S.D. (0.05) 1.54 1.75 0.11 0.19 1.04 1.23

NO, N5 and N10: nanosilver at 0, 5 and 10 ppm, respectively. H1, H2 and H3: humic acid at 200, 400 and 600 ppm, respectively. A1, A2 and A3: Aloe
vera gel at 2.5%, 5.0% and 7.5% respectively.
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Table 2. Effect of nanosilver, humic acid and Aloe vera gel on flower diameter and bacterial counts in vase solution of

carnation cut flowers during two seasons.

Treatments
Nanosilver Humic acid and Aloe vera gel 1*season

NO (control) 7.81
H1 9.83

H2 9.73

H3 8.58
Al 10.16

A2 9.00

A3 8.71

NS 8.18

H1 9.12

H2 9.11

H3 8.34

Al 9.74
A2 10.20

A3 9.52

N10 9.11
H1 9.98

H2 8.43

H3 8.90

Al 7.73

A2 9.74

A3 7.88

L.S.D. (0.05) 0.42

Flower diameter (cm)

Bacterial counts in vase solution (CFU/mL)

2" season I**season 2" season
5.03 2.3x10% 1.6x10%
6.35 3.3x107 2.5x107
6.95 6.4x107 5.1x10°
6.02 8.6x107 5.3x107
7.06 9.3x10° 6.3x107
8.85 1.8x10° 4.0x10°
6.20 1.4x10° 3.0x10°
6.92 4.7x107 6.0x10°
7.84 4.6x10° 2.5x10°
9.74 2.2x107 1.4x10°
8.28 2.1x107 1.8 x107
7.56 1.2x10¢ 5.3x10°
10.03 1.2x10° 2.8x10°
8.52 2.0x10° 1.7x10°
9.38 1.3x107 1.0x107
8.27 3.7x107 2.0x107
8.73 6.5x10° 6.5x10°
9.52 1.0x107 1.6x107
9.47 2.5%107 1.7x107
9.38 3.6x10° 7.0x10°
8.27 8.8x10° 6.8x10°
0.36

NO, N5and N10: nanosilver at 0, 5 and 10 ppm, respectively.H1, H2 and H3: humic acid at 200, 400 and 600 ppm, respectively.Al, A2 and A3: Aloe vera

gel at 2.5%, 5.0% and 7.5% respectively.

Aloe vera gel at 2.5%, 5.0% or 7.5% mostly improved
vase life, relative fresh weight, vase solution uptake and
flower diameter than those recorded with humic acid (200,
400 or 600 ppm). Application of nanosilver (5 or 10 ppm)
with Aloe vera gel (2.5%, 5.0% or 7.5%) as combined
treatments showed an improvement in the vase life, relative
fresh weight, vase solution uptake and flower diameter than
that recorded with the same nanosilver rates and humic acid
(200, 400 or 600 ppm). Also, it is worth to mention that
the application of 5 ppm nanosilver + Aloe vera gel (2.5%,
5.0% or 7.5%) or humic acid (200, 400 or 600 ppm) was
more effective in improving vase life, relative fresh weight
and vase solution uptake as compared to application of 10
ppm nanosilver + Aloe vera gel (2.5%, 5.0% or 7.5%) or
humic acid (200, 400 or 600 ppm). The treatment including
5 ppm AgNPs and 5% Aloe vera gel had an improving effect
on vase life, relative fresh weight, vase solution uptake and
flower diameter with significant differences in most cases,
followed by 5 ppm AgNPs* 7.5% Aloe vera gel treatment.

The long vase life of cut flowers might be caused by
reducing water stress in association with a high water
uptake due to suppressing growth of microbes and
blockage of xylem vessels, water loss reduction with
inhibition of ethylene evolution and decreasing the
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transpiration rate leading to controlling the cellular turgor.
Production of Ag™ ions might inhibit the rise of ethylene
precursor. Present results agree with a previous study that
found an increase in vase life due to nanosilver treatment
(Naing and Kim, 2020).

Bacterial counts in vase solution:

Control treatment containing distilled water had the
highest bacterial counts in vase solution compared with
other treatments. An inhibition on bacteria growth was
recorded by applying nanosilver at 5 or 10 ppm as compared
to the control. The combined treatment including 5 ppm
AgNPs and 5% Aloe vera gel showed superior antibacterial
substance and recorded the lowest bacterial counts in vase
solution compared with other treatments.

