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Enhancement of Postharvest Longevity of Angel Rose Cut Flowers through
Silver Nanoparticles, Graphene Oxide, and Plasma Water

T Lo odle g " olgiSi pu s M Silolid (cumnonls dionot
Olnl e ()8 gl oKl (55,5laS ouSiils ( SLEL psle -
Olnl b ()8 gl olRiils ¢ ganlo qlie 5 (55 )5LiS 0aSLEls (5)9iST s 09,5 Y
(t.shamsiS9@gmail.com , mikkhah r@pgu.ac.ir ): s 5 o :Jgius odimg g #
VECEIVIY 5l Gl VEFETY sl s fu

XKW L2

95 (el el CBls 5l ey yes Job (Rl sl 35ege sl Vb olatdl g ooy (8l Jedsar (S 5, S5
S Sy » 55 9 Allar Sygon Ldly LboadJld Ol g LS 81,560 w0l Slydgl 23U (o) Soa L
S5 e b 33 SIS 5l B 5 e GtalesT e obnlS o oo3)) sl s ool 5, S ol jee 5 Saslssd
OISl + o8 Ddgl + jhate Ol anlasT 319l + Jlade Ol o, 03530 + Slaiie OF Glade O Jold Jlos et
LLaST 356l + 0,35 356 + Lawdly T 5 luST 531,56k + Lowsdly T 0,85 301k + Lonsdly T dlaadly T ST
3k SelS 5 by 2 J2)siST 90 90 inlaj ey oo 53 Sa3elansd Dlio Dl yni gy solaneds 0 |2
Ol s 031 A 3 (61 paiges Gloj pgd S g Censt Lialej] Lo Cutie Gled gl 5iS1 1ye S Sl S5 an b
oo 5 e pions ST 3,556 + 0,5 Sl y39l + Ledly T Jlows 45 ols Lt b5 .58 b lass Jlosl 31 s 55, V0
Jolme Qi Jlade 5 (e YEINT) S )8 oo )5 FIVR) 5 St (9 (p 5 VIYIT) 5 (59 Slae () 2 1)
o > 9,5 obml ]y Go,y V) (lxlS jee (5 SYsb less cnl cuizpan (2lls pon 55, 50 (5 2 Sl e #1Y0)
WLaST 31,556 + 0,8 gl + Ladly T 5 wluST (31,55 + 0,8 39l + ylaiie OT e o Jslone ;5 5,251 ol
Lowsdly F Jlasd @ Lgayo aBlos 1o (6 28T Slasd (7S gl 2 ogdle iols (lts (SLL 555 50 1) (29,50 (S5l e
@l (5 jsbay ol i b asls den o 1) o Slas o iciend oleidas shie O Jlad (blie jo 05 0,85 &l 366 +
2 75 BB Sgeg0 Wl oo s ISl S Blsisas LT AL 5 085 S350 ey T S 5 oS S o] Sl
wglod olml il 08) oy 5y IS Cublogy 5l Gy yos Galidl g i

S35 QS pee (65055 o (Jolme 3z (5L gl Lol

3

4A0NR0
3,0 cslie g po 50 (S )0 Blides Glas )l 5wt ()00 60 (S e polis (o (S GBS 059 4l
ol @b Slals Ll ol Jleds 4 (ngi 55,5lS (ol gloasls 5| (S Gayp sla S alg cato Lo (renay
Slauls Grals ¥ same (ol Vb 555105 5 soladl (355 4 az g bl Caato ol odes slo il 51 Sy oY g
3o it atee) 5o Jlsl3 (slatmgsy culpln sl 510,55 5 (VL Comal Sl dagl oy 5l pee (Rl 5


mailto:rnikkhah.r@pgu.ac.ir
mailto:t.shamsi59@gmail.com

GhlEes 5 L ot

&5, JS (Rashed et al.,, 2024) sl 48,5 & 90 o] coiS Lia> 5 o Baile Lioljdl Gaa b Sop o5 cusls
el Glez 5o (55 OlS et Sl S By VT e sgum 9 4T V0 Sl i L Taly) 00 5l (p97 5 alleniz (LS
Cenl 1l38 44 5 o CdS 5 o g Jl0y55 0 (65U Caato o slofag oSl Sl iplgs 5 ske ol Jdoar olS (!
Sl 005l slo Jalows 3l oolainl « Sy p sl J5 clils 3l w jee il slisl) yo (Soundararajan et al., 2019)
Sl 1 5 Kem 23 S 5 5 05,5 Joe iS5 (sl 555 grie Olsiedy 435 el gl s Km0 S 5 23
(Nguyen & Lim, 2021) aiS oo (555 sl> o (slaais]

el Py gty rn b ol i S0 4y o & e 8 sl b IS slanio 50, (sleVSS 31,5
A S, 05¥ Sl (31,550 o Fis oot e J (5352 ol Sogil | 5 e 31,5 sloainio Cuslins
$U o &5 Golite la Sy ceizeer 9 Sl (05 2 @este YY) gy vy 4 mhaw S o9 0L (2le)S 4
Ygare LLuST 31,5 001 o Clas 4y (6 p0uls 00t 5 (sloo, 3650 o i 31 (S laicas oole () i oo Slou] Wao sl
(Golkar et al., 2021) 593 o0 4t 2,5 b 5 st o by 4 codl,S iolusT

