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A-Control; B-2 ppm Selante Sodium; C- 2ppm Nano Selenium; D- 4ppm Selenat Sodium; E-4ppm Nano Selenium; F-

10 ppm Selenate Sodium; G- 10 ppm Nano Selenium
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A1,A2,A3-Control; B1, B2, B3-2 ppm Selante Sodium; C1,C2,C3- 2ppm Nano Selenium; D1,D2,D3- 4ppm Selenat

Sodium; E1,E2,E3-4ppm Nano Selenium; F1,F2,F3- 10 ppm Selenate Sodium; G1,G2,G3- 10 ppm Nano Selenium .

Pe: Peridermis, Ph: Phloem, X: Xylem, Pi: Pith, Cp: Cortex Parchment, Ra:Rip Vascular
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A1,A2,A3-Control; B1, B2, B3-2 ppm Selante Sodium; C1,C2,C3- 2ppm Nano Selenium; D1,D2,D3- 4ppm Selenat Sodium;

E1,E2,E3-4ppm Nano Selenium; F1,F2,F3- 10 ppm Selenate Sodium; G1,G2,G3- 10 ppm Nano Selenium .
E: Epidermis, Ph: Phloem, X: Xylem, Pi: Pith
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38.07°+2.56 19.32°+2.21 95.65°+8.55 64.89°+2.42 302.17°+2.00 194.36°+2.68 517.83"+4.45 1.088°+0.012  Control
36.85°+3.01 16.18°+0.25 89.3"+7.74  110.81°+7.04  295.65°+10.55 205.5°+5.08 276.38'+12.45 0.897°+0.006 bse2
20.15°20.98  26.38™x1.61  55.81“#4.20  79.11°:6.01 244.97°+6.6 150.00°+5.72 332.91°+1.34 0.77°+0.007 nse2
21.38°+1.06 25.91°42.91  83.06™+8.97 89.85°46.10 288.68"29.53 238.28"+8.87 405.45°£1.66 0.977°+0.03 bse4
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Slods mlibly Pp (i ‘.,_J.gbli :Sp (S5 :Pt. (‘..S}lé) u:&aT £,7:Ph . (rlib) s L0 X by :Pa poky] :E

Chlorophyll a contents (mg g-

1 FW)

Carotenoid contents (mg g-1

FW)
N
o

80 a a3
6.0 — P
40
2.0 I I
0.0
(Jo{\é O\ ‘0‘9& (‘c’é\/ ‘0{')@& QC’Q?‘ \O%Q’\/Q (\%Q>9
treatment
(mg g fw)a 35,15 lsees -
80 - ° .
6.0 I e be e
4.0 I I I
0.0 I I
co&”&\ ~o’°& 099, ~o‘°®v o"‘y 0991\9 &
treatment

(Mg g W) S 4555 5)15 (8lmee =
L5559)\S (slgoue =3 tagee 0 95 (slgone g ta S5 IS lyromn 0 tb J3s IS glome ~ AN K5 5 7 e pat Lo (B pgethon Bl Yl 50

S

1FW)

Chlorophyll b contents (mg g-

Lycopene fruit (ug g-1fw)

10.0
8.0
6.0
4.0
2.0
0.0

treatment

(mg g”'fw) b 5,18 (gl gmn I

200.0
150.0
100.0
50.0
0.0

treatment

(g g7 W) agon ¢y S Sy



Ood 5 il 2 30 | (odSa oF oL oom pii g (il Sty GBS 39 (5 30 2 P )39l T

A

ol oS5 93 2 3 YL gl Ble Ll il
S S gl b een oS 00> 58S 1 glsa ol
3 5038 A YA Jlu s ohlSlen 5 (So)T il
o SLCLlE e 5 ) LS Ca) al S
5 L an 45 sl IS e s S5 eeslS
il e Gt

T L e ) G ) elsliwsy il
sl olS 65, » [Y4](2009) o), SKen s Bhardwa
g s olS (555 5 [¥+](2010) ), 5 Sharifi
S sl o[ YV (2014) 55 o\Keas 5 Arzoo
S 5 5038 Gl e Il JS Y ppmclle
¥ chle 5 4 Macrotyloma uniflorum Cowy <\
Al SUE- 5 S0 bl SRS o IS ppm et
ol 50 [¥Y] (2018) o,\Kenr s ULHassan . oeoen
Brassica ;s pyils oo 5,500 YO ke oS azlls
SO0 58l 30355 S 5035 03 Sl ew napus
o (e 5,50 Ve ) VL Clale s ppils 5 ul aly
Al olS udy sl SalS o g5 B lade
[YY] (2019) o, Kan 5 Hussein vy glis =k
salin psalu gl Cilises sl b e plal less 52
Bl ] G el geman DS oS 0
)

