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Fig. 1. Inhibitory effects of different types and concentrations of silver nanoparticleson F1 (A)
and F16 (B) strains of F.o.f.sp.lycopersici through three days after treatment.
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Table 1. Comparison means of time, concentration, and type effects of silver nano particles on
growth inhibitory of F1 and F16 strains of F.o.f.sp.lycopersici.

b3l Jole F1 e F16 « s
Treatment Strain F1 Strain F16
b\)&\’lb
Nanoparticle
(Lhie o) wala 0.00" 0/00"
Control (distilled water)
E50 0.040" 671"
E75 0.025" 1729
E100 0.034" 69.1N
E120 0.112"h 92.29
D50 42.10¢ 30.78°¢
D75 47.50°¢ 91.90°
D100 54.00° 99.50@
D120 55/80 1002
L50 17.409 23.90f
L75 18.10f 26.30¢
L100 19.60°¢ 29.70¢
L120 19.70¢ 29.60¢
LSD 0.58 0.83
BEE
Day
1 22402 39.702
2 20.80° 38.00°
3 20.10°¢ 36.80¢
LSD 0.16 0.400

E: extract of bitter orange peel, D: silver nanoparticles at dark conditions, L: silver nanoparticles at light
conditions. Means with at least one similar letters in each column are not significantly different (LSD
<0.05).
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Table 2. Comparison means of fresh weight, dry weight, shoot length, root length, disease
severity, and disease incidence of tomato wilting disease by application of different

concentrations of silver nanoparticles in both pre-treatment and post-treatments under dark
conditions.

& 5as
[PRVRCINW
LT e P00 Saon  Gldk gk S = b
) Freshweight Dry weight Shoot length  Root length Sease Disease
Treatment severity L
(9 9 (cm) (cm) (%) incidence
(%)
olas Gl
Pre- 1062 0.988 @ 2262 10.32 19.0° 43.7°
treatment
olas
Post- 8/35° 0.848° 11.0° 6.02° 1962 57442
treatment
LSD 0/106 0.0077 0.306 0.175 0.07 3.75
(Llio 1142 1072 21.32 10.32 0.00f 0.00f
Control
50 11.0° 1.047° 19.8° 9.32" 3.12¢ 31.30¢
100 10.6°¢ 101° 18.9¢ 8.98°¢ 3.76¢ 43.30¢
200 8.93¢ 0.877¢ 15.20¢ 7.75¢ 453¢ 61.20°¢
300 7.82°¢ 0.788¢ 13.20°¢ 6.78°¢ 4.78° 74.50°
Ol g
g 7.05f 0.710f 12.30f 5.88f 1002 93.302
Fungi
Suspension
LSD 0.185 0.013 0.530 0.303 0.122 6.50

Means with at least one similar lettersin each column are not significantly different (LSD <0.05).
5l Sl e BWAL 70 Jlaial phas a0 (LSD)
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Table 3. Comparison means of pre and post-treatments effects of silver nanoparticles (making

under dark condition) on fresh weight, dry weight, shoot length, root length, disease incidence
and disease severity of tomato wilting disease

NEY) Jsb S
Adlse sy, oL S D D wbeos
Treaments Fresh Dry length Root  Disease  incidence
weight (9)  weight (cm) length  severity %)
(©) (cm) (%)
(ke 1382 1242 3052 1352 0.00" 0.00¢
Control
50 12.9° 1.19° 27.8° 11.99° 2.23¢ 2221
100 126° 117°¢ 26.0¢ 11.4°¢ 3.10f 311
olasi iy
Pre- 200 9.581 0.914¢ 19.3¢ 9.6¢ 4.39¢ 53.5¢
treatment )
300 7.75" 0.766' 16.2°¢ 8.33¢ 4,73 66,8 °
Ospeilyes g
@_}B i j f f ab
1 a
Fungal 7.00 0.637! 155 7.111 100 88.8
spore
Suspension
(e 9.05¢ 0.909 ¢ 12.1¢ 7.21f 0.00" 0.00¢
Control
50 9.14¢ 0.885¢ 11.9¢ 6.68 : 4.02¢ 39.9¢
100 8.67f 0.862f 11.8¢ 6.54" 4.41¢ 55.5¢
olas G 200 8.279 0.840¢ 11.0M 5.83! 4.66 © 68.8¢
Post-
treatment 300 7.88" 0.811" 10.1° 5.23! 4.84° 82.2"
Ospeilyes gou
@JG ) ) ) K
I I a a
Fungal 7.11 0.784 9.15! 4.65 100 97.7
spore
Suspension
LSD 0.261 0.018 0.749 4.29 0.172 9.19