2o Eodlad g oy (daw OIS S> oS o3l wile oo g Judods el Voo BV o o3l b To,a ol )3gib
(Zhang et al., 2023) %515 9 2,5 (55 )5laS 5 Sidg Sl yglidlums ( (S alox 5l alise Sloojo> ;3 (598 (29,5
ANNa ) 315 (K ol igi 9 5w g5 «Zale (el Elgy o3l Gezmen (else 4 plalS 5 0,8 &l 350 oIS
o9 5am 45 g 4 e ook S 5 kS ozl g 5 5 0,8 2 slosll Gl 51 LS cal (et al, 2018
Alimoradi ef al., ) ool ool L3I S8 pae g0 50 lag)] slos cools ian (Furno ef al., 2004) sgi oo
.2013; Tymoszuk & Miler, 2019

Al e srezdiws LB, glls aS sl o ygigd g bacygy oy xS i Jlo b ol )3 5l JSie oole 1 sl dewsdly
Jol>= PAW) Tlawodly ouis Jlad Ol sl aidly o )l (glos i joboas S g (2108 olio (65,5l 0 Ly (5,9l
5 O3S iy slaaiss wlyi 5 (sl calan Gl pH 2l s ol (Shas 5 ol O L Ledly les
ol bd slo adl, wlol 5 (to ef al, 2018) S o bowd wied )8 55 ,Se wo Jule SO 4l ol aS o)l 1595
L .(Kuzin et al., 2023) 543 o £L LS ;0 SWgn sl (ial38l 5 olS o ,Slos ((sdin LS 5 S5 g0 Laudly
ohalS o Lowodly Ol oS (15 525 5 S joe (ial38l 5 oS 05m0 50 W8T (3155 5 0,8 Dl )35l faily 4 az g
Ladly o1 L ol (o5 S35 5 2ol (31550 Slyagil (sl Lot A1 oy n by gy (] e Snm sl o1
b plosl il 08,5 (G IS Cealo g 5l g yes 5 (Sudslinsd sl 2 ol s b

b sigy g9ge

bl ,_g}l.we.bl.oi 9 uwl.oﬂ sl Joo
s plsl Gy oS cils 5l ey g Gasen) m)l mds olBils (655 0 oliules] 0 VF-Y 50l yo aslllas oyl
2 dle8 ) (Gp IS5 Sblon (el il ad s 08 50 dly (Sb S S il 63, 5, om0 JS slaasla
3 038 Sl (B SplS 59 U S 5 0 ol e SBlop sliie Gpy 008 e il (Tl alo e

05l 5o 5l 09d o0 (e 5y Sl (aFLE (n Folie plgisa Al e (nl s I8 00giT a0 Al pe 0 azuid
7o Ot o Saislsn e Sym sl Gl Sl 4 b R0s s 3l g S (o0 el |y S sy 3L 5 gl (g 0l
Silopluen ol (231985 5 SIS S5l Jsb (JSed Jobo b il S 0jle oo ool 2 1) il Sl e
caad e ookl 4 S O jgods Gl S o 40 5 gamaiag oU Ve laains ;0 Ko o g Wk
A1 56 (SNP) 0,85 Syl ol pales] Jslone i jlos o ‘Ul o3, 55 Gz slodS gy o0l 5
()T S o Faislod) 50025 51 28 55 5l sl s ooliziasl (DW) jaiecs b layT S 5 5 PW) LoDyl (GO) 0|

Plasma-activated water -¥ AgNPs -¥ Rosaceae -v Rosa x hybrida L. -\

A



FF) 11+ 5 Y sloamio | o)las V5 als oyl Ll 555 5 pale alos

55 ke O (cw ) 00 Laadly O (s (VO g sl i o canslio e b Lawd ol b o] o 5 4
2 &K sla sl ol angs S5 0550 PH L Leasdly Ol a5 0l (105, 480 0 e 4y 5 a5, olSiss (oguases 8,1
PH 5 073 L ol ooliisl 5,50 Lansdly ol PH st 428 ,5° J15 50 2 Sy Jslome 50 les o 5 48 55%) 99 B,k
Sl b oyi Sl)dgil Jlome ags sl 0,8 Al 550 05 Y baslro plad 4y ol 6 eSojlail V Lyl sladec]
Loyl b e Ol 4y 2d )8 oo Feve clile b pole Jalomo 51 il oo VYID Jlade 12 0 oo 00 s
S e S e WY ol Clale b opST G815 5L Jolowe angs sl mizen il oile) 2 o 4 ol e 5 43U
et o) S 4 e ez 9 Lol Lawdl ST L Jlaie STy ) e S oo Ae e e CBlE b jole Jolono 51 2dg e V0
Jlmsu 5o lagiolesl ploxl (o) b ladiges (alos g o 00lo )13 (6 )laeSS Jolono (39,0 55 J5 45l aw Lo 52 j0 .00 )8
WA (6,0 wgadis a0 F Y leo b ool
o3l 25k 3 Lo Jlos!
oolaiwl b yio gl 8 Job U g0 O jgods g Hhate Ol 55 0 badle gleml wlRislel a4 Sy p sl 5 Jlal 51
slodsle gl Bg)b 5o (ol jsboas S g 99,5 (655l gisl sl 5B w eols (b iyl (e ]
3 5o E D) i Carshs o ymsmenkes 453 YYEY (gloo ol oo Laylps Lol (6,005 Lyl p axid S )15 (s Lo
g lidgy Celw VY 090 5938 9 4l )0 gye yie 10 J9eg,See VT 98 Doad
Fdels sles Cutia g 1585 A b (Bolai Ml 25k I s s losl bl pee (25 10
Shie O ()
o l3gl + laie LT (Y
ST 35l o e ST (Y
denST 81 S il + 0,85 &l 35l + i O (F
Ledls oI (0
o Slagl + Lty ol (¢
ST 3 S+ Ledly T (Y
ST 3,55 + 0,85 gl + LDy T (A
WelS' 5o 4y 2 Joyi1 ey oo ialejl eoley Jsbo 50 Sujalnied Slao Sl oy 2 s9liteds s plov
Sl paized plo ped H5Sl 5 58 ot cutia plos Jolss S5l 15518 Saloil cal po S (b S5 A b ol
1235 plonil lags puS oIl bajles Jlos! 51 g 59, 10 9 (A s (Sloj 03w )3 oS 09

