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nanotubes/gibberellic acid composite
for enhancement vase life and quality of Rosa
hybrida cv."Moonstone’
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Abstract

The postharvest life of cut flowers is limited, which is a major challenge and varies greatly depending on plant varie-
ties, cut flower stage, flower length of the harvested shoots, and storage conditions including postharvest treatments.
As a result, improving the vase life and quality of cut flowers in regulating postharvest characteristics and overcoming
these challenges is critical to the horticulture business. Novel engineered nanocomposites were created and tested
for possible impacts on flower bud opening, postharvest life extension, longevity regulation, and preservation

and enhancement of the strength and appearance of cut flowers. The experiment was conducted as a factorial
experiment using a completely randomized design (CRD) with two factors. The first factor was two holding solutions
(without or with sucrose at 20 gL™"). The second factor was 12 pulsing treatments for 24 h; distilled water as a con-
trol, 75 ppm GA;, multi-walled carbon nanotubes MWCNTs at 10, 20, 30, 40, and 50 ppm, and MWCNTs (10, 20, 30,

40, and 50 ppm)/GA; (75 ppm) composites; each treatment had 3 replicates, for a total of 72 experimental units. In
the present study, gibberellic acid (GA;) was synthesized in functionalized (MWCNT/GA; composites) as a novel anti-
senescence agent, and their effect on the vase life quality of cut rose flowers Rosa hybrida cv."Moonstone’ was com-
pared by assaying several parameters critical for vase life. The adsorption of GA; on MWCNTs was proven by perform-
ing FTIR spectroscopy which ensures that the formation of the MWCNTs/GA3 composite preserves the nanostructure
and was examined by high-resolution transmission electron microscopy (HR-TEM). The results revealed that sucrose
in the holding solution showed a significant increase in fresh weight, flower diameter, and vase life by 10.5, 10.6,

and 3.3% respectively. Applying sucrose with MWCNTs 20 ppm/GA; 75 ppm composites or MWCNTs 20 ppm

alone, was critical for the significant increase in flower opening by 39.7 and 28.7%, and longevity by 34.4 and 23.2%,
respectively, and significantly increased chlorophyll a, b, total chlorophyll, anthocyanin, total phenolic content,

and 2,2-Diphenyl-1-picrylhydrazyl scavenging activity as compared to the control.
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Introduction

The main challenge with cut flowers is their limited post-
harvest life (approximately 6-15 days), which greatly
depends on variety and storage circumstances [1] since
they are very susceptible to mechanical damage and eth-
ylene. Stem blockage caused by microbial infection (bac-
teria) at the cut end of the stem, vascular occlusion, and
physiological damage are often the main causes of vase
life loss in cut flowers. Additionally, ethylene biosynthe-
sis, water imbalance, and the depletion of food reserves
(carbohydrates) all affect postharvest life [2]. As a result,
vase life can be extended by soaking cut stems in a pre-
servative solution containing nanomaterials or nanopar-
ticles with precise dispersion, such as nanosilver, which
has been utilized for some cut flowers, such as carna-
tions, and establishing an optimum environment [3] and
chitosan nanoparticles on indices vase life on rosa [4].

A rose is an attractive shrub of the Rosaceae family.
Roses are the most widely used cut flower in the global
floral market [5]. They are used as flower or ornament
arrangements and interior decorations because of their
beautiful and delicious character, as well as their fra-
grances. With their gleaming colors, forms, sizes, and
perfumes, the roses offer a spectacular formal display.
In the floriculture industry, increasing the durability and
quality of cut flowers is a top objective. Long vase life and
appropriate opening of the flower buds are important
quality requirements for consumers [6].

Depending on the characteristics needed for the
desired application, nanomaterials (NMs) and nanopar-
ticles (NPs) can take on a wide variety of shapes, sizes,
dimensions, origins, and compositions [7]. They come
in shapes ranging from 1 to 100 nm, including tubular,
spherical, hollow, flat, and irregular shapes [8]. NPs con-
tain unique and size-related physio-chemical character-
istics that distinguish them from larger materials [9]. To
reduce the amount of horticultural product waste, nano-
technology also contributes to the postharvest life exten-
sion of many horticultural products in a variety of ways,
including the creation of new, creative preservative mate-
rials (novel nanocomposites), regulating the longevity of
cut flower postharvest, flower bud opening and preserv-
ing and enhancing cut flower strength and appearance
[10].

NMs in combination with plant growth regulators
(PGRs) are mostly utilized to modulate hormone levels to
maximize the production value. Furthermore, NMs aid in
PGR absorption and distribution within the plant [7].

Carbon-based nanomaterials congregate in aqueous
solutions or on the surface of tissues because they are
hydrophobic, insoluble, or have limited dispersive capac-
ity [11]. This trait, on the other hand, boosts their abil-
ity to interact with a wide range of chemical compounds
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and plant tissue, resulting in increased biological activity
[12]. Their impact is generally proportional to the nano-
material size, concentration, and solubility [13]. Multiple
strategies (both covalent and noncovalent) for achiev-
ing homogenous nanotube dispersions have been pro-
posed. Surfactants such as anionic, cationic, nonionic,
and polymer wrapping are effective dispersion agents
of nanotubes [14]. The primary emphasis of the nano-
material family is the MWCNTs, which are made up of
multiple thin layers of coiled graphene sheets that have
sp? hybridization; because of their outstanding qualities,
they have demonstrated amazing performance in a wide
range of applications [15, 16]. After achieving homog-
enous MWCNTs, dispersions have been proposed to dif-
fuse into vase water and travel through stem vessels to
the leaves via transpiration [17-19]. Nanocomposites can
be used securely and successfully for Alstroemeria cut
flowers in vase solutions, MWCNTs or in a mixture with
other preservatives, enhancing their vase life with quality
compared to the control [10].

