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Table 1. Results of analysis of variance of the effect of treatment, time and their interaction on
morphological and physiological traits of Alstroemeria cut flower.

Lelrslse JS S w s roi Slods el S50 ellers Sl a
Brix) J dow (mg/w) ) ) (mm) @ S Degrees Source of
of Variation
Total Total lon Water Floret .
. Relative Freedom
soluble chlorophyll leakage uptake diameter frosh of
solids (mg/w) (%) © (mm) res (df)
(TSS)(brix) weight of
flower
)
0.1744" 0.0909™  239.8143™ 28.7170™ 63.0824™  166.9327™ 4 s
(Treatment)
1.1568™ 0.0056"™  106.0343™ 3.6803™ 647.6995™ 4277.6827"" 2 ol
(Time)
0.2939" 0.0001" 9.9790"™ 0.9399" 1.4986" 7.6941" 8 ooy x sles
(Treatment
x Time)
0.0632 0.0014 6.4657 1.9032 2.3254 1.0721 30 o
(Error)
4.4860 8.5797 2.5602 4.5955 1.8811 1.6900 Ol ok
Coefficient of Variation
(CV)

el Gl e e SLNS 53 7Y 50 Jlexs! T 03 ol3 me s dasOUES o S ik 5

«*_** indicate significance at the 5% and 1% probability levels, respectively, and ns indicates non-significance.”
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Table 2. Results of analysis of variance of the effect of treatment, time and their interaction on
biochemical and enzymatic traits of Alstroemeria cut flower.

SAenS1 o 5 SYBIS 5 ol 3 Ll s ©ol31 am s S e
Sl Kl Catalase ~ Anthocyanin ~ (ng/w)  Degrees of Source of
(CAT) Freedom Variation
Ascorbate Reducing (df)
peroxidase (APX) sugar
(mg/w)
0.0674™ 0.0086™ 0.0291* 0.0353" 4 g
(Treatment)
1.0763™ 0.0057* 0.0049" 0.0029" 2 ol
(Time)
0.0067" 0.0016™ 0.0009™ 0.0036"™ 8 ol x les
(Treatment x
Time)
0.0002 0.0001 0.0005 0.0007 30 ot
(Error)
3.5992 5.8414 18.5076 8.7580 LI

Coefficient of Variation (CV)
NG| é)‘%;'**‘ (a.,\.c JiJLJ ns sedy VA E) 0 Jla| Cjk.u BE Ls)b;;.“"“ skasolis g_,v:?‘):m.) e g 3k

“* ** indicate significance at the 5% and 1% probability levels, respectively, and ns indicates non-significance.”

OV dsder) dxdls U pos andl G IS 5 055 0 Golsiime 8B s 355m Slasless S 5l OLES b 1 S8 5 05
e Yo clale 5 50 I8 5058 o smeS sl OLE 1 IS 5 05 i Gl e 10 Sl s 23 56 s 5 )8
Sla el aler 55 035 (F 57 sladsas) sy Ghlesl Glasss s 51 e e 5ao 03 S 5 05 A sdalie
kol 5 S 5 0ss s ol Gl rals (Heetal, 2024) ol S sl S 55 osllas T Ll sias oL
Sloles SaS 4 5 05 Bb (utls 5l e AT Jsb s cal e A3l e Sy s S e OLL 5 5w oo
2= s (Soliman and El-Sayed, 2023; Alkac et al., 2023) ol st Jlas! slajles sllae S50 Sl ccilises
D el 4 o 5 05 Ol i 35S g ol e & Jaegte 5 oS Cale 3 s I3 L s 08 oS sls 0L S
St Ol b S nl e Ol s O Gl (Rl o a8 )8 4 sles b3t cul 5 38 sl (laie

35 1 SRl 5 O dotins 5 el sl sl ) Blo s Sy by e oy oo e S S s s ol Ll
EE A epdd S I8 5 055 B 35S b bl sl lal K5 S 0ls (2013) Ol 1S 5 Pirpour
B s mdl G 8 5 035 25 cmw A Sl Lol en o) S0 sl Ol (6 0 sy
Gl sl GOlS alS bl 58 L easls S S 5 5 035 ki (Madadzadeh et al., 2014)
Dis sl Dol i cel S SIS Jsloee 0, 3 60 035531 Kos Guis s . (El-Sayed & El-Ziat, 2021)

