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Fig. 2. Effect of zinc nanoparticle concentrations on the response of relative water content (A), ion leakage (B),

and proline content (C) in the leaf tissue of two rose cultivars, ‘Jumilia’ and ‘Tanja’. In each panel,
means followed by the same letter do not differ significantly at the 5% level according to Tukey’s test.

SNoaasS T 5T £33 s § g TS| i s 5L
K GO RVOUL 1 | [PCOMUIPNC VK IS PSS SO ENPE B PN ERP PPRCA IR E FRCH ST U A e

)li.ﬂ 08y 90 o oy cdale 4 anily angs Ful G SO 0929 (Dlho (pl Dl pass g, owyp bl (8 90 2 o
900 & yao 3l gg, Oly3gl cdale o138 L o3, 90 0y olae ] ol leeas ‘Mm@oyu Slade .ol

22



(VF-F) FYA L FO9 cloamio Foylos 15 als )yl ULl 525 5 pale alos

o oaalie Veog Ko Ve e Clile 50 )] jlake (pieS 5 Bl (alS (5)l0 g g dlugn jsbas Vgeg Ko Ve ups
Seadlligogglle Jlade ¢ Vgeg S Ve oy clale ol b oy cdale onl o (Joko lalid iy gl Sle a5 0
Jumilia’ 13 o)l soled jo .ol mhaws () 30 guilanST gl ais oasmolis a8 8l iol38l g ls cixe jeboay
a5 6 9bas g 55,b Vaeg, e Voo clale yo B pl g ols ylas ‘Tanja’ 4 Cans |y auaadl syl 51 (g S polis
(A-Y SE) o9 Jumilia’ i de 0 VYT sgas Tanja’ o asls cpl Jlade

Ol s Cale (o8, 90 0 50 il lgen auaalliga e wig, b (g0l o b 5 oy59,0um STy &l s (645l
Sy 995 Hlaie (p 7S 4y g 8L el (5o gine jsbar Vaeg S Ve b 59, 3l il B L G390 STy
Voo acdale 2l og sald jle 5l ieS 0,0 OF dgu> a5 (03, 50 2 ln 5 09 p5 2 J9eg,Ses VY d90>)
Gial8l el s a1 “Jumilia’ 03, 55 45 9bay 13l Ghaldl oasme (59,008 SenTy Sloss whaw Ygag Son
w8, 90 O Sl OS] ((Vgog Ko Vo o) aig bl 0 o 06 Jiogasmme iuli8l ol “Tanja’ o8, o a5 Jbjo (ol
IS8 ols las “Tanja’ 4y Cawad 6 5Y0 (59,000 w1y Jlade “Jumilia® o3, Vgeg,Sie Voo cdale (o Lol cals cnmlice
.(B-Y¥