SLiy 990 wlio

S5 B (G959 DS (S pee Jolts Sulls Sl ey Slho ol Gloj Do 0D (e 9 bajles Jlosl I
LS 5 Sl 3 sl )3 o8 55 sla b, b pllan s o lain 5 5 55T sl sl Lo

sl e

d yoo eSle o (6 S oIl S5 (505 4250 A0 Sl s (Saeed b S IS TF e (S0 U jled 9,58 51 gloy e
b a3 s staleslaaly T ses Glyiea OS5 e 0 a3ls

Jsbons i i

el (e Jobone ool BB (gl ol (liee (o sl ot Al 1 alal) Sloslaiul b oad i ol e
Rafi ) ol auls bl plod 51 Byl ol 51 e ke (lm0 5 0l o0l )8 o jles o o Bolas jsb 45 00y IS
©da ke g o bl rolesl 5T 51 e 59, V0 5 L e slo3g, 40 Jolome iz (6 5 05l0il (& Ramezanian, 2013
035 dnle Loy led 51 B3 59, b Jskowe (355 ST ulal 520599 0

0dd Lz Joloxe o) alal,

aq



GhlEes 5 L ot

odd iz Jolxe = ((St—1) = SY
2035k 5 il psa Slajg, 4o Jsle (39 = St
(S rSell 25 8 59, S () O 51 b 59, 50 @bl Jolre ()35 = (St-1)
o 5039 e 9 5SS 59 oS i Ol
a7k b gl jloslinal b lag | whaw (SLE1 0l g oo )5 Jolowe J21o 51 (ool la Lo JS Tl da IS 50559 (omess 512
s 3995 ool (ebans Cagho 5l AU (5 51 Bl el 445 pl ol S| e IS L le 4 ol olml g0 03
3,5 Sl S 5 (e e 5 oad eals S5 )5 o0 ) 2B b Jlemms 93l 9, slerd 2 4 bgye IS slaasls
Shom s 5 18 gl 0 Lugende a0 VY gles jo cele FA Gow @ ladiges da J5 Sis (59 S ojlal slp
Slr S S g @ pSeilail Jlazms aily b lap] Stz (39 9 00 ) sl 5l oS (JolS” s St 5l bl

Voalal) Beb ao)s Oy 4 (Gho ) adsl (59 & Cond @205l 5 i pg SL8395 )3 5 ()9 e S (s eSSl
fads delore
S 5 039 ol IV alal,
5 5 039 = Wt/ wyg) x 100
w233k 9 il pgm Slajg, 0 S5 5 59 =WH
A2 59y 38 5 0y~ Wh
Ss oobo wuoy0

oole Ao )d Lo XD (3 g S Sl T o 4y ugaeds 4z 0 Ve glos jo SllS see slasl 1w diges
el Casods 5y ¥ adal, 5l Sas
Sz oole duo o Y alal,

Sz oole doyo = (S 39/ 2ld 5 039) X 100
Bl i 5 J5 b3
e s 3 525 88l b (53 5 ST b 0 Silae) (5SSl s b el 5 ot s sl 5o S ol
a8 Silee g (6,805l (YU g alles pols)
S8 e
Sies] b leasle slotl o stle 90 5 Jolowe 51 il due G o £9,5 51 s el Y (6,58 slans o ,les sl
50 el YF oo 4 g oads dls [T S e (55, (o - (5 50 5las o yo ¢/ b Jlo g Jolre 4o g aads
% bl (Liu et al., 2009) o, Sen g Liu by, 3ub by SslS (o,led 03 )3 )18 wgendis ax 0 YV 5Ll

BLIIGLL
—5 L (5031 b osls 09 Jlo g aiods Julowi g 4555 9.4 aseus SAS l38le 5 10 4 (soail Excel |58 5 L lasols
P35 plmil o )s Sy Jleiml rlans 53 (S8 (9051 b e eSSlee anyliie g baosls (ib)lg 4525 0l (o) Sk