Means with at least one similar lettersin each column are not significantly different (LSD <0.05).
5l Sl e BWAL 70 Jlaial phas a0 (LSD)

oya


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.6.2
http://journal-irshs.ir/article-1-241-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.6.2 ]

oKt 4 b1

S5 4
55355 35,8 gy 3550 sl las G o (AL ST lagha o5y 3l sl sty sladasis pulal s

lycopersici ¢, F16 5 F1 slads s i, (Swijladl o S u l, 555 st (Sl bl o 658
Ssgtion sl 250wty (Swolasb s e ose lasles lile 31T 5 0558 ol azloF 0. fL Sp.
6l LT (SIS Slule 5 pms e slaslas dan Hu clile Hlaie Gl b o B € GloSa wy
(IO glagna g3y 5o .o sa5580 e 58 BB Dlale a5 58 £ LB FL6 H FL slaw s w31 558 la
olasi so 1y uSlae (S 5 aald bulyd o 1) o Slee 5 ud) ol (S5 S oS € ud sualie
SLaclle 55 o8 b3 50 3yl (I bl Lo (IO Ll [l ol paaes gol8 & sl s
50w Slale BAK Ca g o clale Sl (il 380 b aSh il sl wiy Giulidl o 6,80 e akia
ol 38 cadd of cble e (il L lesen (S58a S (555 008 slas 3 5l e slajil € glu S
olasi Ol Guy adny Jsb s GBle pli,l (SEA 5 5 G0s Osrpd @l Sy s oRalS Cpsid bl
Ofaps o8l palaial (S50 bl pd 58,8 8,3 800 Hlas Bl Sl ju a She ¥ v clile 4 256 ¢ preilo e
il LIl (bl sladanss Hu wl s o o588 slas 35l wu,lS Hle) 4S wb sualine (a3 ol Lo
oo bl 4 s Hlasd Gl & gee s 0,8 (las )3 B0 8IS Il o (solan Sud 5 sy S gl0 S
s GEalS (S jiaa o ol o Slae las Guy dasl oy 505 Jals Gaad 5 5 als GLas | goid (ualS las
Sosot 0,8 slas,d gl usK bl so (S S pwbaoss; gla S5, oS oole €l glas
wl s 5 g0l cnllad pg i 51 8 S aS aas oo las divus Gl 5 S Slasea 5 i 9Slee B slas iy
olan pord 5 oad (Rl 51 oSsla 5l 05380 (RIS WS L3 88 8,380 LA sae Lo olS i,
Soal 4 da s b sl e aal8 sl (B8 5wy gl 1 e O Jliow €S s walA 5350 psslis
201 86 sbiul Lslad cemslisd (Soreds olay JHES [slie ¢ o8 @i gl 5 piabell cpl Lo
L sl (slagtin 5y B asad o sl b Jala 35 oslho ol 5 w8 suliiend oLS K55l 5,50 olies
Saa bocolgisn o gl 5o oulS calli b ooyl olpd 60 51 s slag ¥ e ail g 5 s Saa
338 (5505 4l ()l ,lal
References P WY
6308558 &I 5wl Sl (Jad gLl laie 5 a8 BB 3 AYAY LSl L 5 ) e Gailaal