L slaaly .l fgo oS o 5T pgils 6 jlas
5o Ll ples S 5 ks, b aS w8 e ol
% e 50 S ool ediS Sulds Cob s o ST
el e 4 Sl (S Slogas (p) S
i 5 el Bl b ablie s LS (els S
7] opi a8 T 50 s o o

9 aday i 1l [Y0] (2015) ol\Ses 5 Kaur
Cod b sl sl Sl 00 1 A Gl
Hosls IS ST LS 5 e UL
s Rajaee [V#] (2020) yl,Kr 5 Sotoodehnia
oL&ea s Moghanloo 5 [\V] (2020) o, Kea
4 awaly NSe lag 4 axils gle [Y£] (2019)

$U s S ek Jleg ol Jlasl Bl an a
4 S (pS0.05) 528 0p S U5 Sl sl
4 3l ol el avglie Lol s als o5 S
b5 patle S Sles o) g V0 5 Y Y slachile
ol slaclile 53 (p=0.05) o oS e sl pstls
DAl F Y Chle s 4 o Ve cdale s sl
ogen 53 okl A 1 iSOl R @Bl 5o (3L
SO e SIb T S e ¥ les B s
0 0 AP sS Gl pln 53 LB 45 A% edallee
550 e O aalie 53 (T Jla503) sl 05y alli oy S
035 5 S ogn (S Ole SRl s 56 p b (S
!
Cow

(\Yav) glaas ([YY] (2013) o, Kes 5 Navaz
[YO Y¥] (2012) o, K 5 Saffaryazdi, 5 [YY]
ook DLl b r.u_f Syl Jled iy oS Wsls 418
poho 56 Gy CBLE 5 sl 5L 65 S 055 sl
3 Jems ol @y sk B e il s
psobor [y SIS D3 oo il b S 50l o e
e A s 4 Wlg e 4S5yl sl>=e» ¥ ppm
SR 5 e (S S (JBe S e e
sldsbe 5 oo el S 5wl
(2012) Hajiboland & Keivanfar .ail e
Sl Ll e o ChLE ) pgle oS azils oLy [VF]
s Pennanen iocen AAL alls olS Ul 5 (gide
AL gl 4 128 oy 55 [YV] (2002) l\Sen
et 3 albae (LT Jaul 5 55 g8 S rals s
D g h e gt (RS s

S Lager LS [YA] (2011) o\Kas 5 Yao
el 03 GRIB e olslas sba el A1)
OLSer 5 Ramos .ui aly; () Sals 5 ol
ologm SIS CuSys a8 Wl 35S [0] (2010)
23 ke Sk Slle Jlgs Coo S olea el-sl
Loy YIFA 5018V i w33 A5 ¥ slackle



&

1Fee Glawol o o losd (200 joow Jloo (0655 (cwlidd Cons j (g — oole dolilias

Magno ([Y¥A] (2013) ,L,&Kes» 5 Asmar
5 [va] 2011) yL,&Kea 5 Queiroz Luz
as wdls olo [¥£] (2019) ol,Ka s Moghanloo
2 ¥ s S8 T ke 5631 ool
53 oo Astragalus fridae oS &3lu 5 g0 63l oo 5UT
ot el 36 B |y e Bl s o514
&5l s 5 Astragalus fridae oS ale Jas 2alS
b S 0 ol dals b anlis 55 o b Cilaze g
S (PPM ¥ 5 ¥) pyiles b cpuly GLCELE 53 Lo il
P8 7S b aglie s Bl b 5 s il wlas
U5 S PAL 3y b gl ) el g gomas ol a3y
Sl 3ollas S o Wl ks &I il b a1y e

5
s Ll sl [Y2]1(2019) olKens s Moghanloo
Sl 53 S 55550 Al Calino Sl 5 Sy
Lo byl & )5 Astragalus fridae oS ;5 1y juddew

