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Extended Abstract

Background and objectives: Investigating the effects of the application of nanoparticles, including silicon, on
plants has attracted the attention of many researchers today. A review of the available sources shows that most of
the research has been on the effects of nanoparticles on agricultural plants, and medicinal plants, despite their high
importance, have received less attention. Therefore, the lack of available information regarding the effect of silicon
nanoparticles on medicinal plants, especially dill, and also due to the influence of environmental and genetic
factors on the growth of medicinal plants and the importance of identifying the indigenous populations of the
region and studying their phytochemical compounds with the aim of selecting the best ones, extracting essential
oils and improving the breed, makes the necessity of implementing this experiment more obvious than ever.
Therefore, this experiment was carried out with the aim of investigating the effect of silicon nanoparticles on some
morphophysiological and biochemical characteristics of dill in the climatic conditions of Isfahan-Iran.

Materials and Methods: This experiment was conducted to investigate the effect of silicon nanoparticles on some
morphophysiological and biochemical characteristics of dill (4nethum graveolens L.) in the climatic conditions of
Isfahan, Iran, as a factorial in a randomized complete block design with three replications. In this experiment, the
effect of silicon nanoparticles (nanosilicon dioxide, SiO2) at four levels including 0, 25, 50 and 100 mg.L! was
investigated on 10 dill populations including Harand, Dezfoul, Gorgan, Hamedan, Tehran, Ghaenat, Behbahan,
Kashan, Ardestan and Shiraz. Seeds of different dill populations were collected from different regions of the
country and identified by the Agricultural Research Center and Natural Resources of Isfahan Province. Seeds were
sown in rows in 1.5 m? plots with a row spacing of 1 m and a plant spacing of 50 cm. Silicon nanoparticles were
used as a foliar spray in the first two stages of plant growth and 10 days after that. Drip irrigation and all
maintenance were performed during the growth and development period. In this experiment, plant fresh and dry
weight, stem and root length, total chlorophyll content, chlorophyll a/b ratio, anthocyanin content, reducing sugar
content, proline content, ascorbate peroxidase enzyme activity and essential oil content were investigated.
Statistical analyses were performed as factorial in a randomized complete block design using SAS9.4 software.
Comparison of mean traits was performed using two-way analysis of variance and Duncan's test.

Results: The results of the analysis of variance of traits showed that the effect of silicon nanoparticles and
population and their interaction on the traits of plant fresh and dry weight, stem and root length, total chlorophyll
content and chlorophyll b/a ratio, anthocyanin, reducing sugars, proline and ascorbate peroxidase enzyme activity
had statistically significant differences. The highest plant fresh and dry weight and essential oil content were
observed in the foliar spray treatment of 50 mg.L™! nanosilicon concentration x Hamedan population. The highest
stem and root length, total chlorophyll content, reducing sugars content and ascorbate peroxidase enzyme activity
were obtained in the foliar spray treatment of 50 mg.L-' nanosilicon concentration x Dezfoul population. Based
on the results of comparing the mean traits, the highest chlorophyll a/b ratio belonged to the foliar spray treatment
of 50 mg.L-! nanosilicon x Ghaenat population. The results of comparing the mean traits showed that the highest
anthocyanin and proline content was observed in the foliar spray treatment of 100 mg.L"! nanosilicon x Dezfoul
population. The compounds observed in dill essential oil were a-Thujene, a-Pinene, Myrcene, Carvone, a-
phellandrene and Limonene. The highest and lowest compounds in the essential oil were Carvone and a-Thujene,
respectively. The highest amounts of a-Thujene, Myrcene and Limonene were observed in the foliar spray
treatment of 50 mg.L-! nanosilicon x Hamedan population.

Conclusion: It seems that the cultivation of Hamedan population and foliar spraying of 50 mg.L-! of silicon
nanoparticles in the climatic conditions of Isfahan-Iran will be a suitable option for cultivation in similar
environmental conditions due to the achievement of greater plant weight and essential oil production (and the
highest amount of a-Thujene, Myrcene and Limonene).
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Table 1- Results of the analysis of variance of the mean square of fresh and dry plant weight, stem and root length, total chlorophyll

content and chlorophyll a/b ratio, anthocyanin content, reducing sugar content, proline content and ascorbate peroxidase enzyme
activity under the conditions of application of silicon nanoparticles on different dill populations.

