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The Impact of Selenium (Nano and Bulk) on the Absorption of Macro- and
Microelements and Growth Characteristics of Spinach (Spinacia oleracea
L. cv. Virofly)

(& YT d ul*Ld)}*“ '\-‘-"“*“-\-\-9 6-::3‘51-30-& 0 yguiao “so..wls KPP
Ol eombiejan ()8 50,2 ol8ailse SLel pyle 05,5
shamili@ut.ac.ir) g xS G «Jytas odina g ©
VECPIN Ry B VF YO0 el b

oS>

s
S oo 28 (50,25 9y 5 2z Sl aie (nl Wllgm 5 gl 6l poriln g (n e Olpie 4 lalS
o glial oy Sla Sy 5 SracS 9 p yolic ©ix 2 (605 SIb JSS @) porth SIS o) j5l> gl )
Pl 5U b (8L Jslone Jold Lo ygiS1e o 2] (Bolai SlS g5l B jo (a3l 285 )15 4z g5 050 4illS Lasl o
b doadly (ol 295 (U8 0lS) Jhie T 5 (pliga Vo 5 )0 @) miv—w Sl (el Y 5V @)
b oaabive porilis 5 S (lgione o5 Slasi (2loa plail Jobo iy SaS o3le y3 (l3l dajles ola 28V
30 2 (o) V0 gl )3 035 S 50 g i (Ol lgione (2815 coge Lo 90 8 (Vb zokaw blis 5o
) Job G ption 0 Sud Sl ool el VL el 50 g (Al e e g Hind (Slgiome 5 5SS oole jles
ol slacdale _aoli8l Sloaims las jol cpl o i ssalin pocl wel ol o oz clale 10 59, 5 o] Slgie g
Jo ol bl (o s p90 yolie JUl Gasbo Sl eolS (o Ll (izeo g Ay S5 i po (Jobos el 1 poils
poeibes o 93 po alide zolaw (ol iale j0 Bl &) HeS e Blis falS Welin o Vo) Sl 99 2 VL zolan )
9 4 (Ko Gl (e SN 45708 o Bl oe 0929 (bt asdis poetl gl plig oV - oled (e
SIS gy 3y90 Slao p fge Clale 5 (8ran Lo g8 olS

portlagil Gaud rris DLl (o (53, o5 olaas (ool 1 guadS (b 0]l

3

4A0NR0

(Hartikainen, 2005) ol oo Sllgs 5 baludl gei 5 0y Gl Bras o5 5 G 900 2l yole | S poile
5 (Ingold ef al., 2018) 0isS o &5 1 oyl lailien (ioluST oudas g SlouST 26T B0 slapinw 10 doiputsy p i
clale (Guillin et al., 2019; Xie et al., 2021) s5 oo £3L Jlgs g (gooal prammms o Sloe PLsl 4y j2xis LQ,;T SguoaS
O3gS LY ¢ B0 oo gl as Lo ams 40 g o0 pdlel BL oS ;0 (p,55LS 12 10 0,5 Lo 9o b ¢/ V) pouiles
Sy poides e (e Olsie 4 LS (Thavarajah et al., 2017) aiis pgile 39S [0 e YLS 5
SO (655995559l .(Malagoli et al., 2015) oS o ol (g0, 0,5 5 i S 5l ) paie pl illg> 5 bl
Spse ot Giegilli Vel a8 S8 1) Sl3sil 0,8 4y yassie o Shug 5l a5 Canl (st (guoites I GiSmagal ais
Aloads Byre (63,5LiS ;0 995 laie a eolatwl cga lauly SI3gL lgie 4y gl &l )34i6 (Duhan et al., 2017)
Wil g Slles b aslio jo (Lief al. 2020) ol sl § Slilos (ylalS 5o pgils ST 6,5 (Babajani er al., 2019)
L oblS Sp b Jslxo (Djanaguiraman et al., 2018) ols ¢ 5VL Jad Consj 5 yinS Cooms pouidugili o8

[ Downloaded from journal-irshs.ir on 2026-05-26 |


mailto:shamili@ut.ac.ir
http://journal-irshs.ir/article-1-705-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-26 |