PGRs and plant hormones have the same chemical
structure and biological effects; the only difference is how
they are derived. At very low concentrations, they govern
plant growth and development [20]. Gibberellins (GA)
are one of five major classes of endogenous plant hor-
mones that boost certain physiological or biochemical
pathways in plants; GA; is believed to be a plant growth
regulator that delays senescence [21]. The application
of GA; had a substantial effect on the vase life, total
chlorophyll, and carotene content of leaves in Solidago
canadensis L.cv. “Tara” [22]. GA, pulsing improves flower
petal water content, and solution uptake increases vase
life and other qualitative attributes of cut stems com-
pared with the control and delays the bent neck of cut
rose [23].

The carbohydrate contents and dry weight of cut flower
stems may estimate the possible vase life of bloom at a
given temperature, as carbohydrates, primarily sugars,
gradually decrease during respiration. Higher levels of
endogenous carbohydrates reduce ethylene sensitivity
but do not reduce ethylene production [24].

Sucrose is frequently used as an external pulsing or
holding treatment for cut flowers. It maintains dry matter
content and level respiration, improves water balance in
the plant, and is effective in the management of stomata,
which decreases water evaporation and thus increases
the vase life quality of Carnation and Rosa, respectively
cut flowers, marketability and commercial value [25, 26].

The purpose of this study was to determine and com-
pare the efficacy of pulsing treatments of MWCNTs, gib-
berellic acid, and MWCNTs/GA; composites, a novel
nanocomposite, as anti-senescence agents employed
at different concentrations. The holding solutions were
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used with or without sucrose as a carbohydrate supply
resource to improve some qualitative and physiologi-
cal characteristics of cut rose flowers (Rosa hybrida cv.
‘Moonstone’) in the regulation of postharvest attributes,
some parameters, characteristics, photosynthetic pig-
ments, antioxidant activity, and quantification of the total
phenolic content were measured.

Materials and methods

Materials

GA; (Sigma—Aldrich Bangalore India), MWCNTs, D xL
110-170 nm x 5-9 pm, purity >90% carbon basis, Aldrich,
absolute ethanol (Sigma—Aldrich).

Preparation of 75 ppm GA; solution

The GA, stock solution was prepared by weighing 0.075
g of GA; and dissolving it in 100 ml of absolute ethanol.
Then, it was diluted to 1 L with distilled water.

Preparation of the MWCNT series and MWCNT/GA,
composite series

Two series of MWCNT aqueous solutions and MWC-
NTs in 75 ppm GA; solutions with varied concentrations,
10, 20, 30, 40, and 50 ppm, were made by weighing the
needed quantity of MWCNTs in 100 ml of distilled water
and 75 ppm GA; solution. To guarantee the homogeneity
of mixing and formation of the nanocomposite, the solu-
tion was sonicated for 1 h in an ultrasonic bath (Bran-
son® ultrasonic bath, 115 Vac, 60 Hz).

Plant material, treatments, and experimental design
Uniform cut rose flowers Rosa hybrida cv. ‘Moonstone’
based on the diameter in the showing color stage (stage
2) [27], and the harvested shoots had a length of approxi-
mately 0.7 m. These were harvested early in the morn-
ing (07:00-9:00 AM) from a commercial greenhouse in
Giza governorate, Egypt, coordinates (30° 6’ 3.78” N, 31°
7" 0.53” E). The flowers were preserved using ice gel bags
within an ice box and transferred within 3 h after harvest
to the laboratory of the Floriculture Department, Faculty
of Agriculture, Alexandria University, where the experi-
ment was performed through April and May of 2023. All
thorns and the lower leaves of the cut rose were removed
gently, the basal 20 cm of the stem, as soon as the flowers
arrived at the lab. Prior to the treatments, all rose stems
were recut to 0.6 m in length under distilled water (to
prevent cavitation of xylem vessels that were opened by
cutting), and then each flower was placed individually in
a glass tissue culture tube (2.5 cm in diameter by 15 cm
height) as a vase containing 50 mL of either pulsing or
holding solution. All tube openings were covered with
aluminum foil paper to reduce both contamination and
evaporation.
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Two holding solutions, with or with no sucrose (S and
NS, respectively) at 20 g/L, were used supplemented with
MWCNTs alone, MWCNTs combined with 75 ppm GA,
as a novel nano anti-senescence agent composite and
GA; at 75 ppm alone (MWCNTs, MWCNTs/GA; 75
composites and GA; 75, respectively) employed at differ-
ent concentrations with S as holding solution as follow
(T1= Control; distilled water, T2= MWCNTs 10, T3=
MWCNTs 20, T4= MWCNTs 30, T5= MWCNTs 40,
T6= MWCNTs 50, T7= GA; 75, T8= MWCNTs 10/GA,
75 composites, T9= MWCNTs 20/GA; 75 composites,
T10= MWCNTs 30/GA; 75 composites, T11= MWC-
NTs 40/GA; 75 composites, and T12= MWCNTs 50/
GA; 75 composites ppm) the same concentrations were
used without S, a total of 24 treatments, all were used as
pulsing treatments for 24 h, silver nitrate AgNO, (Mac-
sen Laboratories Rajasthan, India) at 10 ppm was added
to both holding solutions to eliminate microorganisms
growth [28]. The initial pH of the holding and the puls-
ing solutions were 7 - 7.2 and 6.2 - 6.5 respectively, both
were adjusted by drops of citric acid to 5.8 + 0.1 using a
pH meter (211 Hanna Instruments, Cluj-Napoca, Roma-
nia). The cut flower tubes were randomly placed in a ven-
tilated laboratory at 24 °C + 2 °C, relative humidity 65 +
5% RH, under cool white, fluorescent lamps (55-56 mol/
m?/S), placed 40 cm above the flowers with a 12 h light/
dark photoperiod per day until the end of the experi-
ment. Flowers were evaluated for their physiological and
biochemical traits during the experiment. Most analyses
were recorded when the maximum flower diameter was
reached.