S5 oS S bl 5 a1 lled ol oI 51 85 s 0l (slomls plosan (o
w ] jlese ST (55, @ldgl cilise slackale 5 cow “Tanja’ o Jumilia’ 3, J5 o3, 95 10 |, sadcin fuly
28l Gl m il Gl dlad Ygeg e Ve B Dl30 cale 2ol B L oges JLis 1) (elie g, 03, 90 5 50 JYBE
Codled Veog, o Ve v il jo ¢ blio ,o (‘Tanja’ ,o axlg YIVY 5 ‘Jumilia’ ;o axlg YIAF) o, 045 jlode JSlos> 4y g
obes jo (‘Tanja’ ) axlg O/AR o Jumilia’ ;o ax>lg #/TY) s 095 7ol 4 5 <8l Jiol38l (6 Keiix jsbay YL
m8y 99 O OS] 1 in g 09 ‘Tanja’ o3, 51 YL )l sxe jsbay “Jumilia® 3, ;o VB codled (g )l zolaw
Sl las VB alice slale a4 atly 655! 55 U gamnd oS g oo 3] ol samline cdale oy 3YL o (axlg < /OA)
VEIFE) wo )8 eus adale ol o ol JBlas g el ialS Vaoq, o Voo b edale iol380 b 56 goas oS g clad
G il 38 51 gousd ST gus Codled Voo, S0 Vo o dale )0 e (‘Tanja’ ;o a1y VF/YY o “Jumilia® ;o a=lg
YBIS alie (‘Tanja’ ;o axlg Y2 g ‘Jumilia® ;o ax>ly YE/FF) o, ctolej] il j0 043 Jlade jiSTas 4 <l
JOV) Oglay o iien 90,5 Laas ‘Tanja’ 4 Cows | (6 5YL 5B g0mss anSTy g S dled oyl sled jo “Jumilia’ 3,
Cudlad ol lis K00 w3l 90 4 a1y (Sglite &g oSy 3l 8,5 saslive Ygeq,50e Yoo clale [o (ol
30 alg YW/AY) vy 095 ST 4y cdale ol o g il iolidl (Yaeg, Ko Ve v bl 30l cdale goli8l b slannST s
Cdled o yieS 8L 2alS m Bl cpl Cudlad Vgeg S Vo cdale o138 b (‘Tanja’ [0 ol VF/YO 4 ‘Jumilia’
Codled (V509,500 B0 5 +) b slacdale o aS ols las a8 o aunlin ol g pSoslail vals Jlas jo slansTy,
Ol 6yt codled “Jumilia’ (8, (Vgeg, e Yoo g Ve glacdale o Ll g sYL Sl ‘Tanja’ 43, ;o jlas],
A(E ¢D £-Y o) olo

395 ol 4 e nl jo 5 8l Gall Vseg S Ve b clle (l38 L o8, g0 o 50 a1 ST S cud b
clale w8l (‘Tanja’ ,o s (39 p,5 1 S 9,5ae AVIYE o Jumilia’ jo iz 59 0,5 10,5 9,50 AUYY) aews,
(Bl zolan (slod ;00035 osaline aald Jlas )3 Cudyl (g eS ol alS 5 S8 b Gl 5l Y909 See Ve e
2,5 955 VIAN) BT oy siin ¢ 09y ‘Tanja’ o3, 51 5YL (g o cxe Hoboay “Jumilia’® o3, ;o @l@lsﬂ J el
(FT JSE) ad Sl Vgeg S Ve cile (o (SS9 05 2

ey



Ohles 5 Sloox ol

O0pM B50uM B100 uM m200 uM A O0uM B50uM B100uM m200 uM B
7 . 5 a .
g 6 a § 4 b p a g
35 b b i Bl e
- T -
20y ¢ g c ¢ = 3 3 c b
2 3 :
237 £l
< 32 <3
o Q7
= 1 T
0 0
‘Jumilia’ ‘Tanja’ ‘Jumilia’ ‘Tanja’
7 a C 30 a D
a a
g g 2
Q [}
3 g 4
s 5 b b b 2 %20 b b
A~ 4 c ¢ A~ \3 mE c
<y < c c
e o 2 15
E 7~"\ 3 E 2.
2 2 {10
= s
J 1 S 5
0 0
‘Jumilia’ ‘Tanja’ ‘Jumilia’ ‘Tanja’
- 16 a a E g(z) . F
B= 14 —~
S b [ be b ° b S 4, 88 b ¢
1) 12 c — -a)) b
£ . o} 86
%10 —- — 84 c
— en
27 8 w882y c
D A 6 3 80 ¢
A 4 @ 3 8
8 Oy 76
& 2 74
0 72
‘Jumilia’ ‘Tanja’ ‘Jumilia’ ‘Tanja’
) 5
Cultivar Cultivar

ST 5T sla T ol s B) i yoep senSTyy (A) spallissglle lyime ol 1 sy, ©ldgl lackile j1-Y S
5 ‘Jumilia’ j, o3, 90 S, <db o (F) SlowSl il JS s b 5 (B) lacSly dD) bsemss ST ygm «(C) 5YGIS
5,05 (6,0 s B Sg5 (yg03] o0 i e 40 alie By, b sla nuSilie o8, o (slps oyloge3 2 40 “Tanja’