I bl slgsne aday Jsb Bl Job S S5 03 Gg 5 039 T DV Ol S gl
Total chlorophyll Root Stem lensth Drv plant weight Fresh plant df SOV
content length g yp g weight
0.048 ns 1.209 ns 4.052 ns 0.0001 ns 1.366 ns 2 Replication | 55
. RN
45.571 #* 454986 45478 % 1,356 ** 379.766 ** 3 | st Syl
Silicon nanoparticles
54,907 ** 249909 637,895 #x 1.002 ** 317.903 ** 9 (Seg e
Dill populations
W g Cumax (ygSarlw Ol)39i0
0.438 ** 4757 ** 12.962 ** 0.018 ** 8.281 ** 27 Silicon nanoparticles xDill
populations
0.210 1.127 3.181 0.000 2.248 78 Error U
4.74 5.92 6.55 0.77 6.38 - CV Ol g po
=l T o 31 cudlad
B ”ST, M:,' ) sl s Slpme ol lgme T S .
Bland ) ol H duci B "th . a/b &0yl az 0 Ol pts 29lo
ascorbate proline reducing anthoeyanin = . p1orophyll a/b daf SOV
peroxidase enzyme sugar content content ti
. content ratio
activity
0.0001 ns 0.008 ns 0.001 ns 0.001 ns 0.003 ns 2 Replication ! 55
QYCH WA JRE
0.009 ** 0.054 ** 1478 ** 15.950 ** 0.067 ** 3 e Sioe
Silicon nanoparticles
0.233 ** 0.073 ** 1.078 ** 19.008 ** 0.288 ** 9 (Seg Cene
Dill populations
W g Cumozx (ygSarlew Ol)39i0
0.0001 ** 0.008 ** 0.013 ** 0.707 ** 0.015 ** 27 Dill xSilicon nanoparticles
populations
0.000001 0.008 0.001 0.001 0.003 78 Error U
1.13 26.75 2.34 0.65 3.37 - CV Ol g po

Dbl e o sire (gLl S BB NS 5 a0 S 5zt gl 50 o cire (g el WS gl )by 35 4y s
*and **: respectively significant at the level of 5% and 1% and ns: no significant difference
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Table 2- Results of the comparison of the average interaction effect of different levels of silicon nanoparticles x different dill
populations on the traits of fresh and dry plant weight, stem and root length and total chlorophyll content.

S Gl ade; Jsb Slgp  Sne o S35 o9 N RN
Total chloroph}l/ll Root length Stem length weg]gfl £ (. .Fresh plant ] Dill“popui‘a tions Silicor}
content (mg.g™) (cm) (cm) plant™) weight (g. plant™) nanoparticles

10.45 & 18.00 ko 30.00 hi 1.37 & 23.30 & Hamedan ;lacs

7.78 pd 12.77 v 18.30 at 0.98 s 16.73 s Harandu ,»

7.77 pd 13.50 v 20.47 o 1.06 " 18.10 " Behbahan ke

8.40 P 15.00 at 24.23 bn 1.20 fen 20.47 ken Kashan Lils

8.05 np 14.03 2207 P 1.14 mPo 1937 mr Shiraz;l ;.o sali

12.20 de 19.00 fm 33.37 oe 1.42 g 24.13 e Dezfoul Jg3 ;5 Control

6.07 v 10.00 W 17.80 ot 0.90 " 15.30 s Gorgan 5,5

10.30 b 17.53 m-e 28.37 ik 1.32 ik 22.43 ik Tehran | 5

5.84 9.53 w 17.47 o 0.87 ! 14.77 s GhaenateLs

9.35 K 17.07 P 26.51 i 1.26 jm 21.40 Jm Ardestan ;Lo

12.04 de 25.00 de 38.33 be 1.85 be 31.40 be Hamedan ;lacs

8.33 P 16.57 od 20.70 od 1.20 fen 20.47 fen Harandui ,»

8.73 bn 18.00 ko 24.20 b 1.32 ik 22.43 i Behbahan ks

9.74 jk 19.57 H 29.60 hi 1.55 o8 26.40 -8 Kashan L5

9.31 K 18.57 fen 26.17 K 1.43 & 24.27 e Shiraz i il 51 5 ko YO

13.33 be 24.67 de 39.50 b 1.84 be 31.30 be Dezfoul Jg3 ;50 25 mg.L?!

7.25 a 12.50 v 19.00 e 1.04 ot 17.60 or Gorgan 5,5

11.46 ef 22.70 fe 33.67 af 1.71 o 29.10 od Tehran |

5.39 v 8.30 W 13.11 " 1.01 s 11.64 t Ghaenato Ui

10.89 i 21.70 eh 29.13 hj 1.63 de 27.70 de Ardestan ;Luws !