Using Aloe vera gel (2.5%, 5.0% or 7.5%) as a single
treatment decreased bacterial counts in vase solution than
those recorded with humic acid (200, 400 or 600 ppm).
Application of nanosilver at 5 or 10 ppm + Aloe vera
gel at 2.5%, 5.0% or 7.5% decreased bacterial counts in
vase solution than those recorded with the application of
nanosilver (5 or 10 ppm) + humic acid ( 200, 400 or 600
ppm). Also, it is worth to mention that the application
of 5 ppm nanosilver + Aloe vera gel at 2.5%, 5.0% or
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7.5% or humic acid treatments at 200, 400 or 600 ppm as
combinations was more effective in decreasing bacterial
counts than that recorded to application of 10 ppm
nanosilver + Aloe vera gel at 2.5%, 5.0% or 7.5% or humic
acid at 200, 400 or 600 ppm.

The treatment including 5 ppm AgNPs and 5.0% Aloe
vera gel had the highest beneficial effect on decreasing
bacterial counts as a superior antibacterial substance. Nano
silver succeeded as a biocide suppressing bacterial growth
causing less vessel blockage in flowering stem segments
leading to promoting water uptake through vascular system
and therefore decreasing hydraulic resistance and water
stress. Bacteria reduces water uptake and thus vase life
is reduced (Schouten et al., 2018). Silver substituted
copper which is involved in enzymatic reactions related to
biosynthesis of ethylene (Li et al., 2017a). Adding silver
may prevent ethylene production or decrease ethylene
molecules connection to their receptors (Schaller and
Binder, 2017). Nano-silver inhibits ethylene production by
suppressing the transcript levels of ethylene biosynthesis
genes, ACS and ACO, involved in ethylene synthesis
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which causes leaf yellowing and increase bud opening.
Nanosilver pulse reduces stomatal aperture and inhibited
leaf transpiration (Naing et al., 2017). Prior studies on cut
flowers showed that nanosilver increased vase life, solution
uptake, cell membrane permeability, chlorophyll content
and inhibit ethylene biosynthesis, microbial growth in cut
flowers (Kazemipour et al., 2016; Li et al.,_ 2017b; Naing
and Kim, 2020).

Chemical analysis

Data presented in Tables 3 and 4 revealed that the control
treatment gave the lowest values of total chlorophylls
in fresh leaves, total carbohydrates in fresh leaves and
petals as well as total phenols in fresh leaves and petals
of carnation cut flowers with most significant differences
as compared with other treatments in both seasons. Data
indicated that the combined treatments of nanosilver (5
ppm) with Aloe vera gel (5.0%) or nanosilver (5 and 10
ppm) with humic acid (400 ppm) affected positively all
the studied characters in both seasons with no significant
differences between their effects.

Table 3. Effect of nanosilver, humic acid and Aloe vera gel on total chlorophylls in fresh leaves, total carbohydrates in
fresh leaves and petals of carnation cut flowers during two seasons.

Treatments (mg/100 g FW)
Nanosilver H:E;cvii;d;;d 15tseason 2" geason
No control 1.13 1.09
H1 1.33 1.23
H2 1.40 1.24 2491
H3 1.30 1.24 23.34
Al 1.34 1. 12 24.89
A2 1.35 1.28 24.84
A3 1.38 1.26 25.14
NS 1.43 1.48
H1 1.60 1. 54 26.36
H2 1.93 1. 86 27.30
H3 1.41 1.27 24.94
Al 1.70 1.50 24.53
A2 1.88 1.75 25.63
A3 1.90 1.74 28.05
N10 1.81 1.34
H1 1.72 1.82
H2 1.83 1.85 26.00
H3 2.10 1. 86 26.14
Al 1.39 1.32 25.50
A2 1.41 1.32 25.66
A3 1.21 1.35 26.00
L.S.D. (0.05) 0.23 0.12