Z8ir0s ) sl 034 ol yotr 3556 slacdglin § (5 3imgis slomsli ¢ SlanST 0T clis (slopuniilSo g0t b pguilusgil
.(Djanaguiraman et al., 2018 et al., 2019
Farooq) a;s 5 anelisloacal 5 559,2 yolie pseiles gamd Gualifl sl g5 BB jsbar i aa 5o powtl 08
o |y Gl YL paetlosil 2 5o 058 oo iy slend 50 3955 ez SLE S (Salejl o (et al., 2022
b ez Ve oyig s Al 1, sl oS iz Ve e (s 55e ssbas Cendly pgride b 3l Jslne (Liu e al, 2020)
Sl b a5 s o ol @l cnl 28l (2l Gl ey 5 Gl el 0,55LS e S dee Ve cle U gy
o s 5,15 slasyis (Huang ef al., 2020) oy Gial38 535 05 b ol S sl ,5kat ol o conli
O iy CahsS izan 5 tls (Soiglaa 3, Shas 5 oo Shae Sy olass iy sl 4 st B 35t poacle
9o siubesl yo (Sheret al., 2022) swl cawsds poids 5 055 Lo Voo 0L Jolome b jlade o yiion a8l iol38l
(G595 (ke Slge L ¢ aly Ly o5y gl (eroes Sk 5 o Sl paaile (ool SlaS S @ oS
(Adhikary et al., 2022) assls 215811y 0,5les 5 (55, 5 52 puwly ¢ y2d

laSis 2 il p S dee Vo g G laz 90 oS0 i o) pril s il glacble 5T s
Sl 5 (o 1 5 4ty ) Jsb WSt 5 50535 5 pynils Joisine o5l | (ST gl o ol Sl b 5o
o doCaides o 13 b g ()0 0,5 e )z 5 90 «S) mowecals ;56 (Saffar Yazdi et al., 2012) o4 89,15
iyt « Sriglsh e Slogad 1 (S o3 Jslne Sppe Gl D) 3l 5 iy o8 o e 5 39 50)
D3l i ys 0 S (e So g maweiln e 0 8 o Jlez jles sls Lt @liaal ol S 5o Sl @ead (liee
dojloss 25T 50wt 5 9,5 9 b 89 )lS @ Jdg IS i SiS 5 559 Rl Bl Sl s)losne jebod poail
(Rezaei Nik et al., 2022) sg; aalls 5l sing sgude g puwls p2ud 50
Mashayekhi & ) Ceul 55 Jad i (5 Sl 232 ily 53, 9 ISy (alS Fanlillel 05 4y Glate 'zlianl
& ol SzdlS (s LS 5 8 gl 39,18 ( Judg IS T 5 S T it (5053 Slge (g9l 036 zliiw! (Shomali, 2018
(Aisha et al., 2013) sl o' LYIFT 54 ity e il S0 ) logSTHL ol S ) logS 55 )|
S G 4 4z g b g B pan ) S S BT anlllae 4y 5L LS )0 (65)5L88 50 eagS el 0 )5 (35 dyaz s 4z L
2 (U Sad S 55 @) posiles DAl gy pOl ey o b glaclale o (] sew Sl LS o el
28,5 )3 4 3,30 gl oS JaseSI T 5 Syl b sy Slogas

Bigy g dlge

1 e 3 AL Slgo 55 oslel
oide zlawl ,3 el 1214 (27.27°N, 56.44° E) 5 50,0 olStiils (55,5LlaS oasiiils ;1o VF ) Jlo jo yol> oy

50 oolatul 5 50 pguilus 0,356 o dgd TS e 80 N o Slile 05 ags ciS 00,8 S L0 1Y (Mg g
2 oS YIA gl JB> el FO-Y e I3 plu edgame .ol (5,00 5 ()l caguin) Glwgil &S 1o 5l Gialej] ol
9 FVYO XYIA o5 & 5 0,0 9l (FauSTy asls 565 b 6 Junadly 59,5 Lo yds JS S il
YooV ) o Sldo dploe Y0 o9 Ve @) ponide 66 L 8L Jolre Jolis o jles 0g g Lo +/0F0
292 (=S Ol Shie o 5 (el

SlS byl o blS cls

YV &g, dawgie sloo jo lalS 0 (V:1:)) dwle § S p S iazél S oS 5 o )&y cusls (gl oolainl 050
Vox oA ol 4y Sl ,S 50 jads el CuiS do 0 Ar end Cagby g (gmeds 4z 0 YREY willl lawgie glos oVE

Caffeic -+ Saponins -6 Secretin -f  Lecithin -¥  Amaranthaceae -Y  Spinach (Spinacia olerace L.) -\
Na2SeO3 -\\  Spinacia oleracea L. cv. Virofly -1+ Oxalates -4  Myristicin -A  0-Coumaric acid -v  acid
Zeta -\¥  Merck -\

oy -


https://en.wikipedia.org/wiki/Myristicin
http://journal-irshs.ir/article-1-705-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-26 |