A b8l a8 G el b aS s STl S
Ol Aals b avolis 3 pails 56 ¥ ppmyless 51, Sy
2313 (o pad (343030
oL&es 5 Nazaraliana lLug o  iags o
oS 5 05w 50 36 4wy o [¥Y (F+] (2017)
S e 5 o gl wlas bl el s
Rl 558k 5L spdam 53 o sl oyl ol
4S 35 PAL 35 ol [l bily s Jiall ol &S Cal

b s 55 S 53 | G s b

(S 55 (SIS,
S slie b pyikes BL3)I adad s« Ll s &S
5ok b 5,858 (s> (slaarel sl o S0l (63558
Clale Lo anllae > dBl Lapps s & Lagl ol
b Gillae o8 5l 0 st o A9 om pal SV
r > [¥Y1(2017) (%liSen 5 Mostofa glawil,
oS Atear ST T GladliSS ) lads o558 . il e

Sphe alyy 53 (S Dlpd oo L
5450 S obl o oS lacdile s nSe oS gk
G5 sl ples (sl glaclale 55 5ol SUI
sl Gl s 55 b 5 LS o S9doe |
BBl | gan o 3550 aly; b S 5 4l

Aibr o oS

P

23 5 olS wl) YL Chle s psile 56 Ble o
23 5l (ke o 5o Dl 5 b 31 23l
Sl B ol Gl S Sl gy IS e Jos
ol S e Wl olS s sl JWl 5 d s
Byt o 2l e o pather S0 Lo e

S 545 o xylem oL s CelinSe ow clale
S il 55 sl i) G Ol 4 Sl (S
P 5 S Sl pl sl b S ks )
4 i Syapr Dl 3l mls laalls nSe 4 =l
b Gl o 53 IS rtman 5 (ST 5 Sl 0525

Lol

s bl [YV] (WYAA) K 5 o Res
e 5 sl (Jkuolss Calil (sislales
53 4 sBelslalas 5 sl slactad caslu a3 b3l
4SS ol b jsd 2 53 Sk 5 0 55how $U Sl
il oo o i Glaaly o

s Sotoodehnia [VV] (2020) 4|, K» 5 Rajaee
4 e DSE Hles il ols [V2] (2020) oL SKen
4 Cly Do @ SO6 LS 5 Jpbe ol 5o
LNSe oo 5355 o0 $3bs Al 3055 4 (Zhalé
NSe 45 4S5 5b & Tl ol @il 3 Wyl 3le3 lgas
Bl 5 L W6 b i) oS e ) il
Aol b anglie 5o 1) (63550 dlsial Jhd 5 Sy sl
Yoo ckle jsnSe Sos bl das e Sl
boasle Sl Gt Sl 23 o oS ke
A 5 gy Sl el b LAl o 5 308 6

35 3550 Sl



Ood 5 il 2 30 | (odSa oF oL oom pii g (il Sty GBS 39 (5 30 2 P )39l T

Ollas ool ol 0 25 [0V 00 ] STl (Sla s 5
o L CLle 55 psil el Clailows SIS (g3
asde 1) OF OF] Wlosls glis plalS 25 Lol & 531,
380ee 350 03 pah 3l s JB (S S )
Pl (K D wole (LS il Glads S s st
s Moghanloo .ol ssgine [00] x5 5 [OY]
oL&ea s Ghasempour ([Y#] (2019) o, Ken
5 Ja S Ol &S amils ol s [07] (2019)
Astragalus oLS ;3 jdew 50U Jled 53 L3555,
«Catharanthus roseus,s -l w5 s 5 fridae

b bRl

& S

ppm ¥ 5 Y s oS das o olis iass ol c,u
Je iy s o g 0ol s 4 o s 536
23 5 25k DS amsS oS o alyy 5 Bl b
3 dns e 1B 3 S 1y Lnpliil 555 5 Ladl,
3,5 o ol sla st sl b ol opl Ol s
534S Jods a4 calie Clale s sl 0350 L jlas
Sk ool S L Ol Al sl Jl
Sladesl 5 LapySy dadanl deasl ()5, SLSH
2 o o s e )13 lS Sl 5o 1) Sl SIS
s 5 LS oo L) ik sladshes 5 oy 535 0 ST
S dalpl G o) 23S oS skl
agad 03 by L S3ls Wi e o8 S oo ald (S 5D
s Gl sl ezl 3