L)
s yoe
e 50 @bdS e (n e wio)s Sy Jletol gl o (Sl (slansls wiz (gejl b oSl dunlie @l ull
el es S 45 o 0w eanlie 5, Y8 uSileo b €amaST 31,556 + 0,85 ol ydsil + leadly OB oS 5
L ol ya Lasdly T 31 oolizisl a5 ams so oLk loazil, ol () USE) o33 55, VY ceilen b e 1) sl s 4 by o
5 Wlgiie @l ol 8,08 Joxil 63, 5, G p GlodS lrlS jes Gl o ol g cute L3l (08 5 5518 5530
Pl el (558 Slads 5 ) mlio jo b S (B ke sgnpr Sz (9 9 S Slroged Sl



FF) 11+ 5 Y sloamio | o)las V5 als oyl Ll 555 5 pale alos

ool G S S plpiedr (b polie ;o Sl3gl 5l eolitul oS ates gedge (nl Sl 5 iy Slilllas
5 S>55 o5l b &l 345l (Rabiza-Swider et al,, 2020) ams ial3dl 1) a5 cils p 5l s yoe Yo & ygods wilgy oo
P eTis ool )l 1) ooz slaaisl 4ol )0 (09,50 Culled Jlae 5 ol slo sk 4 3585 CollB Vb (xbaws ol5>
Naing & Kim, ¢Liu et al., 2009) aize oo Sgupe 48l Job j0 1, Gl 50 Jl g S oo (6,5 ol Ol Gl s sl
gl Lt sttt Sldllas oS o ) S0 sl 8 plss 5 cutnS iulidl o galdS il (sl ol (2020
o 3l jlen Li (50050905 yo IS 35k 510930 3 lo ST b S Culo 51y (5592508 32 ST 31T 5 04
He et al, ) xos oo olis 095> 3l 658 b Sbas cosls RNA s DNA e Jolo syl b Jolsd g (cmiiS 0 s
weS 5 0 b ol a4 dewdl O 5 wluST 31,556 0,85 @l 35l ales 5l wilises sl j5 pol> adlllae 4o (2018
) USE) aisls oS yee (il 5 6l e S

S oo lBl cage i p yidg)See ) Sdale )3 anST IS 5 0,8 39l (oS 5 0 )18 bt (slasdllas o
5 (Soleimani et al., 2023) l,Ken 5 glokw (Thakur et al,, 2022) o j5, & Jlade 4 sald jlog a4 Cod Sy p
50 I 58 2l e Sl pime il carge i e S e Ve Cale b pedS g 0,85 S350 5l eolitul oS wisls Las
yos Rl 53 08 S35 e 3l sanSanli 55 gouste sla gk @l 08 o)l 55, o Classic Cezanne o,
Byczynska, ) White Parrot 8,74V |5 5 (Langroudi ef al., 2020) 'L yo4 yuud] 0iile J5 sloasss plo cilo 5l
39 0,83 Dl3gil 0,5 aS ol lis (Kazemipour ef al, 2015) o )Ken 5 91 soblS slaaidly «puzman .ol 2017
e Tl U5 yme Joline Rl s i) oS o Ve e b s SISl 5 i) 8 e ) Al
) USS) 0l gime 00le g0l (iiSan 5 yols Al jo 0l

Spete 9 350 STy oz | ROS) (505 Jlab (slatis? slgs ey & 555 Lodly ol (55 %00 55
Sl lad o oains JuSws JsSUg0 S5 Glsieas (590 STy 010 Cuanl (S g (Sns Slo BT 4 o S Jo
Ol becesl S5 (S DIl 5 (6558 o) kil bl Rl 3 Cueglie Sone 5 S w2l lapasle
Liao ) ,Ken ¢ Liao &ldUas ((Saxena ef al., 2016) o4 oo (5 ym g i 4 &l o0 ROS > 5l oo ial38) ¢ >
Jslowe 5l eolaul a5 wisls Lis (Rahimian-Boogar et al., 2016) |, Ssa g Rahimian-Boogar  yuzes o (et al., 2012
s )3 S jee Job il carge (Vg9 Se 7o 3905) iy slacale 5 (59 008 STy (g9l o)l
Ys09,5e0 e ke a8 ols Glas lawsdly L oas Jlad T L Siberia o3 poeld (5 lacd gy 05 (G52 w0 5 (o
sbaidl (IS job 4 .(Kwon & Ryu, 2018) cuwl ooy b 5 Laws ©f 0z o SIS oo iul38l o jlews (5 550
L lodls o g LS 481 S5l w0185 <l 330 51 oS 5 oolasal a5 s o (ylid yuiion Slallas sliwl, jo Jol> ragh
Fie ey S olsreas wlyiign o HarnS1 T oo Ko 5 ol Jolat Lol yS s (slaromsilSe plegad (655
S B eoliiul 3590 55 (G p S yes Gl 50 Ik