Physiological and biochemical trait assays

Flower fresh weight

The fresh weight of the flowers was measured with an
analytical balance and a digital scale with an accuracy
of 0.001 g (Setra BL-410 precision balance USA) each
week during the vase period, and the differences in fresh
weight of the flowers with the initial values were calcu-
lated. Then the maximum flower fresh weight of the flow-
ers was recorded at the maximum diameter of the flower.

Flower diameter

The flower diameter was measured using a Vernier cali-
per (Poland) each week during the vase period, and then
the maximum flower diameter was recorded and photo-
graphed with a Stanley tape measure for effective visuali-
zation [29].

Vase life

Vase life was measured as the days from the first day of
the vase in stage 2 in which the roses started different
treatments until the roses lost their ornamental appeal,
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as described by rose wilting, withering, and discolora-
tion of the rose, the petals becoming wrinkled with a
bowed neck as the beginning of the aging process [29].
The following were the flower opening indices: Stage 0,
unopened bud; Stage 1, partially opened bud; Stage 2,
completely opened bud; Stage 3, partially opened flower;
Stage 4, fully opened flower without anther appearance;
and Stage 5, fully opened flower with anther appearance
(yellow) described by Jishi et al. [30].

Photosynthetic pigments; chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoid contents of rose flower fresh
leaves

The decreases in chlorophyll concentrations are related
to leaf yellowing, which is a sign of termination of vase
life [27]. As a result, the photosynthetic pigments of the
leaves were evaluated under various treatments at the
maximum flower diameter stage [31]. Fresh leaf samples
(0.1 g) were washed and incubated overnight at a cool
temperature (4-5 °C) in 5 ml of N,N-dimethyl formamide
solution. A spectrophotometer (Unico W49376 Spectro-
photometer 1200, China) was used to quantify chloro-
phyll a, b, total chlorophyll, and carotenoids at 647, 663,
and 470 nm [32] formulae were used to compute chloro-
phylls and carotenoids (mg/g fresh weight) as follows:

Chl. a =12.70 Aggy — 2.79 Agyy
Chl. b =20.76 Agy, — 4.62 A
Total Chls =17.90 Ay, + 8.08 Ay,
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was applied. All combinations were allowed to remain at
room temperature for 90 min before the absorbance was
measured using a spectrophotometer at 725 nm (Unico
W49376 spectrophotometer 1200; Shanghai, China). Mil-
ligrams of gallic acid equivalents (GAE) per gram of dried
extract were used to calculate the total phenolic content
(33, 34].

DPPH radical scavenging activity analysis

The plant extract was made by separating the leaves and
drying them at room temperature in the dark. Then,
using a homogenizer, 2 g of freshly crushed dry leaves
were extracted with 100 mL of 80% methanol. The
mixtures were centrifuged at 5000 rpm, and the liquid
extracts were frozen at -20 °C for further analysis. Spec-
trophotometry was used to analyze the extract’s capac-
ity to scavenge radicals against stable DPPH. To give
null corrections, a blank composed of aliquots of 3 mL
of 90% aqueous methanol without DPPH and the sol-
vent extract was used in the spectrophotometer. When
DPPH interacts with an antioxidant, it releases hydro-
gen and becomes reduced. The color shift occurred at
517 nm, transitioning from deep violet to brilliant yel-
low. A total of 1.5 mL of methanolic leaf extract was
collected for each sample, and 1.5 ml of 0.1 mM DPPH
solution produced in 90% methanol was added. Before
use, the combination was completely mixed and stored
in the dark at 4 °C, and the absorbance of the resulting
solution was measured at 517 nm [35, 36].

Scavenging activity (%) = (1—absorbance of sample at 517 nm/absorbance of control at 517 nm) x100

Antiradical activity (DPPH) (%) = [(absorbance of control — absorbance of sample)/absorbance of control] x 100

Carotenoids = [1000 A,;, — (3.72 chl. a - 104 chl
b)1/229

Quantification of the total phenolic compounds (TPC) of rose
leaves

The total phenolic content of a methanolic extract of rose
leaves was assessed using the Folin-Ciocalteu technique.
The methanol extract of the samples (0.2 ml, 100.0 gm/L)
was mixed in distilled water with a volume of 2.0 ml of
diluted Folin-Ciocalteu reagent (1:10). After 5 min, a sat-
urated NaHCO; solution (1.5 ml, 60 g/L distilled water)

Anthocyanin content in fresh rose petals

Total anthocyanin concentrations in rose petal extract
were determined after 30 min of incubation in acidified
methanol (methanol + 1% HCI). For 10 min, the extracts
were centrifuged at 10,000 rpm. The sample was pre-
pared in 5 ml increments and diluted in 0.4 M (pH 4.5)
sodium acetate buffer and 0.025 M (pH 1.0) potassium
chloride buffer (5 ml each). After a 15-minute incubation
period at room temperature, the absorbance at 520 and
700 nm was measured using a spectrophotometer (Unico
W49376 Spectrophotometer 1200, Shanghai, China),
and the total anthocyanin contents were expressed as
milligrams per 100 g of fresh weight (FW) [37, 38].
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Total anthocyanin concentrations (mg/100 g FW) = A x MW x D x 1000/¢

A (absorbance value) = [(A510 nm — A700 nm) pH 1.0 h — (A510 nm —A700 nm) pH 4.5]

MW (molecular weight of cyanidin — 3 — Oglucoside) = 449.2

D = dilution factor

bare MWCNTs, bare GA;, and the MWCNT/GA; com-
posite, as shown in Fig. 1a. The MWCNT/GA, composite
sample for FTIR analysis was prepared by adding MWC-
NTs (20 ppm) to a 75 ppm GA; solution and sonicating for
2 h. The composite was then filtered and dried at 60 °C for
1 h. The characteristic GA; bands appeared clearly in the
FTIR spectrum of the MWCNT/GA; composite. Bands

¢ (molar absorptivity coefficient of cyanidin — 3 — Oglucoside) = 26, 900.