Total chlorophylls in fresh leaves

Total carbohydrates in Total carbohydrates in

fresh leaves (%) fresh petals (%)
I*tseason 2" geason 1s'season 2" season
22.00 20.00 15.03 16.32
24.69 20.33 18.17 18.11
22.01 15.40 17.91
20.03 17.36 18.12
20.06 19.20 18.10
22.14 18.13 18.36
20.47 18.10 18.13
24.57 21.10 15.30 17.00
20.31 19.38 17.23
23.14 22.10 18.45
21.84 17.38 18.61
20.08 17.43 19.37
23.19 21.30 19.29
21.04 22.16 17.21
24.56 22.33 16.40 17.00
26.58 21.10 21.10 18.60
24.04 21.00 18.73
21.43 22.40 19.31
21.00 19.46 20.36
25.14 20.87 20.32
22.13 19.37 18.45
2.56 2.10 1.15 1.10

NO, N5 and N10: nanosilver at 0, 5 and 10 ppm, respectively.H1, H2 and H3: humic acid at 200, 400 and 600 ppm, respectively. A1, A2 and A3: Aloe vera

gel at 2.5%, 5.0% and 7.5% respectively.
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Table 4. Effect of nanosilver, humic acid and Aloe vera gel on total phenols in fresh leaves and petals of carnation cut

flowers during two seasons.

Treatments Total phenols in leaves (%) Total phenols in petals (%)
Nanosilver Humic acid and Aloe vera gel 1**season 2" season 1*season 2" season

No (control) 1.13 1.03 1.04 1.16
H1 1.40 1.36 1.12 1.18

H2 1.73 1.70 1.93 1.90

H3 1.80 1.93 1.40 1.95

Al 1.34 1.80 1.54 1.33

A2 1.85 1.23 1.83 1.49

A3 1.93 1.84 1.90 1.40

NS5 1.30 1.33 1.32 1.38

H1 1.60 1.89 1.33 1.36

H2 1.93 1.71 1.38 1.85

H3 1.90 1.83 1.40 1.90

Al 1.33 1.02 1.93 1.93

A2 1.90 1.79 1.95 1.98

A3 1.70 1.94 1.86 1.10

N10 1.46 1.40 1.35 1.31
H1 1.72 1.63 1.56 1.40

H2 1.83 1.66 1.68 1.36

H3 2.10 1.84 1.66 1.91

Al 1.34 1.33 1.33 1.93

A2 1.39 1.18 1.52 2.02

A3 1.21 1.47 1.36 2.11

L.S.D. (0.05) 0.21 0.18 0.16 0.19

NO, N5 and N10: nanosilver at 0, 5 and 10 ppm, respectively.H1, H2 and H3: humic acid at 200, 400 and 600 ppm, respectively.Al, A2 and A3: Aloe vera

gel at 2.5%, 5.0% and 7.5% respectively.

In this respect, it is obvious from the obtained data
(Tables 1 and 2) that these treatments, especially 5 ppm
nanosilver + 5.0% Aloe vera gel were more effective for
inducing increments in vase life and quality determinations
of carnation cut flowers as well as decreasing bacterial
count and suppressing bacterial growth.

The decrease in chlorophyll during senescence leads
to accumulation of superoxide which is the precursor of
reactive oxygen species (ROS) which damages the nucleic
acids and oxidizes proteins, carbohydrates and lipids, and
can lead to cell death (Anjum et al., 2015; Xie et al., 2015).
Flowers preserved in vase solutions containing nanosilver
exhibited higher chlorophyll content probably due to
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scavenge ROS by enzymatic and non-enzymatic pathways
and production of secondary metabolites involved in free
radical scavenging activity. High content of total phenols is
associated with longer vase life. Accumulation of phenols
overcomes biotic and abiotic stress in various flowers
(Ahmad and Tahir, 2017). Phenols are also classified as
non-enzymatic antioxidants which nullifies the toxic effect
of free radicals (Das and Mandal, 2020). This agrees with
previous study (Naing and Kim, 2020).

Xylem vessel occlusion

Xylem vessels of untreated flowering stems appeared to
be blocked by mass of microorganisms (Figure 1).
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Figure 1. Ultrastructural identification of xylem vessel occlusion in the base of carnation flowering

stem as affected with 5 ppm nanosilver + 5% Aloe vera gel.
Aloe vera gel.