Chrysanthemum morifolium -¥  Tulipa gesneriana -Y  Alstroemeria hybrida -\



GhlEes 5 L ot

-
{0

(39)) KL yoe

Vase life (day)
CRAEAG&E3N
- -
-
-
TR
R
S F

oW \)\N*GO O\N)TSSD?\N%GOJ(SSQ oW ?\N»rGO Q\N*SS;}HQO*SSY

slowd
Treatment

QST 315 ol jon a0yt O (DWHSNP) o,i5 &l 350 of o 4 Hhaie Ol (DW) Lhate Of sla,las Sl anslie =) S

@ Ledy O (PW) Lewdl o1 «(DW + SNP + GO) wLuST 31,5 b 5 0,8 &5 o o pon 4y e of (DWHGO)

g 0,85 O1y3 gl ol yen 4 Ledls ol g PWH GO) ST (4815 b of ot 4 Lawodly ST (PWH SNP) 0,55 &l ) 346 ol yon

SIS o eSils bosis glisy) ol 3, 5y Gn IS S sas (eSiles 2 PWH SNPHGO) LT (315 b

Gt (@ =+1+0) oSS ge3T Gubol 2 1) blest (e g lel Jlolins Sslis o (59, B> 5 was oo (L3 1) Gis))
S e

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 (a =
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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Storage fre.sh fr@sh weight diameter diamete
time weight weight (gr) (mm) r
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Saie 3 114.33 ¢ 250°F 3.83 56429  4.64°d
Distilled water 6 108.677 1838 34 55314 456ch
15 9033 ! 16.7 ¢ 3261 46.77¢ 4070
055 1,3 b + ke 12133 pg3ef 425°¢ 55794 54p8b
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nanoparticles 15 ik g el 4 Cof
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oxide 15 . ef ohi od o ch
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DlStll.led water + silver 6 110.67 hij 30.0 cd 4.40 ¢ 58 46 cd 4.63 cde
nanoparticles + nano graphene 15 . cde d d-h
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oxide 15 ' ij . f . cd . b . c-
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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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ST 35 5 0,5 3gilh oS 5 e il (Thakur ef al,, 2022) o Ses s Thakur daazil, ol glial, s ols oL
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Kwon ) )15 b (eizean ol aalllas gloazily .io)S ()55 1, (g oy IS 50 (o 55 (39 G381 5 2l i
oty G Qg g GBSy 50 Ol (o e Lii y Ledly O Sl a5 cl lsen (& Ryu, 2018
Sl sels QLI RWC jo (6068 2alS ¢ 268 0,5 4y Cd Lawdy 0l L ool jled slo S oyl dsdlas jo .ais )5
Jolome (sload (lgioms s5uge S T (slop 5T collad (ali8l 5,k 5l a8 Giols s (55,000 STy 9> 44
Gro 5 el oalo )1, Sl Sl gy CodeS ol ST plp 5o Cueslie (I3l 5 o GselaenST R SRalS
(5909w Sy (Ya09, e £0 v b lusle cpwgus S5 jlews a5 wisls oylis (Liao et al., 2012) ), g Liao diwl,
loai3a; (s A 5 il Sl &2 sl 5l pncs (3L Jud 4 45 i WSy O lyims 2015 50 1u3b Cose
Al odls Cees
asll g J5 s
ST 81,556 + 0,85 Dly3gl + Lewsdly O g «alusT 31 5l + Lawdly P slajlos jo I8 s olo lid s
ladly OP o po asls Jlab pizmen () Jgaz) ol QL 1) Jlake o s pges 555 50 510 (sime (g bl IS (0
s & S pges 39, 5 €05 Sly3gil 4 Jlaiie O lad 50 5 i 5 pges slajg 4o €ylaST (31,59 + 0,85 3530
s g J5 s Jlade o e (wao b g, 50 Clawdl OP g €laie O sla L blie jo .cudls (g i 0,Shee Lo
bl ol s & bgrye JS 5 ity a3l 5, 5 ) sz csloodls 3k ) Jpaz) sl ples I, a5l
Bl 81 555l + 0,85 O3k + Lawodly O Jless b (5,0 sime SWST a5 095 o o PYIVY (oSl b oyl 131,553
shd pgar o aish ol 5 8 Las o (g o, Sles byjles plo 4 Cand [led 90 y2 g CudlaS (e Lo PYIYY)
o @ Cars (65 0 ol dizym (ilo 1 Jlade o YLy e FIPA o S0lo b o5 il 303l + Hhatie O Hlews s asli
O o) 4 oanlive les5 & Lawdly ol 5 e ol (sloylas b 1B (5 o sinn Ssli5 5 0555 Sty iz ol
S5 s sgmts sl 5 ke il (Ledl ST a5 55 050980) olsasils S eolitul a5 wiS o 4l laasily o
Do Laam 5 oy Jsbo 5o S cnl g o)l b JS