Statistical analysis

The experiment conducted for this study was set up as a
factorial experiment of treatments (2 holding solution x 12
pulsing treatment = 24 treatments; each treatment had 3
replicates, for a total of 72 experimental units). According
to Snedecor and William [39], the experimental design was
a completely randomized design (CRD). Using SAS soft-
ware [40], all the data gathered were subjected to analysis
of variance (ANOVA) to compare the various treatments.
Tukey’s test was used to compare mean values for several
comparison ranges of means at the LSD,, s level.

Results

The structural and surface characterization

of the MWCNTs/GA; composite

Fourier transform infrared (FTIR) spectroscopy

The adsorption of GA; on MWCNTs was proven by per-
forming FTIR spectroscopy (FTIR-84005SHIMADZU) of

at 3424 and 1645 cm™ are assigned to phenolic, alcoholic,
and carboxylic O-H stretching vibrations, and a band at
2927 cm™ is assigned to C-H stretching. Bands at 1456 and
1060 cm™ correspond to C-C stretching in the aromatic
ring, and C-O stretching, respectively [41] and [42].

The surface morphology of the MWCNTs/GA; com-
posite is examined by high-resolution transmission
electron microscopy (HR-TEM) (Talos F200i S/TEM),
as shown in Fig. 1b. The hollow morphology of MWC-
NTs can be identified even after GA, adsorption, which
ensures that the formation of the MWCNTs/GA; com-
posite preserves the nanostructure.

Effect of holding solution with S or NS and different pulsing
solutions on morphological flower quality fresh weight,
flower diameter, and vase life of cut rose

Sucrose in the holding solution generally showed a sig-
nificant increase in fresh weight (27.2 gm), maximum

120

110

g

Transmittance
8

CH,2927

ICC aromatic,
1456

70

§.
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Fig. 1 aThe Fourier transform infrared (FTIR) spectra of (A) MWCNTSs, (B) GA;, and (C) MWCNTs/GA;composite. b High resolution-transmission

electron microscopy (HR-TEM) image of MWCNTs/GA; composite



Page 6 of 15

(2024) 24:239

El-Naggar et al. BMC Plant Biology

(%) ,Hddd, Auande Buibuaneds |esipes AzeapAy|11d-| -[Auaydig-z'e pue (.6 3yD bw) ,DdL,

1u3u0d dljoudyd |e101 ‘(M4 6001 /6w) uluehdoyiue ‘(M4 6/6w) prousloted ‘(M4 6/6w) 101y [eloL, [1Aydoiolyd [e101 ‘(M4 6/6w) g 10jyd, g |IAydoiolyd ‘(M4 B/6w) e uojyd, e ||Aydoiolys ‘(skep) A, 41| dseA (wd) a4,
1919wWelp Jamoyy ‘(6) , M4, 3YB1am Ysaiy 1amo|4 1533 5,A9x N 03 Bulpiodde (S0'0 S d) JudIayip A[3uedyiubis 10U a1 uWn|od SWes 3y} Ul $19113] dwes 3yl YUm suealy “Alljigeqoid 0°0 1 saduaIayip Juedyiubis 1ses| = $00qs

8v9'9 cor's €e1T €810 0550 8070 8r¢0 gL 2090 8076 (5d)500gg
38 aoct WA DY LS50 D91 990 960 D90l 9499 D97z seusodwod wdd 5/fyD/0S SLNDMIN
39%¢ ascl (%9 DV S50 DI 490 460 D9€LlL 99 Dg6l  sdusodwod wdd s/fyD/0v SLNDMN
g10S 9507 Jaosl JY ¥50 o961 A gl 997l 2958 Dv/8z  sansodwod wdd s/fyD/0€ SINDMIN

v 98/ v £9C av 1'/L 09 /¥0 v 8z VOl VL V8L V6 v8re  sausodwod wdd s/fyD/0Z SINDMIN
g9€0S 9607 ad /sl o9 /%0 g8l 990 g0l 997l 988 DV Igz  sansodwod wdd 5/fyD/0L SLNDMW
3Ja98e D691 EERN! BRAZT) D91 990 q01 o981l 3a9¢ 29T wdd g/fyD
ang Ly anoel HO 06 av 590 D91l 990 g0l g€ll ais Bl a4 wdd 05 SLNDMW
gesy a>oslt DENA V690 g8l q9/0 gl 2991l aos 290°6C wdd ot SLNDMW
o9 vy v 0T D9 €61L DY 950 o917 9.0 a7l kd! 2gv8 D08 wdd 0 SLNDMW
v ESL av 0'€e V658l o9 150 40t 480 gl VSl av 06 av ¢ 0 wdd 0z SLNDMW
a’g9¢r ansel EERN! 09 /%0 098l A qacl grel ER A D96°€C wdd oL SLNDMW
JAD o ad syl IHO8 J9¥0 g8l 9,0 gl g€l EERWA 29T (3u0D) J93eM pPBY1ISIQ

sa)1Isodwodoueu pasaauibua-jusabe aduadsaUIS-IIUE [DAOU YIIM (Sd) uoiinjos Buisind jo 159y utepy