(G958 il crw )y dlae it Ho =i Lyl i 50 White DESITee a3, ey cu ol (slaaii g 5

YE-VY YO
Slusgan g9, 658 SLipl Sl s ATAY L glaa, LB g o o aow ou Ol S Y

SEENs w5l 55008 Hu G sd Salie (Lo ilas (e gu  (Siiea S ol palisoas; 5 (S5l 08

https://www.civilicacom/Paper-NCNCAO02- .o YFFY il aaly el o3l

NCNCAOQ02_285.html
3. Ahmed, I., S. Ahmed, D.R. Yadav and Y..S. Lee. 2016. Applications of nickel nanoparticles
for control of fusarium wilt on lettuce and tomato. International Journal of Innovative
Research in Science, Engineering and Technology. 5:7378-7385.

4. Azizian Shermeh, O., J. Valizadeh, M. Noroozifar and A. Qasemi. 2016. Investigating the
antimicrobial activities of silver nanoparticles biosynthesized by agueous Extract of
Sambucus ebulus L. §imu. J. Ilam University. Medic. Sci. 24:92-108.

oy -


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.6.2
http://journal-irshs.ir/article-1-241-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.6.2 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

...c_‘uﬁwfa\)hac&J@oﬁi&hbﬁjgha\,_}ﬁﬁ.{)ﬁ)g

Dibrov, Pavel., J. Dzioba, K.K. Gosink and C.C. Héase. 2002. Chemiosmotic mechanism of
antimicrobial activity of Ag®in Vibrio cholera. Antim. Agents Chemother. 46:2668-2670.
Feng, Q.L., J. Wu, G.Q. Chen, F.Z. Cui, T.N. Kim and J.O. Kim. 2000. A mechanistic study
of the antibacterial effect of silver ions on Escherichia coli and Saphylococcus aureus. J.
Biomed. Mater.Res. 52:662-8.
Gopinath, V. and P. Velusamy. 2013. Extracellular biosynthesis of silver nanoparticlesusing
Bacillus sp. GP-23 and evaluation of their antifungal activity towards Fusarium oxysporum.
Spectrochimica Acta Part A. Mol. Biomol. Spectrosc. 106:170-174.
Harris, A.T. and R. Bali. 2008. On the formation and extent of uptake of silver nanoparticles
by live plants. J. Nanopart. Res.10:691-695.
Hediat, M. and H. Salama. 2012. Effects of silver nanoparticles in some crop plants,
Common bean (Phaseolus vulgaris L.) and corn (Zea mays L.). Int. Res. J. Biotech. 3:190-
197.
Jo, Y K., B.H. Kim and G. Jung. 2009. Antifungal activity of silver ions and nanoparticles
on phytopathogenic fungi. Plant. Dis. 93:1037-1043.
Kim, SW., JH. Jung, K. Lamsa, Y.S. Kim, J.S. Min and Y.S. Lee. 2012. Antifungal
effects of silver nanoparticles (AgNPs) against Various Plant Pathogenic Fungi. Mycobiol.
40:53-58.
Martinez-Gutierrez, F., P.L. Olive, A. Banuelos, E. Orrantia, N. Nino, E.M. Sanchez, F.
Ruiz, H. Bach,Y. Av-Gay. 2010. Synthesis, characterization, and evaluation of
antimicrobial and cytotoxic effect of silver and titanium nanoparticles. Nanomed. 6:681-8.
McDonnéll, G., A.D. Russell. 1999. Antiseptics and disinfectants. activity, action, and
resistance. Clin. Microbiol. Rev. 12:147-79.
Min, J.S. 2009. Effects of Colloidal Silver Nanoparticles on Sclerotium-Forming
Phytopathogenic Fungi. Plant Pathol. J. 25:376-380.
Moadi, T., R. Ghahramanzadeh, M. Y osofi, F. Mohammadi. 2014. Synthesis of silver
nanoparticles using four species plant and investigation of their antimicrobial activity. Iran.
J. Chem. Eng. 4:1-9.
Morones, J.R., J.L. Elechiguerra, A. Camacho, K. Holt, J.B. Kouri, J.T. Ramirez. 2005.
The bactericidal effect of silver nanoparticles. Nanotech. 16:23-46.
Pa S., Y.K. Tak.andJM. Song. 2007. Does the Antibacteria activity of silver
nanoparticles depend on the shape of the nanoparticle? A study of the gram-negative
bacterium Escherichia coli. Appl. Environ. Microbiol. 73:1712-1720.
Seif Sahandi, M., A. Sorooshzadeh. H. Rezazadeh and H. A. Naghdibadi. 2011. Effect of
nano silver and silver nitrate on seed yield of Borage. J. Medic. Plants. Res. 5:171-175.
Shah, V. and |. Belozerova. 2009. Influence of metal nanoparticles on the soil microbial
community and germination of |ettuce seeds. Water. Air. Soil. Pollut. 97:143-148.