LS 5 oo g Jsb Lialidlas wo )8 (Ll (V- YY) o an g Thakur .ales S a5l golie aolgls 55 paien Slalllas
S ) CIE 5 05 gl g apeST G3S Jolona L Jlas Lyl 55 5 Sbloy g aloye 3 gy oty JS 0
30 Gulolne ial38l i g Dl 355l sla 09380 ey Jhade Ol Jeld a5 sald jles el cols Fy xS o i)
ol 9 55 (5,5 1515 5 o o3 53 eslne i oy o] (sl nd sl el 5 0l LS oS IS o5l
bl x5 omeS 5 S35 5l il 31 30 ais oSl 0 5 sl Sl 5 Ssie T el e 31
Oiali8l ams 10 9 o 5,8 il a4 o] Jal g Of Gds sage Judoas Bl cplioels byls o b cslop 5l 8 6wy 8
aS Wo,S 138 (Soleimani et al., 2023) ), Sen 5 glowdes pizmed 0 pendd LS LIS arwgd § Ol auwg,S it
B k8 gas 0 VF Lilidl 4 e Classic Cezanne o8, 5, U5 )0 (id 5 p)S oo Vo) 0,8 g oS Sl 356 L Hleos
5oy 0,8 Ollgwgd Cude S 58 (Alimoradi ef al,, 2013) )l Kan g Alimoradi « ciwgh ;o .ob wald jles 4 Cod
5y lews &5 aisls ylis (He et al, 2018) o)) San g He «pl 5 ogdle 335, (5,135 L yoq ndl Sy J5 lad o8l
2 ol 445 b o5 b 5 IS e 3l o (il 5o o8 s 1)) ol Sl 50051 0315 L iy
A 0als S ol alyy 04 9 1,350 og,50e

van Doorn & ) siews SIS jee g codS jialS 5 She Jelgs I 5 JolS arugi pac g baailg> @8l ol 5L
Foo e o ludle g 5 a8 4 wis )5 5158 (Liao et al, 2012) ), Kes g Liao dLiwl, yo ,o .(Han, 2011
Mg Koo V¥ v i 5V Sl o8 Jlo 5 w2l o sine fal38l S 09,5 & Canmd (553,000 sl Vgns San
Sl 5 o1 T | DPE 55 55,000 ST lnoisS g 5| loyas o3liiel gas ol usSins i3l
podd o J5 led a5 o4 ol Xk 5 (Kwon & Ryu, 2018) Ryu g Kwon aslas .ais S boss |, RSO Y VW)

Strelitzia reginae L. -\
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o3lasl ls ime (s il Cge (JS ShaB o o e (g kel glds pue v ,4r dewsdly b oo Jled o1 L Siberia o3,
Slscily gyara 53 331 Ledly ol Ve Sn Fr v e &1 bieya 5 a8 (0t s 3l 0,5 b alia 3 laJS
Li> ol Gdz g b wilgi oo Lewdly T L oS5 50 ofusas (253l slojlos 5l eoliisl a5 ols (i 55yl anlllas
omd oS g ams Giali8l g bolae jebay 1) asly g IS a8 «Soielennd (5 m 0 r—”L’ 5 Pokw il ,gs Hlas
i s g, Jsb yo Iy G sl S
S oolo wuo o
€OLuST 381,550 + 0,85 &l 35l + Lawdly I (S 5 s 50 Sis s0lo oy (s 45 ol jLis aesls g4lSTy s
L o203y 59, 50 Ghie b Jlag a4y brpe (asls ol Jlake (nyieS a5 I yo «(VFIAY) 0 ssmlis pous 55, 50
CNENY) 0l 31,566 + Ll O [les a0 bgs yo s 00le duo )0 oy i w23 35b 59, ,0 (Y Jga) g0 /) + /Y
Jsaz) Cadlas (5,13 sime OS] o, 3 b+ ke WD oS5 SL3sl 5l K0 oS 5 sloylest b 45 5
2 b5 ez oole Lt j0 5550 (i wlg o dlaegil 5 Lewdl O (5,5l8 oS 5 a5 vas o plas laazdl ol (Y
S Lyl clslo 5l e adgl ol e

wols las &8 g9, ladlas jo lagl oo ls callas (Skarpa et al., 2020) RUL O3 Skarpa i b ol slaassl
51 ol K5 0ol 3 5 Slyione 455 HB STl a2 e el b o JUsb T L sley0 5l Jobos o
ot el 0 Lewdly ol (YL Jusly (285 55 addllae ol sl oasuie ,QL Slowd cpl y0 gk yolie plo
tlomsh S 5 ala 5l g9sie Jole 42 oS St oole s Sl e 81,50 S5 135 o i, 6L (sl e
o9 Ll b wlusT 131,55l (Anna ef al,, 2018) o,ls Sy Baw olS Slovgas § juw £ o xhaw (idg wjlul
ol slacdale o) axily g zliawl b Gls as, S, 5 ol Jasl cud,b wol8l SUls wasgnsl sl S
g ol ool Al lslos Jelse o 5698 51 (SO olgieds 0,85 gy ¢ pioren (Dasgupta et al., 2017) coul ools yLis
Voocdale o 0yd lySel sl eolatal S (prmely jo s IS Sl w095 s il @le (sl Sl b Wl oo
5 @bl dgmr wge (Jl e 40 9 00,5 S xSslx 63990 5 )5 Sl S yo anle b aty; il 5l 2 e e S e
Lol 81,5 5 0,85 Olydsil b Ldly ©f oS 5 cggoe ;o (Tymoszuk & Miler, 2019) ol Jlxoly J5 (5,50l