Lo
[1] Koul A, Yogindran S, Sharma D, KaS S,
Venkat Rajam M, K Dhar M. Carotenoid
profiling, in silico analysis and transcript
profiling of miRNAs targeting carotenoid
biosynthetic pathway genes in different
developmental tissues of tomato. Plant
Physiology and Biochemistry. 2016; 108:
412-421.
[2] Kim JK, Paik JK, Kim QY, Park HW, Lee
JH, Jang Y, Lee JH. Effects of lycopene
supplementation on oxidative stress and

Sgdome by Sy IS0 o 55 5 Jds IS splbenS)
Sl L 3 o e 53 oS A i o gl S o
o2 s 4 Jd0 1S Gl solee S pahe YL
0% (o Sl S 4S5l L3935 5)8 (gl
ok w JB0 S Gl YY] ph g LS
2 ek s e Sk Ve ZBE 58 L bl
Glycine) b g 55 7 53 0,5 Jon 00 [FY] oo yoms
Solanum ) 45 5 Jses, S O [F¥] (max
I 53 2 55 Jge 5,5 0 ([ Y0] (ycopersicum
e T L TFO] S 3 plgls ey Sn ) [¥5]
o) 3l GRIR (V) lasss sl s 2 e S
ymames 4358 55 glss s a4 Sl Ss glina &b
Hu [$0] A8 pyuils 31 oslinal 15 b (ilesl Ll 2
5053 $b oyl aS sy ol [V4]1 (2018) il S
5 Sl Fse oS 5 ol s 53 033 56 e )
by 2258 sl ] e gL O 5l 2SS ks
S gy e b pal S0 a8 Clale ) eolind
3508t by S 3 oS aowss s 56 Ol ol (S
Cuods 430lS (655l (1 odor 255 S5 0l 4y 5 sy
b oot G ol (S b ap Bl 50 43 S
5 S BT B 2l sy LIS, fl5) s
Sl K b3l ol S (3L 1) (S, Sl (6
S0 5 SN S Sl T CBlis 55 psils U5 &
Wb Lasse LS, Glol [y sesldenS] Cunios 2 033
LYA]

andllas 53 ALS slaguly 53 03 90 () oizen
|y b5 OWLS &S [F4] (2018) 2l Ken s Ahmed
S R L S R e
gy Sl 0l odalln L3S oy oled oy Lol
b L35 AS) ssss slaalaSS, il sl Se sl
ol AMS 5 sy Jle s (IS sleasgss,ls s
Sl oS ppihor d 5o p Sk Yo gl & (e
(Y) ol ol o rals

OIS 95 4,8 gy aS ol 0l jaseln o5 4
SIS gLl it Slags g pn 52 6553 G b



O

1Fee Glawol o o losd (200 joow Jloo (0655 (cwlidd Cons j (g — oole dolilias

markers of endothelial function in healthy
men. Atherosclerosis2011; 215; 189-195.

[3] Yan-de J, Zhen-li HE and Xiao-e Y. Role
of soil rhizobcteria inphytoremidiation of
heavy metal comtaminated soil. Journal of
Zhejiang University Science B. 2007; 8:
192-207.

[4] Siddiqui S, H. Goddard R, K.Bielmyer-
Fraser G. Comparative effects of dissolved
cooper and copper oxide nanoparticle
exposure to the sea anemone, Exaiptasia
pallida. Aquatic Toxicology. 2015; 160:
205-213.

[5] Ramaza A, Hafiz 1A, Ahmad T, Abbasi
NA. Effect of priming whit potassium
nitrate and  Dehusking on  seed
germination of Gladiolus (Gladiolus
alatus). Pakistan Jornale. 2010; 42(1):
248-251.

[6] Zhou N, Xiao H, Li TK, Nur-E-Kamal A
F, Liu L. DNA Damage-mediated
Apoptosis  Induced by  Selenium
Compounds. THE JOURNAL OF
BIOLOGICAL CHEMISTRY. 2003;
278(32): 29532-29537.

[7] Husen A and Siddigi KS. Plants and
microbes assisted selenium nanoparticles:
characterization and application. Journal
of Nanobiotechnology. 2014; 12:28.