6851 €180 6050 Yr0'0 zelo 6v00 €800 97€0 vr10 6v7T (sH)500gg

v €05 V18l V8Tl V /S0 V0T v /0 x4 2ad VES VLT .16 0Z (S) @soaons
qLy 9T/l q9901L 9750 a8l 990 gl g0l a5/ 991 (SN) @sonns oN

AmZv 25040ONnG ON 10 Amv 950.0NS Yim AmIv uoinjos m:_ﬁ_Or_ JO 1O9)jo uley
(m4600L/6w)  (Md6/6w)  (Mmd6/6w) (md6/6w) (M4 6/6w)
(%) Hdda  (,-63yD bw)DdL uuefooyjuy  plousjored  IojyD [eloL q-iojyd euolyd  (skep)jn  (wd)ad  (wb) md

SUOISUOON 'AD DPLGAY DSOY Usa1) 1N JO SD1ASIIIDRIRYD [edjwaydoiAyd pue [ed1bojoisAyd-oydiow syl uo s21isoduwod0uRU paIaauIbud
-Jusbe 95UISBUSS-[IUB [2AOU YUM (Sd) Uonn|os Buisind pue (S) 850ioNnS Yum 10 (SN) 9501oNS ON YlM (SH) Uoinjos Buipjoy Jo 19349 ulew ay3 jo uosuedwod ay| | ajqeL



El-Naggar et al. BMC Plant Biology (2024) 24:239 Page 7 of 15
a Flower fresh weight
45 3 &
40 3 .3 3 o
s 98931 3 £ 25,
= f=}
_ 30 o = o &0@ 3 L
z 25 5 §
2 20 §
15 §
10 §
5
0 &
> A
TS LSS FFE
s < S G FEE &%\n\ &,ﬁ\
&S & & & ¢
SRR
S No sucrose BSucrose
b Maximum flower diameter
12
G
10 o) &3 z2 5 .
g =F 4 R > = ™ =
= == T \ Q 3 — —
E ¢ N " \ \ \ 3 H
B RRRRRR N
N N N NI N N N
> NE N \ N N N R
> NI NI N NN NN N N
> ® o
Oeéée &9@ & o &9&% &s@ (}"b < ??’ Q\QV?’
S FTITITS &
S & S &
& 3
B No sucrose B Sucrose
¢ Vase life
18
e 2o L8 S Q% oo “-'ua
14 2 3% 2% 33 22 3
o 1 Y N BN ENBN \‘ N
%5 N N N NN N NN
' N\ YR R R YR R
4 N NN N N N N N
2 N N N N
2 N NN N N N N N
® & 6
& ) S S N A >
C»e& OQ& cé&% cé&% & \Q\O © Q\OV D‘Q\GY' 6@0?’
Q& Q& o > &0
@é > cﬁ& $CJ$ ¢ q@é
R $

ONo sucrose BSucrose

Fig. 2 Cut rose moonstone morphological flower quality fresh weight (a), flower diameter (b), and vase life (c) as a function of holding solution;
with sucrose (S) or no sucrose (NS) and different pulsing solutions. The interactions are expressed as the means +the standard error (SE). Bars
with the same lowercase letters are not significantly different at the P<0.05 level; statistics are provided in Additional file 1: Table S1

flower diameter (8.3 cm), and vase life (12.4 days) of
cut rose (Table 1) and (Additional file 1: Table S1). In all
cases, the main effect of the MWCNTSs 20 ppm/GA; 75
ppm composite was the optimal concentration as a puls-
ing solution and promoted positive significance on fresh
weight 34.8 gm, maximum flower diameter 9.4 cm, and
vase life 14.8 days of cut rose (Table 1) and (Additional

file 1: Table S1). For MWCNTs at 20 ppm, alone in the
pulsing solution promoted a significant increase in fresh
weight of 30.2 gm, maximum flower diameter of 9.0 cm,
and vase life of 14.5 days of cut rose (Table 1) and (Addi-
tional file 1: Table S1) and (Fig. 2). The largest significant
effect on morphological flower quality; fresh weight 35.7
gm, maximum flower diameter 10.2 cm, and vase life 15.6
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A. Sucrose

B. No Sucrose

Fig. 3 Clarifying the influence of MWCNTs or MWCNTs/ GA; composites as a pulsing treatment; A with sucrose as holding solution

on the maximum flower diameter as follows T1=Control; distilled water, T2=MWCNTs 10, T3=MWCNTs 20, T4 =MWCNTs 30, T5 = MWCNTs 40,
T6=MWCNTs 50, T7=GA; 75, T8=MWCNTs 10/GA; 75 composites, T9=MWCNTs 20/GA; 75 composites, T10=MWCNTs 30/GA; 75 composites,
T11=MWCNTs 40/GA; 75 composites, and T12=MWCNTs 50/GA; 75 ppm composites, and (B) with no sucrose as follows (T13 =Control; distilled
water, T14=MWCNTs 10, T15=MWCNTs 20, T16 =MWCNTs 30, T17=MWCNTs 40, T18 = MWCNTs 50, T19=GA; 75, T20=MWCNTs 10/GA; 75
composites, T21=MWCNTs 20/GA; 75 composites, T22 =MWCNTs 30/GA; 75 composites, T23 = MWCNTs 40/GA; 75 composites, and T24 =MWCNTs