Ol Azl )3 g Sis oole Ladx )5 age A Wil e «SG3el5 8 a5 Wgy el g (Jeke LSl (5lmk dee
S ] Swp gl S olxlS ee g coas

Jebro o Hlude

LT+ 0 ipls o Lol D oS5 i 5 s i ke g o 315 ol s aglin ol
+ ke oD Lo b syls e Dslis )bl S 5l ez STas as ol 0,5 i oo FO (nSike b pges 59, o €yl
ol o 1y 5 ,Skae i Jlosd 30 58 e o Ll ciedlas (0,5 5 il s FYIFY) €aglasT 3,550 + 0,5 ol 5
iz ke eSS il e VOIPY uSileo b pas il g, 50 Ghie Gb e e o iols ol asls
Ciz 3 sz Rl SRl 58 F ] 5, 00 Blsesil ol LS 5 s Clandly D alez il lens ple g Lls 1) Jolowe
a5 0l aseie (V0 js,) Lialesl SLL 5o, besls a4y azgr L (Y Jaz) wisls plas sl glags, 4y Cons Jele
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5t oo i oo pL o g o085 e Bl 5 ol el pleiSts 0,8 S i 45 305,
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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 ails
time Dry matter Soluble Solution Stem bacterial
(day) percentage absorption bacterial count
(%) rate count (CFU/mL)
mL/g m
L/g FW CFU/mL
Saio ] 13.28 29.0 °f& 26.3 1 126.7 >¢
Distilled water 6 12.42 hi 19 Ojk 377¢ 134.0 be
15 10.70 157K 70.02 14932
058 S8 b 4 e 3 14.80 Ped 35.0 % 150" 93.0 X!
Distilled water + silver 6 14.79 bed 347 31798 112.0 &N
nanoparticles . foh def i
15 12.19" 26.7'8 32.0 116.7
2LuST 315 ik + o 13.39 ¢ 403° 21,7 KIm 115.0 ¢
Distilled wate;x-ii-dr;ano graphene 6 13.56 40 2508h 280 &1 1207 4h
15 13.18 19.3 5k 30.3 90 125.7°0F
AT 5k o5 S, b+ lake 3 14.02 98 4332 18.0 ™" 119.3 40
ol 6 14.50 0 36.0 € 20.7'm 129.0 04
Distilled water + silver 15 d-g
. 14.13
nanoparticles + nano graphene hi " bed
oxide 237 ™M 22,0 <™ 130.7 ¢
Lol T 3 13.33 ¢ 3179 233K 12278
Plasma water 6 13.22 i 17 3jk 32.0 de 134.7 b
15 12.58 N 16.73% 42.0° 137.3°
0,8 &ld b+ Lawodly O 3 14.39 b-f 34.0 cd 207 Im 87.0 1
Plasma water + silver 6 13.35 e-i 20.3 ij 253 ijk 08 7jk
nanoparticles 15 i Tk T4 s
13.05 8 20.0Y 323 106.0 Y
2T GBS 56 Lol 3 1538 36.3° 18.0™ 90.3 4!
Plasma water +. nano graphene 6 14.51 b-e 26.0 fgh 277 hi 1093 hij
oxide : i d £
15 14.18 8 20.0Y 323 114.0
1S oy Sld g+ Lewsdly O 3 16.89 2 45.0° 143" 71.0™
LS 6 15.52° 293 22,0 KIm 106.7 1
Plasma water + silver 15 d-g
. 14.10
nanoparticles ik . hi
+ nano graphene oxide 20.0Y 24.7 113.78

3l S5l a3l 1Y Jlaksl s 5o (6)lo cire glas i S i B> S gl Bl aS gt 1 00 99z g0 sl Sile
Means in each column with at least a same letter are not significantly different according to Duncan (P<0.01).

Sl dgil 8,15 aS axdl o o] el ganed (Amin ef al., 2020) ) Ko g Amin 5,155 b ol adllle glaasl
R ‘)L:J (5"'\))" L_';LQJ'? u...Q..S \)% 9 J}l.?bo g.)..\.‘> )‘QLSAM u...'\)_el [EReew) 6))[5L~AJ o‘).‘o.ﬁd.’ ().A.».I » Ib)kaL“'A \a) o)su