[8] Karami Mehrian S, De Lima R.
Nanoparticles cyto and genotoxicity in
plants: Mechanisms and abnormalities.
Environmental Nanotechnology.
Monitoring & Management.. 2016; 6:
184-193.

[9] Singh NB, Imtiyaz H, Singh SC. Plant-
nanoparticle intraction: An approach to
improve agricultural practices and plant
productivity. International Journal of
pharmaceutical Science invention. 2015;
4: 2379-6718.

[10]Kolbert Z, Molnar A., Feigl G.Van
Hoewyk D.Plant selenium toxicity:
Proteome in the crosshairs,Journal of Plant
Physiology, 2019 ;232: 291-300

[11] Babajani A, Iranbakhsh A, Ardebili ZO
and Eslami B. Differential growth,
nutrition, physiology, and gene expression
in Melissa officinalis mediated by zinc
oxide and elemental selenium
nanoparticles. Environ Sci. Poll.
Res. 2019a; 26(24): 24430-24444.

[12] Nazerieh H, Ardebili ZO, Iranbakhsh A,
Potential benefits and toxicity of
nanoselenium and nitric oxide in
peppermint. Acta Agric. Slov. 2018;
111(2): 357-368.

[13] Babajani A, Iranbakhsh A, Ardebili ZO
and Eslami B. Seed priming with non-
thermal plasma modified plant reactions to
selenium or zinc oxide nanoparticles: cold
plasma as a novel emerging tool for plant
science. Plasma Chem. Plasma Process.
2019b; 39(1): 21-34.

[14] Djanaguiraman M, Belliraj N, Bossmann
S, Prasad PV. High temperature stress
alleviation by selenium nanoparticle
treatment in grain sorghum. ACS Omega.
2018; 3(3): 2479-2491.

[15] Safari M, Ardebili ZO and Iranbakhsh A.
Selenium nano-particle induced alterations
in expression patterns of heat shock factor
A4A (HSFA4A), and high molecular
weight glutenin subunit 1Bx (Glu-1Bx)
and enhanced nitrate reductase activity in
wheat (Triticum aestivum L.). Acta
Physiol. Plant. 2018; 40(6): p117.

[16] Sotoodehnia-Korani S, Iranbakhsh A,
Ebadi M, Majd A and Ardebili ZO.
Selenium nanoparticles induced variations
in  growth, morphology, anatomy,
biochemistry, gene expression, and
epigenetic DNA methylation in Capsicum
annuum; an in vitro study. Environmental
Pollution. 2020; p114727.
https://doi.org/10.1016/j.envpol.2020.114
727

[17] Rajaee Behbahani S, Iranbakhsh A, Ebadi
M, Majd A and Ardebili ZO. Red
elemental selenium nanoparticles
mediated substantial variations in growth,
tissue differentiation, metabolism, gene
transcription, epigenetic cytosine DNA
methylation, and  callogenesis in
bittermelon (Momordica charantia); an in
vitro experiment. PloS one. 2020; 15(7):
0235556.

[18] Zahedi SM, Abdelrahman M, Hosseini
MS, Hoveizeh NF and Tran LSP.
Alleviation of the effect of salinity on
growth and yield of strawberry by foliar
spray of selenium-nanoparticles. Environ.
Poll. 2019; 253: 246-258.
https://doi.org/10.1016/j.envpol.2019.04.0
78



https://doi.org/10.1016/j.envpol.2020.114727
https://doi.org/10.1016/j.envpol.2020.114727
https://doi.org/10.1016/j.envpol.2019.04.078
https://doi.org/10.1016/j.envpol.2019.04.078

131508 5 il o250 | stz oF L o0y 5 3 ool sy (5o 5T 33 (55 1t pyoibas 0395 oy

[19]Hu T, Li H, Li J, Zhao G, Wu W, Liu L,
Wang Q, Guo Y. Absorption and bio-
transformation of Selenium nanoparticles
by wheat seedlings (Triticum aestivum L).
Front. Plant Sci. 2018; 9: 597

[20] Arnon Daniel 1. Copper enzzymes in
isolated chloroplasts polyphenoloxidas in
Beta vulgaris.  Plantphysiology.1949;
24:1-15.

[21] Wayne W. Fish, Penelope Perkins-Veazie,
Julie K. Collins,

[22] A Quantitative Assay for Lycopene That
Utilizes Reduced Volumes of Organic
Solvents, Journal of Food Composition
and Analysis, 2002; 15, 3,309-317.