O i e 30 aes olS il 5 oslas sl OLL 01, 5 Hashemabadi = (Linetal., 2019) NU
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Table 3. Comparison of average morphological and physiological traits of Alstroemeria cut flowers
affected by silver Nano Moringa treatment.

ol 53T Ll 3 JS s Srod Slods elS K 50 e
Anthocyanin  Reducing Total lon Water Floret Fresh Treatment
mg/g™' FW sugar Chk/’“_’?gw leakage uptake ~ Jiameter - einnt of
mgig Fw M99 (%) N ULV v
FW) (FW,
g/flower)
0.15262 0.3443¢2 0.4374# 112.7433° 24.0000° 61.7544°  73.0500P Vo K se sl
Ak
Nano
Moringa 10
ml
0.1141° 0.27172 0.44552 119.9667% 26.3333% 69.0600%  77.0500°2 V0 Ky 5050
A
Nano
Moringa 15
ml
0.1281° 0.2387° 0.4185P 116.7233* 15.6667° 63.1999°  62.0500¢ ARICCIPIWRY
Ak
Nano
Moringa 20
ml
0.0934° 0.27732 0.3906° 105.3733° 22.3333" 53.4744°  70.0500° 35S s
Sucrose
0.1087° 0.33042 0.50374 105.1800° 21.3333° 60.1744°®  68.5000° (dals) laie I
Distilled
water
(control)

(LSD) w5 70 a3 (651 sme DMl casliin b5 gols (5lapS0le Oy o 3

In each column, means followed by the same letter are not significantly different at the 5% level (LSD).

oS 5 i Jee V0 Clae s s S350 sled 53 S bzt sl Ol a8 B kS e eSS e
P S5 02 i 4 J8 k8 Olse 2S5 il 2 051 (7 J ) Al edalie 55 S s Jla 53 S S
duﬁ§MJ13LJ>N&aﬁ,ﬁ.@gw&ﬁ,@ou;wﬁblwm@u.(\‘Jj.xe-).uaa.x,au;‘r.@;j
Sl sl sl S s e T fsrs Ol CuIS L 8 ks rals e 5 (Hagetal, 2024) 5 0> S

46i@j5i)>.:)\>&\ﬁﬁdf}éw:ﬁjzd)ﬁJQT}JJJ:}UJJNLJL.&}p;ﬁébv‘aljwl‘a&)ep)}u
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Behzad .(Salari etal., 2024) us o ' Se 8 3 2058l ol 5 S o5 lae (Koushesh Saba & Nazari, 2017)
sl e 86 AS T gl e IS Jad 15l 4 e o, D136l s 8 W S 5,158 (2024) O
Eel w3 pbosh Ol 5 6,5 oLy EW s S 5155 (2022) O, 5 Garcia-Gonzalez | 1,5 S s
3550 sl Sl Jeol Dldalin b Sl ol s IS 5ba; (Soleymani et al., 2024) Lol S » 55 IS s sl

b cillas Lo ialesl s eslizal

i o) 53 b sl Sl 8 K58 s i 5 K58 Sliv ke aglis - Jya

Table 4. Comparison of average morphological and physiological traits of Alstroemeria cut flowers at
different times.

e s s 550 N
lon leakage Floret diameter Fresh weight of flower Time
108.0427° 68.32672 79.6500° o 335
Day Three
117.5733% 57.5767" 79.8500° b 55
Day Six
109.1467° 53.8460°¢ 83.2500° £ 35
Day Nine

(LSD) s /0 Tl 3 ol e Ml i s > gl Gl Sle gt s
In each column, means followed by the same letter are not significantly different at the 5% level (LSD).

