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Enhancement of Postharvest Longevity of Angel Rose Cut Flowers through
Silver Nanoparticles, Graphene Oxide, and Plasma Water
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Fig. 1. Comparison effects of different treatments including distilled water (DW), distilled water with silver
nanoparticles (DW-+SNP), distilled water with graphene oxide (DW+GO), distilled water with silver
nanoparticles and graphene oxide (DW+SNP+GO), plasma-activated water (PW), plasma-activated water
with silver nanoparticles (PW+SNP), plasma-activated water with graphene oxide (PW+GO), and plasma-
activated water with silver nanoparticles and graphene oxide (PW-+SNP+GO) on the mean vase life of cut
rose flowers (cv. Angel). The height of the bars represents the mean vase life (days), and the letters above
the bars indicate statistically significant differences between treatments according to Duncan’s test (o =
0.05).
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Table 1. Mean Comparison of the Effects of Nanoparticle and Plasma-Activated Water treatments at different
holding times on postharvest traits of cut rose (Rosa hybrida ‘Angel’) under holding conditions at 10 °C and 75 %

relative humidity.
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3,5 5851 g3 T Y Jlasl las [0 (610 cire Dgldl i S ie By S gl 6w 45 et jo 40 Sezge lo il
Means in each column with at least a same letter are not significantly different according to Duncan (P<0.01)

test.
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Table 2. Mean Comparison of the Effects of Nanoparticle and Plasma-Activated Water treatments at different
holding times on postharvest traits of cut rose (Rosa hybrida ‘Angel’) under holding conditions at 10 °C and 75 %
relative humidity.

e Slesll gloj osle woyo i |y — S olass slo Sk sl
Treatment Storage Sis Ul Jsle sla il
time Dry matter Soluble Solution Stem bacterial
(day) percentage absorption bacterial count
(%) rate count (CFU/mL)
(mL/g FW) (CFU/mL)
oo 3 13.28 ¢ 29.0 ' 26.3 1 126.7°°¢
Distilled water 6 12.42 hi 19 Ojk 377¢ 134.0 be
15 10.70 15.7% 70.0 149.3 2
058 Sy 5+ ke O] 3 14.80 >d 35.04 150" 93.0 Kl
Distilled wate.r + silver 6 14.79 bed 347 cd 317 d-g 112.0 ghi
nanoparticles . foh def i
15 12.19" 26.7'8 32.0 116.7
ST 35 5 ke 3 13.39 1 403° 21.7KIm 115.0 1
Distilled wate;x-ii-dr;ano graphene 6 13.56 40 2508h 280 &1 1207 4h
15 13.18 19.39% 30.3 40 125.7 %%
AT 5 o5 S, b+ lae 3 14.02 98 4332 18.0 ™" 119.3 40
ad 6 14.50 0 36.0 € 20.7'm 129.0 °¢d
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3,15 S5l a3l 1Y Jlaks s (o (6)lo cire glas i S i B> S gl Bl aS gt 8 00 99z e sloSile
Means in each column with at least a same letter are not significantly different according to Duncan (P<0.01).

Sl dgik 8,18 aS axdl o o] el ganed (Amin ef al., 2020) ) Ko g Amin 5,155 b pol> adllle glaasl
R ‘)L:J (5"'\))" L_';LQJ'? u...Q..S \)% 9 J}l.?bo u..\.‘> )‘QLSAM u...'\)_el [ERVew) 6))[5L~AJ o‘).‘o.ﬁd.’ ().A.».I » Ib)kaL“'A \a) o)su

Zinnia elegans -\
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Cut roses, due to their high ornamental and economic value, require effective strategies to
extend postharvest longevity. This study aimed to investigate the effects of silver nanoparticles,
graphene oxide, and plasma-activated water, applied individually and in combination, on the
physiological traits and vase life of cut roses. To evaluate vase life, the first experiment was
conducted as a completely randomized design with three replications and eight treatments:
distilled water, distilled water + silver nanoparticles, distilled water + graphene oxide, distilled
water + silver nanoparticles + graphene oxide, plasma-activated water, plasma-activated water
+ silver nanoparticles, plasma-activated water + graphene oxide, and plasma-activated water +
silver nanoparticles + graphene oxide. To monitor changes in physiological traits over time, a
second experiment was designed as a factorial arrangement based on a completely randomized
design with three replications; the first factor included the same eight treatments, and the
second factor was sampling time at 3, 6, and 15 days after treatment application. Results
indicated that the treatment combining plasma-activated water, silver nanoparticles, and
graphene oxide exhibited the most pronounced positive effects on fresh weight (143.3 g), dry
weight (6.39 g), flower diameter (74.33 mm), and solution uptake (0.45 mL-g ') on day 3. This
treatment also produced the longest vase life (26 days). Regarding microbial assessment in the
solutions, the treatments of distilled water + silver nanoparticles + graphene oxide and plasma-
activated water + silver nanoparticles + graphene oxide showed the lowest microbial
contamination at the final day. Moreover, the lowest bacterial count in the stem was observed
in the plasma-activated water + silver nanoparticles treatment. In contrast, distilled water alone
showed the weakest performance across all parameters. Overall, the results suggest that the
combination of plasma-activated water, silver nanoparticles, and graphene oxide represents a
promising strategy for significantly improving the quality and extending the postharvest life of
cut roses cv. Angel.
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