Fig. 3. Effect of zinc nanoparticle concentrations on the response of malondialdehyde content (A), hydrogen

peroxide (B), and the activity of the antioxidant enzymes catalase (C), superoxide dismutase (D), peroxidase

(E), and total antioxidant capacity (F) in the leaf tissue of two rose cultivars, ‘Jumilia’ and ‘Tanja’. In each

panel, means followed by the same letter within each cultivar are not significantly different at the 5% level
according to Tukey’s test.
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Fig. 4. Effect of zinc nanoparticle concentrations on polyphenol oxidase activity response in the leaf tissue of

two rose cultivars, ‘Jumilia’ and ‘Tanja’. For each cultivar, means followed by the same letter are not

significantly different at the 5% level according to Tukey’s test.
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Fig. 5. Effect of zinc nanoparticle concentrations on the response of total soluble sugars (A), cell wall lignin

percentage (B), phenolic compound content (C), and phenylalanine ammonia-lyase enzyme activity (D)

in two rose cultivars, ‘Jumilia’ and ‘Tanja’. In each panel, means followed by the same letter within
each cultivar are not significantly different at the 5% level according to Tukey’s test.
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Fig. 6. Effect of zinc nanoparticle concentrations on ACC synthase enzyme activity response in the petal tissue
of two rose cultivars, ‘Jumilia’ and ‘Tanja’. For each cultivar, means followed by the same letter are not
significantly different at the 5% level according to Tukey’s test.
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Fig. 7. Effect of zinc nanoparticle concentrations on the response of fresh weight (A), dry weight (B), length

(C), and diameter (D) of the flowering stem in two rose cultivars, ‘Jumilia’ and ‘Tanja’. In each panel,
means followed by the same letter within each cultivar are not significantly different at the 5% level

according to Tukey’s test.
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Fig. 8. Effect of zinc nanoparticle concentrations on flower diameter response in two rose cultivars, ‘Jumilia’
and ‘Tanja’. For each cultivar, means followed by the same letter are not significantly different at the
5% level according to Tukey’s test.
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Zinc nanoparticles (Zn NPs) are recognized as plant growth stimulators, but plant responses are
highly dependent on both concentration and genotype. This study aimed to evaluate the
morphophysiological and biochemical responses of two commercial cut rose cultivars
(‘Jumilia’ and ‘Tanja’) to different concentrations of zinc oxide nanoparticles and to determine
the optimal concentration. The experiment was conducted as a factorial arrangement within a
randomized complete block design with two factors: cultivar (2) and Zn NP concentration (0,
50, 100, and 200 uM), with three replications. Results revealed significant interaction effects
of cultivar and concentration on most traits. The 100 uM concentration was identified as
optimal, producing the highest flower diameter (12.77 cm in ‘Jumilia’), flower number, fresh
and dry weight, relative leaf water content, and total soluble solids, along with the lowest
oxidative damage (malondialdehyde and hydrogen peroxide) and ACC synthase activity. At
this concentration, the activities of major antioxidant enzymes were reduced. In contrast, 200
UM Zn NPs triggered defensive responses, including markedly increased antioxidant enzyme
activities and proline accumulation, accompanied by a relative decrease in growth and
flowering traits. Across all measured traits, ‘Jumilia’ significantly outperformed ‘Tanja’,
particularly in membrane stability, efficient antioxidant defense, and the avoidance of excessive
responses such as uncontrolled polyphenol oxidase activity observed in ‘Tanja’. In general, the
results showed that the response of both rose cultivars to different concentrations of Zn NPs
was significant, and the concentration of 100 pM can be recommended as the optimal level for
improving growth, flower quality, and physiological indices in both cultivars. Although
differences in the magnitude of responses were observed between the two cultivars, both
exhibited the best performance at the mentioned concentration compared to other treatment
levels.

Keywords: Foliar application, Homeostasis, Metabolism, Nanotechnology, Signaling,
Toxicity.
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