The highest beneficial effects of the combined
treatment on reducing blockage of xylem vessels was due
to the synergetic effects of multiple modes of action of the
components and mostly attributed to the apparent decrease
of bacterial count in vase solution. Data indicated that the
blockage of control xylem vessels was correlated with the
highest bacterial count in vase solution and least vase life
and supposed to be correlated with limiting the flowing of
vase solution in flowering stems (Tables 1 and 2). Treatment
of 5 ppm nanosilver + 5.0% Aloe vera gel was effective in
reducing the blockage of xylem vessels of treated flowering
stem comparing with the untreated control. In this concern,
efficiency of nanosilver in inhibiting bacterial colonization
and biofilm formation in xylem vessels, which are
responsible for water translocation. Nanosilver succeeded

A: untreated control, B: treated with 5 ppm nanosilver + 5%
Bars =200pum.

as a biocide suppressing bacterial growth causing less vessel
blockage in the flowering stems leading to promoting water
uptake and decreasing water stress, and Aloe vera gel is a
natural ingredient contains antiseptic agents against fungi,
bacteria and viruses (Yagi et al., 2021).

Anatomical studies

The present anatomical study is restricted to the
combined treatment of 5 ppm nanosilver + 5.0% Aloe vera
gel which exhibited more positive effects on the studied
characters as mentioned before. It is clear from Table 5
and Figure 2 that applying the combined treatment of 5
ppm nanosilver + 5.0% Aloe vera gel resulted in larger
diameter of the flowering stem than that of the untreated
control.
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Figure 2. Transverse section in the base of the carnation flowering stem as affected with 5 ppm nanosilver + 5%
Aloe vera gel. A: untreated control, B: treated with 5 ppm nanosilver + 5% Aloe vera gel. Bars = 200pm.
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Table 5. Mean values of some anatomical traits (in micron) in carnation flowering stem as affected with the combined

treatment of 5 ppm nanosilver + 5% Aloe vera gel.

Treatment of 5 ppm nanosilver + 5%

Characters Untreated control
Aloe vera gel
Diameter of whole section (pm) 3092 4553
Thickness of tlsS}les outside the vascular 170 190
cylinder (um)
Thickness of the vascular cylinder (um) 350 510
Diameter of xylem vessel (um) 16 25
Diameter of pith (um) 2052 3153

It is obvious that the thickness of tissues outside the
vascular cylinder, thickness of the vascular cylinder and
diameter of the bith exhibited more positive response to
the treatment compared with the control. Thus, the ability
of the treatment to stimulate flowering stem diameter
was attributed to the increase in thickness of the cortex
thickness of the vascular cylinder and bith diameter.
However the stimulative effect of the combined treatment
was recognized in the ground meristem giving rise to
cortex and bith. Also, the cambium activity was enhanced
due to the treatment, since more conducting elements of
phloem and xylem were produced and increased in size
especially the vessels. This was responsible for the wider
vascular cylinder. It is worth to note that the combined
treatment of 5 ppm nanosilver + 5.0% Aloe vera gel
recorded the highest values of the studied anatomical traits
of the flowering stem associated with highest values of
both vase life and vase solution uptake as well as quality
determinations. There is a positive relationship between
cortex or bith and the capability of the storage cells to
store water and food, leading to prolonging vase life. The
increase in xylem and pith diameter emphasizes the high
water uptake and food storage. Xylem vessel diameter is
an indicator for efficient water conductivity that affects
the duration of the postharvest life depending on the fact
that the wide vessels are more efficient in water transport
(Melvin and Zimmermann, 2002).

The positive changes in the structure of the treated
flowering stem compared to the control might facilitate
the transportation of more water, nutrients, minerals and
metabolites throughout the flowering stem tissues. This
might improve the quality of the treated cut flowers.
However, the results obtained concerning the vase life vase
solution uptake and quality determinations of cut flowers
were in favor with this deduction.

Conclusions

According to the results obtained, it could be
recommended to hold carnation cut flowers (Dianthus
caryophyllus cv. Dover) in 5 ppm nanosilver + 5.0%
Aloe vera gel vase solution to increase postharvest
quality and vase life. Aloe vera gel, especially 5.0%

Ownam. Houtic. (Vigosa)

level, showed better results than humic acid when used
alone or combined with nanosilver. Nanosilver at 5 ppm
recorded better results than 10 ppm when used as a
single treatment.
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