(VEF)OPF D19 sloamio Folas KO als sl LEL 958 5 pale alme

oolel yio il Yo alold b g yio il 90 Bes 4 acisd, dus O,5 1 0 250h S (e /0 b &S alold) e e
e 5l e 8,5 plal gloyhad g, 4 ailyg, (gLl (tlblS 5 e axiils alold e SOle VoW S Al 5l aS wl
oo 5l s plomil USG9, 98 52 G151 G g 0 plol (S B alo o b LSS 59 des s oo jsbas (5Ll layds s
Cloazal s ol ails a5 e 5l Ve (@0, (s g o g8l 1O () (69, alolB L aiay YA &S 1o 50 g alol SO aan
@) peebe UL L0 Jolowe Jols ba o .aizd 5 118 jlans 090 (sdagy oy alpe j0 AT o ailicais gl
S 503l ipgs (Bl Jolows 5l g 9y Vo e 090 il al>pe 5l g o) Vo pos Al e g sedh (S e 5l ey atie
.(Tabatabaie Roodsati ef al., 2023) o plil Slaw

23de8 90 Glho umiw

uo;;&ogwjjjfdmc\aw(f;‘/"\ QSIL""’UQKSS)‘)J)U")BJL'M)B&)"MOOLA swﬁ)m)dl})ﬁ)o
oSz sleslannl b adyy g olgn plail Jobo ol aulee sase (13395 9 (el VY ¢ Lugandas a0 Vo) ol o ladiges
Al hledds 58 Sy olasd ol Gl g (650l

D ral S catima

Ol e g aldy,y ofiws axio Sy ojlac jlo,hd s 0us I solatwl ' LGy el s oKiws 5l jskie (o
S 1 (podes 9 35500 59, T et han ¢ phandd ot i onandlS) B pronsS 9 gy ol i

a0 FO) (ol ;0 Wdigas ¢ o -0l i g & jglma ;0 atin S Soe 4y g 035 S3U slo b g cdinds Sy sladiges
Wigod o 3 p T pd gl i Holaie 4y el o a0 By Olew! Lwgs o] 51 o g S (el 98 ¢ wgumlan
slos ;o celu 9o Baw 4 Jol> balsee .0u0,5 adlol Lade G s awwl pd Lo VY10 T 4 g 0595 allas b
OB A e (5,5 slBiwd (59, p wgmdw 43,0 £ sled 5o el ST Dok Ay diged e 0D d3gSSl sBiialo ]
SBlo 1 Jolore d(ing, S < 1F0) (roily Bl S5 5l jaue 5 Hod o s 5l any 09 Jol> Blad Jelowe ol ools &)l >
on&W%dwwﬂo&ueby,@L&wMo..\;l.w)).u.lsl.m()* W@IM)LSOU"L:
oy gl S slo i g LT o lailiw] Sgiwl Jaloe 5l eolatwl b jolie polie .ol plosl (Ve v (5,m) ¥ oI
(Dadar et al., 2017) o aulos ol o o

osls ‘S)LoT 69‘5‘5
Celstest Y+ 9 Ve i) poibos 5L o2 Jplone Jols Lo jgiSTo s ) 1S5 e 5o ol SlS o B o 2ol

Sogo TSy gymld Ghgy b baosls g Sl 0gr (U5 plale) Jhie ol 5 (el Yo 5 Ve @) e Sl
3wl SAS Ver.9.4 15l a3 L baosls g LT 56T i alonil (P < 0.01,0.05) (5:Slos anulin sl S's5 (y3m)) 28,5

s slsmplall Jolo ety Kool S Ktosle (il 5 pgrilangih) Jlast 51 udl fyos 25 s ol
2 9l g (P<0.05) oo 5 00 (eonndS (Dl s e 0 o jled 3100 S o e (P<0.05) S p olows g a4l
(595 02l Jols B pannS jolic lgize p mawslibs 5 porilugl ;5b (rizen 09 I gixa i mrpie yaie ol

a5 IS st (P<0.05) pgeles 5 52500

LAQUAtwin -NO3-11 model -\
Shapiro-Wilk -y Inductively Coupled Plasma- Optical Emission Spectrometry (ICP-OES)- Agilent Co. USA. -v