Zinnia elegans -\
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sloaisl ool 5l (5,5l ST e S5 )0 (catr LA w558 (29)Seed 5 (Hilas Sy o b oy 34l
aS Wio,S 38 (Soleimani ef al,, 2023) Ko 5 Slowles o yizren (Tymoszuk & Miler, 2019) oS o ] 5
o384y yoxie Classic Cezanne @3, 5, S p oS ;o i eSS Lo Ve cdale 00,85 5 puedS Dl300 Lo
S b S o Jele Cdo als as auzils bl (Rezvanypour & Osfoori, 2011) oyl pogdle .ol Joloxs i
u‘)byb )—4—'42) ‘5’5)5“'-“ Qo JA|3$ )l solazwl QB.M}LSA U¥)°9) gbﬁf L e aS coul walf)‘j)gm Ja..uy (5;.\.»91 sl
Sl b GluST 815 5 0,8 Dldgil cuS 5 (g 40 00,5 o0 Jgle iz Ll g lacllad cpl S Comge 0,
S S e Gl g Sk S5m0 S50 SR W slme oz o S Ul SRl L 0T e b Lewsdly
PN
4Bl 555 5 Jalmo (g5 olass
(e 2 35 oo ol 8 o Sy 5SS 5 sy (6l (erwlie Ll 5 GYsb ey De oo 5 jlaiie O a5 ol lts s
@ Plos oSl b pga g, 50 €alaST 81 5550 + 0,85 &l,3gib + Lawdb OD g «o,i5 I35l + Hlate O slales
Shie O oS 5 layles b polie oplasols lis 1) Jaloe (6 ,5b o) Jlade o yieS o5 ,5SL olaws VY 510 s
Mosme g kel @glas (VA (1Klo) pom 59, 0 €alaST 81,55l + Lawdl OGP g «auluST (81 S5l + 0,85 &l )34l +
o pl lp (29,50 oy Hlade oy i @Bl (6 5STL olaa VFUYY Slea b SLL 59, 50 Glaie OD L aiiislas
LDl oD Lo« bolie o sl jlos ol 10 las xS 185 (sl aelae Loyl s ol 51 (Sl alias ol g 00ls oLlis |,
29,50 Sz S 56 5350 06 SL wl, VY i Silee JBlas b pags 39, 50 €auluST 31,560 + 0,85 ol )34k +
BLST 31,5506 5 0,85 Ol,3g3L ol jor 4 Ledly T 5 Jlatie Ol (slaloss (iulosl SLL 55, 5o YV Jgaz) ols oylas |,
oo slos 5 a8 5 folins ssbos 5 (VFIFF 5 V) wiols (s 1, ol o3, 5, i e IS Jslomo 8 (6555 s 2
(S i oo S92 |y S 1lS 05l (55 5 T iz 500, (65Tl S 1) (ad dgaus g aBlus (sloil o b Koo
+ 5hie O Jle g lewodl SLaS 5 plo L aS o)+ F) 09 0,85 Ol3gl + Lewdly o jled 0 b o 5 a8l jo 52551
cW?JG) lao 9 me),.f) UM Sgduuo JLQ.».‘>| c;as)i».a )L: u,.&ls L)"‘ (Y J}.\?) Cublas L;)bu;""" A_JsLaJ o).OJ A_:‘)éyl.:
Sl Lol o (81,550 g 0,85 &l )34l 5 lojed ooliiwl ¢ oplply om0 ial38l 1) J5 SG5edgs b Caodlw g (comss 035 (359
550 dog G JF 3188 ey yoe Jobo Gl 5 oyl a5, alS (sl e (sl Sy lsie s Lowdl
@Blos 03,55 by 4>l )0 pexd b oS wites lxlS laJolone 15 95250 SlapailS)ls e 2 inte 5l bais ST
8 S b SluS 5 5l eolaiwl (Tarizadeh, 2019) wigds co o 50 i 5l aile amil )0 g0 93 (slaaigl slawil cels

395 g rgame (3 ST S ae (I3 5 LawisT sl 51 6 Folr (sl 50 (sl IS, 51 (S w358k o0
Zhao et al., ) Sgs s iSL Sy cely aillgh so (owdS 020y Slams 3l 5 (Joho lid y puiins 13U Lo ya5 &l 3650
2i2led oo 555k 48l el 13 Lo ST cogmmlislS Sl 5 235 o 48l (6T ks 3, 51 1,35 ol Q018
Sl ly byles nl )0 (29,500 Corex azg5 LB ralS .(Naing & Kim, 2020) wo )5 so (s3] sladl mile oles ;o 4
S Sl Fias cmian 5 dns] b Cale 5 S e S5 ol aboz ) S350 loantsSe e sl Ty &
(Anna et al., 2018) ol Cars (g50d90 3ud byl i g ) Al 0 g aloz 5l L
! (Spinoso-Castillo et al., 2017) ,Ken ¢ Spinoso-Castillo .S o ol Iy asl cpl 5 edon Sladlas
(Prabawati et al., 2023) |,Sen § Prabawati glaslas jo 0055 ol 00uS )l b iSL Sogdl zals jol, 0,85 ol 34l
S A5 seba ]y saggle S5 50 las il ) Sy il jo 0 S (oo Ve clale Lo D30l Lo 45T wsls (Las 5
2ol bwg O Gdz Ses g WLuST 315 iS5 g Sie il 4 3 (He et al., 2018) )], Sen g He «pizxan .05 jlge
Ogzed Sl pnd Coge Ledly b Ol 2STy a8 wilols lias clalas dowsdly b oo Jad ST L bLs | jo .ais S o Ll 5, J5
5 A, 05,5 Ao Cools ROS slaasss (Ito e al, 2018) 048 oo ROS adgi ¢ (59,000 aunSTy 0158l pH zalS
Vv oyl Lewdly boas Jled Ol aS wis S )55 .(Ma et al, 2017) oS oSS Joloro 10 o iSL o, rals 4
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9550 28 Sl Sy a5 s Jlal by U5 0w eSS ol o (29,500 Jb GhalS Sl i ) 0,8 oo 10 e 4y 085
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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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