[23]Navaz F, Ashraf MY, Ahmad R and
Waraich EA. Selenium (Se) Seed priming
induced growth and biochemical changes
in wheat under water deficit conditions.
Biol.Trace Element. Res. 2013; 151: 284-
293.

[24]Dehghani  Bidgoli R. Effect of
Nanoparticles of selenium (Nano Se) and
Rice Bran Extract on Germination and
Some Morphophysiological
Characteristics of (Astragalus adscendens
Boissier), Journal of Developmental
Biology. 2018; 10(2).

[25] Saffaryazdi A, Lahouti M, Ganjeali A and
Bayat H. Impact of selenium
supplementation on growth and selenium
accumulation on spinach  (Spinacia
oleraceae L.) plants. Notulae Scientia
Biologicae. 2012a; 4: 95-100.

[26] Saffaryazdi A, Lahouti M and Ganjali A.
Effect of different concentrations of
selenium on morphophysiological
characteristics on spinach
Spinaciaoleraceae. Journal of Horticultural
Science  (Agricultural  Science and
Technology). 2012b; 26 (3): 300-292.

[27]Hajiboland R and Keivanfar N. Selenium
supplementation stimulates vegetative and
reproductive growth in canola (Brassica
napus L.) plants. Acta Agriculturae
Slovenica. 2012; 99(1): 13-19.

[28]Pennanen A, Xue T and Hartikainen H.
Protective role of selenium in plant
subjected to severe UV irradiation stress.
J. Appl. Bot. 2002; 76: 66- 76.

[29] Yao X, Chu J, He X and Ba C. Protective
Role of selenium in Wheat seedlings
Subjected to Enhanced UVB Radiation.

Russian. J. Plant Physiol. 2011; 58: 283-
289.

[30] Bhardwaj P, Chaturvedi AK and Prasad P.
Effect of enhanced lead and cadmium in
soil on physiologicaland biochemical
attributes  of  (Phaselous  vulgaris
L.).Nature and Science. 2009; 7(8): 63-75.

[31] Sharifi P, Matlabi A, Hadi H and
Mohamad Alipor H. Effect of different
concentrations cadmium chloride on
germination, growth parameters and
soluble protein in seedling of lentils. The
First National Conference on Sustainable
Agriculture and Healthy Crop Production.
Agricultural and Natural Resources
Investigation Center in Isfahan. 2010;
http://www.civilica.com/Paper-SACP01-
SACP01_269.htm

[32] Arzoo A, Kumar S, Ashirbad N, Kunja M
and Satapathy B. Impact of nickel on
germination,  seedling growth  and
biochemical changes of Macrotyloma
uniflorum (Lam) verdc. International
Journal of Biosciences. 2014; 5(9): 321-
331.

[33]Ulhassan Z, Ali S, A Gill R, M Mwamba
T, Abid M, Li L, Zhang N, Zhou W.
Comparative orchestrating response of
four oilseed rape (Brassica napus)
cultivars against the selenium stress as
revealed by physio-chemical,
ultrastructural and molecular profiling.
Ecotoxicology and Environmental Safety.
2018; 161: 634-647.

[34] Hussein HA, M Darwesh O, B Mekki B.
Environmentally friendly nano-selenium
to improve antioxidant system and growth
of groundnut cultivars under sandy soil
conditions. Biocatalysis and Agricultural
Biotechnology. 2019; 18: 101080.

[35] Iranbakhsh A, Ardebili ZO, Ardebili NO,
Ghoranneviss M, Safari N. Cold plasma
relieved toxicity signs of nano zinc oxide
in Capsicum annuum cayenne via
modifying growth, differentiation, and
physiology. Acta Physiol Plant. 2018;
40(8):154.

[36] Kaur S, Nayyar H. Selenium fertilization
to salt-stressed mungbean (Vigna radiate
L. Wilczek) plants reduces sodium uptake,
improves reproductive function. pod set
and seed yield. Scientia Horticulturae.
2015; 197:304-317.



http://www.civilica.com/Paper-SACP01-SACP01_269.htm
http://www.civilica.com/Paper-SACP01-SACP01_269.htm

oy

1Fee Glawol o o losd (200 joow Jloo (0655 (cwlidd Cons j (g — oole dolilias

[37]Moghanloo M, Iranbakhsh A, Ebadi M,
Ardebili ZO. Differential physiology and
expression of phenylalanine ammonia
lyase (PAL) and universal stress protein
(USP) in the endangered species
Astragalus fridae following seed priming
with cold plasma and manipulation of
culture medium with silica nanoparticles.
3Biotech. 2019; 9(7): p288.