13.86 b 29.03 ab 46.90 : 2.19 @ 37.30 @ Hamedan ;las

10.20 i 20.40 vy 25.40 fm 1.35 &l 23.03 &l Haranduw ,»

11.18 fe 21.27 e 30.50 & 1.47 Fh 25.07 fh Behbahan ;s

10.84 i 24.00 of 36.50 od 1.71 o 29.00 od KashanLils

10.70 e 22.10 eh 31.90 fh 1.60 of 27.23 daf Shiraz j pi i) 51 05 ko O

15.09 : 30.40 : 48.27 : 2.12 2 36.00 2 Dezfoul Jg33s 50 mg.L"!

8.53 mo 15.03 at 23.00 mo 1.17 ko 19.90 o Gorgan 5,5

13.47 b 27.77 be 40.73 b 1.88 b 32.03 b Tehran | 5

8.23 P 15.03 at 25.00 fm 1.15 P 19.50 m-p Ghaenato s

11.99 de 26.10 od 34.13 of 1.82 be 31.00 be Ardestan ;s

10.98 fh 21.03 e 31.40 fh 1.65 de 28.03 de Hamedan ;,lucs

7.18 as 14.57 ru 18.50 at 1.01 ps 17.13 ps Harandw »»

7.80 oa 13.70 v 20.60 or 1.08 a 18.43 mq Behbahan ;s

9.13 fem 15.37 s 24.50 b 1.39 & 23.70 & Kashan Lsls

8.63 kn 13.13 w 19.87 ps 1.30 H 22.10 i Shiraz ! i JER PN T

12.60 od 21.50 e 35.50 e 1.67 de 28.43 de Dezfoul J43 ;s 100 mg.L!

6.71 ot 9.17 W 15.63 " 0.99 s 16.80 as Gorgan 5,5

10.87 i 19.73 g 26.00 K 1.54 o8 26.20 oe Tehran | 5

6.46 U 8.67 W 15.67 " 0.89 ! 15.10 s Ghaenato s

9.77 i 15.70 pr 26.67 i 1.48 Fh 25.20 fh Ardestan s

Columns with the same letters do not have statistically significant differences according to Duncan's test.
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Table 3- Results of the comparison of the average interaction effect of different levels of silicon nanoparticles x different dill
populations on the traits of chlorophyll a/b ratio, anthocyanin content, reducing sugar content, proline content and ascorbate
peroxidase enzyme activity