& ke 10 B 3 s D53 U Sl 38 Lol Dl o min a8 sl 0l T Gl 4 b e il ol Ol
e Yo e s 58 Of Gl p 1S I ls e Ol (golel Bl 51 xd e Ve clale b oS el s
Ol hals bl s v g 5 b glaclale 53 OF Gl 550 o 50 Koy 50 556 3 08w ST.OF Jsdr) i sdaline
S350 4 Lo il sl IS Gl 4 das e LIS 3 1l ke V0 e @ ol 1) ke Y Bl s O
53 Il 5 oISt 25 sl b A5l oo YU slacdale 3 0 8 Sl3 ek oS el ol 5,158 ol Clale 4 el
Jlez=l ol oo S slow) ALS Car Ol il il 55 5 i obe Gl ool Jlinl dax 51 OS5 5058 sladl
135 0l 55 (YY) 0K 5 NOOH .l S5 i 550 5l 26 1) 5 2d e Yo Clale s Of Gl 2alS sl

g olS S5 oS 2als 5 Of Jlnl s IVl o ge Ll e 0, S350 cdale 2153l oS
5T sl bl sadi sl Ll 5 SrlS U plome 3 el 515 Son Cpmor (il bl 0 Vgome S sl S 5o
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Table 5. Comparison of the average interaction effect of time and Nano Moringa on some traits in
Alstroemeria cut flowers.
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(mol min™' mg! protein)  (mol min~' mg™! protein) (Brix)
0.7337¢ 0.2183¢ 5.6533f o3 33 ke Ve K pe s
Thirdday  Nano Moringa 10 ml
0.7670% 0.1270f 6.2533% o3 330 A ke 10 K e 50
Thirdday  Nano Moringa 15 ml
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Thirdday  Nano Moringa 20 ml
0.8100® 0.2583 5.3933 o3 53 55,5y
Third day Sucrose
0.7390¢¢® 0.28972 5.0733" SWETS (aals) haie I
Third day Distilled water (control)
0.64571 0.2637° 6.19334%° i s e Ve Ky e i
Day Six Nano Moringa 10 ml
0.4903" 0.2223¢ 5.7833¢ s ke 10 K 5e 50
Day Six Nano Moringa 15 ml
0.56779" 0.2563% 6.1200% 5 s AR DRTCISUH
Day Six Nano Moringa 20 ml
0.6267 0.2660° 5.68000%f PR 35,5 g
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In each column, means followed by the same letter are not significantly different at the 5% level (LSD).
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Abstract

Alstroemeria (Alstroemeria x hybrida) is regarded as one of the world’s top ten commercially
important and popular cut flowers and has been among the most successful cut flower crops
over the past decade. One major challenge for this species is the decline in quality from harvest
to marketing and export. In the present study, we evaluated the effects of silver nanoparticles
synthesized from Moringa leaf extract at concentrations of 10, 15, and 20 mIL™%, combined with
3% sucrose, and a control treatment (distilled water), on the postharvest traits of cut
Alstroemeria cv. Red Sensation. The experiment used a factorial arrangement in a completely
randomized design with three replications in 2024. The evaluated traits included fresh flower
weight, floret diameter, electrolyte leakage, water uptake, total soluble solids, total sugar
content, total chlorophyll, anthocyanin content, and the activity of the enzymes ascorbate
peroxidase and catalase. The results showed that treatment and time significantly affected fresh
flower weight, floret diameter, electrolyte leakage, water uptake, and total chlorophyll at the
1% probability level. The 15 mIL™* concentration performed best for key postharvest traits,
with the highest fresh flower weight, floret diameter, and water uptake. Moreover, the 15 miL"
! treatment also showed the highest total chlorophyll content. In contrast, the lowest electrolyte
leakage occurred at 10 mIL™?, and the highest anthocyanin content was also recorded at this
concentration. For time-dependent traits, fresh flower weight peaked on day 9 at 25.83 g, while
floret diameter peaked on day 3 at 33.68 mm. In addition, total soluble solids peaked on day 3
under the 15 mlIL"* treatment (253.6 °Brix), and ascorbate peroxidase activity peaked on day 3
under the 20 mIL™ treatment (0.815 umol). Overall, applying silver nanoparticles synthesized
from Moringa leaf extract effectively improves the postharvest quality of cut Alstroemeria
flowers.
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