[38] Asgari F, Majd A, Jonoubi P, Najafi F.
Short-term effects of nano silicon on some
physiological and histological
characteristics of oat (Avean sativa L.) and
its comparison with sodium silicate.
Journal of Plant Research (Iranian Journal
of Biology). 2018; 33(2): 422-433.

[39] Asmar SA, Castro EM, asqual MP, Pereira
FJ, R Soares JD. Changes in leaf anatomy
and photosynthesis of micropropagated
banana plantlets under different silicon
sources. ScientiaHorticulturae. 2013; 16:
328-332.

[40]Magno Queiroz Luz J, Abreu Asmar S,
Pasqual M, Gomes de Araujo A, Pio LAS
and Ferreira Resende R. Modifications in
Leaf Anatomy of Banana Plants Cultivar
‘Maca’ Subjected to Different Silicon
Sources In Vitro. Acta Hort. 2011; 961;
239-243.

[41] Nazaraliana S, Majdb A, Irianc S, Najafia
F, Ghahremaninejada F, Landbergd T,
Gregerm.  Comparison  of  silicon
nanoparticles and silicate treatments
infenugreek, Plant  Physiology and
Biochemistry. 2017; 115: 25-33.

[42] Nazaralian S, Majd A, Irian S,
Ghahremaninejad F, Najafi F, Greger M.
The effects of silicate and silicon
nanoparticles on seed germination and
growth  parameters  of  fenugreek
(Trigonella foenum-graecum L.). Journal
of Developmental Biology. 2016; 8(3):53-
62.

[43] Mostofa M G, Hossain M A, Siddiqui M.
N, Fujita M & Tran L S P. Phenotypical,
physiological and biochemical analyses
provide insight into selenium-induced
phytotoxicity in rice plants. Chemosphere.
2017; 178: 212-223.

[44]Germ M & Stibilj V. Selenium and plants.
Acta Agriculturae Slovenica. 2007; 89(1),
65-71.

[45] Djanaguiraman M, Devi D D, Shanker A
K, Sheeba J A & Bangarusamy U.
Selenium-an antioxidative protectant in
soybean during senescence. Plant and
Soil. 2005; 272(1-2): 77-86.

[46] Haghighi M, Abolghasemi R, A Teixeira
da Silva J. Low and high temperature
stress affect the growth characteristics of
tomato in hydroponic culture with Se and
nano-Se amendment. Scientia
Horticulturae. 2014; 178:; 231-240.

[47]Ibrahim H | M & Al-Wasfy M M. The
promotive impact of using silicon and
selenium with potassium and boron on
fruiting of Valencia orange trees grown
under Minia region conditions. World
Rural Observations. 2014; 6(2): 28-36.

[48] Ragavan P, Ananth A & Rajan M R,
Impact of selenium nanoparticles on
growth, biochemical characteristics and
yield of cluster bean Cyamopsis
tetragonoloba. International Journal of
Environment, Agriculture and
Biotechnology. 2017; 2(6).

[49] Zhang C, Xu B, Geng W, Shen Y, Xuan
D, Lai Q & Yu C., Comparative proteomic
analysis of pepper (Capsicum annuum L.)
seedlings under selenium stress. Peerl.
2019; 7: €8020.

[50]Ahmed A M A, El-Kady F A & Khalid A
K. Comparison between salicylic acid and
selenium  effect on growth and
biochemical composition of celery. Asian
J Plant Sci. 2018; 17: 150-159.

[51]Cruz AB, Bianchetti RE, Alves FRR,
Purgatto E, Peres LEP, Rossi M and
Freschi L. Light, ethylene and auxin
signaling interaction regulates carotenoid
biosynthesis during tomato fruit ripening.
Frontiers in plant science. 2018; 9: p1370.