w3l e
STy ol 595l -
ascorbate ol slye Lol o (glgixa Clowgisl (sl Jdg k5 coi a/b g Canar O95adaw il ©lyd
peroxidase proline co_:ltent reducing sugar anthocyanin_ 1 chloropl}yll a/b Dill populations Silicox}
enzyme activity (mg.g™) content (%) content (mg.g™) ratio nanoparticles
(UM H,O,.min
!.mg"! protein)
0.47 ¢ 0.38 bk 1.56 j 4.11 d 1.47 rt Hamedan ;lues
0.22 x 0.23 koo 1.00 s 2.48 e 1.27 u Harandw ;»
0.25 v 0.25 o 1.20 P 2.94 a 1.64 J-m Behbahan ;s
0.38 © 0.29 Fo 1.30 © 3.47 w 1.49 Pt Kashan Lol
0.30 r 0.27 go 1.22 P 3.23 ’ 1.57 +a Shiraz ;| .5 saly
0.50 e 0.39 ad 1.70 e 436 " 1.80 4z Dezfoul Jg3 ;5 Control
0.15 a 0.20 m-e 0.99 * 2.11 ii 1.87 b-e Gorgan 5 5
0.43 i 0.36 el 1.54 ik 4.02 r 1.48 at Tehran w5
0.12 ad 0.17 © 0.94 ! 1.91 i 1.81 de Ghaenato LB
0.39 " 0.32 dn 1.40 m 3.64 U 1.57 +a Ardestan ;s
0.50 ¢ 0.42 af 1.80 f 5.00 j 1.51 o Hamedan ;loos
0.24 v 0.24 o 1.23 P 2.88 bb 1.47 st Harandu ,»
0.28 ! 0.26 o 1.33 ne 3.51 v 1.56 ™4 Behbahan ke
0.41 ! 0.34 ¢ 1.50 K 4.00 ' 1.58 kep Kashan,Lsts
0.33 q 0.31 oo 1.46 ! 3.81 ! 1.66 il Shiraz jl yi sl g1 )5 oo YO
0.54 b 0.45 2.01 d 523 h 1.74 i Dezfoul Jg3 ;5 25 mg.L"!
0.17 Y 0.22 ko 1.19 P 2.40 fr 1.90 be Gorgan,5 5
0.47 ¢ 0.40 ah 1.75 fe 4.76 m 1.55 ms Tehran | x5
0.13 o 0.50 e 1.00 '5 2.16 tih 1.92 ab Ghaenato Uil
0.44 i 0.37 bk 1.72 ¢ 4.16 P 1.75 fh Ardestan ;L
0.51 d 0.41 »e 2.20 b 6.41 ¢ 1.56 ms Hamedan ;oo
0.26 " 0.24 o 1.50 K 3.55 v 1.40 ! Harandu,»
0.29 s 0.26 o 1.80 f 431 © 1.59 koo Behbahan ;L
0.42 k 0.32 dn 1.70 e 5.06 i 1.57 +a Kashan L5
0.34 P 0.28 &o 1.74 ¢ 4.80 ! 1.80 o8 Shirazl % JER RPN Y.
0.55 : 0.42 af 2.39 a 6.61 d 1.73 & Dezfoul J550 50 mg.L"!
0.17 y 0.20 mo 1.32 ne 3.45 X 1.89 b-d Gorgan 5,5
0.48 f 0.35 dl 2.07 ¢ 6.12 f 1.80 de Tehran | w5
0.14 bb 0.18 ne 1.36 m 2.74 e 2.01 @ GhaenatoUsis
0.45 h 0.32 dm 1.87 ¢ 5.55 ¢ 1.67 ek Ardestan ;s
0.50 ¢ 0.50 @b 1.65 hi 7.01 b 1.50 o Hamedan oo
0.25 v 0.29 fo 1.05 " 2.69 dd 1.49 pt Harandu ,»
0.29 s 0.33 dm 1.21 P 3.37 Y 1.63 fen Behbahan ke
0.40 " 0.38 b 1.40 m 3.90 s 1.50 o KashanLots
0.33 q 0.36 ¢l 1.31 ne 4.09 q 1.54 s Shiraz;! y JER RV S PR T
0.53 ¢ 0.52 2 1.86 ¢ 7.10 ! 1.77 fe Dezfoul Jg559 100 mg.L"!
0.16 ’ 0.24 o 1.09 a 2.92 a 1.82 oe Gorgan 5,5
0.47 ¢ 0.46 a-d 1.64 i 6.70 ¢ 1.50 o Tehran 5
0.13 o 0.22 ko 1.07 a 228 e 1.83 of GhaenatoUil
0.43 j 0.44 ae 1.50 K 493 k 1.58 kp Ardestan ;L

Columns with the same letters do not have statistically significant differences according to Duncan's test.
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Table 4- Results of the analysis of variance of the mean square of the essential oil content under the conditions of application of
silicon nanoparticles on different dill populations

owlwl glgize $913T a0 Ol g 2olio
Essential oil content df SOov
0.0004 ns 2 Replication | 55
0.470 ** 3 OsSsle Sly598
Silicon nanoparticles

0.049 ** 2 g Cone

Dill populations
g Camox (gl Wl)39i0
0.0007 ** 6 . . u ’ .
Dill populations xSilicon nanoparticles

0.0002 22 Error s

0.835 - CV &l yuuds g g

Dbl e o sre (g5lel S ABE NS 5 a0 S 5zl gl 50 o cire (g el B gl)ls 35 4 s

*and **: respectively significant at the level of 5% and 1% and ns: no significant difference
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Table 5- Results of the comparison of the average interaction effect of different levels of silicon nanoparticles x different dill
populations on the essential oil content

bl glgize
Essential oil content

Ol gl ©lyd

Silicon nanoparticles

N gl Cnro

Dill populations

Hamedan ;oo

1.31
1.25 i Shiraz | i sald
j c e Control

121 ! Gorgan,5 5

1.65 d Hamedan ;oo

1.55 ! Shiraz; s P 5 o YO
c e 25 mg.L!

1.52 ¢ Gorgan,5,§

1.88 ! Hamedan ;oo

1.63 de Shiraz ! i Fod p S o b
.- 50 mg.L"!

1.61 N Gorgan,5 5

1.72 ¢ Hamedan ;laes

179 b Shiraz;l s oy e Voo
.- 100 mg.L!