50/GA; 75 ppm composites, respectively, as illustrated

days of cut rose, respectively were detected on the inter-
action between S in holding solution with MWCNTs 20
ppm/GA, 75 ppm composite in the novel anti-senescence
agent engineered nanocomposites as a pulsing solution if
compared with the control and the other treatments, as
illustrated in Additional file 1: Table S1 and (Fig. 2a, b, ¢)
while the lowest fresh weight 18.7 and 18.5 gm, minimum
flower diameter 6.2 and 6.1 cm and vase life 10.3 and 11.3
days of cut rose, respectively were recorded in the inter-
action between NS in holding solution with MWCNTs 50

or 40 ppm/GA; 75 ppm composite, respectively in puls-
ing solution as presented in (Additional file 1: Table S1).
According to Fig. 3A and B, the morphological char-
acteristics of moonstone, maximum flower diameter,
and stem quality preserved in different preservative
solutions containing different concentrations var-
ied from distinctive morphological characteristics
when S was applied in the holding solution (Fig. 4A)
combined with MWCNTs 20 ppm/GA; 75 ppm com-
posite (T9) or MWCNTs at 20 ppm (T3) as a novel
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A. Sucrose

B. No Sucrose

Fig. 4 Contrasting the influence of MWCNTs or MWCNTs/ GA; composites as a pulsing treatment with sucrose as holding solution

on the morphological rose moonstone; flower diameter and stem quality A: (T1=Control; distilled water, T3=MWCNTs 20, T9=MWCNTs 20/GA; 75
composites, T11=MWCNTs 40/GA; 75 composites, and T12=MWCNTs 50/GA; 75 ppm composites) or with no sucrose as follows B: (T13=Control;
distilled water, T15=MWCNTs 20, T21 = MWCNTs 20/GA; 75 composites, T23 = MWCNTs 40/GA; 75 composites, and T24 =MWCNTs 50/GA; 75 ppm

composites), respectively

anti-senescence agent engineered nanocomposites in
pulsing solution if compared to the remaining treat-
ments, particularly when NS (Fig. 4B) was applied to
the holding solution with MWCNTs 50 (T24) or 40
ppm/GA; 75 ppm composite (T23), as illustrated in
(Figs. 3B and 4A and B).

Photosynthetic pigments; chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoid contents of cut fresh rose leaves
of moonstone

Leaf yellowing caused by a reduction in green photosyn-
thetic pigments, chlorophyll a, chlorophyll b, and total
chlorophyll concentration, or an increase in carotenoid
content is a typical sign of the end of vase life. Sucrose
in holding solution significantly stimulates photosyn-
thetic pigments; chlorophyll a 1.2 mg/g FW, chlorophyll
b 0.7 mg/g FW, total chlorophyll 2.0 mg/g FW, and carot-
enoids 0.57 mg/g FW concentration of cut rose fresh
leaves, respectively as presented in (Table 1) (Additional
file 1: Table S2). There were significant differences in
the main effect of the chlorophyll content between the
MWCNT 20 ppm/GA; 75 ppm composite and MWCNT
20 ppm alone as a pulsing solution. The chlorophyll a
was 1.7 and 1.3 mg/g FW, chlorophyll b was 1.0 and 0.8

mg/g FW, while total chlorophyll was 2.8 and 2.2 mg/g
FW, respectively, and there was a significant reduction in
the carotenoid content of 0.47 and 0.51 mg/g FW, respec-
tively (Table 1) (Additional file 1: Table S2).

The highest significant values of chlorophyll a 1.9 mg/g
FW, chlorophyll b 1.2 mg/g FW, and total chlorophyll 3.2
mg/g FW were recorded in the interaction between S in
holding solution combined with MWCNTs 20 ppm/GA,
75 ppm composite in pulsing solution, as shown in Addi-
tional file 1: Table S2 and (Fig. 5a, b, ¢). The minimum
carotenoid content of 0.41 mg/g FW was observed when
NS in the holding solution with MWCNTs 20 ppm/GA,
75 ppm composite in the pulsing solution was applied, as
shown in Additional file 1: Table S2 and Fig. 5d. Accord-
ing to Fig. 4B, the results showed that the highest carot-
enoid content (leaf yellowing) was revealed when NS was
in holding solution with MWCNTs (50 or 40 ppm) alone
or MWCNTs (50 or 40 ppm)/GA; 75 ppm composite, as
illustrated in Additional file 1: Table S2 and Fig. 5d.

Anthocyanin content in petals of fresh cut rose

Sucrose in the holding solution revealed a substantial
increasing trend in the quantity of anthocyanin content
(12.8 mg/100 g FW) of fresh cut rose petals, according
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Fig. 5 Cutrose moonstone photosynthetic pigment chlorophyll

a (a), chlorophyll b (b), total chlorophyll () and total carotenoid

(d) contents as a function of holding solution; with sucrose (S)

or no sucrose (NS) and different pulsing solutions. The interactions are
expressed as the means + the standard error (SE). Bars with the same
lowercase letters are not significantly different at the P<0.05 level.
The interactions are expressed as the means + the standard error (SE).
Statistics are provided in Additional file 1: Table S2

to (Table 1) Additional file 1: Table S3 and Fig. 6a.
When MWCNTs 20 ppm and MWCNTs 20 ppm/GA3
75 ppm composite were added to the pulsing solution,

Page 10 of 15

the anthocyanin content increased significantly to 18.9
and 17.1 mg/100 g FW, respectively. When applying the
MWCNTs 50 or 40 ppm/GA3 75 ppm composite in puls-
ing solution, there was a substantial reduction in antho-
cyanin content of 5.7 and 6.4 mg/100 g FW respectively.
According to Fig. 4 and as illustrated in Additional file 1:
Table S3 and Fig. 6a, the highest anthocyanin content
was reported when S in the holding solution was treated
with MWCNTs at 20 ppm alone or MWCNTs 20 ppm/
GA3 75 ppm composite in pulsing solution (20.4 and
17.7 mg/100 g FW, respectively). The lowest anthocyanin
content 5.9 and 3.6 mg/100 g FW were observed when
NS was applied in holding solution with MWCNTs (40
or 50 ppm)/GA; 75 ppm composite in pulsing solution,
respectively.