A


http://journal-irshs.ir/article-1-705-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-26 |

S SiS ook
oot o] (2al5 b 5VL ol jo 5 Sy Stz oole (lBI L 5 ol zsbans yo Elianl GlalS s Jloel gl los
Sis 00le duo oy yidon g ols lid ) 5 Sis oole ol 8l dwls jlewd a5 S TOPIVY ol oo V0 pouidugil aisg
G ol TNFIY malS g paribosil ol g Vo o Jlosl (J ol b g2 555 jlass 4y 3laie (1) A/SY) 5
50 A S Sas oole jo /N D g YYITA Lilibl g ooy s i Sl pl o0 Ve 9 2 ol uizren 0,8
ol s Sl pl o Yo 0,05 b (LAUSE) G ol limn 3ty Csh 5 5 3 S oo 40 AYVYITE ials o Llie

AV JS8) o
25 O Nano selenium (ppm)
a B Sodium Selenate (mg/L)
20
HEIRE %
]2 / d
v / T
2210 / 77|
33 /
33 / /
s é é
0 % %
control 5 10 20
sl
Treatments

Sl LSy Gy 5,185 ds Silin ¢ polie . Mg g o8, glibl 5 5y K oole  puowlibs 5 peeilugil Lot 1) Ko
ol (P<0.05) So RYSIR" Jlogre S pue
Fig. 1. The impact of nano-Selenium and Sodium Selenate treatments on leaf dry matter in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (P<0.05).
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Fig. 2. The impact of nano-Selenium and Sodium Selenate treatments on root dry matter in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (p< 0.05).
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Fig. 3. The impact of nano-Selenium and Sodium Selenate treatments on areal organ length in spinach virofly

variety. Values are the average of three repetitions and the same letters indicate no significant difference
with Tucky test (p< 0.05).
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Fig. 4. The impact of nano-Selenium and Sodium Selenate treatments on root length in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (P<0.05).
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Fig. 5. The impact of nano-Selenium and Sodium Selenate treatments on leaf number in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky

test (P<0.05).
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Fig. 6. The impact of nano-Selenium and Sodium Selenate treatments on the content of leaf nitrate in spinach

virofly variety. Values are the average of three repetitions and the same letters indicate no significant
difference with Tucky test (P< 0.05).
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Fig. 7. The impact of nano-Selenium and Sodium Selenate treatments on Ca content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (P<0.05).
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Fig. 8. The impact of nano-Selenium and Sodium Selenate treatments on P content in spinach virofly variety.
Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P< 0.05).
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nano-Selenium and Sodium Selenate treatments on Na content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky

test (P< 0.05).
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Fig. 10. The impact of nano-Selenium and Sodium Selenate treatments on Fe content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P<0.05).
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Fig. 11. The impact of nano-Selenium and Sodium Selenate treatments on Zn content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P< 0.05).
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Fig. 12. The impact of nano-Selenium and Sodium Selenate treatments on Mn content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P<0.05).
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Fig. 13. The impact of nano-Selenium and Sodium Selenate treatments on Se content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P<0.05).
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Plants absorb Se element from the soil and enter it into the food chain as the best source of
selenium for humans and animals. In the current research, the effects of selenium (bulk and
nano forms) were investigated on the absorption of macro and micro elements and growth
characteristics of spinach under greenhouse conditions. The experiment was carried out in a
completely randomized design. The factors were foliar spraying of nano selenium (5, 10 and
20 ppm), sodium selenate (5, 10 and 20 ppm) and distilled water (control plants). Based on the
findings, an improvement was observed in root dry matter, shoot length, leaf number, and Ca
and Se contents with increasing the levels of treatments, in contrast, high levels of both
treatments declined the content of leaf nitrate, Na and Mn. Leaf dry matter and P and Mg
contents were boosted at the level of 10 ppm of both treatments, and lessened at higher levels.
The highest root length and Fe and Zn contents were observed at 5 ppm of nano-Se. This
indicates the additive effects of low Se concentrations on root tip meristem cell division as well
as plant water relations via transport of essential elements. However, the reduction of the
mentioned traits occurred at higher levels of both treatments (20 ppm). Eventually, among the
different levels of both Se treatments, the best one was 10 ppm Nano-Se. However, it can be
stated that selecting the best treatment depends on the type of plant species, the type of utilized
treatment, and the effective level on studied traits.

Keywords: Leaf number, Ferrous, Nano selenium, Phosphorus, Root length, Sodium, Sodium
selenite, Zinc
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