1.72 ¢ Gorgan,5 5§

il oo Hlo sae (55l S Al (SSls yge5] Lelulp alie By, sllo slaygie
Columns with the same letters do not have statistically significant differences according to Duncan's test.
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Table 6- Type and percentage of dill essential oil compounds under different levels of silicon nanoparticles in the populations of
Hamedan, Shiraz and Gorgan

100 50 25
B - Control aals
mg.L"! s S e B

\ \ \ \ e

;’; & —33 g; % 23 \;: % —33 \;; % 33 RI R- Composition of

o 9 g o 9 g < g a 9 g index essential compounds

5 £ T £ 3 & £ T 3 E %

= am am a

062 0.66 072 091 094 097 091 093 096 0.8 0.8 0.9 936 1 a-Thujene
2.7 2.7 2.8 2.8 2.9 2.9 2.7 2.8 2.7 3.1 3.1 3.0 94811111 2 o-Pinene
1.9 1.8 1.9 1.9 2.1 22 1.9 1.8 1.9 1.9 1.8 1.9 99822222 5 Myrcene
282 30.1 347 371 407 46.6 40.1 435 498 313 342 386 1006 6 Carvone
137 155 171 158 179 196 177 200 219 191 213  23.1 1011 7 o-phellandrene
100 117 146 106 123 15.3 9.8 11.3 14.1 8.4 9.8 12.2 1050 11 Limonene
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Alikhani and Mahmoudi ) 595 oo yiion udgy 3w g Wb o0
3 o5 8,5 a8 cewl oo by uisxes (Zarandi, 2019
Slgzme (aldl il Glaswlsiel 5 Ol s Cde Al G b
Soled po S el (g o) paS Sy Joloe laaiS g s n
L .(Hajiboland et al., 2016) auisu sgupo 1, olS (6 ol Jumily
Sl ol 5 Jslone (5103 (Slyions (i) sloosS 08
4 e 093 ol (nl 098 so (ol Sod )b alidl Sl oS aidly
0 elS a5 ol Cda g az 40 5 Ol Jewilly o 38
ole pliowe & (Asghari et al., 2020) 05 )5 o (iS5 Layl )i
8 IS il 31 3, 51 55k 3 oo o 25513
ol sl calam (Rl g e panl Y 5o T sy o &
Hajipour and Jabarzadeh, ) s)ls o ;o ; 3uwsd s S pxaw
il B L oS 0,57 a8 cwl oasis (5138 pioren (2018
e aial sl g lasl g S (Slgime 5 4y o>
Sguge b (Trejo-Téllez et al, 2020) sg—is s S p s iol38l
L Jloss 53 oyl e o I3l Gl 51 5 5me okt
5 bl 53 g 95y 5 (8 5egih ol il oSl
Dot 4 oSl il (Hameed et al., 2021) o—& caal i
O 058 Laa> g g3le 33 i ¢ oo 3] Sodlad (g jonal oulas
G sleaud (Wang et al., 2019) cwl oals (5,155 ol 5
5 Y 5 oS s slaaniel slaa il Golla i g 593558
Gl )3 Sl Gla il @555 5 39y sl dlge pl—w
Gyl Jolas Jra> g oy 33l 5 alid 5l cladlos ljl sl JSG0],
Jslore G Gl (sial slooa—ul (Handa et al., 2018) & ,ls
3 2Yb gbbadale oy 15 byl b o oS ] 85 (5 e
LS Sl 3 ol e lime shanyise LS (slo sl
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oslaiwl sl (3395 5 (2 0 el el o o n
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Ol Ol 3 b Sk 005 o0 ST U sladisS
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Wlgi oo oL oy 2 9Sabams 58l 0D JS g IS (Slgine dgupe
9 Sl dS LSl 23U da Sy plSocial alidl e
Rastogi et al, ) ool S s o axlg jo L3, 15 clale iol58l
SloaisS 15 b Wlyie sSale 3,5 021
slompl g 29,5 a5 5l s e ea Al sl Lo,
hordsd 2l Sgut w5 5 6T sl o e 0 o
Badem and gL .(Qin ef al, 2016) 55,5 1l o 0gid
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Slacellad 5 g (gl poals ol ST (g yo b
et Sl S5ee b 55l (Alharbi e al., 2022) o a5l
STl slam 3T (gas Jab 5 ool s S 2
2 J29)lS i 5 (See9n ol (i slacaS 5 pw il
Foe 55 4 QLS Caglie g 0095 Sy ag lwgnd Sl
L oeSadew 0,5 (Kim et al., 2017; Ahmad et al., 2019) =l

L g oo JT sl 7 5 alax 5l Stoglin slopmusilSe g sy
Syl o 0 1y bl lgime ioldl dags 31 e 5 R
3,8 a8 Cewl odls 5,158 (Vieira-Filho and Monteiro, 2022)
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