Total phenolic content (TPC) of the cut rose

According to Fig. 6b, the most important postharvest
feature in moonstone roses is TPC in various preserva-
tive solutions, which reflects antioxidant activity. The
highest value of TPC (27.1 mg GAE/g DW) was detected
in the NS holding solution with MWCNTs (20 ppm)/
GA; 75 ppm composite in the pulsing solution; on the
other hand, the lowest value (11.8 mg GAE/g DW) was
observed in NS in the holding solution with MWCNTs
(50 ppm)/GA; 75 ppm composite in the pulsing solution
as shown, in Additional file 1: Table S3.

DPPH radical scavenging activity of cut rose

Data about the DPPH radical scavenging activity of
cut roses are shown in (Table 1) and Additional file 1:
Table S3 and Fig. 6¢. All treatments significantly affected
the DPPH radical scavenging activity of the cut roses.
Sucrose as a holding solution, MWCNTSs (20 ppm)/GA,
75 ppm composite, and MWCNTs alone at 20 ppm in
the pulsing solution caused an increase in DPPH radi-
cal scavenging activity. The greatest DPPH radical scav-
enging percentages (82.3% and 77.8%) were achieved in
roses treated by S as a holding solution with MWCNTs
(20 ppm)/GA; 75 ppm composite and MWCNTs alone at
(20 ppm) in pulsing solution, respectively, and the low-
est value (31.8%) was observed in S holding solution with
MWCNTs (50 ppm)/GA; 75 ppm composite in pulsing
solution.

Discussion

In this work, our results focused on the significant posi-
tive responses of all recorded quality parameters when
moonstone fresh cut roses were treated with S compared
with NS holding solution. Pragya et al. [28] and Young
and Wan [43] reported that S provides a vital substrate
for respiration as well as structural material and carbon
skeletons for flower opening and mentioned that 2% S



El-Naggar et al. BMC Plant Biology (2024) 24:239 Page 11 of 15

a Anthocyanin concentration

be

Yo Waz77777 e
"y P e
7N
-

(mg/100 g FW)

N & '\6
2 P
© @\"V @\"V NS
& & S
L &L
& &
&I No sucrose HSucrose
b Total Phenols
35
el
20 _ef s L s s
= o [
a0 5% % 527 .t AN 5 .
P15 g E ““E~~£
o YRRR KRR
X SN R RKRNR
N I IR R IR TR
NS S 2 AR IR <
S R SN
S &S FEFEE
S & & S
N No sucrose BSucrose
c DPPH
100
90 o £
AN 58 2 b 0 o)
=) ] G =
LI BN e
= - o a - = ) \ . 2
S BN N N\ T RN N F
oo 30 N N N N Ny N B
ERRRNRNRNRRRRR R
= 0 NI N N N N N N
>
= & o e
S > Q Q s o A e o0
n & \“ D 6 > > y»
© C’ <> %’» P S
@ I ST
ch’ 4@ @) @) 4&0
& § ISR

[MNo sucrose BESucrose

Fig. 6 Cutrose moonstone anthocyanin concentration in fresh rose petals (a), total phenolic content (b), and DPPH radical scavenging

activity (c) as a function of holding solution with sucrose (S) or no sucrose (NS) and different pulsing solutions. The interactions are expressed

as the means + the standard error (SE). Bars with the same lowercase letters are not significantly different at the P<0.05 level; statistics are provided
in Additional file 1: Table S3



El-Naggar et al. BMC Plant Biology (2024) 24:239

in the holding solution better regulated water uptake,
water relations, and transpiration loss and improved
the postharvest quality of cut roses, flower fresh weight,
and flower opening and prolonged their vase life. It was
found that S increased leaf photosynthetic pigments,
chlorophyll a, chlorophyll b, total chlorophyll, and carot-
enoids, and the anthocyanin content of fresh cut rose
also improved the impact of cytokinin on the delay of
floral senescence and decreased the effect of ethylene
on prolonging flower vase life [44, 45]. Our findings are
in line with Bhawana et al. [46], Lama et al. [47], and
Nguyen and Lim [48], who mentioned that S plays a role
by enhancing antioxidant properties, such as increasing
the antioxidant activity of 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) and reducing oxidative stress-mediated damage
during rose flower senescence and the total phenolic con-
tent (TPC) of cut rose petals.

The morphologies of nanomaterials/nanoparticles vary
depending on the desired use, with diameters ranging
from 1 to 100 nm, size, dimension, origin, and compo-
sition: tubular, spherical, hollow, flat, conical, cylindrical,
or irregular. NPs feature new and size-related physio-
chemical characteristics that distinguish them from
larger materials [9]. Several studies in horticulture and
ornamental plants have indicated that CN'Ts are effective
when used preharvest [6, 49], as they improve vegetative
growth, flowering, and yield quality in carnations.