oYy


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.6.2
http://journal-irshs.ir/article-1-241-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.6.2 ]

20.

21.

22.

oKt 4 b1

Suryawanshi, J.A.S. 2011. An overview of Citrus aurantium used in treatment of various
diseases. Afr. J. Plant Sci. 7:390-5.

Yamanaka, M., K. Hara, J. Kudo. 2005. Bactericidal actions of a silver ion solution on
Escherichia coli, studied by energyfiltering transmission electron microscopy and
proteomic analysis. Appl. Environ. Microbiol. 71:7589-93.

Lotfi, M., M. Delshad, V. Zarinnia, A. Mousavi, and F. Nematollahi. 2018. Synthesis and
optimization of plant-based silver nanoparticles and evaluation of antimicrobia properties
J. Indian Chem. Soc. 95:1089-1096.

oYY


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.6.2
http://journal-irshs.ir/article-1-241-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1397.19.4.6.2 ]

Iranian Journa of Horticultural Science and Technology 19 (4): 519-532 (2018)

Application of Synthesized Silver Nanoparticles via Aqueous Extract of Sour
Orange Ped to Control of Fusarium wilt disease in tomato (Solanum
lycopersicon L.)

M. Lotfi, V. Zarinnia’, M. Delshad, A. Mousavi and F. Nematollahil

Wilting disease caused by Fusarium oxysporum f.sp lycopersici is one of the most important
tomato diseases. Regarding to the destructive effects of overuse of chemica pesticides in the
environment, applying of nonchemica compounds for plant disease control is unavoidable.
Therefore the goal of this research was producing of green silver nanoparticles and understanding
of their fungicide effects on F1 and F16 strains of F.o.f.sp.lycopersici. For this reason, fungicide
effects of Ag NPs that were made under dark and lighting conditions, investigated by factorial
method under CRD examination with three replications for each treatments. All experiments were
done under in vitro and in vivo conditions. Treatments were distilled water as negative control, 25,
75, 100 and 120 mg L concentrations of Ag NPs suspension and aqueous sour orange extract.
More effectively trestments regarding to their capability for highest inhibitory effects on fungal
growth under in vitro condition were selected and used for in vivo experiments. These treatments
were 50, 100, 200 and 300 mg L concentrations of Ag NPs (were made under dark and lightening
conditions) that were applying as pre and post treatments on diseased tomato plants by
F.o.f.sp.lycopersici. Morphological properties, disease incidence (DI) and disease severity (DS)
were evaluated in this section. Finaly the results of this research show that, 120 mg L*
concentration of Ag NPs (were made under dark condition) had the highest inhibitory effects on
F1 and F16 strains of F.o.f.sp.lycopersici under in vitro condition. Also under in vivo condition,
300 mg L"* concentration of Ag-NPs (were made under dark condition) was more effectively than
other concentrations and it could be reducing DI and DS. But yield of tomato with 300 mg L*
concentration of Ag-NPs was reduced regarding to Ag NPs toxicity effects.

Keywor ds: Disease severity, Disease incidence, Tomato, Silver nanoparticles, anti microbial effect
Fusarium wilt.
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