[52]Li C, Ji J, Wang G, Li Z, Wang Y and Fan
Y. Over-Expression of LcPDS, LcZDS,
and LcCRTISO, Genes From Wolfberry
for Carotenoid Biosynthesis, Enhanced
Carotenoid  Accumulation, and Salt
Tolerance in Tobacco. Frontiers in Plant
Science. 2020; 11: p119.

[53]Yin H, Qi Z, Li M, Ahammed GJ, Chu X
and Zhou J. Selenium forms and methods
of application differentially modulate
plant growth, photosynthesis, stress
tolerance, selenium content and speciation



50 g yliluns o2 30 | (oduFaz o5 oL (2 pi g (ulid by SS9 (o5 32 3 powin 0,095 5T of

in Oryza sativa L. Ecotoxicology and
environmental safety. 2019; 169: 911-917.
[54] Elkelish AA, Soliman MH, Alhaithloul
HA and El-Esawi MA. Selenium protects
wheat seedlings against salt stress-
mediated oxidative damage by up- L.) cv. Cherry Belle. Environmental
regulating antioxidants and osmolytes Science and Pollution Research. 2020; 1-
metabolism.  Plant  Physiology and 15.
Biochemistry. 2019; 137: 144-153. [57]1 Ghasempour M, Iranbakhsh A, Ebadi M,
[55]Alam MZ, McGee R, Hoque MA, Oraghi Ardebili Z. Multi-walled carbon

[56] Amirabad SA, Behtash F and Vafaee Y.
Selenium mitigates cadmium toxicity by
preventing oxidative stress and enhancing
photosynthesis and micronutrient
availability on radish (Raphanus sativus

Ahammed GJ and Carpenter-Boggs L.
Effect of Arbuscular Mycorrhizal Fungi,
Selenium and Biochar on Photosynthetic
Pigments and Antioxidant Enzyme
Activity Under Arsenic Stress in Mung
Bean (Vigna radiata). Frontiers in
Physiology. 2019; 10.

nanotubes improved growth, anatomy,
physiology, secondary metabolism, and
callus performance in Catharanthus
roseus: an in vitro study. Biotech. 2019;
9:404.



Journal of Developmental Biology 5
Vol. 13, No. 3, Summer 2021

The effect of Selenium nanoparticles on some morphological and
anatomical features of Cherry tomato plants
(Solanum lycopersicum L.var. cerasiforme)

Neysanian M.}, Iranbakhsh A. **, Ahmadvand R.}, Oraghi Ardebili Z.%, Ebadi M.*

! Department of Vegetables Research, Seed and Plant Improvement Institute, Agricultural Research,
Education and Extension Organiza, Tehran, Iran.

? Department of Biology, Garmsar Branch, Islamic Azad University, Garmsar, Iran.
® Department of Biology, Damghan Branch, Islamic Azad University, Semnan, Iran.

* (Corresponding author): Iranbakhshar@ yahoo.com

Received: January 2021 Accepted: July.2021

Abstract

Selenium is a beneficial element with antioxidant properties that increases plant growth and tolerance
to abiotic stresses. In order to investigate the effect of Nano Selenium solution treatments on Cherry
Tomato plant growth, treatments including Sodium Selenate (bulk) and Selenium nanoparticles were
applied at four levels (0 as control, 2, 4 and 10 ppm). The experimental results showed that interaction
between Selenium nanoparticles and all studied traits (fresh weight, dry weight, anatomical indices of
roots and stems and leaves, chlorophyll content) were significantly different at 1% level. Treatments
caused morphological changes in stems, roots and leaves compared to controls. The highest increase in
root and leaf diameter was observed in group four Nano Selenium (21.55 and 1.1%) compared to the
control. All treatments reduced stem diameter compared to control. An increasing trend of root and
stem central cylinder thickness was observed in proportion to the concentration compared to the
control. Both Nano-Selenium and bulk Selenate reduced the differentiation of xylem vessels in leaves
compared to the controls. The results of studied morphological and anatomical traits indicated that the
use of two levels of Nano-Selenium concentrations, 2 and 4 ppm, improved the growth parameters, in
contrast, application of 10 ppm Nano-Selenium concentration reduced the growth parameter, the
content of plant pigments in comparison with the control sample. Over ally, the results showed that
Selenium treatment in appropriate amounts can contribute to the optimal yield of cherry tomatoes and
increase plant growth and pigmentation and affect tissue differentiation and organ development.
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