The results highlight the significant potencies of
MWCNTs in low concentrations as a pulsing solution at
20 ppm associated with improving the postharvest qual-
ity of cut roses; increased flower fresh weight, flower
opening, chlorophyll a, chlorophyll b, total chlorophyll,
carotenoids, and anthocyanin; the antioxidant scaveng-
ing activity of 1, 1-diphenyl-2-picrylhydrazyl (DPPH);
and reduced oxidative stress-mediated damage during
rose flower senescence and total phenolic content (TPC)
of fresh cut rose and prolonged vase life, whereas con-
trary results were observed in high MWCNT concen-
trations at 40 or 50 ppm. The same observations were
reported by Ghorbanpour and Hadian [50] working on
Satureja khuzestanica and Khodakovskaya et al. [51] on
tobacco, as they mentioned that low doses of MWCNTs
can increase cell development, while at greater doses,
they significantly inhibit cell growth. It appears that the
effects of MWCNTs are dose-dependent, as modest con-
centrations of MWCNTs exhibited growth-promoting
effects with positive effects on physiology, biochemistry,
cellular elongation [52, 53], cell size and xylem conduct-
ing tissue in Catharanthus roseus [54], xylem and phloem
conducting tissues [53], nutrition, and water uptake [55],
and photosynthesis efficiency [56]; however, high dosages
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caused significant drops that had an adverse effect on
growth.

It was detected that the hollow morphology of MWC-
NTs can be identified even after GA; adsorption, which
ensures that the formation of the MWCNT/GA; com-
posite preserves the nanostructure. Additionally, the
MWCNTs were dispersed evenly in water without aggre-
gation. Given that the MWCNTs are delivered to the
plant’s stem via water, it was critical to ensure that they
were evenly distributed throughout the vase solution.
Similar results were stated by Mousavi et al. [10] working
on cut Alstroemeria.

Zahra and Rahim [23] indicated that a GA; pulse treat-
ment significantly improved the postharvest performance
of cut rose flowers and leaves while also significantly
reducing the typical increase in pH and conductivity of
the cell sap. GA; pulse treatment reduced levels of 1-ami-
nocyclopropane-1-carboxylic acid (ACC) and ethylene
production in rose [57]. Furthermore, the senescence
and wilting-delaying effect of GA; was connected to a
reduction in the respiration rate [58, 59]. GA; creates an
inverse osmotic pressure in the cell and enhances water
intake via starch and S hydrolysis in lilies and gladiolus
[60]. Furthermore, the combination of GA; pulsing solu-
tion treatment with S considerably improved the vase life
of the cut rose flower when compared to treatment with
S alone or the control [61]. Similar results were reported
in our investigation since MWCNTs 20 ppm/GA; 75
ppm composite, 75 ppm GA;, and MWCNTs 20 ppm
with 20% S as pulsing solutions were substantially related
to improving morpho-physiological characteristics post-
harvest quality and extending the life of cut rose flowers.

Our results indicated that the vase life can be affected
by either MWCNTs or the MWCNTs/GA; 75 ppm com-
posite, depending on the concentration. MWCNTs at
suitable concentrations (20 ppm) extend the vase life and
quality by regulating the postharvest characteristics of
cut rose. This finding aligns with recent findings showing
the advantageous effects of MWCN'Ts on roses [62].

However, at high concentrations of MWCNTs (40
or 50 ppm), either MWCNTs alone or the MWCNTs/
GA; 75 ppm composite, the cut rose tips of the petals
and leaves turned yellow, brown, and then black more
quickly, affecting the quality characteristics and short-
ening the life of the cut flowers. This could be caused by
MWCNTs accumulating within the xylem, which could
have negative consequences, such as inhibiting nutri-
ent, water, and plant hormone transport [10]. Di Zhang
et al. [63] explained that the effect of MWCNTs on cut
rose longevity was due to their high ability to be absorbed
or transported by plant vascular tissue, which can cause
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increased accumulation within the xylem and vascu-
lar tissue blockage, resulting in toxicity, senescence, and
wilting, especially at high doses. In agreement with our
observations, Ghasempour et al. [54] mentioned that
MWCNT treatments increased the activity of two major
enzyme antioxidants, catalase and peroxidase. These
findings support the concept that MWCNT treatment
is associated with the activation of a defense system that
provides plant resistance to unfavorable conditions.

Our method affirms that the hollow morphology of
MWCNTs can be identified even after GA; adsorption,
which ensures that the formation of the MWCNT/
GA, composite as a novel engineered nanoparticle pre-
serves the nanostructure, as previously described in
both the Materials and Methods and Results sections.
The high-resolution transmission electron microscopy
(HR-TEM) of the MWCNTs/GA; composite and FTIR
spectra demonstrated that the MWCNTs/GA; com-
posite exhibits excellent dispersion properties in vase
solution.

Conclusion

The postharvest quality of cut rose flowers degrades;
hence, enhancing the vase life quality is a vital step in
guaranteeing the crop’s economic viability. This study
sheds new light on the interaction between applying
a solution containing MWCNTs with or without GA,
(MWCNTs/GA; composites), which is a novel engi-
neered nanoparticle as a pulsing and a holding solution
with or without S to induce and improve the vase life
and quality of cut Rosa hybrida cv. moonstone makes
it easier for plants to absorb this nanotube. The cur-
rent findings indisputably show that MWCNTs 20 ppm/
GA; 75 ppm composite or MWCNTs alone at 20 ppm
in pulsing solution with S are superior and critical to
the longevity, flower opening, and keeping quality of
cut flowers by alleviating chlorophyll, carotenoids, and
anthocyanin content, stimulating antioxidant defense
such as total phenolic compounds and DPPH radical
scavenging activity. The purpose of this study was to
provide post-harvest advice for cut flowers to assist cut
flower farmers. In order to create post-harvest man-
agement strategies, considerations regarding holding
and pulsing solutions treatments for cut flowers should
be included. Those materials act as a guideline for new
post-harvest chemicals to be used in the production of
commercial cut flowers. Additional studies examin-
ing the interactions of uniquely designed nanoparticle
MWCNTs with plant hormones on cut flower systems
are needed to understand their impacts on vase life,
favorable physiological responses, negative effects, and
optimal concentrations.
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